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Abstract Medium access control in wireless networks faces mul-
tiple difficulties. One of them is the well-known hidden
Existing medium access control (MAC) protocols foferminal problem [4]. Basically, in a wireless network,
wireless packet networks are optimized for unicast flowso nodes that cannot hear each other may still interfere
in general and do not address the reliability and latency \gith each other at their receivers and cause losses. In ad-
sues facing broadcast packets in the MAC sub-layer. Aition, wireless links usually have higher loss rates than
plications that rely on disseminating loss and delay segired links. Another difficulty for a wireless MAC pro-
sitive (LDS) messages in wireless networks are therefaggol is to support quality of service (QoS) in the MAC
hindered by such protocols. This paper proposes a ngWb-layer because it is usually necessary for a MAC pro-
MAC protocol for LDS message dissemination in wireleggcol for wireless packet networks to be fully distributed.
networks. The proposed protocol solves the hidden termi-The IEEE 802.11 MAC protocol [2] and other similar
nal problem for LDS messages and also provides multijgstocols such as [5, 6, 7] use a technique dubbed “virtual
levels of strict priority for them in medium access. Exterzarrier sense” to deal with the hidden terminal problem for
sive simulations showed the effectiveness of the proposgficast packets. This technique is, in general, not saitabl
MAC protocol in supporting LDS message disseminatiggr broadcast packets because of the difficulties and over-

in ad hoc networks. _ head in coordinating multiple receivers. The automatic
~Keywords: ad hoc networks, medium access contragpeat request (ARQ) technique used by IEEE 802.11 and
hidden terminals, and priority scheduling other protocols to ensure reliability for unicast packets

faces similar difficulties in the broadcast case. In additio
the service differentiation provided by IEEE 802.11e and
other similar protocols such as [8, 9, 10, 11] is for statisti

. priority only and not suitable for applications that reguir

EIX|§'t|ng EAAC proltocloElsl,EféJrSV(\)/gellisl\sAK%cket netvxllogks, Mstrict priority in medium access, such as safety/emergency
cluding the popular ) protocol [2], ar?nessage dissemination in vehicular ad hoc networks.

designed for unicast flows in general and do not addres . .
nstead of relying on in-band control messages, some

the difficulties facing broadcast packe_ts fpr mgdmm a8ther MAC protocols such as [12, 13] use an out-of-band
cess. On the other hand, some applications in wireless T )

control channel to support priority scheduling. These
packet networks, such as safety/emergency message dis:

S . . rotocols, however, focus on improving the performance
semination in vehicular ad hoc networks [3], require los& P 9 P

less and timely medium access for their broadcast paglf< some unicast flows in congested situations, while

: .~ Proadcast packets receive not much attention. Addition-
ets. To design a new MAC protocol for such application . )
. ally, these protocols do not address the hidden terminal
is therefore necessary.

problem, particularly for broadcast packets. An out-of-
*The basic idea of the work was published in [1] and this regearband control channel has also been used to suppress hid-
has been financed by a grant from the Commonwealth of Pennsylgen terminals by some other existing protocols such as

nia, Department of Community and Economic Development, throu
the Pennsylvania Infrastructure Technology Alliance &IPlease di- ?E’ 14, 15].  However, these protocols do not address

rect all correspondence to Prof. Liang Cheng. Tel. (610)58&L, Fax the problem of pr!or.ity scheduling in the MAC sub-layer.
(610) 758-4096, Email: cheng@cse.lehigh.edu. Therefore, no existing MAC protocol has the full capa-

1 Introduction




bilities to support the type of application that requires ttwhen nodes are mobile in a wireless packet network. An-
dissemination of loss and delay sensitive (LDS) messagéiser assumption of the proposed protocol is that there is
in wireless packet networks. a co-existing MAC protocol for normal packets, such as

This paper presents a new MAC protocol for wirdEEE 802.11. LDS messages access the medium through
less packet networks to support applications that t&e proposed MAC protocol, while normal packets do so
quire the dissemination of LDS messages, such as theugh the co-existing protocol.
safety/emergency messages in vehicular ad hoc networkd he rest of this section presents the proposed MAC pro-
Using a novel pulse-based mechanism, the propogedol in detail. Subsection A introduces the pulses and
MAC protocol realizes both hidden-terminal suppressiqmiority scheduling in the proposed protocol. Subsection
and priority scheduling in the MAC sub-layer with a sinB describes the proposed protocol with pseudocode. Fi-
gle narrow-bandwidth control channel. In a fully disnally, Subsection C clarifies some important issues related
tributed way, the proposed protocol introduces preemptiigethe design of the proposed protocol.
priority scheduling into the MAC sub-layer and supports
multi_ple Ie_vels qf strict priqrity for LDS messages. The 1 Pulses and Priority Scheduling
detailed simulation results in the paper show that the pro-
posed protocol is free of the hidden terminal problem aidhen a node is using the data channel for disseminating
at the same time ensures multiple levels of strict prioritypS packets, it continuously transmits pulses in the con-
for LDS messages in ad hoc networks. trol channel, as shown in Fig. 1. The node stops its pulses

The rest of the paper is organized as follows. Sectionly after its transmission of LDS packets is finished or
Il presents in detail the proposed MAC protocol for digther LDS message sources interrupt it.
seminating LDS messages in wireless packet networksEach pulse consists of an active part of a fixed length
Section 1l evaluates the proposed protocol with extensiggd a pause part of m@ndom length, as shown in Fig.
simulations on NS-2. Finally, Section IV summarizes thd In the active part, single-tone waves are transmitted
paper. in the control channel, while no wave is transmitted in

the pause part. The random pause part is further divided
into two sub-parts, a contention window of a fixed size
2 The Proposed MAC Protocol and a residual pause of a random length. Moreover, the
contention window is cut into equal-size sub-windows.
The basic approach of the proposed MAC protocol in thisThe active part of a pulse plays two roles. One is to sup-
paper is to use “pulses” in an out-of-band control chapress hidden terminals; any node hearing a pulse aborts its
nel to suppress hidden terminals and do priority schedtransmission. The other role is to deliver the priority leve
ing for LDS messages at the same time. “Pulses” in thidormation for the LDS message in transmission. In par-
proposed protocol are basically single-tone waves wiibular, the lengthP, of the active part of a pulse indicates
pauses ofandom lengths. In the proposed protocol, théhe priority levelL,. of the LDS message in transmission;
control channel carrieanly pulses and pulses appesty a longer active part indicates a higher level of priority for
in the control channel. The control channel is monitorede message in transmission.
by all nodes all the time except when they are transmitting Ly > Lyy if Py > Pao
in the channel (an antenna usually cannot transmit and lis-
ten at the same time). A node that is generating pulsg€ priority level information’.,. expires at a node if there
in the control channel still monitors the channel when if@s been no pulse in the control channel for a specified
pulses pause. amount of time.

With the proposed protocol, the application layer de- The random pause part of a pulse is to support multiple
termines the priority level of a LDS message and put tHRYels of priority for LDS messages. When LDS mes-
information in the packet headr The application layer Sag€ sources; to 5, detect a busy control channel but
also determines the number of duplicate copies to send/fgf that the priority leveld., to L, of their messages are
each LDS message. To send duplicate copies of a LBigher than the priority level, of the message in trans-
message is for dealing with the problem that ARQ caRLSsion, each of these sources starts a random backoff
not be used to ensure reliability for LDS packets in tner as soon as the pulse in the control channel pauses.
MAC sub-layer. On one hand, coordinating and sequerld1® random backoff delay; of the source is drawnin a
ing multiple receivers to send back acknowledgments &@ntention sub-window that is determined by the priority
difficult and also introduce extra delays. On the oth&VelL; Of the source’s LDS message. Basically, a higher

hand, precise neighbor information may not be availadfvel of priority acquires a lower sub-window and thus a
shorter random delay.

1“Message” and “packet” are used exchangeably in this pager b
cause a LDS message is usually short and can be included iraoketp dj <dp if Lj > Ly
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Figure 1: LDS Packets and Their Accompanying Pulses. NodetAd LDS Message Source; Node B Is a Neighbor
of Node A; Node C Is a Hidden Terminal of Node A.
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Figure 2: A Pulse Consists of an Active Part of a Fixed Lengtth a Pause Part of Bandom Length. The Ran-
dom Pause Part Is Composed of a Contention Window and a Réstdmndom Pause. Furthermore, The Fixed-Size
Contention Window Is Cut Into Sub-Windows.

The source with the shortest backoff delay (i.e., of thvll be able to successfully deliver its remaining message
highest level of priority) usually acquires the medium ber messages.
fore other sources do, and this source becomes the winner

sources, in this round of contention.
As soon as the backoff timer of the winner soufe 2.2 The Scheme and Pseudo Code

expires, source, starts to transmit pulses in the controfhjs subsection presents the proposed protocol in a com-
channel. On the other hand, the LDS message sdiyCep|ete picture with pseudo code. Algorithm 1 presents how
then OWﬂiI’Ig the Channe|S iS St|" in |tS pause in the COB'LDS message source proceeds to access the medium
trol channel because random backoff deldyso d,, are ith pulses, while Algorithm 2 shows how a node behaves
drawn in the contention window and there is still a resigyith the proposed protocol. Most parts of the two algo-
ual random pause behind it in the pulsesgf SourceS, rithms are self-explanatory. The rest of this subsection
therefore can detect the pulse of the winner solicand  explains how pulses are “relayed” by message receivers
releases both channels. to suppress hidden terminals.

However, two sources of the same level of priority, such Pulses are “relayed” by nodes to suppress the hidden
as sources and j, may draw similar delays in the saméerminals of a LDS message source. Ideally, only the
contention sub-window, which may result in a collisiomheighbors of a LDS message source should “relay” pulses.
The random length of the residual pause of a pulse is ditpwever, pulses, unlike packets, cannot contain address
signed to deal with this problem. If sourceand; draw and hop-count information. Before introducing the mech-
similar backoff delays in contending for the medium, th@nism in the proposed protocol to approach the ideal situ-
active parts of their first pulses are synchronized with eagtion, we first introduce how a node “relays” a pulse.
other and neither node will be aware of the other. How- Basically, a node “relays” a pulse to be a slightly shorter
ever, the random-length pauses in their pulses will desynit “synchronized” pulse. When a node relays a pulse,
chronize the active parts in their pulses. After the desyih-starts its relayed pulse as soon as the original one is
chronization, one source will detect a pulse of the othéetected (i.e., the relaying node does not wait for the re-
and backs out to wait for the next chance to contend fogption of the whole original pulse). The active length
the medium. After one source backs out, the other souggeof the relayed pulse is, however, slightly shorter than



Pa, which is the active length of the original pulses i|gorithm 2: A Node With the Proposed Protocol

the control channel. The shorter active length of a re

layed pulse is to prevent the original pulse source fromrepeat

hearing the relayed pulse (please notice that when a node
starts to transmit in the control channel, it cannot hear any
other transmissions in the channel until its own transmis-
sion finishes). If the active length, of an original pulse

is unknown, then the relayed pulse only takes a short ac-
tive length so that it will not be heard the original pulse
source. This short-active-length pulse is generated to sup
press hidden terminals and does not encode any emer-
gency level information (i.e., its active length is not ieth
coding book). An example of LDS packets accompanied
by pulses is shown in Fig. 1.

To approach the ideal situation of pulse relay, a node in
the proposed protocol relays a pulse only in the following
two cases. The firstis that the node is busy receiving in the
data channetind the pulse is the first detected one after
the control channel became idle last time. The second
case is that the node is receiving a LDS packet in the data
channel.

The pulse relay in the first case is to clear the data chan-
nel for the incoming LDS packet. When the first pulse of
a LDS message source arrives at its neighbors, they can
not determine if they are the neighbors of an LDS mes-
sage source, since pulses may be relayed but carry no ad-
dress or hop count information. However, if some of these
neighbors are receiving any packets, they need to stop
their senders so that the LDS packet will arrive at them
with a clear channel shortly after. Therefore, a node with
the proposed protocol always relays a pulse if the pulse is
the first one that the node detects in an idle control chan-
nel and meanwhile the node is busy receiving in the data
channel. If such a node receives an LDS packet shortly af-
ter, it continues to relay the following pulses. Otherwise,
the node will stop relaying the pulses.

Algorithm 1: A LDS Message Source Accessing the
Medium with pulses

Start random backoff timer;
if Detect a pulse then
if Backoff timer is busy then
Cancel backoff timer;
end

Abort any transmission;
end

if Backoff timer expiresthen
Start to transmit pulses;

e
end

e
end
if Control channel becomesidle then

if Detect a pulse then
switch Sate in data channel do

caseBusy Transmitting
Abort transmission;

caseBusy Receiving
if Receiving a LDS packet then

if Not in NO-RELAY state then
Relay the pulse;

end
else

if First pulsein idle control channel
then
Generate a short pulse;

end
end

caseldle
Do nothing;
end
Measure the active length of the pulBg;

Decode the priority level informatioh,;
end

if A LDS packet comes from upper layer then
if Busy control channel then
if Legitimate L, && L, > L. then
Wait for a pause in the control channel;

Access the medium with pulses;
else

defer;

end
else

Access the medium with pulses;
nd

if Anormal packet comes from upper layer then
if Busy control channel then
defer ;
else
Access the medium by IEEE 802.11;
nd

if Having a deferred LDS packet then
Access the medium with pulses;

end

if Having a deferred normal packet then
Access the medium by IEEE 802.11;

end

end
if Finish receiving a LDS packet then

Send the packet to upper layer;

if Receiving no more LDS packet then
Stop relaying pulses;

nd

Take a short delay;

Start to transmit LDS packets;
end

if No more LDS packets to transmit then
Stop transmitting pulses;
end

e

end

if Finish receiving a normal packet then
Send the packet to upper layer;

end
until Forever;




® {8} (e ©) ity are usually significantly different (the difference 80
us in our implementation). This significant difference is
to ensure the right decoding of priority level information
Figure 3: lllustration for NO-RELAY State. after pulses experience propagations and relays.
Another phenomenon that may impact on pulse spread-
. o ) ing is multipath fading, which occurs when a signal
The final restriction on pulse relay is that when a nogdgaches a receiver via multiple paths. Multipath is a com-
has already been receiving pulses for a specified amogn phenomenon in urban areas due to obstacles and re-
of time (50 us in our implementation) but receives NQjectors, Multipath may cause fluctuating amplitude and
LDS packet, the node enters the “NO-RELAY” state, ighase in signals, which is harmful for signal decoding.
which it will not relay any pulses even if it starts to repyses, however, are not as sensitive to multipath fading
ceive a LDS packet. The “NO-RELAY" state expires onlyg pit-pased packets. First, a pulse has a much longer
after the control channel becomes idle again. This “N@ansmission duration than a bit in a packet. For exam-
RELAY” design is to avoid the possible interference bgsie, if there are 5 pulses in the transmission duration of
tween two LDS message sources that cannot hear e&‘ﬂhcket of a length of 100 bytes, then each pulse has an
other's pulses. equal length of 160 bits in transmission time. Second,
A simple example is shown in Fig. 3. If nodé in  only amplitude fluctuation has significant impact on pulse
this example is disseminating LDS packets, its neighb@stection.
nodeB will be relaying its pulses. Nod€ will thus sense  The Jast thing to mention in this subsection is that the
pulses in its control channel but not relay them becaus@jibposed MAC protocol is fully distributed and does not
is not receiving an LDS packet. Therefore, Nabewill  require nodes to be synchronized. When a group of re-
not sense pulses. In such a case, nbdenay start to cejvers of a LDS message relay pulses in the control chan-
disseminate its own LDS packets. After nodestarts to nel, they start their relayed pulses as soon as they detect
receive LDS packets from nod@, it will start to relay the appearance of a pulse in the control channel. The
pulses in the control channel. Consequently, nBdend original pulses from the LDS message source thus play
nodeC will relay pulses from each other. Since the pulsgge role of synchronizing the LDS message receivers for
of nodeA and nodeD are not synchronized, either nodenhem to relay pulses. Additionally, pulses usually only go

A or nodeB, or both in the worst case, will be stopped biyo hops, since only nodes that are receiving LDS packets
the pulses of the other node. However, if “NO-RELAYe|ay all pulses.

state is established at node in this example, nod€’
will not relay any pulses until the control channel becomes .
idle again. The interference between nodeand D is 3 Scheme Evaluation
therefore resolved.
3.1 Simulation Configurations

2.3 Other Design Considerations This section evaluates the proposed MAC protocol with
extensive simulations. The proposed protocol was named

This subsection introduces other issues that are relateetgeempPrio-MAC” because of the preemptive priority
the design of the proposed MAC protocol for LDS messervice that it provides to LDS packets in the MAC sub-
sage dissemination in wireless packet networks. Thegger. The simulations were conducted on NS-2 [16] for
issues are mainly related to pulses and the impact of prgge scenarios of LDS message dissemination in mobile ad
agation on them. hoc networks.

One requirement on pulses is that a pulse should hav&he implemented PreempPrio-MAC protocol in our
a length that is comparable to the transmission time oginulations supports three levels of priority for LDS mes-
LDS packet. Pulses are mainly designed for sourcessafges. The active lengths of pulses are 100, 200, and 300
higher levels of priority to interrupt a transmitting soarcys, respectively, for encoding the three levels of priority.
of a lower level of priority (i.e., for the support of mul-The contention window in each pulse has a size of /150
tiple levels of strict priority for LDS messages). Pulsesnd each sub-window is 5@s long. The residual pause
therefore should be repeated at a frequency that makagiiidow in which each pulse draws its residual random
feasible for a transmitting source to be stopped beforghuse is 10Qs.
finishes its transmission. Another important detail of our simulations is that we

As introduced earlier, the active length of a pulse usused “blank” broadcast packets of small intervals to sim-
ally encodes the priority level information of the LDSulate pulses in the control channel. “Blank” means that
message in transmission. In the proposed protocol, these packets carry no address or other information. When
active lengths used for encoding different levels of prioa- node receives a blank packet at the right power level
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blank packets are continuously flowing in.
To show the performance of the approach that uses ir
band control messages, we also simulated with the IEE &
802.11 and 802.11e MAC protocols. In IEEE 802.11e, the 8
minimum backoff window limit for LDS packets is half <
of that for normal packets. Meanwhile, the AIFS for LDS 5
packets is one timeslot less than that for normal packetsé S
In our simulations, fifty nodes move in an area of 500 | P A
by 500 meters. The wireless links of these nodes have
basic rate of 1 Mb/s. The carrier sense distance of eac 04;—2%%:’:”51”!
node in the data channel is about 300 meters, while th 10
transmission distance is about 150 meters. The contru
channel uses the same power as the data channel to ensure

pulse coverage. Each simulation lasts for 100 seconds,,:jaure 4: The Average of The Maximum Medium Access
which nodes may disseminate bursts of LDS packets|:5g|ayS in Bursts Against Background Traffic Load.
their neighbors to assess medium access delay and packet

losses. In each burst, there are an average of 5 LDS pack-

ets and each packet has a size of 50 bytes. In additigith IEEE 802.11e reaches 20s in the case in which
twenty five CBR flows of normal packets are randomipe packet interval of background traffic is 0.008 second.
initialized in the background in each simulation. We show more details for this case in Fig. 5.

Fig. 5 shows the maximum medium access delay for
the packets in each burst for the case in which the packet
interval of background traffic is 0.008 second. As shown
This subsection shows how LDS traffic competes with the figure, PreempPrio-MAC has consistently low de-
normal traffic with the proposed MAC protocol and IEEBays for LDS packets. IEEE 802.11e, however, shows
802.11 MAC protocols. We conducted a series of siml¢ng medium access delays for LDS packets, although its
lations in which the packet intervals of background traperformance is much better than IEEE 802.11's. In the
fic were 1.0, 0.2, 0.04, 0.008, and 0.0016 second, respi@fth burst, the maximum medium access delay for LDS
tively. Node movement was random waypoint in our sinpackets reaches as high as 128 with IEEE 802.11e.
ulations and the average pause time was 0.5 second. |Rig. 6 shows the average of the minimum numbers of
addition, node minimum and maximum speeds were Sdreivers for packets in bursts in each case of background
and 10.0 meters per second, respectively. In each simtiaffic load. The results in the figure are averages and
tion, a node disseminated bursts of LDS packets to asstesefore not necessarily integers. As shown in the fig-
medium access latency and packet losses. ure, PreempPrio-MAC does not have packet losses in any

For LDS message dissemination, it is important gase of traffic load in the network, which means there are
know the worst performance case for a protocol becauszhidden terminals with PreempPrio-MAC. IEEE 802.11
each delayed or lost LDS message may have a seriand 802.11e, however, show packet losses as network load
consequence such as a fatal collision on highway. Tinereases to a specific level. When network load is light,
maximum medium access delay for the packets in eddbden terminals may not cause problems to the network,
burst is therefore one of the criteria that we use to evakince they have no packet to send most of the time. When
ate each protocol. The average of the maximum medimetwork load becomes heavier, each hidden terminal has
access delays in bursts is shown in Fig. 4 for each caseincreased chance to cause collisions in the network due
of network load (For easy reading, packet intervals in ot@r their increased demand for using the medium. The re-
figures are converted to packet rates, which determine raths in Fig. 6 demonstrate that IEEE 802.11 and 802.11e
work load). As shown in the figure, PreempPrio-MAC hasave the hidden terminal problem, which is intolerable for
a almost constant medium access delay ofdfor LDS LDS message dissemination in wireless networks.
packets. IEEE 802.11e, however, shows long medium acinterestingly, IEEE 802.11e has better performance
cess delays for LDS packets when background traffic lothn IEEE 802.11 on average, as shown in Fig. 6. For
is significant, although it obviously outperforms IEEEurther details, we checked how LDS packets in bursts ex-
802.11, which provides no priority scheduling for LD$erienced losses in each case of network load. The results
packets. The average of the maximum delays in burate shown in Fig. 7 for the case in which the packet in-
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Traffic Load.

terval of background traffic is 0.008 second. As shown
in the figure, PreempPrio-MAC shows no loss. With both
IEEE 802.11e and 802.11, there are about 11 bursts that
experience losses, which is a loss rate of about 50 percent
considering that the total number of bursts is 22. However,
IEEE 802.11, on average, has severer losses in bursts than
IEEE 802.11e, as shown in Fig. 7.

These results are seemingly surprising since IEEE
802.11e does not have specific improved mechanisms to
deal with hidden terminals as compared to IEEE 802.11.
The performance discrepancy between them, in fact,
comes from the “capture” phenomenon in wireless net-
works. With a “capture”, a packet can still be successfully
decoded when it collides with another packet of lower
power. In the code implemented in NS-2, a capture only
happens to a packet that is the first one arriving at an idle
node, which reflects the design of some hardware. With
its lower backoff window limit and shorter AIFS in the
IEEE 802.11e case, a LDS message source usually starts
to transmit earlier than a normal packet source if they are
hidden terminals to each other and start to contend for the
idle medium simultaneously. Therefore, captures happen
more often to LDS packets in the IEEE 802.11e case than
in the IEEE 802.11 case, which explains the performance
discrepancy between the two protocols shown in Fig. 6
and Fig. 7.
cﬁnother interesting thing shown in Figs. 4 and 6 is
that the performance of IEEE 802.11 and 802.11e does
not necessarily decrease for LDS packets as network load
increases. Instead, their performance for LDS pack-
ets may even improve after network load reaches a spe-
cific level. With high network load, medium contentions
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among nodes become severe, which causes long backoffs

in medium access. With longer backoffs, a hidden temlyigure 9: The Event Map for The Competing LDS Mes-

nal has a lower chance to cause collisions, which explain :
why Fig. 6 shows improved performance for IEEE 802. ge Sources. T_he_Flve LDS. Message Sources Have the
2ame Level of Priority of Medium Access.

and 802.11e after network load reaches a specific lev
In addition, LDS packets may specifically benefit from

high network load in the IEEE 802.11e case. With net- ,

work load reaching a specific level, normal packets cofdl. the node at which an event happens. There are three
pete among themselves severely and cause long backiifsS Of events shown in the figure, which are successful
to them, which benefits LDS packets due to their low8edium access (i.e., backoff timer expires successfully),
backoff limits. Fig. 4 therefore shows a lowered delay f¢fansmission interruption, and successful packet defiver
LDS packets in the IEEE 802.11e case when the netwdrRe three types of_event; are denoted by triangles, crosses,
load goes beyond a specific level. and rings, respectively, in Fig. 9.

As shown in Fig. 9, the five sources successfully de-
liver their LDS packets in sequence. Source 2, 3, and 5
have a single successful access to the medium before de-
Sources livering their packets. However, both sources 4 and 1 suc-

The simulation results in the preceding subsection sh&&ssfully access the medium twice before delivering their
that the proposed protocol realizes timely and lossldiackets. Source 4 has a collision with source 5 at about the
medium access for LDS packets in mobile ad hoc n@8thms. The collision is, however, resolved immediately
works. This subsection shows how the proposed protogéqe to the pulses in the control channel. Source 4 there-
performs in supporting multiple levels of priority for LDSfore accesses the medium twice. Source 1 also accesses
messages. We did not further investigate the performarie@ medium twice before sending out its LDS packets, but
of IEEE 802.11 MAC protocols because of their promen\{vithout collision. Source 1, in fact, releases the medium
atic performance shown in the preceding subsection ffuntarily after sending out its fifth LDS packet, which
supporting LDS packets. indicates that the last LDS packet in its burst does not fol-
In our simulations testing the competition among LDW the other packets closely.
message sources, five sources competed with each othén the above case of same-level priority for all LDS
at locations shown in Fig. 8 and each LDS source hadressage sources, source 4 is the last to use the medium
distance of 200 meters to source 2. All the five sourcamong the five sources, while source 5 is the next to the
needed to disseminate a burst of LDS packets at the sdase. It is possible, however, that the LDS messages of
time in our simulations. these two sources have much stricter requirements on de-
We first show the simulation results for the case iay. In such a case, node 4 and node 5 are unduly de-
which LDS packets have a single level of priority in adayed for 30 to 40ms in accessing the medium because
cessing the medium (i.e., all of them have the same pof-the competition from the other LDS message sources
ority over normal packets). The simulation results atkat have lower requirements on delay. To demonstrate
shown in Fig. 9 as an event map for the competipw the proposed PreempPrio-MAC protocol can help in
sources. In the figure, the horizontal axis shows the tinseich a case, we assigned source 4 the highest level of pri-
while the vertical axis shows the identification numberity, which is level 3. Meanwhile, source 5 was assigned

3.3 Competition Among LDS Message
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Figure 10: The Event Map for Competing LDS Messagé‘l]
Sources. The Five LDS Message Sources Do Not Have
the Same Level of Priority in Accessing the Medium.
Source 4 Has a Priority Level of 3 (The Highest Level),
Source 5 Has a Priority Level of 2, And Other Sources
Have a Priority Level of 1. (5]

a priority level of 2.

The simulation results for this new case are shown in
Fig. 10. As shown in Fig. 10, source 1 successfully6]
accesses the medium first because its LDS packets ar-
rive at its MAC sub-layer first. However, before it fin-
ishes transmitting its first LDS packet, it is interrupted
by source 5, which has higher priority than source 1.
Similarly and again, source 5 is interrupted by source j.?
which has the highest priority among all the five sources. ]
Source 4 successfully finishes transmitting its LDS pack-
ets after interrupting source 5. Source 5, which has the
second highest priority, then disseminates its LDS pack-
ets. After source 4 and source 5 finish broadcasting thejig]
LDS packets, other sources disseminate their LDS pack-
ets in sequence, although source 1 and source 3 have an
immediately-resolved collision at about the 3#st. (0]

4 Summary

Existing MAC protocols for wireless packet networks dgl
not pay much attention on broadcast packets, which lea: es]
an open problem of a MAC protocol to support applica-
tions that rely on the dissemination of loss and delay sen-
sitive (LDS) messages in wireless networks. This paper
presents and evaluates a new MAC protocol that is de-
signed to support LDS message dissemination in wirel¢$§]
packet networks. The proposed protocol solves the hidden
terminal problem for LDS messages and meanwhile pro-
vides multiple levels of strict priority for them in medium

access. Extensive simulations showed the ideal perfor-
mance of the proposed protocol.
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