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Abstract— broad interest about WMNSs is due to two major features
Recently, various working groups of standardization of WMNs. First, WMNs are capitalizing on the self-
bodies, have finalized or have been finalizing standards organising aspects of ad-hoc networks’ and the ease
for wireless mesh networks (WMNSs), which will provide ¢ geployment with minimal preparation, requiring less
some ad-hoc network capabilities to wireless networks. An administration and maintenance. Second, WMNs (par-

example is the task group “S”, 802.11s, focusing on mesh . ) o
, - ticularly, for 802.11 networks) can capitalize on a broad
extensions for Wi-Fi networks. . )
installed base, and on a technology which has been

Such networks accommodate two kinds of nodesnesh }
routers which form networks automatically in a similar @lready developed: they enable mesh clients to access

fashion to ad-hoc networks ; andmesh clients which can networks, without requiring them to execute an addi-
simply associate with these mesh routers to access to thetional routing protocol (for instance, 802.11 stations).
rest of the network. Because of the discrepancy of behavior Instead of running a complex routing protocol, clients
between mesh routers and mesh clients, WMNs have asimply associate themselves with mesh routers and rely
hybrid structure, where the mesh routers form a backbone, o mesh routers to access the whole WMNS: the routing
and Wh.ere .C“ents have no rou“ng Capab'."ty' . on the wireless mesh routers is transparent for the client.

Routing in WMNs may be achieved with an extension This feat Iso b d by desi . der t
of routing with two levels of information: traditional . IS Teature m?‘y a'so .e us_e y eS|gn,_ N order 1o
routing tables between mesh routers, complemented with lgolate the routing functionality fr.om .the clients: then
association tables for linking mesh clients to mesh routers. different deployment of WMNs with different features,
For the first level, routing between mesh routers, can be could still accommodate the same wireless mesh client.
used, for instance modified versions of MANET protocols. This also allows lighter clients and simpler participation
For the second level, we propose an Association Discoveryin heterogeneous networks.

Protocol (ADP): it allows each mesh router to determine
where are located the other stations.

Our proposal had actually been integrated in the early
802.11s proposals [6], and in this article, our focus will be
on such 802.11 mesh networks.

Because the ADP has parameters which can be tuned,
a performance analysis of the protocol is essential. In this
article, we describe this protocol, and provide a analytic
model of its performance. The performance evaluation is
confirmed by simulation results.

I. INTRODUCTION

Wireless Mesh Networks (WMNs) have been pro-
posed as a prominent network solution for ubiquitous
networks [1], and industry standard groups such as
IEEE 802.11 [2][3][4], 802.15[7] and 802.16[8] are
developing new specifications for WMNs. The recent

Fig. 1. Architecture of hybrid wireless mesh networks

This work was partly funded by Samsung Electronics Co, LTD.

Part of this work was realized while Song Yean Cho was at Sagisu . ; ;
Electronics. Song Yean Cho, Cédric Adjih and Philippe Jatare The figure 1 illustrates o main components of

currently with the Hipercom Team, of INRIA Rocquencourt andyVMNs: themeSh routerandmesh C"entSMesh routers
Ecole Polytechnique. create multihop networks, that are self-configuring and



self-healing, by executing routing protocols. The routingresence of non-router nodes and can use a flat address
protocols for WMNs need not to be much differenspace.
from those of wireless ad hoc network in general and Assuming the existence of a routing protocol, between
Mobile Ad hoc NETwork (MANET) [20] in particular. mesh routers, the problem that we are trying to solve is
For MANET, several routing protocols such as OLSRtraightforwvardhow to exchange information indicating
(Optimized Link State Routing Protocol) [9], AODVwhich station (mesh client) is attached to with mesh
(Ad hoc On demand Distance Vector) [12], TBRPIouter ?
(Topology Broadcast based on Reverse-Path ForwardingRouting protocols themselves integrate some function-
[14] and DSR (Dynamic Source Routing)[13] have beadlities to inject some external routes in the network. For
proposed, and some variants of such protocols are beingtance, OSPF has its own mechanisms to import non-
used for WMNSs. OSPF routes with specific types of OSPF LSA messages
Unlike mesh routers, mesh clients should associdid], [11]. These messages are used to exchange routes
with mesh routers to access networks. To associate wittat are external to the OSPF network, and are then used
mesh routers, mesh clients use specific attachment p@-complement the routes computed by OSPF.
tocols such as page/inquiry for Bluetoothagsociation  Similarly, in order to integrate nodes without routing
request/reply for IEEE 802.11. functions, OLSR also provides a mechanism cahiecbt
Obviously, in order to accommodate the mesh clien&d Network AssociatiofHNA) to exchange information
participating in a WMN, the mesh routers should perbout routes to non-OLSR nodes. However, in the current
form new operations in addition to the functioning o$pecification [9], HNA in [9] is not well adapted to non-
the classical ad-hoc network routers. The basic MANEJLSR nodes for which the last hop (an OLSR node) may
routing protocols [9], [12], [14], [13] are indeed operatbe changing quickly: an OLSR node periodically dis-
ing on flat topology; hence it is insufficient to find path#ributes HNA messages listing all its non-OLSR nodes.
between mesh clients of the hybrid network. In orddrhere are two problems, the first one is the necessity of
to collect complementary information, mesh routers carerforming a full diffusion of the HNA-database when
execute an additional auxiliary protocol. a node disappears, and the second is related, it is the
In this article, we propose such a solution: an assoége overhead of such messages, when the number of
ation discovery protocol for mesh networks. Using thi@ssociated stations is large. An approach the mixed layer
protocol, mesh routers can compute routes to the medfayer 3 approaches improving on HNA messages [23].
clients associated to other mesh routers (by means of ahooking at a broader picture, more general proto-
association table). Our protocol is simple and general;ciols also exist to diffuse distributed sets of informa-
can be used to complement any ad-hoc network routitign, such as OSPF-style database exchange for OLSR
protocol. However it targets more specifically 802.1181], Gossip-based approaches [22] and on-demand re-
for which it was initially developed. Additionally, be-quest/response for reactive protocols. Unlike these pro-
cause it is proactive in nature, it is more naturally suitédcols, our protocol is specifically designed to address
to run with the optional 802.11s OLSR variant, Radidhe following information exchange problems:
Aware OLSR RA-OLSR integrated in 802.11s [6]. « Information items (which mesh client is associated
This article is organized as follows. First, we review to which mesh router) with sequence numbers
some related work. Then, we briefly explain how the « Medium-sized information set (potentially too large
OLSR routing protocol can operate to compute routing to be diffused periodically, but for which a single
tables (for all mesh routers), and then we describe level of hierarchy is sufficient)
the proposed ADP working in conjunction with OLSR. The main feature of ADP proposed is to limit the over-
Afterwards, we estimate the performance of theé ADRead of repeating information which is already widely
through an analytical model and evaluate our estimatiQRown. Using the ADP in conjunction with OLSR,
through simulations. After presenting and analyzing sifgds another benefit: OLSR has an optimized flooding
ulation results, we present our conclusions. mechanism (MPR-flooding) which can be and is used.

Il RELATED WORK In the next section, we explain OLSR briefly.

A hybrid network structure is not a unique feature lll. OLSR ROUTING PROTOCOL
of WMNs. Hybrid routing protocols such as FSR [15], The OLSR routing protocol, which can be used to
ZRP [16] or CBRP [17], Landmark (Landmark+OLSRselect paths in WMNSs, is a proactive link-state rout-
[18]) have been explored for MANETSs with some hybridhg protocol, employing periodic message exchanges
structures. But their hybrid structure is in general diffeto update topological information in each mesh router.
ent from that of WMNSs in two aspects: WMNs admit thé8ecause OLSR is specifically designed to operate in the



context of wireless multi-hop networks such as MANETf routing protocol, as previously indicated. However we
it provides an optimized flooding mechanism, calledad designed it specifically with 802.11s Mesh Networks
MultiPoint Relay (MPR)-flooding, used to diffuse topolin mind: “802.11s” is the the task group 'S’ of the
ogy information. MPR flooding optimizes flooding by802.11 working group, in charge of proposing mesh
minimizing the redundant retransmissions of Topologyetworks extensions to 802.11. Indeed, our protocol had
Control (TC) messages. Minimization is achieved blgeen integrated in the early drafts of 802.11s in [6]
limiting the forwarders of messages to some MPRs. @Associated Station Discovery”

set of MPRs relays is a small set of neighbors throughSuch mesh networks distinguish two types of nddes

which a sender can reach all two hop neighbors. « Mesh routers, running the routing protocol, and able
to associate mesh clients.

« Mesh clients (legacy 802.11 STA), whiessociate
themselves to a mesh router.

The base mechanism of ADP is the following: mesh
routers diffuse the whole set of mesh clients associated
to themselves. It is hence a proactive protocol, similar
in spirit to the functionning of OLSR: in both cases the
topology (associated station) information messages must
be refreshed within a guaranteed interval (i.e. before the

Fig. 2. Pure flooding vs. MPR flooding expiration). However, in addition to periodic message
exchange, in case of topology/association change, faster
As figure 2 shows, messages can be broadcast frg%dates are possible, and are desirable, in optimized

. , . Implementations.
the source to the entire WMNSs through MPRSs’ relaying. Ks explained in section I, mesh clients rely on mesh

The first figure in figure 2 shows the retransmission . - .
routers to compute paths to their destination, and this

of pure flooding, where every node retransmits tHe : . : .
packet and the second figure shows the retransmissid putation requires both routing tables and association
les. To obtain the two types of database (tables), mesh

of MPR flooding, where only MPR nodes retransmif:

the packet. Only with MPRs' retransmission, the Soun{g;ters exchange the list of mesh clients associated with

can broadcast successfully the packet to every nodeti mselves n addition with the traditional mfprm_atlon
from the routing protocol ; they store and maintain the

networks. In addition, a node can reach any node in_ . d inf i NG tWo inf tion b )
network only utilizing links between MPRs. Thus settinéecelve information using two information bases.

up the paths may not require all links between mesh® Local Association Base (LABEach mesh router
routers. Information about links with MPRs is sufficient,  keeps track of mesh clients associated with itself.
by property of the MPR (and because all nodes have This information base is updated whenever associ-
selected an MPR set). Thus mesh routers can simply ated mesh clients leave or new mesh clients join.
transmit the addresses of all their MPR selectors with® Global Association Base (GABEach mesh router
their address in TC messages. Even if the topology maintains a GAB to record which station is asso-
information obtained from received TC messages is Ciated to which mesh router in the entire WMN.
a partial topology of whole WMN, the shortest path ~ UPon receiving LAB from all other mesh routers,
obtained from this partial topology has the same length the GAP is updated. Hence the GAB contains the
as the shortest path from the full topology [19]. union of all the LAB, of each mesh router in the
For the specific application of 802.11s Mesh Net- WMN.
works, a variant of OLSR is used as an optiétadio- The full set of messages for information exchange used
Aware OLSRIt integrates essential features for selectingy the protocol is in sectiof??.
links with good quality. To fill the GAB of other routers, each mesh router
Now, considering the hybrid structure of WMNs, théroadcasts its full LAB periodically. These additional pe-
association between mesh clients and mesh routers niiggical messages generate overhead. This feature brings
be discovered in order to complement the topologdn interesting trade-off between bandwidth use and reac-
information of the mesh routers. tivity to changes. Considering that a LAB is not modified
when there is no new association or disassociation, an

IV. ASSOCIATION DISCOVERY PROTOCOL

- . . . IMesh Pointswhich are clients able to run the routing protocol are
The Association Discovery Protocol, which is thgsq possible in 802.11s, but for our description, they destiical to

main topic of this article, can be used to complement amgsh routers without clients



optimization is possible: diffusing only updates (newlynformation, although in this last case this would need to
associated, or disassociated stations). be predetermined for interpretability. And LAB updates

There is, however, a fundamental issue with the emray be sent preferably to some mesh routers more
change ofdifferential updates: message loss. When exitical.
differential update is lost, it is not sufficient to detect Note also that instead of a checksum, a simple se-
the loss of the message and have it repeated: becamsence number per block could alternatively be used,
additional changes could occur (including re-associatiomatching the methods of OSPF for instance. The ad-
of disassociated stations for instance) before the messagetage of the checksum is that it allows to arbitrarily
repeating, it is complex to provide recovery after meshange the repartition of the addresses into blocks, a
sage loss, using uniquely differential updates, withotgature which is not currently used.
maintaining a time-ordered log of all changes. Hence,In the following, we will focus on a simple variant of
an additional mechanism to check information baske protocol described in section IV-B.
consistencyand a mechanism to exchange full (non- _
differential) updates has to be integrated. B. Simple Protocol Operation

A main feature of our protocol, is to restrict itself In this section, we are describing a simple protocol
to the two last mechanisms, while offering performanagperation, which still uses the ability to decrease the
comparable to differential updates. To do so, every meADP overhead using checksums.
router with a large number of mesh clients, can divide In this protocol operation, there are two operating
its LAB into several smalleblocks Then updates of modes:full mode andchecksummode. Initially mesh
association/disassociation of one or few stations, awuters operate in full mode. After a given duration, mesh
made by diffusion of the one or the few small blockgouters which did not sense any change in their LAB,
containing those addresses. Since in 802.11 type woifl start to operate in checksum mode. Any change in
networks, the MAC overhead is important for smatheir LAB resets mesh routers back to operate in full
packets, the cost of either sending one address or sendingle.

a few addresses in the same message is expected to 4§ Full Mode: In full mode, mesh routers periodically
on the same order of magnitude. broadcast the whole contents of their LAB (all blocks).

2) Checksum Modelf the network becomes stable
and few mesh clients are moving, the LAB of mesh

Precisely, the protocol operates with three kinds ghyters will not change much. In this case, mesh routers
messages, detailed in sectigf avoid generating heavy overhead by simply diffusing

« LABA messages: used for diffusion of thal con- checksums representing the status of their LAB rather

tent of one, part of, or all blocks of the LAB of thethan sending the all their content, irABCA messages.
originator node. Upon receiving these checksums, a receiving mesh

« LABCA messages: used for diffusion ohecksum router cannot populate entries in its GAB, but it can

of one, part or all blocks of the LAB of theverify them. If a checksum mismatch is found, this
originator node. The purpose of such messagesinsplies that the mesh router has missed some updates
to avoid repetition of already widely disseminatedf the LAB of the mesh router which originated the
information: a checksum of the block is diffusednessage. In this case, the mesh router will send a request
instead of the block itself. (ABBR) for the mismatching parts to originator mesh
» ABBR messages: used to require a set of blockguter in order to restore the consistency of its GAB
typically upon receiving a mismatchingABCA by recovering the lost information. Upon receiving these
checksum for some block(s), symptom of messagequests, the mesh router switches to full mode, thus
loss. emitting the contents of its whole LAB.

Notice the inherent tradeoff on block size: larger
blocks imply larger LABA messages, and while small
blocks imply larger LABCA messages. As described in previous section, the mesh routers

With this set of three messages, a large number efecuting the ADP are switching between two operation
protocol variants could be implemented, depending emodes; depending to the stability of the associated mesh
client mobility, packet loss, and communication patlients.
terns. Generally, blocks, messages intervals, may allMessages are emitted periodically ; after a fixed
be adjusted dynamically, and need not to be identicalmber of LABA emission intervals without message
for all blocks. In addition, all messages need not toss (i.e. without ABBR requests) and without changes
be sent by/to the mesh router originally holding LABN station association (i.e. change in the LAB), the mesh

A. General Protocol Operation

V. ANALYTICAL MODEL



routers switch to checksum mode. The fixed number ofIn addition, because mesh clients move with a random
LABA emission intervals is a parameter of each meskalk in our model,r* and L depend on the area that
router of the system. In order to evaluate the performane@sh routers cover. More precisely’ L' is equal to
of the system, the following two metrics are usBdcket %, where the total network area i and mesh router
Error Rate (PER)(i.e. amount of packets lost due tccovers an ared;. Similarly, as mesh routerhas longer
obsolete routing information) and the control overhealdorder, the probability that mesh client crosses the
In this section, we are providing an analytical model dforder becomes higher, and the frequency with which
the performance for this protocol. mesh clienta: sojourns with mesh routei (77*) also
A. Packet Error Rate (PER) increases. Precisely;* is proportional tOB.“ the border

of the areaA; covered by mesh router. When the

In our model, mesh clients move independently angegp clienta moves at speed?, the probability that it

their movements are not synchronized. To focus QRosses the border on the portidh during time interval
PERs’ change according to the ADP’s operations, d t+d)) is:

packets are assumed to be lost only when mesh clients d\sinf
move from the sojourned mesh router and notifications of omAr " 2)
this movement are lost. The loss time when the positionWe can derive 2 from the mesh router's area as seen in
of mesh clients is not known is shorter than the sojou¥n . ) )
. . . . |9ure 3. At timet, the mesh clientx must be in the half
time when mesh clients associate with the mesh route . : :
of the disk of radius*dt and moves toward the portion

v w4 dX as seen in figure 3. Considering the mesh clieratt
\_ i \ i a distance betweenandr + dr in the cone at anglé,

I : the probability that the mesh clientis within this area

is 4249 When the angle at which mesh clientsees

e the portiond\ is ‘“ST"‘Q and the speed of mesh client
J toward this direction s Therefore the probability

that the mesh client crosses the border on the portion
dX during the timedt is:

™ vdt d\sind v¥d\
/0 d9/0 2w Ar rdr = TA ®)
On the total border lengti;, the probability that the
mesh clienix crossesB; become”ﬂ%ﬁ. Consequently,

_ _ ~ packet error rate between the mesh clientand 3,
Under this assumption, mesh routérchanges its PER.; is equal to

operation mode from full mode to checksum mode when

its LAB does not change fo/l_zl- x ti,.wh_erehl- is me_sh Z v* X B; L% x ACILD x WP x B; (@)
routeri’s control message distribution interval andis (i T

the number of message intervals for mesh rout¢o ’

switch from full to checksum mode. As mesh clients To compute the PER using 4, we need the ACILD and
move, they associate with each mesh router several tinffle@an be derived from;j, the probability to lose control
for some duration. We calife time (L) the duration Messages between mesh rousnd mesh routg. When
when a mesh client associates with a mesh routeand @ mesh router does not operate the ADP, it always run
we callfrequency(r?) the number of times that one mestn full mode, and then ACILD is

Fig. 3. The change of association with mesh clients’ mapilit

client o sojourns with mesh router i. Packets are lost as infty b
long as the control message is not receivite (control h; Z kr’fu —7r) = d (5)
information loss duration PER between mesh clients k=0 1 =i

can be derived from thaverage control information  \jnjike for equation 5, mesh routers may switch be-
loss duration (ACILD)between mesh routers. One th@yeen operation modes, and we have to consider control
ACILD is known, considering all cases where a mesfiformation loss duration for both modes. Mesh router
clienta can be located and utilizing the fact that a meshe,iis to switch its operating mode to checksum when
i ime’ . . .
client § stays for an average F'méj’ the PER from it qoes not receive any control message fipintervals.
mesh clienta to mesh clients is: Thus, the probability that mesh routefails to switch
Z TZ-‘VL?‘ACILD--T@ (1) its operation mode to checksum for duratibnis i

ij g
(6,5 yid ’ and the probability that mesh routérsucceeds it is



1—7”%’". Accordingly, when mesh routérfails to switch To use eq. 11 we should find th&?, .. . the
to checksum mode, its control loss duration is: probability that the mesh routers are in checksum mode.
1 Pl rsum depends on when mesh routers change their

ti+ 6) operati de from full to checksum. This is wh
1— 7y peration mode from full to checksum. This is when

their LABs did not change foh; x t;. It means that the

In addition, when mesh routei can switch to S . o o

. . . . possibility changes according to mesh client's mobility,
checksum mode, its control information loss duratlo!%e life time (L) and frequency«®). If mesh clients
(CILDsucceed) becomes: T i q Y7 ).

move from the area of one mesh router to the area
1 —r?j of another mesh router with Poisson distribution, the
1— 7 —hrij - (7) possibility that the LAB of mesh routérdoes not change
Because mesh routers running the ADP must consic];grr (i) Is: —(2¥iyn,
loss duration both ways, average control loss duration € '
(ACILD) is: In equation 12,M; is the number of mesh clients
(l—rf‘j % (eq (6))) +r£zji % ((eq (7)) + ACILD). (8) associatg_d with mesh r_oute‘r M; is th_e related with
the mobility of mesh clients and their number. More
Reducing 8, ACILD igl_’"fj_t (ti+1_1”)+i::? —hrij precisely,M; is N x 7;L;, whereN is the total number
Finally, difference of control loss interval betwee®f mesh clients. Similarly te; and L', 7; is the sum of
mesh router with the ADP and without ADP become®e frequency with which mesh clients associated with

tis hi-a
Y X Z /{Tfj(l — Tz‘j) =
T=rij 5

(12)

hjﬁ and difference of PERs between meshesh routeri, and L; is the sum of sojourn time of
router with ADP and without ADP becomes all mesh clients with mesh router As a result, the
probability that the mesh routéroperates in checksum
Z v x B Lonn -t o8 % B; ©) mode P, .i.sum 1S
X N X

(i A T T —rt)(1—r) TA e~ (N XTixhi)xt; (13)

To optimize the ADP, mesh routers choasemini- Finally, we can chooseg to adjust the control over-
mizing expression 9 under given conditions. head decrease using the following equation:
B. Control Overhead e~ (BNxTxhaxt (O N rO LY — Cy) (14)

When mesh routei operates in full mode, the size of a
the control messages for distributing its LAB is propor- VI. SIMULATION

tio_nal to the average number of mesh cIier_1ts associated ayaluate our analytical model and the ADP it-
with mesh routet. In contrast, the overhead in checksgrgelt we performed simulations using grid topologies as
mode does not change regardless of the number of clleé}t.%wn on figure 4.

assuming the number of blocks is fixed. If the ADP

represents each mesh client @ bytes and the hash

function generate checksum output @s bytes where

Pl ksum 1S the probability that mesh router operate

in checksum mode, the decreased overheadhpdry
introducing checksum mode is

ClMi_ClP}ullMi+02Pclheck’sum = Péhecksum(clj\{a?)??) '
As expression 10 shows, the overhead for mesh router
starts to decrease i¥/; is greater thar%. If C1 = Cs,
the control overhead decreases if the mesh clients justve compared the PER and control overhead, in two
outnumber the mesh routers. This overhead decreasedss of simulations: the first ones with only full mode, the
also related to the mesh client's mobiliy* and7f*. As  second with both full and checksum modes. Simulations
mesh clienty sojourns with mesh router i fatf* with 7 were ran with the parameters given in table I, (except
frequency, the average number of mesh clients associg®dswitching interval). To remove other factors affecting
with mesh router i §/;) equals},, 7 L$. Combining PER and control overhead, a Null MAC was used (no
this with eq. 10, the overhead decrease is: collision, infinite speed). The mobility is the maximum
i ara distance where one 802.11 legacy station moves one time
PCh“kS“m(CI%:Tj Lj - ) (1) and is proportional to the trar?smilssion range.

Fig. 4. Mesh routers in grid topology



TABLE |

SIMULATION AND SCENARIO PARAMETERS 8r 7

Simulation Parameters 7+ ) estimated 2x2 —l— B
Control msg loss rate per link 0.1 estima:eg ixi “‘:"'
- - estimated 4x4 ---@---

Mobile station num 3 X Mesh AP num 6| measured 2x2 £ ,
Control message interval 2 sec measured 3x3 -7 -

Transmission range between Mesh routgrs0.53(2x2), 0.35(3x3), 0.26(4x4 measured 4x4 --G -

Scenario Parameters

Control Overhead Decreasement (bytes)
<A

802.11 legacy stations speed 0.01,0.03,0.05 x TR

Simulation time 20000 sec 4r h

Mobility model Random walk IS
Pause time 5 sec 3r P B

Traffic pattern constant bit rate, 512 bps

max connection 0.1 x mesh client num 2k i
1k ,

0.045 0 s

0 0.01 0.06
0.04 2x2 without ADP —ll— B Mobility

3x3 without ADP ---w---
4x4 wihtout ADP ---@---
0.035 |- 2x2 with ADP -3

3x3 with ADP —-7~
4x4 with ADP ---O--

Fig. 6. Control overhead decrease
0.03

0.025

PER

0.02

mesh router i operates in checksum mode. As analyzed
by our model, a mesh client speed faster tliabb x
1 transmission range per second negates the possibility
1 for a mesh router to operate in checksum mode and
o e ‘ ‘ ‘ ‘ to decrease the control overhead by utilizing ADP. This
e result demonstrates the accuracy of the estimation made
by our model on the control overhead. Simulation results
Fig. 5. Comparison of PERs with and without ADP optimizationjp figure 6 also confirm this. Moreover, the control
overhead decrease also shows that ADP saves bandwidth

by optimizing control message to distribute LAB.

If mesh routers do not use the ADP, they always
distribute the whole LAB. Though distributing the whole
LAB can improve PER, it consumes considerable band-In the architecture that we have proposed, the mesh
width. To measure the amount of PER decrease kyuters are running not only a routing protocol to calcu-
operating the ADP, we compare PERs from a medsdite their routing table but also an Association Discovery
router with both checksum and full modes with PERBrotocol, whose task is to distribute the list of mesh
from a mesh router distributing the whole LAB. Figure &lients associated with them. This Association Discovery
shows PERs from these two kinds of mesh routers. TReotocol had been integrated in an early draft of 802.11s
PERs from a mesh router using ADP is slightly lowespecifications. We have described its principles, and
than other, but their difference is just less th@f02. some design decisions.

This small improvement shows that ADP allows the One of the challenge is to decrease the additional
mesh router to maintain its PERs at the same level @sntrol messages overhead. This additional control over-
when it distributes the full LAB periodically. head might not be ignored because a mesh router may

While keeping its performance as described abowessociate with a large number of mesh clients, and in
ADP decreases the control overhead as shown in figurén@ proactive operation that was proposed, the mesh
after adjusting control message distribution interkal routers should know the entire lists of mesh clients
If a mesh client moves slower th@n05 x transmission associated with other mesh routers. Thus the mesh router
range per a second, for exampleddi03 x transmission should (periodically) distribute information about all
range, the control overhead decreases ffota 2 bytes mesh clients associated with them. In this case, the
per control message distribution interva). The fact additional overhead to distribute information may well
that the mesh router can decrease the control overhéadome larger than the overhead from the wireless mesh
using ADP supports the fact that ADP saves bandwidtbuting protocol. To answer this challenge, the proposed
by optimizing the control messages to distribute megDP divides association information into blocks, and
routers’ LAB. can switch between two operating modes (per block):

In figure 6, control overhead decreases to almost zewen part of its LAB is stable, a mesh router may issue
with 0.05 mobility in grid 4x4. This overhead fall is only checksums to represent the content of its LAB, and
due to the dramatic decrease in the possibility thedfresh it for other routes (checksum mode). Otherwise,

0.015

0.01

0.005 -

VIl. CONCLUSION



it can still transmit full block information (full mode). A [21] T. Clausen, P. Jacquet and E. BacceldSPF-style Database
version of the protocol was analyzed’ where the switch Exchange and Reliable Synchronization in the OLSRRIA

- . Research Report RR-5283, July 2004.
between full and checksum mode is made for the entl[gaz] Zygmunt J. Haas, Joseph Y. Halpern and Li LGdssip-Based

set of blocks. Ad Hoc Routing Infocom 2002.

As the analytical model and simulation results demof#3] H. Okada, K Mase, M.Nozaki and B. Zhand,dw-Overhead
strate, this capability of transmitting checksums is re- gﬁéﬁgﬁ{ﬁﬁ%ﬁg&?ﬁﬁg&,S,\T/Igrﬁﬁsg&'ﬁ'on Informéito
ducing the additional control overhead of ADP while
keeping LABs consistent in the entire WMNs. More
generally, the ADP proposed could be adapted to a wide
variety of hybrid wireless networks.
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