ON THE PERFORMANCE OF A MEDIUM

ACCESS CONTROL SCHEME FOR THE

RECONFIGURABLE W IRELESS

NETW ORKS

Z y g m u n t J . H a a s

School of Electrical Engineering

Cornell University , Ithaca, NY 14853 http://www.ee.cornell.edu/~haas/wnl.html

Abstract

In this paper, we propose a MAC protocol for an ad-hoc network architecture, termed by usthe Reconfigurable Wireless Networks , and investigate its performance. We discuss the access synchronization and the construction of network connections features of the MAC protocol. Using event-driven simulation, we evaluate the throughput and the blocking probability of the scheme, demonstrating its behaviorfordifferent parameters of the mobility, traffic, and propagation models.

Introduction

A Reconfigurable Wireless Network (RWN), which was introduced in [1], isan adhoc network architecturethat can be rapidlydeployed, without relying on a preexisting fixed network infrastructure. The nodes in a RWN can dynamicallyjoin and leave the network, frequently, often without warning, and without disruption to other nodes´ communication. RWNs are a special case of the ad-hoc network architecture and distinguish themselves in the following features: largenetwork span, large number of nodes, and highlymobile nodes. In particular, thenode

Portions reprinted, with permission, from Proceedingsof MILCOM´97, Monterey,

CA, November 2-5, 1997. ã 1997 IEEE constellation can change rapidly, and so is thepresence or absence of links.

Examples of the use of the RWNs are:

· military(tactical communication) - for fast establishment of a communication infrastructure during deployment of forces in a foreign andhostile terrain,

· rescue missions - for communication in areas without adequate wireless coverage,

· national security- for communication in times of national crisis, where the existing communication infrastructure is non-operational due to a natural disaster or a global war,

· lawenforcement - similar to tactical communication,

· commercial use - for setting up communication in exhibitions, conferences, or sale presentations,

· education - for operation of virtual classrooms, and

· sensor networks - for communication between intelligent sensors(e.g., MEMS 1 ) mounted on mobile platforms.

In contrast with the conventional cellular networks, in the RWNs, direct mobileto-mobile ( peer-to-peer) communication is allowed. Mobiles that cannot be reached directly, use other mobiles to relaytheir transmissions using multi-hop routing.

There is a number of central issues that need to be addressed to make the RWN a workable system: themobilitymanagement, the routing protocol, and theMedium

Access Control (MAC) scheme. In this paper, we deal with the MAC scheme. A routing protocol applicable to the RWN architecture ˘ the Zone Routing Protocol - was introduced in [2] and further evaluated in [3]. Finally, we will report on the

RWN mobilitymanagement scheme in a futurepublication.

In general, the MAC for wireless networks hasbeen a subject of extensive studies, mostlyconcentrating on random access mechanisms. The traditional MAC schemes for radio networks, such as theCarrier Sense MultipleAccess (CSMA), do not fullyaddress the^hidden terminal problem.~ Newer schemes, such as MACA

[4], MACAW [5], and FAMA [6] relyon low-level reservation mechanism. In these protocols, the RTS/CTS (Request-To-Send/Clear-To-Send) dialog precedes any communication between nodes. The MACAW protocol includes an additional feature of acknowledging, on the link layer, the received transmissionsand, thus, provides fast recover yfrom collisions. In the FAMA protocol, the non-persistent

CSMA scheme is used, which avoids repetitious collisions.

It should be noted that all these protocols do not resolve the hidden terminal problem and, therefore, do not prevent collisions. The notorious exampleis when a node, which did not hear the RTS/CTS dialog, migrates to within reception range of the alreadycommunicating nodes. Asimilar situation occurs when a node (due to transmission errors, for example) did not hear the CTS reply. In such cases, any transmission attempt of this node will most probabl yresult in a collision.

Additionally, because of the random access nature of these schemes, reservations of network capacityfor real-time multimedia traffic cannot be easilyaccommodated.

1 Micro Electro Mechanical Systems

As opposed to random access schemes, controlled-access schemes do not suffer from the above shortcomings. Controlled-access schemes have been considered before for multi-hop network environment; for example, the ClusterTDMA scheme

[7]. The difficult ywith these schemes, however, is that theyrequirenetwork-wide synchronization. Thisappearsto be a significant problem, especiallyin a fast changing communication environment, such as the RWNs.

We propose here a hybrid of random- and controlled-access schemes, based on a local polling mechanism. It exhibits controlled-access behavior among neighbor nodes due to polling. Yet, the polls originating at different nodes are random and unsynchronized, and, thus, maylead to collisions. However, as the length of the polls is short compared with the actual data transmission and asthe number of competing nodes is restricted to a subset of the neighbors only, the loss of capacity due to the random-access process is relativelysmall. The salient features of our scheme are that it requires local synchronization only(i.e., among the neighbors) and that it eliminates collisions of payload information. Additionally, it reduces the access time variance and inherentlyallows capacit yreservation. Thus, it is applicable to multimedia traffic.

Medium Access Control (MAC) Protocol

The purpose of a MAC protocol is to synchronize access of mobiles to the shared communication medium. In theRWN, the span of the network is considerably larger than the transmission range of a single node transceiver. Thisnecessitates multi-hop routing.

A MAC can be based on a single shared-channel 2 or multiple channels. Use of a single shared-channel MAC scheme requires each transceiver to operateat the maximum channel bit-rate. In addition, single shared-channel can lead to inefficient operation or to the need for network-wide access synchronization. Thus, a multichannel solution, in which nodes are assigned individual channels, is a more viable option. Of course, in themulti-channel approach, channels can be reused in spatially separated areas and can be based on different multiple access schemes, such as

TDMA or CDMA. Our work isindependent of the actual multiple access scheme used. Thedetermination of the actual multiple access scheme, aswell as the channel/code allocation algorithm, are outside the scope of thiswork.

MAC-layer connections are established between neighbors. 3 With time, mobiles can become separated bylarge enough distance or bya radio propagation obstacle, so that connections will be broken. Likewise, mobiles can migrate close enough to each other to become neighbors and to establish newconnections.

We assume the following elementsof the MAC scheme:

· The transmission spectrum is divided into channels. For thesake of simplicity, we assume here that channelsarecreated in timeand frequency(FDMA/TDMA), rather than in code (i.e., CDMA). Nevertheless, the presented-here MAC scheme can be easilymodified for CDMA-based transmission.

2 In thiswork, we refer to a channel as a TDMA slot assignment on a particular frequencychannel, or, in CDMA, as an assignment of one of the orthogonal codes.

Note that this is not the traditional definition of a wireless channel.

3 A mobile that can be reached directlyby a mobile in question isreferred toasthe mobile´s neighbor s.

· Each channel consists of two parts, which we call the payload and the poll portions of the channel. The bandwidth of the payload portion is larger than the bandwidth of the poll portion. Thecapacities of the payload and the poll depend on several factors and performance requirements. We label the payload portion of the th k channel as Q k

, and the poll portion as

j

k .

· Nodes are dynamicallyassigned channels. The reuse of channels is such that it

corresponds to an acceptable Signal-to-Interference (SIR) ratioat the assigned

nodes. Channel assignment schemes will not be discussed here.

· Each node maintainsan updated list of who are itsneighbors and what are their

assigned channels ( neighbor-table ). This list iscreated and maintained as part of

the Neighbor Discovery process, which will be explained later.

· Everynode is equipped with two half-duplex transceivers. Although, this isnot an

essential assumption, as our MAC protocol will also operate with a single

transceiver per node, our studyindicates that a considerable advantage in

reliabilityand network capacitycan be achieved with two half-duplex

transceivers. We term the two transceivers: an in-transceiver and an out-

transceiver.

In reference to this last point: inclusion of two transceivers per station increases

the reliabilityof the network. In a peer-to-peer routed network, such as the RWN,

failures of a single-transceiver node can lead to network partitioning and to loss of

connectivitywith some network nodes. On the other hand, our MAC protocol is

designed in such a waythat a node can still continue to operate even when a failure

of one of the two transceivers occurs (although the node´s capacityis reduced).

Access Synchronization

Access synchronization is based on the operation of the two node´s transceivers.

Ordinarily, one node´s transceiver (referred tohere as out-transceiver ) is assigned to

traffic from the node in question to other nodes, while the other transceiver (the in-

transceiver) is used for communication in theother direction.

The operation of the access synchronization is based on everynode continuousl y

polling itsneighbors to determine whether theyhave anycommunication to send.

The polling is performed on the poll portionsof the channels. For illustration,

assume that node- k is assigned the channel ( , ) Q

k k j and its two neighbors, node- i

and node- j, are assigned frequencies ( , ) Q

i i j and ( , ) Q

j j j , respectivel y. Node- k tunes

its in-transceiver to j

i , polling the node- i for anydata and immediately retunes its

in-transceiver for reception on Q

k

. Asthe out-transceiver of node˘ i is ordinarily

tuned to j

i , it receives the poll and, assuming it has nothing to send to node- k , it

responds with End-Of-Transmission (EOT) message on Q

k

. Node- k proceeds now to poll node- j on j

j . Nowassume that node- j has a number of packets to send to

node- k . Node- j, after receiving the poll on itsout-transceiver (ordinarilytuned to

j

j ), tunes it to Q

k and transmits the packets, ending with the EOT message. Node-

k then startsa newpoll cycle. The procedure isdepicted in Figure 1, where the oval

indicates tuning of the particular transceiver tothe specified frequency.

Note that all the nodes perform the same procedure. Thus, at thesametime as

node- k pollsits neighbors, theneighbor nodes (node- i and node- j) both poll node- k,

which hashisout-transceivers ordinarilytuned to its polling frequency, j

k . In

summary, the process is as follows: In general, a node´s out-transceiver istuned to

its own polling frequency. When a poll arrives, thenode answers the poll (byeither

sending packets and/or EOT message) on the polling node´s payload frequency . A

.

.

.

Neighbor # i

( out- transc.)

Node #k

( in- transc.)

Neighbor # j

(out- transc.)

poll i j i j

k

Q k

Q EOT i j

. . .

j j poll k

Q

k

Q data . . .

oth er polls to node j will be lost h ere due to receiver unavailability

j j

Figure 1: Access Synchronization Mechanism

.

.

.

time

time

time j j data

. . . EOT poll i j k

Q

i j poll m

Q polls lost due to collision

. . .

. . .

node´s in-transceiver is used for polling its neighbors bytuning to their polling

frequency, sending a poll message and retuning to itsown payload frequencyto

hear thepolled node answer.

Of course, as thepolling channels are unsynchronized, there is a possibilityof

polls collisions and of some of the pollsbeing lost. (See Figure1 for an example.) If

a polling node gets no response to itspoll within the specified time-out interval

( poll_time-out) , it repeats thepoll in the next cycles for up to maximum number of

attempts ( max_poll_attempts). If all the attemptsfail, then the neighbor is placed on

a watch-list. If no polls are received from the neighbor within max_poll_cycle, the

link to theneighbor is considered lost and theneighbor identityis removed from the

local neighbor-table .

A number of comments regarding theaccess synchronization scheme:

· As a node has full control over access to itspayload portion of the channel, there

are no collisionson the payload portion of the channel and, consequently, no

packet transmission islost due to collisions.

· While responding to a poll, a node can send onlya limited number of packets.

Thisnumber determines the maximum timea node can spend awayfrom its

frequency, max_transmission_time . The goal isto ensurethat other nodes have a

chance to communicate as well and to allowbandwidth reservationsfor

multimedia traffic. However, when onlyfewnodes want to communicate, the poll

will return to thereadystation sooner, allowing the station to capturelarger

portion of the channel.

· A possible modification is to allowa two-wa y traffic exchange, once a poll is

answered. Such a modification increases reliabilityby preserving connectivity

while loss of a single transceiver occurs.

Construction of network´s connections

As the network nodes migrate, existing connectionsbetween adjacent nodes are

broken and newconnections are made possible. The Network Construction

procedure isresponsible for updating the connections´ status. To accomplish this,

each node maintains a list ( neighbor_table) of all the nodes with which it can

establish a direct link (referred to here as neighbor s ) . Neighbor Discovery isthe

process bywhich a node learns about its newneighbors. (Note that the reverse

process, removal of out-of-reach nodes from the neighbor_table , is triggered by

missing poll responses, asexplained above.) The Neighbor Discovery process is

performed bythe in-transceivers, scanning the available channels and discovering

polling messages from adjacent nodes. 4 (Note that when a node has no neighbors, it

still periodicallysends null polling messages.) In particular, when a message is

received with ^good enough quality~ (e.g., sufficient Signal to Interference Ratio),

the node starts theneighbor acquisition process by including the newneighbor in its

next polling cycle. After one successful polling response from the neighbor, the

4 This process is inspired bythesearch of control channels for handoff purpose in a

cellular network. For example, thisprocess is implemented bythe ^idle slot~ in

GSM.

neighbor is added to the neighbor_table . Theprinciple of the process is shown in

Figure 2.

Fig 2: TheNeighbor Discovery Mechanism poll i j

i j k

Q

k Q EOT i j

m j poll

. . .

. . .

. . .

Poll cycle

Neighbor

Discovery

cycle

New neighbor

# j (in- transc.)

Neighbor # i

(out- transc.)

Node k

( in- transc.)

. . .

time

time

time k Q

j j

. . .

EOT poll j j

k

Q . . .

Neighbor

Discovery

cycle

Poll cycle

j j

node # j

( out- transc.)

time

. . .

Poll cycle

The Network,T raffic, and Radio Models

The coverage area of our network is a 1 1[ ] [ ] km km

´ closed area (see [2] for the

definition of a closed area). Initially, the mobiles are randomlydistributed

throughout this area. Each node isequipped with a transmitter/receiver pair,

operating in the half-duplex mode. We assumed a narrowband system, in which the

total spectrum is divided into channels through the FDM/TDMA technique. To

make surethat the blocking is not spectrum- but system-limited, the system has

large enough number of channels. Themaximum transmission power of a mobile

limitsits connectivityto within an area of the radius r max .

Each node can be in oneof the four possible states: idle, receive, transmit, and

transmit/receive. The transitions between the states areshown in Figure 3.

Packets arrive to mobiles in a random manner with total inter-arrival time and

the packet transmission time modeled as negative exponential distributions with

parameters 1 l [sec/packet] and 1 m [sec/packet], respectivel y. There isno

distinction between the local and the to-be-forwarded traffic. Packets have to be

full yreceived before theyare forwarded to a neighbor node. Packets that arrive to a

mobile while themobile is alreadytransmitting are considered blocked. Upon

arrival of a packet, a destination is randomlychosen from the set of neighbors. If the

node hasno neighbors, the packet isconsidered blocked. If thedestination neighbor

is alreadyreceiving from another node, thepacket is again blocked. Note that due to

the dual-transceiver feature, the transmission and the receiving processes are

decoupled. In other words and for example, if a packet is destined to a transmitting,

but not receiving node, the packet is not blocked. A packet is considered dropped if

during its transmission thelink between the communicating nodes isbroken due to

mobility.

Blocked packets can be treated in several wa ys. The appropriate action depends

on thereason for blocking the packet. In general, one possibilityis to queue blocked

packets. Another approach would be to discard blocked packets and alert the

sending node (i.e., theprevious node) or the local application (if the packet is

locallygenerated) that the packet cannot be forwarded. The second choice might

make sense in thehighlyversatile RWN environment, since a route to the

destination might be broken while the packet isqueued, effectivel ydiscarding the

Fig 3: State transition diagram transmission ended, or

link tothe neighbor broke

transmission ended, or

link tothe neighbor broke a poll arrived and there

is data totransmit transmission ended, or

link tothe neighbor broke

a poll arrived and there

is data totransmit

transmission ended, or

link tothe neighbor broke a neighbor answered a

poll with data a neighbor answered a

poll with data idle

transmit/receive transmit receive packet without notification. In such a case, a timeout mechanism and end-to-end

retransmission would be necessar y, at theexpense of increased delay. 5 Discarding a

packet with notification, on the other hand, might allowrerouting the packet

through a different, available route. Possibl y, a limited queue would be a better

solution. In this paper, we assumed that a single buffer exists at each node and that

blocked packets are discarded with notification. Thetreatment of bl ocked packets is

still an open issue and we will not pursue it anyfurther here.

The Mobility Model

Mobiles roam freelythroughout the closed coverage area. At anypoint in time,

mobile movement is characterized bytwo parameters, itsvelocit y,

& n , (value, n , and direction f ) and itscurrent position, ( , )x y . The velocit yis updated everytime interval, D t , according to the following formula:

n n n n

( ) [ ( ( ) , ), ] m in m ax m ax t t t

+ = + D D 0 , (1) where D n is a uniformlydistributed random variable in [ , ]

- × × a a D D t t , n max is the maximal mobile velocit y, and a is the maximal mobile node acceleration/deceleration (assumed here to be of equal magnitude). The movement direction, f , is also updated every D t :

f f f

( ) ( ) t t t

+ = +

D D , (2) where D f is a uniformlydistributed random variable in [ , ] max max

- × ×

D D D D f f t t , and D f max

representsthe maximal angular changeper unit time. This mobility model is an improvement on thepreviousl yused in the literatureBrownian Motion model. The initial velocit y

& n of the mobiles is assumed random, within the abovementioned constraints.

The Simulation

We have simulated our MAC protocol with the above models by an event-driven simulation. The purpose of the simulation was to determine theeffect of different parameter setting on the performance of the network. In particular, we evaluated the average system blocking and the total system throughput as a function of the number of mobiles in thesystem ( M ), maximal transmission radius( r max

), maximal velocit y( n max ), the length of the Discover yCycle ( disc

t ), and the system loading ( - 1 l ).

5 Of course, retransmission is not an option for real-time traffic and, thus, discarding packets without a notification to a previous node would result in reduced communications quality.

Numerical Results

Our simulation was tested for the range of parameters´ values, as shown in the following Table. When theeffect of a parameter was considered, all other parameterswere assigned their respective default values.

Parameter Symbol Default Values

(Range)

Coverage area S S ´ 1[km] X 1[km]

DiscoveryCycle duration disc

t 100 [ msec]

(100[ msec] - 300[ msec])

DiscoveryCycle deviation D t disc

10 [ msec]

Poll Cycle duration poll

t 900 [ msec]

Poll Cycle deviation D poll

t 50 [ msec]

Number of mobiles M 40 [mobiles]

(20 - 60)

Time increment D t 100 [ msec]

Maximal transmission radius r max

500 [meter]

(100[m] - 300[m])

Maximal angular change D f max

0 2. × p

[ rad/sec]

Maximal velocit y n max 65 [mph]

(15[mph] - 195[mph])

Acceleration/Deceleration a 0.5 [m/ 2 sec ]

Average packet transmission duration - 1 m 100 [ msec]

Average call inter-arrival time - 1 l 0.5 ˘ 10 [packets/sec]

The DiscoveryCycle and Poll Cycle deviations were introduced to eliminate synchronized blocking phenomenon. Furthermore, in our simulations, we observed that the value of the time increment ( D t ), hasverylittleeffect on the resultsof the simulation.

The resultsof the simulation areshown in Figures 4 - 11. The ^Packet Arrival

Rate~ isthe per-node total arrival rate. The^Throughput~ is the aggregated pernode throughputs of all thenetwork nodes 6 . Of course, to learn the effect of the various network´s parameters, the relative, rather than the actual values of the throughput, are of most interest. The ^Blocking probability~ is the probabilitythat an arrival packet cannot be immediately forwarded to the next node on its path.

Note that this does not implythat these packets arenecessarilylost, but it does indicate on howefficient the MAC is in forwarding packets.

6 Note that thisis not thetraditional definition of network throughput. This definition was adopted because we are interested in the performance of the MAC scheme, rather than other network algorithms, such asthe routing algorithm.

Figure 4 and 5 showthe effect of changing the number of network nodes. With some number of nodes, theincrease in thepacket arrival rate results in smaller than linear increase in thethroughput, dueto the fact that the blocking probability increases aswell with the increase in the packet arrival rate. From these figures, the throughput increases linearlywith the number of mobiles and the blocking probabilityis not significantlyaffected bythe number of users. Thisis the result of the fact that these figures were calculated under theassumption that the packet arrival rate per node isindependent of the number of nodes. In general, increasing the number of nodes increases the per node arrival rate and thisincrease depends on the routing algorithm and on theaverage path length. That is, given the routing algorithm (and average path length), one could use these graphs to estimate the actual nodal throughput and blocking probability.

Thr oug hpu t (ms g./s ec.)

250

200

150

100

50

0

M=20

M=40

M=60

Fig 4: The effect of thenumber of users on throughput

1 2 3 4 5 6 7 8 9 10

M= 20

M= 40

M= 60

Fig 5: The effect of thenu mber of users on blocking probabilit y

1 2 3 4 5 6 7 8 9 10

45

40

30

20

35

10

0

25

5

15

Our conclusion from Figures 4 and 5 isthat, with fixed per-node arrival rate, the nodal throughput and the blocking probabilityare independent of the number of network nodes.

Figures 6 and 7 showthe effect of sizing the mobiles´ transmission radius. The larger is the radius, the more neighbors each node has. Thus, the chance that a node has no neighbors (and, thus, blocks ever ypacket) isminimized. Also, occupancyof

Fig 6: The effect of thetransmission radius on throughput

r=100m

r=500m

r=300m

1 2 3 4 5 6 7 8 9 10

Message arrival rate ( msg/sec)

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

Th ro ug hp ut ( m sg/ se c)

140

120

100

80

60

40

20

0

1 2 3 4 5 6 7 8 9 10

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

1 2 3 4 5 6 7 8 9 10

Message arrival rate (msg/sec)

Probability of blocking r = 100 r =300 r = 500

60

50

40

30

20

10

0

r=100m r=500m

r=300m

1 2 3 4 5 6 7 8 9 10

Fig 7: The effect of thetransmission radius on blocking probabilit y the neighbor nodes tends to be more uniform. Consequently, the blocking probabilitydecreases and the throughout increases. However, note that increasing the radius beyond the 100-200 [m] range has verylittle effect on thesystem performance. This reinforces and further qualifies our conclusion from Figures 4 and 5 that the number of network nodes haslittle effect on nodal throughput and blocking probability, as long as the number of nodes is larger than some minimum .

(Or in other words, as long aseach mobile hasat least one neighbors that can be used to forward the received packets.)

Figures 8 and 9 depict the effect of the Discover yCycle length. Asanticipated, the longer theDiscover yCycle is, the lower is the throughput and the higher is the

20.0

40.0

60.0

80.0

100.0

120.0

140.0

Thr ou gh put (ms g./s ec.)

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

Th ro ug hp ut ( m sg/ se c)

140

120

100

80

60

40

20

0

t=0.3sec

t=0.2sec

t=0.1sec

1 2 3 4 5 6 7 8 9 10

Fig 8: The effect of theDiscover y Cyclelengt h on throughput

60

50

40

30

20

10

0

t=0.1sec t=0.2sec t=0.3sec

1 2 3 4 5 6 7 8 9 10

Fig9: The eff ect of the Discov ery Cycle length on blocking probability probabilityof bl ocking. However, longer Discover yCycle does not correspond to proportionallysmaller throughput. The blocking probabilityexhibitssimilar behavior. The reason is that theDiscover yCycle is responsible for onlypart of the blocked packets; other packets are blocked due to unavailabilityof theneighboring node transmitting or receiving from other nodes. This accounts for larger blocking probability, especiallyat higher loads, that could have been otherwise predicted from the portion of the total time that a node spends in the Discover yCycle. The resultsin Figures 8 and 9 suggest that, if kept to a reasonable length, the Discover y

Cycle does not carryprohibitivel ylarge overhead.

Varying theuser mobility(Figures 10 and 11) hasonlya small effect on the system performance. This can be explained bythe fact that asthe transmission time of thepackets is so short, loosing the link in themiddleof a packet transmission is rather a low-proba bilityevent. Connections do staylong enough not to affect majorityof transmitted packets. Comparing this result with a connection-oriented transport ([1]) provides a strong indication that the preferred mode of operation of the RWNs is in connectionless communication.

Concluding Remarks

We have introduced here a novel MAC scheme, which isbased on polling mechanism with local synchronization requirementsonly. Operation of the scheme relies on partitioning the channels (TDMA or CDMA) into two parts: the poll and the payload portions. The poll portionsof the channel use random-access mechanism to perform the polling operation and are, thus, subject to collisions.

However, because of the restricted number of neighbors and theshort duration of

Message arrival rate (msg./sec.)

0.0

1 2 3 4 5 6 7 8 9 10 0.0

140

120

100

80

60

40

20

0

1 2 3 4 5 6 7 8 9 10

Fig 10: The effect of mobilevelocit y on thr oughput

V max =195mph

V max =65mph

V max =15mph the poll messages, the frequencyof collisions isquite small in a practical network scenario. Transmission on the payload portion will not undergo collisions.

1 2 3 4 5 6 7 8 9 10

45

40

30

20

35

10

0

25

5

15

Fig 11: The effect of mobilevelocit y on blocking probabilit y

V max =15mph

V max =65mph

V max =195mph

Our evaluation of the proposed MAC scheme reveals that, for theset of parameter values considered, its performance in terms of nodal throughout and blocking probabilityis independent of the mobile population. This is correct as long as some minimal number of nodes arepresent, so that the probabilitythat a node has no neighbors in small. Thisbehavior translates to a minimum transmission radius, given some mobile density. Note that this conclusion addresses the MAC performance only and not the routing scheme. In fact, in another study, we have shown that thedensityof user population has a crucial effect on the probabilityof finding a route within a network [3]. However, from the MAC point of view, as long as there isat least one neighbor to which the packet can be forwarded, the performance of the MAC scheme isrelativelyinvariant with theactual number of such neighbors.

Another conclusion that can be drawn from our studyis that the Neighbor

Discoverycycl e is not a major source of bl ocking, aslong as it is not excessivel y long. Further studyis required to determine the required duration of the Neighbor

Discoverycycl e, which dependson the number of channels and mobile density.

Finally, we have demonstrated that the mobile´s speed hasonlyminor effect on the nodal throughput and blocking probability. Thisis an encouraging result as it indicates that, under therange of parameters considered, the dropping probabilityis not stronglyaffected bythe mobility. It also suggests, as we have suspected, that connectionless mode of communication is the proper scheme for the RWN environment.

REFERENCES

[1] Z.J. Haas, ^On the Relaying Capabilityof the Reconfigurable Wireless

Networks,~ VTC´97, Phoenix, AZ, May5-7, 1997.

[2] Z.J. Haas, ^A NewRouting Protocol for the Reconfigurable Wireless

Networks,~ ICUPC´97, San-Diego, CA, Oct. 12-16, 1997.

[3] Z.J. Haas, ^Providing Ad-Hoc Connectivitywith the Recon figurable Wireless

Networks,~ in preparation.

[4] P. Karn, ^MACA ˘ a NewChannel Access Method for Packet Radio,~

ARRL/CRRLAmateurRadio 9 th Computer Networking Conf. ARRL, 1990

[5] V. Bharghavan et al, ^MACAW: A Media Access Protocol for Wireless LANs,~

ACM SIGCOMM´94.

[6] C.L Fullmer and J.J. Garcia-Luna-Aceves, ^Floor Equisition Multiple Access

(FAMA) for Packet-Radio Networks,~ ACM SIGCOMM´95.

[7] M. Gerla and J.T.-C. Tsai, ^ Multicluster, Mobile, Multimedia Radio Network,~

ACM/ BaltzerJournal of Wireless Networks, vol.1, no.3, 1995.

Fig 8: The effect of Discovery Cycle length on t hroughput