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Abstract—In recent years, the incorporation of the directional
antennas within mobile devices has been studied in many areas.
The usage of directional antennas can greatly reduce the radio
interference, which results in improved utilization of the wireless
medium. It becomes practical to exploit the directional antennas
in the Medium Access Control (MAC) protocol design. In this
paper, a Location and Mobility Aware (LMA) MAC protocol
is developed for the vehicular ad hoc networks. The predictive
location and mobility of the vehicles are adopted to provide
robust communication links while using the directional beams.
The deafness problem is also alleviated using the directional listen
(D-Listen) mechanism in the proposed algorithm. Moreover, the
exploitation of the Directional Beacons (DBs) within the scheme
can enhance the reliability of the communication linkages even
the moving directions and speeds of the vehicles have been
changed. Under dynamic moving scenarios, both the spatial reuse
and the routing efficiency are preserved using the proposed LMA
MAC scheme. The performance of the proposed algorithm is
evaluated and compared with other existing MAC protocols in
simulations.

Index Terms—Vehicular ad hoc networks, medium access
control, directional antennas, prediction mechanism.

I. INTRODUCTION

AMobile Ad hoc NETwork (MANET) consists of wireless
Mobile Nodes (MNs) that cooperatively communicate

with each other without the existence of fixed network infras-
tructure. Depending on different geographical topologies, the
MNs are dynamically located and continuously changing their
locations. Recent interests in the design of MANET algorithms
include applications for the military, the Personal Communica-
tion Services (PCSs), the Wireless Sensor Networks (WSNs),
and the Vehicular Ad hoc NETworks (VANETs). The VANET
[1]- [3], which can be considered as a particular type of
MANET with MNs1 (i.e. vehicles) possessing higher mobility,
has attracted an increasing amount of interests in recent years.
The primary concern of VANET is to provide information
exchanges for Inter-Vehicle Communication (IVC) as defined
in the draft of Vehicle Infrastructure Integration (VII) [4]. By
delivering messages between the MNs (e.g. safety warning
messages), the IVC system can both provide smoother driving
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1In this context, “vehicle” is denoted as “Mobile Node (MN)” for generic
purpose.

and alleviate potential traffic accident. However, it is diffi-
cult to achieve decentralized and multi-hop communication
between the MNs with dynamically changing topology [5].
Moreover, the connectivity between the MNs can become
unreliable due to the inherently high-mobility characteristics
of the vehicles.

Different topics have been investigated in the previous work
for the VANETs. Conventional research studies devoted in
the Medium Access Control (MAC) schemes using the omni-
directional antennas, e.g. the IEEE 802.11 protocol [6]. It
has been studied in [7] [8] that the omni-directional based
medium reservation schemes result in poor spatial utilization
and link reliability. With the advancement in the smart antenna
technology, it becomes feasible to consider the directional
antennas within the formulation of the ad hoc MAC protocols.
Comparing with the omni-directional antenna, the benefits of
using the directional antenna include spatial reuse, enlarged
coverage of transmission, and enhanced network throughput
[9] [10].

Many issues have been encountered in the design of the
MAC protocols within the MANETs, e.g. the radio interfer-
ence, the switching mechanisms for antenna beams, and the
deafness problem. Most of the current research devoted on
resolving the deafness problem, which does not happen in the
MAC protocols with omni-directional antennas. The problem
happens when two MNs A and B are transmitting packets with
their antenna beams pointing to each other directionally. A
third node C, which is not located within the communication
ranges of nodes A and B, attempts to deliver data packets
to node A. However, node C is unaware (i.e. “deaf”) of the
on-going transmission between nodes A and B due to the
directional antenna settings. Node C will continue to initiate
the transmission of the Request To Send (RTS) packets to node
A, which results in collision with the data packets at node A.
The system performance will therefore be degraded due to the
so called deafness problem.

With the prosperous of vehicles equipped with the position-
ing systems (such as the Global Positioning Systems, GPSs
[11]), it becomes feasible for each vehicle to obtain its own
position and velocity information from its upper network layer
protocols for the design of the MAC algorithm. The potential
movement between the MNs has not been taken into consid-
eration in the previous directional antenna-based MAC algo-
rithms. Under the dynamic movement between the MNs, the
communication linkages may become fragile and unreliable. In
this paper, the proposed Location and Mobility Aware (LMA)
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MAC scheme considers the relative movement between the
MNs within the design of the directional antenna-based MAC
algorithm. The antenna beams of both MNs during the data
transmission are adjusted based on their predicted locations.
Moreover, the deafness problem is improved by adapting a
switching mechanism based on the information stored in the
location table of each MN. Either an Omni-Listen/Omni-RTS
(O-Listen/O-RTS) or a Directional-Listen/Directional-RTS (D-
Listen/D-RTS) pair is utilized for each MN to initiate a
new data transmission. The usage of the Directional Beacon
(DB) mechanism within the proposed scheme can facilitate
the MNs to always obtain the correct position and mobility
information after one node has changed its moving direction
or velocity. The robustness of the communication linkages can
therefore be preserved. Within the directional antenna-based
VANETs, the proposed LMA MAC scheme alleviates both (i)
the deafness problem and (ii) the unreliable communication
linkages under dynamic moving scenarios. The performance
comparison between the proposed algorithm and other existing
MAC protocols will be evaluated via simulations.

The rest of this paper is organized as follows. Section II
reviews the related ad-hoc MAC protocols, including brief
summaries of the existing IEEE 802.11 and the DMAC
algorithms. The proposed LMA MAC protocol is described in
Section III. The computation of the Out-of-Range Predictors
(ORPs) for both the LMA MAC and the DMAC schemes
are presented in Section IV. The performance evaluation and
comparison of the proposed LMA MAC algorithm, with the
associated simulation parameters, are shown in Section V.
Section VI draws the conclusions.

II. RELATED WORK

Different types of directional antenna-based MAC proto-
cols have been proposed [12] - [15] [17] [18] [21] - [31].
Conventional studies on the usage of the directional antennas
have been focused on the protocol design in the broadband
and cellular networks [12] [13]. Earlier work [14] [15] on
the directional antenna-based MANETs proposed conservative
MAC schemes using omni-directional RTS/CTS control pack-
ets; while the data packets are transmitted using directional
beams. The primary drawback is that the transmission range
and spatial reuse are limited due to the use of omni-directional
control packets [16]. A proactive approach is proposed in [17]
by distributing the MN’s traffic pattern to its neighborhood.
However, excessive control packets are encountered in this
proactive scheme. The DMAC/MMAC approaches developed
in [18] utilizes the directional beams for transmitting both the
control and the data packets. The two major drawbacks of
these approaches include (i) the prerequisite for each MN to
be aware of all the MNs’ location information in the network;
and (ii) the unsolved hidden terminal [19] and deafness
problems [20]. The circular RTS MAC protocol proposed in
[21] partially resolved the problems in the DMAC/MMAC
algorithms. However, a great amount of RTS packets are
required to accomplish the circular rotation of the antenna
beams.

The hidden terminal problem is improved by using a
busy tone channel as proposed in [22] [23]. The additional

assignment of control channel is required in these schemes
with unsolved deafness problem. Recent work to reveal and
describe the deafness problem have been studied in [20]
[24]. Two preliminary MAC schemes were proposed in [24]
to proactively alleviate the problem. The ToneDMAC [25]
and the Smart antenna based Wide-range Access MAC [26]
protocols conquer the deafness problem by incorporating
either an additional control channel or a Start-Of-Frame in
the protocol design. The scheme proposed in [27] combines
a Directional Network Allocation Vector (DNAV) indicator
and an orthogonal routing mechanism to improve the deafness
problem. The DNAV as adopted in [14] [18]- [21] [28] utilizes
the concept of directional virtual carrier sensing to alleviate
collision of packets. It is noted that the DNAV represents
a table that prohibits the corresponding MN to initiate data
transmission along the direction of an ongoing packet trans-
mission. The Directional MAC with Deafness Avoidance and
Collision Avoidance protocol proposed in [29] also revealed
that the deafness problem has much greater impact on network
performance comparing with that from the hidden terminal
problem.

Moreover, a few research studies have dedicated on the
power control mechanisms for the directional antenna-based
ad-hoc networks. An integrated model for analyzing the smart
antenna based MANET has been proposed in [30]. The appro-
priate power levels for both the control and data packets are
determined as in [30] [31], which are studied to be influential
to the spatial reuse of the networks. In order to facilitate the
design of the proposed LMA MAC scheme, two conventional
MAC algorithms, including the IEEE 802.11 and the DMAC
protocols, are briefly summarized as follows.

A. The IEEE 802.11 Protocol

The IEEE 802.11 is standardized based on the omni-
directional antenna. The Distributed Coordination Function
(DCF) is the basic access mechanism utilized in the IEEE
802.11 MAC protocol [6]. The DCF is based on the
Carrier Sensing Multiple Access with Collision Avoidance
(CSMA/CA) scheme to ensure that each MN can acquire a
fair chance to access the wireless medium. In order to avoid
data collision within the medium, the virtual carrier sensing
mechanism, which is carried out by the Network Allocation
Vector (NAV), is utilize to record the duration of the ongoing
data transmission. A random backoff process is also executed
in each MN to decrease the probability of data collision.
Moreover, the optional RTS/CTS exchange before the data
transmission is exploited to resolve for the potential hidden
terminal problem.

B. The Directional MAC (DMAC) Protocol

The DMAC scheme [18] is one of the well-known direc-
tional antenna-based MAC protocols. Each MN is assumed
to possess the position information of all the MNs in the
network. While in the idle state, the MNs are listening to
the medium in the Omni-directional mode (O-Listen). Fig.
1 illustrates that node A is listening in the omni-directional
mode, i.e. O-Listen(A). The MN’s antenna is switched to the
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Fig. 2. The Schematic Diagram for Various Antenna Switching Mechanisms
and Patterns

directional mode while it is either sending the control or the
data packets. After the Directional-RTS/Directional-CTS (D-
RTS/D-CTS) exchange has been completed (e.g. D-RTS(A)/D-
CTS(B) as in Fig. 1), the Directional-Data/Directional-Data-
ACK (D-Data/D-Data-ACK) can therefore be accomplished.
Upon receiving either the D-RTS(A) or D-CTS(B) control
packet, the MNs other than the transmission pair A and B will
update their NAV directionally, e.g. the D-NAV(D) by node
D as in Fig. 1. Comparing with traditional omni-directional-
based MAC algorithms, the DMAC protocol increases the spa-
tial reuse in MANETs. However, it suffers from the problem
of deafness. As illustrated in Fig. 1, node C is unaware of
the ongoing transmission between nodes A and B due the
unheard D-RTS(A)/D-CTS(B) exchange. In the case that node
C intends to transmit data packets to node A, it will transmit
the D-RTS(C) packet toward node A. Collision will occur at
node A with the continuous re-transmission of the D-RTS(C)
packets.

III. THE PROPOSED LOCATION AND MOBILITY AWARE
(LMA) MAC PROTOCOL

The following assumptions are served as the prerequisites
for the proposed LMA MAC scheme:

1) The location information of each MN, including po-
sition, velocity, and moving angle, is assumed to be

obtainable from its upper network layer.
2) All the MNs within the network are moving at constant

speeds within a short period of time, i.e. the packet
exchanges considered in the LMA MAC scheme are
conducted with the MNs possessing constant velocities
and moving angles. However, this assumption becomes
optional after the incorporation of the Directional Bea-
con (DB) within the LMA MAC algorithm, which will
be discussed in Subsection III.C.

3) The types of directional antenna utilized in the proposed
LMA MAC scheme can be classified based on their
switching mechanisms and the antenna patterns [32]
[33] as shown in Fig. 2. There are four different cases
considered in this paper:

(i) CI = {(θi, p) | 0 ≤ θi < 2π, θi, i ∈ <, p ∈ I};
(ii) CR = {(θi, p) | 0 ≤ θi < 2π, θi, i ∈ <, p ∈ R};

(iii) DI = {(θi, p) | θi = (2i − 1)π/k, θi ∈ <, i =
1, ...k, p ∈ I};

(iv) DR = {(θi, p) | θi = (2i − 1) π/k, θi ∈ <, i =
1, ...k, p ∈ R}.

The two parameters (θi, p) within the four cases denote
the antenna rotating angle and the antenna pattern.
Case (i) represents the situation with continuous (C)
switching antenna (i.e. steerable adaptive array antennas)
with ideal (I) antenna pattern. The main lobe of the
antenna is directed to the MN of interest in order to
maximize the antenna gain. The configuration of the
ideal antenna pattern (I) denotes that the antenna is
associated with sector shape (as in Fig. 2), i.e. same
antenna gain for both the main lobe and the side lobes.
The two parameters (θi, p) associated with the CI case
indicate that the antenna has continuous switching angle
(i.e. θi ∈ <, 0 ≤ θi < 2π) and ideal pattern (p ∈ I).
On the other hand, case (iv) indicates the setting with
discrete (D) switching antenna (i.e. switched-beam or
fixed-beam antennas) with realistic (R) antenna pattern.
The main lobe of the antenna is pointed to the pre-
specified directions based on the number of sectors (i.e.
the parameter k as in case (iv)). For example, if k equals
to 4, the parameters θ1 = π/4, θ2 = 3 π/4, θ3 = 5 π/4,
and θ4 = 7 π/4. The configuration of the realistic antenna
pattern (R) indicates that the antenna gains associated
with the side lobes are comparably smaller than that with
the main lobe of the antenna (as in Fig. 2). Case (ii)
with continuous switching and realistic antenna pattern
(CR) and case (iii) with discrete switching and ideal
antenna pattern (DI) can also be justified similarly.
The proposed LMA MAC scheme will be explained
and analyzed using the first case (i.e. the CI case
with continuous switching and ideal antenna pattern).
The remaining three cases will also be considered and
implemented in the simulation section for performance
comparison.

The proposed LMA MAC protocol utilizes the RTS and the
CTS control packets for the MN to transport its location in-
formation to the neighborhood MNs. The location information
is stored in the Location Table (LT) in each MN, where the
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Fig. 3. The Timing Diagram of the Proposed LMA MAC Scheme

format of the ith entry of the LT = {LT (i) | 1 ≤ i ≤ n} can
be represented as

LT (i) = 〈TimeStamp, NodeID, Position,

MovingAngle, V elocity, ∆TLMA〉 (1)

where TimeStamp represents the time instant that the infor-
mation for the corresponding MN is stored in the LT (i). It
is worthwhile to indicate that ∆TLMA is served as an Out-
of-Range Predictor (ORP) for the proposed LMA algorithm,
which is utilized to imply the effectiveness of this LT (i) entry.
The ORP represents the time interval that the MN recorded
in the LT (i) entry will stay within the transmission range
of the MN that possesses this LT. The value of ∆TLMA is
calculated based on the relative distance and velocity between
the two MNs in consideration. The exact computation of the
∆TLMA value will be explained and acquired in Section IV.
The value of ∆TLMA will be decremented as time elapsed. As
∆TLMA goes to zero, the associated LT (i) entry is removed
from the MN’s LT. It corresponds to the situation that the
MN as recorded within the LT (i) entry travels out of the
transmission range of the MN in consideration. The values
of the parameters associated within this LT (i) entry are no
longer valid.

Based on the available information acquired from a MN’s
LT, the MN can adjust itself into either the O-Listen/O-
RTS (OLR) mode or the D-Listen/D-RTS (DLR) mode. The
proposed LMA MAC scheme with the two transmission modes
are described in Subsection A and B. It will also be observed
in Subsection B that the deafness problem resulting from the
directional antenna can be alleviated by using the DLR mode.
The incorporation of the Directional Beacon (DB) within the
proposed scheme will be addressed in Subsection C.

A. The O-Listen/O-RTS (OLR) Mode

Figs. 1 and 3 illustrate the schematic and the timing dia-
grams of the proposed LMA MAC scheme. The solid lines

(as in Fig. 3) associated with nodes A, B, and C indicate
the timelines and the moving directions of these three MNs.
In the case that node A intends to deliver data packets to
node B, it will conduct the default O-Listen(A) mode to its
neighborhood MNs since node A does not have any prior
location information about node B in its LTA. After channel
contention, an O-RTS(A(tr)) packet initiated by A will be
delivered omni-directionally to node A’s neighborhood MNs.
It is noticed that the O-RTS(A(tr)) packet contains location
information of node A, including the current time stamp (tr),
the current position (PA(tr) = (xA(tr), yA(tr))), the moving
angle (αA(tr)), and the velocity (VA(tr)). The neighborhood
MNs of A (including the desirable delivering node B and the
other nodes C and D as in Fig. 1) will record node A’s location
information in their LTs, while omni-directionally listening to
the O-RTS(A(tr)) packet in their idle states. For instance, after
receiving the O-RTS(A(tr)) packet from node A, an entry in
the Location Table of B (LTB) will be updated as

LTB(A) = 〈tr, IDA, PA(tr),

αA(tr), VA(tr), ∆TLMA
A (tr)〉 (2)

where ∆TLMA
A (tr) is computed as the time interval for node

A to travel outside of the transmission range of node B based
on their relative configuration at time tr. To acknowledge the
O-RTS(A(tr)) request from node A, a D-CTS(B(tc)) packet
will be sent at time tc from node B to A after channel
contention. The directional CTS packet is delivered along the
θAB

cts (tc) direction, which can be obtained as

θAB
cts (tc) = tan−1 yB(tc)− yA(tc)

xB(tc)− xA(tc)
(3)

where PB(tc) = (xB(tc), yB(tc)) represents node B’s posi-
tion acquired at the time instant tc. The position of node A at
time tc (PA(tc)) can be computed at node B as

xA(tc) = xA(tr) + VA(tr) cos αA(tr) · (tc − tr) (4)
yA(tc) = yA(tr) + VA(tr) sin αA(tr) · (tc − tr) (5)

where PA(xA(tr), yA(tr)), VA(tr), and αA(tr) are obtainable
from node B’s LTB(A) as in (2). With the transmission of the
D-CTS(B(tc)) packet, the location information of node B is
also delivered to node A. An entry in the Location Table of
A is updated as

LTA(B) = 〈tc, IDB , PB(tc),

αB(tc), VB(tc), ∆TLMA
B (tc)〉 (6)

The intended transmission of data packets from node A to B
will be sent at time td after the O-RTS(A(tr))/D-CTS(B(tc))
exchange. Both nodes A and B adjust their main antenna beam
pointing along the direction of θAB

data(tk) for data transmission.
The angle θAB

data(tk) is obtained as

θAB
data(tk) = tan−1 yA(tk)− yB(tk)

xA(tk)− xB(tk)
(7)

where tk = {t ∈ < | td ≤ t ≤ ts} represents the time instant
which falls between the starting (td) and the stopping (ts) time
instants for data transmission. The positions of nodes A and
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B at the time instant tk can also be computed as

PA(tk) = (xA(tk), yA(tk))
= (xA(tr) + VA(tr) cos αA(tr) · (tk − tr),

yA(tr) + VA(tr) sin αA(tr) · (tk − tr)) (8)
PB(tk) = (xB(tk), yB(tk))

= (xB(tc) + VB(tc) cos αB(tc) · (tk − tc),
yB(tc) + VB(tc) sin αB(tc) · (tk − tc)) (9)

where PA(tk) is computed at node B based on the information
in the LTB(A) as in (2); PB(tk) is calculated at node A from
its LTA(B) as in (6). It is noticed that the angle θAB

data(tk) is
a time-varying and incrementally changing parameter as the
MNs are dynamically moving. The angle θAB

data(tk) can be
adjusted in a continuous or a discrete manner depending on
the configuration of the antenna in the MNs as shown in Fig.
2. After the data transmission is completed, the associated
D-Data-Ack(B(ta)) will be issued by node B at time ta in
the directional manner based on the relative position between
nodes A and B.

Moreover, node D set its Directional-NAV (D-NAV(D))
after receiving the D-CTS(B(tc)) from node B as shown in
Fig. 1. Node D will not be able to conduct packet transmission
within the confined range that is set by the D-NAV(D).
However, node D can still transmit data packets exterior to
the D-NAV(D) region if it possess the location information of
its intended destination node within the LTD. The details will
be explained in the next subsection.

B. The D-Listen/D-RTS (DLR) Mode

The DLR mode of the proposed LMA MAC protocol is
primarily utilized to resolve the problem of deafness coming
from the directional antenna-based configuration. Without any
prior information, the MNs within the network stay in the
O-Listen mode while in the idle state. In the case of a new
data transmission between two MNs, the sender can exploit
the location information from its previously stored LT (i)
to predict the position of its intended destination node. The
antenna beam of the sender will be directed to the predicted
direction of the destination node in order to initiate the D-
Listen mode.

As shown in Fig. 3, node C obtains the location information
of node A by listening to the O-RTS(A(tr)) packet, which is
targeting to node B as described in the previous subsection.
After receiving the O-RTS(A(tr)) packet from node A, an
entry within the Location Table of C is updated as LTC(A),
which is the same as LTB(A) (in (2)) recorded in node
B. There can be possibility that node C also intends to
send data packets to node A during the transmission between
nodes A and B. As shown in Fig. 3, node C will conduct
Directional-Listen (D-Listen(C)) toward the direction of node
A’s location, where the current position of node A is calculated
from the LTC(A) entry. The transmission medium within the
range confined by D-Listen(C) mode may still be busy due
to the ongoing packet delivery between nodes A and B. Node
C will continue listen to node A directionally using the D-
Listen(C) mode as in Fig. 3. It is also noted that the relative

angle between nodes A and C may change as time progresses.
Node C will be responsible for calculating its transmission
angle to node A, which is similar to the computation as in (7)
- (9).

The following situations can happen after the completion
of the data transmission between nodes A and B. Node C
may travel out of the transmission range of node A, which
is indicated by an expired LTC(A) entry with ∆TLMA

A = 0.
In this case, node C will restart its original OLR mode for
data transmission towards node A. On the other hand, node
C will sense that the medium becomes free by using its D-
Listen(C) mode associated with a valid ∆TLMA

A value within
its LTC(A) entry. After the random backoff time, node C
will initiate a Directional-RTS packet, i.e. D-RTS(C(tr

′
)), to

node A at the time instant tr
′

to request for data delivery.
The transmission angle (θCA

rts ) from node C to node A can be
obtained as

θCA
rts = tan−1 yC(tr

′
)− yA(tr

′
)

xC(tr
′)− xA(tr

′)
(10)

where the position of node A at time tr
′

can be computed at
node C from the LTC(A) as

xA(tr
′
) = xA(tr) + VA(tr) cos αA(tr) · (tr

′ − tr) (11)

yA(tr
′
) = yA(tr) + VA(tr) sin αA(tr) · (tr

′ − tr) (12)

The remaining processes for achieving the data transmission
from node C to A (i.e. D-CTS(A), D-Data(C), and D-Data-
Ack(A)) will follow the similar procedures as described in the
previous subsection by adopting the OLR mode.

The DLR mode is also beneficial for spatial reuse. It allows
the MNs to initiate a new data delivery albeit they are within
the range of an ongoing data transmission. As indicated in
the previous subsection, node D sets its D-NAV(D) along the
direction where nodes A and B are conducting data transmis-
sion. In the case that node D intends to transmit data packets
to node E, which is assumed not in the D-NAV(D) region as
shown in Fig. 1, node D will verify if it possesses a table entry
LTD(E) with a nonzero ∆TLMA

E value. If the corresponding
conditions are satisfied, node D will conduct D-Listen(D)
mode toward the direction of node E. If the transmission
medium is found to be free, the associated D-RTS(D), D-
CTS(E), D-Data(D), and D-Data-Ack(E) will be performed
based on the computation as described before. In order to
consider the dynamic-changing networks, the direction of the
D-NAV associated with each MN is designed to be adaptable
based on the mobility of the related neighborhood MNs. Since
node D has recorded the location information of both nodes
A and B in its location table (i.e. the table entries LTD(A)
and LTD(B)), the D-NAV(D) can therefore be adjusted based
on the movement of these two nodes.

Furthermore, node C may terminate its D-Listen(C) mode
towards node A after a period of time due to the on-going
transmission between nodes A and B. In the case that node C
intends to transmit packets to node E without the knowledge
of data transmission between nodes D and E, node C will
initiate either (i) the default O-Listen(C) mode while the table
entry LTC(E) does not exist in its location table or (ii) the D-
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Fig. 4. The Timing Diagram of the Proposed LMA MAC Scheme with the
Directional Beacon (DB)

Listen(C) towards node E with the existence of the LTC(E)
entry. Node C will continue the listening process until the
transmission between nodes D and E has been terminated,
which prevents the potential packet collision that may happen
at node E.

C. Adoption of the Directional Beacon (DB)

As mentioned at the beginning of this section, the proposed
LMA MAC protocol is valid based on the assumption that the
MNs move at constant speeds within the handshaking cycle for
data transmission. In certain occasions, however, the MNs may
change their speeds or moving angles during the transmission
of the control or data packets. The proposed LMA MAC
algorithm could result in inaccurate prediction of the MN’s
movements. In this subsection, an additional mechanism, i.e.
the Directional Beacon (DB), is exploited to alleviate this
problem.

As shown in Fig. 3, the antenna beams of nodes A and
B are pointed to the predicted directions based on the LMA
MAC algorithm. Both MNs can successfully conduct the
handshaking cycle for data delivery under the assumption
of constant moving speeds, i.e. VA, VB , αA, and αB are
constant values within the transmission time interval. However,
the constant speed scenario does not happen all the time.
The moving angle and velocity of the MN can be varied
during the transmission of the data packets. Moreover, the
location prediction mechanism within the DLR mode may fail
if the moving angles or speeds are changed between the MNs
in considered. As shown in Fig. 3, node C utilizes the D-
Listen(C) mode toward node A to request for potential data
transmission to node A at a later time. In the case that node
A adjusts its moving behaviors during the time interval of D-
Listen(C), node C may not succeed to direct its antenna beam
to node A with the location prediction based on its original
LTC(A) table entry.

In order to improve the problem of incorrect location
prediction, the DB is utilized as an assisted mechanism for
the LMA MAC protocol. As shown in Fig. 4, node B varies
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Fig. 5. The Schematic Diagram for the Computation of the Out-of-Range
Predictor (ORP)

its velocity and moving angle at time tdb from VB and αB to
V ′

B and α′B . It is noted that the mobility changing information
was acquired from node B’s upper layer protocols. A DB will
be initiated by node B toward the direction that was originally
calculated for data transmission, i.e. directed to node A as
shown in Fig. 4. The updated mobility information of node B
will be delivered via the DB to its neighborhood MNs (e.g.
node A) within the transmission range. The LTA(B) entry in
the LTA, which was formerly assigned in (6), will be updated
as

LTA(B) = 〈tdb, IDB , PB(tdb),

αB(tdb), VB(tdb), ∆TLMA
B (tdb)〉 (13)

where αB(tdb) = α′B and VB(tdb) = V ′
B . The ∆TLMA

B (tdb)
value is recomputed to represent the renewed lifetime of this
LTA(B) entry, i.e. the updated time interval for node A to
leave the transmission range of node B. The relative transmis-
sion angle θAB

data(tk) (as in (7)) will therefore be recalculated
by node A based on the updated information obtained from the
LTA(B) entry. It is noticed that the other neighborhood MNs
(within the transmission range of node B) will also acquire
the location information via the DB transmitted by node B.
For example as illustrated in Fig. 4, node D will also update
an entry in its LTD as LTD(B) = LTA(B), which is same
as defined in (13). In the case of potential data transmission
between nodes B and D, the updated information existed in
the LTD(B) entry will assist node D to provide a more precise
location prediction of node B. The performance evaluation
of the proposed LMA MAC scheme (with and without the
exploitation of the DB mechanism) will be evaluated in the
simulation section.

IV. COMPUTATION OF THE OUT-OF-RANGE PREDICTORS
(ORPS)

The Out-of-Range Predictor (ORP) is utilized to represent
the predicted time interval before two MNs moving out of
the transmission range between each other. The ORP value,
which is adopted within the Location Table of the LMA
MAC scheme (as in (1)), is served as an indicator to describe
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the time interval that two MNs can communicate using the
directional antenna configuration. As shown in Fig. 5, the
two nodes A and B are assumed to located at PA(t0) =
(xA(t0), yA(t0)) and PB(t0) = (xB(t0), yB(t0)) with their
moving angles and velocities as αA(t0), αB(t0), VA(t0), and
VB(t0), where t0 represents the initial time instant for compu-
tation. The relative distance d and angle θ can be obtained as
d(t0) =

{
[xB(t0)− xA(t0)]2 + [yB(t0)− yA(t0)]2

}1/2
and

θ(t0) = tan−1 yB(t0)−yA(t0)
xB(t0)−xA(t0)

. As mentioned in assumption
(3) in Section III, the CI case (i.e. the continuous beam
switching with ideal antenna pattern) is assumed for the ORP
computation. The directional beam of node A is pointed to
node B with the center of its main lobe. The ideal pattern
(i.e. the sector shape) of the directional antenna spans with
the angle of φ along both sides. The transmission range of the
MN is assumed to be r.

In the following subsections, the calculation of the ORP
value for the proposed LMA MAC scheme (i.e. ∆TLMA) will
be performed in Subsection A; while the value of the ORP
using the DMAC algorithm (denoted as ∆TDMAC ) will also
be computed in Subsection B. It is noted that there is no such
∆TDMAC value utilized in the DMAC algorithm for out-of-
range prediction. The purpose for computing this value is to
illustrate the difference between these two ORP values, i.e. one
is associated with the prediction mechanism of the LMA MAC
scheme (i.e. ∆TLMA) and the other is not (i.e. ∆TDMAC ).
The comparison of the two ORP values adopted by these two
algorithms will be analyzed and evaluated in the simulation
section.

A. Computation of ORP for the LMA MAC Scheme

The ORP value for the LMA MAC scheme is computed
in this subsection. The benefits acquired from the proposed
LMA MAC protocol (associated with the DB mechanism) will
be revealed. Without loss of generality, node A is assumed to
be stationary at time t0 while the resulting moving angle and
velocity of node B become αBA(t0) = αB(t0)− αA(t0) and
~VBA(t0) = (VBA,x(t0), VBA,y(t0)) = (VB(t0) · cos αB(t0)−
VA(t0) ·cos αA(t0), VB(t0) ·sin αB(t0)−VA(t0) ·sin αA(t0)).
The position of node B at time ti (for ti = {t ∈ < | t ≥ t0})
can be represented as

PB(ti) = (xB(ti), yB(ti))
= (xB(t0) + VBA,x(t0) · (ti − t0),

yB(t0) + VBA,y(t0) · (ti − t0)) (14)

As described in the LMA MAC scheme, the location infor-
mation between nodes A and B can be exchanged in the
following conditions: (i) While both MNs are moving at
constant speeds, the location information are exchanged via
the RTS/CTS handshaking (as was recorded in the LTB(A)
in (2) and LTA(B) in (6)); (ii) While the speeds of the
MNs are changed during the data transmission, the location
information of the MNs are delivered via the DB mechanism
(as in the LTA(B) in (13)). As a result, the initial time
instant t0 for acquiring the position of nodes A and B (i.e.
PA(t0) and PB(t0) as in Fig. 5) corresponds to either tr, tc,

or tdb depending on the different scenarios that may occur.
Both MNs can conduct packet transmission starting from the
time instant t0. As the LMA MAC scheme associated with
the DB mechanism is adopted, node B will still be able to
communicate with node A after ti > t1. Node A will change
the direction of its antenna beam in order to accommodate
the changing mobility of node B during the transmission. The
time interval for mutual communication can be elongated until
ti = t2, which indicates that node B is located at the farthest
distance from node A (i.e. PB(t2)) before they are out of
their transmission ranges. Therefore, the time interval from the
current location update to the time that node B will be out of
the transmission range of node A becomes ∆TLMA

i = t2−t0.
As shown in Fig. 5, the distance between nodes A and B at
time t2 will be equal to the transmission range r as

r = ‖PB(t2)− PA(t2)‖ = ‖PB(t2)− PA(t0)‖ (15)

since node A is considered stationary. By substituting (14) into
(15), the ORP value, i.e. ∆TLMA, can be obtained as

∆TLMA(t0) = (t2 − t0)

=
1

V 2
BA(t0)

{[
V 2

BA(t0) · (r2 − d2(t0)) + κ2(t0)
]1/2 − κ(t0)

}

(16)

where κ(t0) = VBA,x(t0) · (xB(t0) − xA(t0)) + VBA,y(t0) ·
(yB(t0)−yA(t0)). The ∆TLMA(t0) as in (16) will be utilized
as a predictor in the LMA MAC scheme for determining the
lifetime of its corresponding table entry.

B. Computation of ORP for the DMAC Scheme

Without the exploitation of the proposed LMA MAC
scheme, the antenna beam of node A will not be adaptable
based on the changing movement of node B. Both MNs will
be out of their communication ranges if node B travels beyond
the time instant t1, i.e. ti > t1. Two different cases need to
be considered in order to compute the ∆TDMAC value. As
shown in Fig. 5, the angle ζ is computed for distinguishing
these two cases as

ζ(t0) = 2 tan−1

(
r · sin φ

r · cosφ− d(t0)

)
(17)

The two cases are discussed as follows:
1) Case I: This case corresponds to the situation that the

relative moving angle αBA(t0) between nodes A and B falls
within the range of θ(t0)− ζ(t0)

2 ≤ αBA(t0) < θ(t0) + ζ(t0)
2 ,

i.e. node B is traveling out of the transmission range of node
A toward the arc of the sector shape. The resulting ORP value
will be the same as that was derived in the previous subsection
as (16), i.e.

∆TDMAC,I(t0) = ∆TLMA(t0) (18)

2) Case II: In this case, the relative moving angle αBA(t0)
falls within the range of θ(t0) + ζ(t0)

2 ≤ αBA(t0) < 2π +
θ(t0)− ζ(t0)

2 , i.e. node B is moving along one of the sides of
the sector shape. As illustrated in Fig. 5, the longest distance
for node B to travel will be equal to ds(t0), i.e. up to the time
instant t1. The time interval ∆TDMAC,II = t1 − t0 can be
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computed by using the Law of Sines as

∆TDMAC,II(t0) =
ds(t0)

|VBA(t0)|
=

∣∣∣∣
d(t0) · sin φ

VBA(t0) · sin (2π − φ− ψ(t0))

∣∣∣∣ (19)

where ψ(t0) = | mod (θ(t0)+π)−αBA(t0) | and mod (·)
indicates the modulus of the value in considered. By combin-
ing both cases, the ORP value for the DMAC scheme can be
obtained from (18) and (19) as

∆TDMAC(t0) =Pr(ζ) ·∆TDMAC,I(t0)

+ Pr(2π − ζ) ·∆TDMAC,II(t0) (20)

where Pr(ζ) = ζ(t0)
2π and Pr(2π−ζ) = 1− ζ(t0)

2π represent the
probabilities for either Case I or Case II to take place. In the
simulation section, both the ∆TLMA and ∆TDMAC values
(i.e. (16) and (20)) obtained from Subsections A and B will
be compared. These two values will also be verified with that
acquired from the simulation results.

V. PERFORMANCE EVALUATION

The performance of the proposed LMA MAC algorithm
is evaluated via simulations. The Network Simulator (ns-2,
[34]) is utilized to implement the LMA MAC algorithm and
to compare with other existing MAC protocols, i.e. the IEEE
802.11 and the DMAC algorithms. Two different versions of
the proposed LMA MAC algorithms (i.e. the original LMA
scheme and the LMA with the DB mechanism (LMA-DB))
will be evaluated. It is noted that the DMAC scheme utilized
in the simulation is modified from its original version. For
fair comparison, each MN will only be able to acquire its
own location information. It is required for the DMAC scheme
to transmit the Directional-RTS (D-RTS) packets in order to
obtain the location information of its neighborhood MNs. The
DSR [35] protocol is adopted as the routing algorithm to
perform the comparison between these MAC layer schemes.

A. Simulation Parameters

The parameters utilized in the simulations are listed as
shown in Table I.

TABLE I
SIMULATION PARAMETERS

Parameter Type Parameter Value
Simulation Area 600 × 600 m2

Simulation Time 800 sec
Radius of the Transmission Range
with Omni Antenna 100 m
Radius of Transmission Range
with Directional Antenna 200 m
Traffic Types Constant Bit Rate

(CBR)
Data Rate 200 Kbps
Size of Data Packet 1024 Bytes
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Fig. 6. Comparison of the ORP Values under Different Velocities

B. Simulation Results

The following metrics are utilized in the simulation for
performance comparison:

• Throughput: The total Kbits per second of data packets
that are acquired by the receivers.

• End-to-End Delay: The average time elapsed for deliver-
ing a data packet from the transmitter to the receiver.

• Control Packet Overhead: The ratio of the number of
control packets to the number of successfully transmitted
data packets.

1) Comparison between ∆TLMA and ∆TDMAC: In this
subsection, the ORP values that are computed from Section
IV (i.e. ∆TLMA from (16) and ∆TDMAC from (20)) are
validated and compared via simulations. Fig. 6 illustrates the
comparison between the ORP values, both from the computa-
tion (i.e. LMA-DB and DMAC) and the simulation results (i.e.
LMA-DB-S and DMAC-S), under different MN’s speeds. It is
recognized from Section IV that both ∆TLMA and ∆TDMAC

are functions of the relative speed VBA, the relative angle αBA,
and the relative distance d between the two nodes A and B.
In order to obtain the probabilistic effects of the ORP values,
both the ∆TLMA and ∆TDMAC values are computed and
averaged under the variations of these three parameters. The
ranges of these parameters are selected as: VBA ∼ N (m, 3)
is normally distributed where m represents the MN’s average
velocity as considered in the x-axis of Fig. 6; αBA ∈ [0, π];
and d ∈ [0, r] where r = 200 m. It is also noted that φ is
chosen as π/8.

On the other hand, the ORP values obtained from the
simulation results are conducted using the Random Waypoint
Mobility (RWM) model. The RWM model is widely used
to evaluate the performance of ad hoc protocols [36]. Each
MN moves toward a randomly selected destination node
with a chosen speed. The MN pauses for a pre-selected
timeout period, and resume its movement again. The MN’s
speed and timeout period are tunable parameters in order
to simulate different moving environments. The simulations
are performed using the proposed LMA-DB MAC and the
DMAC schemes under different MN’s velocities. Both the
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Fig. 7. The Network Topology with Fixed MNs

time intervals, ∆TLMA and ∆TDMAC , are obtained as the
averaged results from the simulations, i.e. the starting time
is the time instant that two MNs exchange their location
information; while the final time is acquired as the two MNs
are out of the communication range with each other. As shown
in Fig. 6, the ORP values obtained form both the computation
and the simulation provide consistent results as expected. It
can also be seen that the values obtained from the LMA-DB
scheme (∆TLMA) is comparably larger than that from the
DMAC algorithm (∆TDMAC ) under different MN’s speeds.
It indicates that the communication time for two MNs are
increased in the proposed LMA-DB scheme due to the location
prediction and the DB mechanism. Even though the speeds go
up to 25 m/sec, the ∆TLMA value is still around 26 ms larger
than ∆TDMAC .

2) Performance Comparison under Static Networks: Fig.
7 shows the network topology with fixed MNs. The MNs,
which formed a 5 × 5 matrix, are separated by 95 m apart
between each others. The five MNs in the first column are
assigned as the transmitting nodes (i.e. Si for i = 1, ..., 5);
while the MNs in the last column are the receiving nodes (i.e.
Ri for i = 1, ..., 5). Si is intended to transmit data packets
to the corresponding Ri for i = 1, ..., 5. It is noted that each
MN has four neighborhood MNs within its transmission range

under the omni-directional antenna configuration. Table II
illustrates the performance comparison between the proposed
LMA MAC, the DMAC, and the 802.11 algorithms under the
static network. Different numbers of MNs are selected in the
simulation as shown in Fig. 7. For example, the MNs in the
first row are selected as N = 5; while the MNs in the first
two rows are chosen as N = 10. It is also noted that the
DB mechanism of the proposed LMA MAC scheme is not
applied in the static network scenario since all the MNs are
fixed without any movement.

As can be seen from the first item of Table II, the system
throughput obtained from the LMA MAC and the DMAC
schemes can achieve around 2.4 times and 2 times (at larger
number of MNs) comparing with that from the conventional
802.11 protocol. The reasons are obviously due to (i) the
utilization of the directional beams in these two schemes,
which have twice the transmission range than the omni-
directional antennas; (ii) shorter routes for packet delivery and
less neighborhood MNs (i.e. two neighbors) existed using the
directional beam, which results in less occurrence of packet
collisions. Moreover, the proposed LMA MAC scheme is
observed to have higher throughput (e.g. additional 120 Kbps
at the number of nodes = 25) comparing with the DMAC
protocol. The major reason can be attributed to the utilization
of the DLR mode in the LMA MAC scheme. With the
appropriate exploitation of the D-Listen/D-RTS mechanism,
the control packets are transmitted directionally from the
source MN to its target MN, which results in lower probability
of collision during packet transmission. On the other hand, the
O-RTS packets are repeatedly transmitted within the DMAC
algorithm, which can cause comparably higher possibility for
packet collision.

The second item of Table II shows the end-to-end delay
comparison between these three schemes. The proposed LMA
MAC scheme can achieve smaller end-to-end delay, e.g.
around 10 ms and 30 ms less comparing with the DMAC
and the 802.11 protocols (at the number of nodes = 25). The
shorter delay time is obtained in the directional-antenna based
algorithms (i.e. the LMA MAC and the DMAC schemes)
since only two hops are expected to transmit data packets
from Si to Ri; while four hops are required in the 802.11

TABLE II
Performance Comparison under Static Networks (at V = 0 m/sec)

Number of Nodes 5 10 15 20 25
LMA 191 392 560 730 735

Throughput (Kbps) DMAC 190 390 520 610 615
802.11 180 295 295 295 295
LMA 86.0 100.0 109.9 108.0 112.0

End-to-End Delay (ms) DMAC 90.0 104.5 114.0 115.0 120.0
802.11 100.0 120.0 130.0 134.0 140.0
LMA 4.40 4.55 4.50 4.50 4.60

Control Packet Overhead DMAC 5.00 5.10 5.10 5.15 5.20
802.11 4.50 4.60 4.60 4.60 4.70
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Fig. 8. Performance Comparison: Throughput vs Number of Nodes (at V =
10 m/sec)
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Fig. 9. Performance Comparison: Throughput vs Velocity (at Number of
Nodes = 10)

protocol. Moreover, less packet collision from the LMA MAC
scheme results in (i) smaller retransmission probability and
(ii) less random backoff time for contention, which cause
the proposed scheme to possess shorter end-to-end delay
comparing with the DMAC algorithm. The last item of Table
II illustrates the comparison of the control packet overhead
between these schemes. The DMAC scheme has higher control
packet overhead comparing with the LMA MAC and the
802.11 algorithms. It is observed from the simulation that the
retransmission of control packets due to the deafness problem
causes the excessive control overhead in the DMAC scheme.
On the other hand, the proposed LMA MAC scheme utilize the
D-Listen mechanism, which can alleviate the deafness problem
to some extent. The proposed scheme can provide around the
same order of control packet overhead with that obtained from
the 802.11 protocol. It is noted that the deafness problem does
not happen in the 802.11 protocol due to its transmission of
the O-RTS/O-CTS packets.

3) Performance Comparison under Mobile Networks: In
this subsection, the performance comparison between the
proposed LMA MAC, the DMAC, and the 802.11 protocols
is conducted by considering the dynamic movements of the
MNs (as illustrated from Fig. 8 to 13). The RWM model as

5 10 15 20 25
0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

Number of Nodes

E
nd

−
to

−
E

nd
 D

el
ay

 (
se

c)

LMA−DB
LMA
DMAC
802.11

Fig. 10. Performance Comparison: End-to-End Delay vs Number of Nodes
(at V = 10 m/sec)

5 10 15 20 25
0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

E
nd

−
to

−
E

nd
 D

el
ay

 (
se

c)

Velocity (m/sec)

LMA−DB
LMA
DMAC
802.11

Fig. 11. Performance Comparison: End-to-End Delay vs Velocity (at Number
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mentioned in Subsection V.B.(1) is adopted as the mobility
model for the MNs in the simulations. It is also noted that two
versions of the proposed LMA MAC algorithm are compared,
i.e. the LMA scheme with and without the DB mechanism.

Figs. 8 and 9 illustrate the throughput comparison under
different number of nodes (at velocity = 10 m/sec) and
the MN’s velocities (at number of node = 10). With the
assistance from the directional antennas, the proposed LMA-
DB, LMA, and the DMAC schemes possess better perfor-
mance in comparison with the omni-antenna based 802.11
protocol. Moreover, the LMA-DB MAC scheme provides the
highest throughput among all the schemes under different
circumstances. As shown in Fig. 8, the LMA-DB can achieve
around 3 times and 1.5 times increases of throughput (under
the number of nodes = 25) comparing with the DMAC and
the 802.11 algorithms. As for the comparison between the
LMA-DB and the LMA schemes, the system throughput is
increased with the utilization of the DB mechanism, i.e. around
50 Kbps increase in throughput using the LMA-DB method
(at the number of nodes = 25). The utilization of the DBs can
reduce the possibility of incorrect location prediction while the
moving behaviors of the MN are changing. As can be observed
from Fig. 9, the prediction mechanism within the LMA-DB
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Nodes (at V = 10 m/sec)
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Fig. 13. Performance Comparison: Control Packet Overhead vs Velocity (at
Number of Nodes = 10)

scheme can effectively increase the total throughput, especially
under higher moving speeds. The throughput obtained from
the LMA-DB scheme is augmented for about 260 Kbps (at
V = 25 m/sec) comparing with that from both the DMAC
and the 802.11 protocols. It is also worthwhile to note that
the throughput of the DMAC scheme decreases drastically
as the MN’s moving speeds are increased. The major reason
came from the incorrect beam direction utilized in the DMAC
protocol while the MNs are dynamically moving.

Figs. 10 and 11 show the comparison of the end-to-end
delay under different environments. As the number of MNs is
increased, the possibility of packet collision is also augmented,
which results in larger end-to-end delay as shown in Fig. 10.
Comparing with the 802.11 and the DMAC protocols, it can
be observed that the proposed LMA-DB scheme can provide
an average of 80 and 40 ms less in the end-to-end delay metric
under different numbers of MNs. Moreover, as the speeds of
the MNs are increased as illustrated in Fig. 11, the end-to-
end delay for all the four algorithms are enlarged. With the
assistance of the location prediction and the DB mechanism
in the proposed LMA-DB scheme, significant reduction in the
end-to-end delay can be observed, e.g. around 220 and 180 ms

decreases comparing with the 802.11 and the DMAC schemes
at V = 25 m/sec. The proposed LMA-DB scheme effectively
alleviates the probability of packet collision with its prediction
mechanism such as to reduce the delay for packet delivery
under various moving scenarios.

Figs. 12 and 13 illustrate the comparison of control packet
overhead under different numbers of nodes and moving speeds.
As shown in Fig. 12, the LMA scheme without the DB
mechanism can provide around the same order of control
packet overhead comparing with the 802.11 protocol. Without
sending additional control packets, the LMA without DB
scheme only attach the position-related information to its
original control packets, i.e. the RTS/CTS packets. Moreover,
the D-Listen mechanism reduces the possibility of packet
collision. This avoids the deafness problem occurred in the
DMAC algorithm, which results in comparably less control
packets to be retransmitted between the MNs. On the other
hand, the LMA-DB scheme initiates additional DB packets
while the MNs are changing their moving angles or speeds.
The inevitable augmentation of the control packet overhead
within the LMA-DB scheme is observed in Fig. 12, which
is served as the tradeoff for increased system throughput and
smaller end-to-end delay. Fig. 13 shows the control packet
overhead under the influence of the MN’s moving speeds.
As the speeds of the MNs are increased, the communication
linkages between the MNs are inclined to be broken. Without
the location prediction mechanism as in the LMA scheme, the
DMAC algorithm continue to retransmit the control packets
to facilitate the required data transmission, which results in
increased control packet overhead. Besides, the additional
control packet overhead acquired from the LMA-DB scheme
is also observed in Fig. 13 due to the additional transmission
of the DBs.

Comparing with the results obtained from the static net-
work scenarios in the previous subsection, the remarkable
effectiveness of the proposed LMA MAC scheme can be
observed within the mobile networks. As the mobility of the
MNs is increased, the proposed LMA MAC scheme (with
and without the DB mechanism) can still preserve consistent
system throughput and comparably smaller end-to-end delay
for packet transmission. However, even with the advantages
as described, there exist certain limitations while adopting the
proposed LMA MAC algorithm. Considering that the MNs
are continuously changing their moving directions and speeds,
the performance of the LMA MAC scheme can be partially
degraded. Even though the DB mechanism can alleviate the
mobility-changing problem, the control overhead associated
with the DBs (as illustrated in Figs. 12 and 13) can be
augmented to some extent. As the number of DBs within the
network is increased, the probability for packet collision can
also be enlarged. Therefore, the proposed LMA MAC scheme
is considered especially feasible for the VANET where the
vehicles are in general moving at constant speeds for a certain
period of time.

4) Performance Comparison between Various Antenna
Types: In this subsection, the influence from the various
antenna types to the system performance will be investigated.
As was discussed in Section III, the four categories of antenna
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types (as in Fig. 2) are implemented in the simulations as

(i) CI: the Continuous switching with Ideal antenna pattern.
The spanning angle φ of the sector shape for the ideal
antenna pattern is assigned to be π/8.

(ii) CR: the Continuous switching with Realistic antenna
pattern. The realistic antenna pattern are designed with
spanning angle φ equals to π/8, where the side lobes
(defined as the π/16 along the two sides) only have 80%
of the transmission power comparing with that at the main
lobe.

(iii) DI: the Discrete switching with Ideal antenna pattern.
There are eight discrete antenna beams defined in the
simulations, i.e. DI = {(θi, p) | θi = (2i − 1)π/k, θi ∈
<, i = 1, ...k, p ∈ I} with k = 8. The spanning angle φ
is also selected as π/8.

(iv) DR: the Discrete switching with Realistic antenna pat-
tern. The discrete switching mechanism is the same as
that defined in Case (iii); while the realistic antenna
pattern is the same as that in Case (ii).

Fig. 14 shows the throughput comparison of the four different
types of antenna under different numbers of nodes. Each line is
conducted using the proposed LMA-DB MAC scheme under
the RWM model with the various antenna types (at V = 10
m/sec). It can be observed from Fig. 14 that same throughput
performance is obtained from both the continuous and the
discrete cases as long as the antenna pattern is ideal, i.e. for
both the CI and the DI cases. The ideal antenna pattern
causes no degradation on the transmission range no matter
what types of switching mechanism is utilized. The continuous
switching with realistic case (CR) can also provide almost the
same throughput performance due to the continuous switching
of the antenna’s main lobe. As long as the location update
between the MNs are frequent enough, two MNs will always
direct toward each other with their main lobe of antennas.
However, the continuous switching mechanism may require
delicate antennas or excessive switching time in order to facili-
tate the task. On the other hand, a slightly inferior performance
on the throughput is observed from the discrete switching with
realistic antenna type (DR). The reason is obvious due to the

degradation of the MN’s antenna gain on the side lobes. Two
MNs that was originally in communication may fail to observe
each other due to the diminished transmission ranges between
the MNs.

VI. CONCLUSION

In this paper, a Location and Mobility Aware (LMA)
Medium Access Control protocol is proposed for the di-
rectional antenna-based VANETs. Based on the predictive
location and mobility information, the MNs can effectively
adjust their antenna beams in the direction of their correspond-
ing receivers. The deafness problem can also be reduced by
using the directional listen mechanism in the proposed LMA
MAC scheme. The Directional Beacon (DB) associated within
the proposed LMA MAC algorithm enhances the location
prediction even if the mobility of the MNs is changed during
the data transmission. In order to facilitate the mechanism
for location prediction, an indexing parameter, i.e. the Out-
of-Range Predictor (ORP), is computed and utilized within
the LMA MAC scheme. The proposed LMA MAC scheme is
evaluated in simulations in comparison with the IEEE 802.11
and the DMAC protocols. The effectiveness of the proposed
scheme is discussed and validated under both the static and
mobile environments.
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