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Abstract

A new and reliable MAC protocol is proposed to re-
duce the number of control handshake messages, such as
RTS(Request-To-Send) and CTS(Clear-To-Send), incurred
prior to data transmission in ad hoc wireless networks.
Such handshake is currently being used in the IEEE 802.11
DFWMAC(Distributed Foundation Wireless MAC) proto-
col. Our protocol is power efficient since fewer control mes-
sages are being used. By overhearing the ACK message sent
by the upstream node, a node can gain advance knowledge
that date would be arriving and hence need only to initiate
a CTS later on. In addition to this, we introduce relia-
bility into the protocol using an acknowledgment message
to indicate that the data transmitted has been reliably re-
ceived. Issues related to collision of control messages are
also addressed in this paper. The communication perfor-
mance of our protocol is evaluated via simulation and we
also compare it with the IEEE 802.11 DFWMAC. Results
show that our protocol outperforms DFWMAC with fewer
control overhead incurred and smaller end-to-end delay.

I. INTRODUCTION

Current emphasis on wireless ad hoc networking research
has been focused on routing protocols|[1-6]. However, com-
munication performance of a wireless multihop route will
also depend on the underlying media access protocol in
place. The lack of a centralized entity implies that syn-
chronous MAC protocols are less likely to be suitable. This
1s further backed by limitations of power and bandwidth in
an ad hoc wireless environment, coupled with the presence
of mobility. Hence, asynchronous MAC protocols are more
attractive due to their distributed operation and robust-
ness.

In the past, the carrier sense multiple access (CSMA)
protocols had been used in the packet radio net-
work([7,8,9,10]. The well-known problems associated with
carrier sense protocols are hidden-terminal and exposed
nodes problem. To resolve this problem, various ap-
proaches[12,13] have been proposed. An example is
MACA(Multiple Access with Collision Avoidance), which
uses RT'S(Request-To-Send) and CTS(Clear-To-Send) con-
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trol handshake messages prior to data transmission. These
control messages blocked neighboring from transmitting
during data transmission and hence avoiding packet col-
lisions.

Most Wireless LANs today have a 802.11 compliant wire-
less adapter card. This card implements the 802.11 DFW-
MAC(Distributed Foundation Wireless MAC)[11] protocol,
which essentially uses the similar concept of RTS/CTS
handshaking. However, it adds an ACK message to en-
hance the reliability of data transmission, which is not

present in MACA.

Existing asynchronous MAC protocols can be catego-
rized into two classes, namely: (a) sender-initiated[12,13]
and (b) receiver-initiated[14,15}. It is known that receiver-
initiated approaches show better performance than sender-
initiated approaches[14,15].  However, most receiver-
initiated approaches need to predict the pending arrival of
data packets. The accuracy of such prediction will there-
fore affect communication performance. In reality, it is
difficult to predict the arrival of packets accurately.

In this paper, we present a MAC approach where there
is no need to perform traffic prediction. Most recently,
the MARCH(A Medium Access Control Protocol with Re-
duced Handshake)[16] was proposed for ad hoc wireless net-
works. MARCH is superior in the sense that it reverts from
a RTS/CTS handshake to a CTS-only handshake after the
first hop in a route. This results in high throughput, low
overhead, and low latency. However, MARCH does not ad-
dress reliability /collision of control messages and the data
sent. Qur protocol, therefore executes RTS-CTS-DATA-
ACK handshaking for reliability of data transmission and
provides means to resolve lost or corrupt control messages.
Since data packets are usually larger than control pack-
ets, ensuring integrity of data integrity mcans a reduction
in the number of retransmissions and hence power savings
can be achieved with our protocol.

This paper is organized as follows. Section Il describes
the MAC protocol used in IEEE 802.11. The mechanisms
for reducing the number of control handshake messages and
the provision of reliability is discussed in Section III. The
simulation environment and its results are described in Sec-
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tion 1V. Finally, a conclusion is made in the last section.

II. HANDSHAKE IN 802.11 DFWMAC

The DFWMAC(Distributed Foundation Wireless MAC)
is a enhancement of the MACA protocol which uses an
RTS/CTS handshake before an mobile node can receive or
transmit data.

The DFWMAC protocol performs a four-way exchange,
i.e., RTS-CTS-DATA-ACK, in order to transmit data to
a downstream node, as shown in Figure 1. A mobile node
needs to sense the channel to decide if the channel is indeed
idle for a DIFS(Distributed Inter-Frame Space) interval be-
fore attempting to send a RTS. It also needs to sense for
a SIFS(Short Inter-Frame Space) interval before sending
ACK and CTS packets.

Figure 1 illustrates how a source node, M H 4, can trans-
mit data to the destination node, via MHg, MH¢, etc.
Note that DIFS and SIFS intervals are not shown in the
figure. In order to forward a data packet, M Hp needs to
deal with two control packets, i.e., a CTS; packet destined
for MH, and an RT'S, packet destined for M He.

On receiving the CT'S; packet, M H,4 can transmit data
to MHp. Having received the data, M Hp transmits an
ACK message back to M H,. If the ACK was not received
by an estimated RTT(Round Trip Time), the ACK is as-
sumed to be lost and needs to be retransmitted.

Similarly, in order to forward the received data to M He,
M Hg should perform the same handshaking process. This
means that an RTS/CTS handshake cannot be avoided for
every hop in an ad hoc wireless route.

An enhancement is to consider the concept of overhear-
ing. Due to the broadcast characteristics of omnidirectional
antennas, M Hc will be able to overhear the ACK packet
sent by M Hp to M H4. This overhearing of the data ACK
packet implies that one can later send an invitation to re-
ceive the data. In this manner, there is no need to initiate
a RTS message, as shown in Figure 2.

III. Our ProrosED MAC PROTOCOL

Figure 2 shows the new handshake process to forward
a data packet through a multihop route. As shown, the
RTS-CTS handshake is reduced to a single CTS{CTS-ouly)
handshake after the first hop. Note that the reduction in
control overhead is a function of the route length. For an
ad hoc route of « hops, the number of handshakes needed
to send a data packet from the source to destination is 27y
in DFWMAC, v in MACA-BIL, and (y+1) in our proposed
scheme. However, these values are derived under the as-
sumption that there are no collisions of control packets.

Furthermore, when v gets larger, both MACA and our
proposed scheme incur a similar number of handshakes.
In our scheme, a node can send a CTS packet to in-
vite data transmission due to having overheard the ACK
packet. However, collision of control packets {(including the
ACK packet) could inhibit the sending of CTS invitations.
Hence, we propose a timer-based mechanism so that ex-
plicit transmission of a RTS packet is possible to resume
data forwarding. This mechanism is described as follows.
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Fig. 1. The RTS-CTS handshake in 802.11 DFWMAC.
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A. Collision of ACK Packets

Figure 3 shows that the ACK packet may be corrupted
due to the arrival of other data or ACK packets sent by
other mobile nodes. The absence of ACK packet prevents
MHp from sending a CTS packet to MHe. To address
this problem, a timer T,, is invoked at M H¢ as soon as it
sends the ACK packet to M Hg. When this timer expires
and a CTS packet has not been received, M H¢; will explic-
itly initiates RTS message to M Hp, i.e., it reverts back to
doing RTS/CTS as in DFWMAC.
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Fig. 3. The addressing mechanism when an ACK is corrupted.

B. Collision of CTS Packets

Figure 4 shows that the CTS; packet may not reach
M Hc successfully due to packet collision. If a separate
RTS packet is sent by M Hpg for another route, it could
collide with CT'S3. Under such circumstances, M Hc fails
to forward the received data packet to M Hp due to the
absence of CT'S5.

Nonetheless, we can avoid this problem if a timer T, is
invoked at M Hc¢ as soon as the ACK packet is sent. If
the timer expires before receiving the expected invitation,
M H¢ will revert to initiating a RT'S handshake to M Hp.
Data forwarding can then resume when M Hp returns with
an invitation.
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Fig. 4. The addressing mechanism when a CTS is corrupted.

C. Summary of Collision Scenarios

In an ad hoc route, collisions could occur when the source
node sends an RTS. Likewise, collisions could also occur
when a node send an invitation (i.e., CTS). Using timers

and retransmitting RT'S help to overcome the RTS collision
problem. As for CTS, the same principle of timers and
retransmission can be used to request a resend of CTS.
Since our approach does not rely on overhearing of CTS
to forward data, the collisions of overheard CTS do not
hinder our data forwarding operation. Collisions of ACK
packets that are meant to be overheard by downstream
nodes imply that there shall be an absence of a subsequent
invitation. This means that a separate RTS is needed.
Collision of an ACK packet intended to the source of the
data transmission implies that the source cannot confirm if
the data has been successfully received. Hence, timing out
and a data retransmission by the source can resolve this
problem.

While one may argue that retransmissions at the link
level do consume power, retransmission made at network
or transport level can result in a greater amount of power
consumption since the whole protocol data unit has to be
retransmitted.

D. Transmission of Buffered Packets

Incoming packets become buffered at intermediate nodes
when the trials for outgoing packets fail to get access right
to the medium. In both DFWMAC and proposed MAC
protocols, when a node receives an ACK packet correspond-
ing to a data packet sent towards the down-link node, it can
forward one of other buffered data packets downstream. It
allows the node to transmit buffered packets successively
at intermediate nodes as well as at the source node. In
this case, as in DFWMAC protocol, the handshaking of
RTS-CTS messages is also needed in the proposed MAC
protocol instead of awaiting a CTS message used to invite
data transmission of the node.

IV. PERFORMANCE EVALUATION

In our simulator, it is assumed that a multihop route is
acquired by using one of the source-initiated on-demand
routing protocols, such as ABR[6], AODV([2], and DSR[1].
In general, MAC protocol is independent of the routing pro-
tocol. It assumes that a route has been selected already.
Whether it is table driven or on-demmand, ROADMAP only
needs to know upstream and downstream nodes for a route
to achieve high performance in packet forwarding at the
link layer. In addition, the same geographical distance be-
tween neighboring nodes is used. Packets are transmitted
and forwarded by nodes between the source and destina-
tion using our proposed MAC protocol. Our simulation
model is shown in Figure 5.

: Links over an acquired route

@P

------ & Control Messages from oiher hosts which are pot en route

Fig. 5. The Simulation Model.
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All parameters are normalized with respect to the ex-
pected data frame length as follows. The transmission time
of an information packet is referred to as an unit time 1(i.e.,
Ik = 1). This includes the propagation delay time. SIFS
and DIFS values are 0.0030 and 0.014, respectively. In ad-
dition, Iacx and Icpg are set to 0.007, and Irpg is 0.008.
The timer, T, is set to 3.

We compare our proposed MAC protocol with DFW-
MAC in terms of the number of RTS-CTS messages in-
curred. Presently, the collision of data messages is ignored.

Figure 6 shows that we can reduce the number of RTS-
CTS incurred through sending CTS invitations based on
overheard ACK packets.
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In addition, we evaluate the average end-to-end delay ex-
perience by a packet. A lower end-to-end delay implies that
more data can be transmitted and nodes can be relieved
to perform other operations. We present the results in
terms of the difference in end-to-end delay between DFW-
MAC and our protocol. Figure 7 shows that our proposed
scheme yield lower end-to-end delay than DFWMAC due
to reduction of the number of RTS-CTS exchanges.

0.12 T T T T T

f’roposed MRC —

Time Difference

0 L L L L s L s
2 3 4 5 6 7 8 9 10
Hop Distance Between Source and Destination

Fig. 7. Comparison of Average End-to-End Delay between DFW-

MAC and our scheme.
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Finally, we investigate how the collision of control mes-
sages can influence the average number of control messages
incurred. In our simulation, we assume that the acquired
route is 5 hops. As shown in Figure 8, our proposed MAC
protocol outperforms DFWMAC in terms of fewer over-
head irrespective of the frequency of the collision of con-
trol messages. In our scheme, when an overheard ACK has
error/collision, the node which has sent the ACK message
will experience the expiration of T, resulting in transmit-
ting an RTS message downstream. It, therefore, behaves
like DFWMAC when the packet collision probability 1s very
high. In such a case, both protocols yield relatively similar
performance for handshaking of control messages.

In DFWMAUQC, the collision of RTS and CTS messages
with other control messages does effect communication per-
formance. However, in our scheme, the collision of ACK
packets (besides RTS and CTS) implies failure in ACK
overhearing. This results in having to timeout and trans-
mit a RTS message in order to receive an invitation.

While Figure 8 shows that the average number of control
overhead incurred is similar for both schemes under high
probability of collisions, this is not the case for communi-
cation throughput. As shown in Figure 9, our scheme has
inferior throughput performance due to the delay incurred
during timeout. This delay is not experienced in DFW-
MAC since a RTS message is always sent at each hop.

However, this is only happening at high packet colli-
sion case. If the probability of collision is low, then our
ACK-overhearing is always successful and under such cir-
cumstances, our scheme exhibits better communication
throughput performance,
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Fig. 8. Comparison of the average number of RTS-CTS exchanges
according to the probability of collision of control messages.

V. SUMMARY AND CONCLUSION

In this paper, a new MAC protocol for wireless ad hoc
networks was introduced. Qur proposed scheme reduces
the number control handshake messages (such as RT'S and
CTS) needed by exploiting the principle of overhearing
data acknowledgement (ACK) messages. Upon overhear-
ing an ACK message, a downstream node in the route
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Fig. 9. Comparison of Throughput according to the probability of

collision of control messages.

can proceed to send an invitation (CTS) such that data
can be forwarded to it. Hence, RT'S messages are subse-
quently avoided and one needs only CTS messages. This
improves data forwarding performance. We compared our
scheme with IEEE 802.11 DFWMAC(Distributed Founda-
tion Wireless MAC) via simulation.

By using the concept of ACK overhearing, the turn-
around time for switching between RTS-transmission mode
and CTS-reception mode can be reduced. This reduction
of control messages also implies savings in power consunp-
tion. Our sitnulation results further confirm the perfor-
mance improvements of our scheme over DFWMAC. Fi-
nally, in the scenario where probability of packet collisions
is very high, both protocols yield relatively similar per-
formance for handshaking of control messages, but DF-
MAC outperforms the proposed MAC from the aspect of
throughput.
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