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Abstract— The success of the IEEE 802.11 standard has Recently, a number of testbeds have being deployed
pushed the research community to put a not negligible by the research community, moving the focus of research
effort in the design, analysis, and development of new gctivities on real implementations. Nevertheless, very
wireless s_o_lutions during. the last decade. More re_ce_ntly, few works have a global approach that tackles both
the apparition of the wireless mesh technology incited main tasks of a WMN: the self-organization of the

a number of wireless testbeds to be deployed in several h backb d th | fivity f d
countries, in both academic and industrial environments. mesh backbone an € seamiess conneclivity for end-

The LIP6 laboratory of the Université Pierre et Marie USers ([1], [2], [3]). Testbed activities often just focus
Curie is a main actor in the context of wireless mesh ON issues related to the mesh backbone, assuming that

networking and has deployed its own testbed. Custom the extensions to give connectivity to end-users are
wireless routers built up from off-the-shelf hardware and straightforward, which is not always the case. Another
open source software form this testbed, which is called common practice is to have &ad hoc” approach, where

MeshDVNet. On this platform the LIP6 has designed and end-ysers need to embed additional software, typically

implemented the MeshDV demon, an integrated approach 5 4 ting protocol or protocol stack extensions, which
for routing and mobility management, which hides to limits its possible commercial use

end-users all the complexity of wireless mesh networks. ) L. .
MeshDV allows end-users to easily access the network 1h€ LIP6 laboratory of Universite Pierre et Marie

without the constrain of embedding any kind of additional Curie is actively working in the area of wireless mesh
software (e.g. routing demon, protocol stack extensions). networking and has deployed its own wireless mesh
network testbed, called MeshDVNet [4]. This work has
|. INTRODUCTION mainly concerned(i) an efficient cross-layer routing to
increase as much as possible the transport capacity of

Wl_reless Mesh Networks (WMN) are an €MergiNthe mesh backbonéij) a mechanism able to effectively
two-tier architecture targeting the deployment of Iarg(?fwmag(-z users’ mobility. Both tasks have been integrated
scale networks in a fast and cheap fashion. Wireless Iﬁ@%\ﬂeshDV a unique framework that leverages on the
Ioo; at th'IS technology_ as a Waybftlo offer broAa%B?A o-tier architecture of WMNs [5]. At the best of our
and seam edss fC\?VnnTCt'V'% toh rgo e US\?\;&R hi nowledge, MeshDV is the first proposal that fully ex-
IS composed of VIreless Mes quters ( ), WNIChIoits the two-tier architecture of WMN, by maintaining
offer connectivity to clients by acting as APs, formin outes between WMRs in a pro-active manner, while

jT_L the same tlrpe Svfﬂif'organgd ereltt)sss bac::bfo%arching for routes toward clients in an on-demand fash-
e two tiers of a consist In a sub-network fof,, "tpq ‘rchitecture of MeshDV has been strategically

clients and a sub-network for mesh _route_rs. The CIIe&'&signed in order to obtain the following advantages:
sub-network has the purpose of offering wireless access

to any authorized client, while the mesh sub-network ® reduced.routing table sizes, since_ there is no need
can be a self-standing network, simply offering inter-  fOr keeping all routes toward all clients;

user connectivity, or a local wireless extension of the * ©aSy management of clients that change WMR
Internet, if a connection is available through one or more ~ @SSociation, since related information is maintained
gateways. Since each WMR covers a region where it ©Only on edge WMRs.

offers connectivity by acting as an AP, end-users do nBtrthermore, MeshDV is also able to perform the fol-

need to embed any routing feature; routing is performéalving tasks:

exclusively between WMRs. « Address prefix advertisement;

This work was supported in part by the European Commission ® Gateway adve_rtisement_;
project WIP under contract 27402. « DNS servers list advertisement.
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Fig. 1. Snapshot of the MeshDVNet wireless mesh networkayepl at the LIP6 laboratory.

MeshDV performs all these tasks in a way that remainsEach MeshDVBox uses two wireless cards, one to give
totally transparent to end-users. It runs on custom mestcess to clients and one to form the mesh backbone
routers called MeshDVBoxes that have been built usingth other MeshDVBoxes. The client interface acts as
commercial components and open source software. an access point for client connections using the IEEE
The next section gives a small description of th&02.11 b/g [7] technology. This interface is implemented
MeshDVNet testbed, while in section Il an overview oby a Proxim 8470-WD b/g cardbus card [83f( left
the MeshDV demon is proposed. Section IV concludésnd side of figure 2). The mesh interface works in
this short paper with a resume of the main achievemerasl. hoc mode in order to form the mesh backbone
with the others WMRSs’ peer interfaces, using the IEEE
802.11a [9] technology. This interface is a mini-PCI
NetGate 5354 MP Plus Aries2 4G a/b/g card [164,(
MeshDVNet has been deployed in the LIP6 laboratorjght hand side of figure 2). The use of different technolo-
and is open to be accessed by any member of tfes working in different frequency bands, on the mesh
laboratory, by any university student, and any othgub-network (802.11 a) and on the client sub-network
person registered in the LDAP directory of the university802.11 b/g), makes them physically independent. All
The platform is composed of a dozen of MeshDVBoxegiireless interfaces are configured exclusively with IPv6.
scattered in the laboratory. Their approximate positiomeshDVBoxes run NetBSD 3.99 current, which is the
is depicted in figure 1. This mesh cloud is connected tievelopment branch of the NetBSD Project [11].
the laboratory wired LAN by a gateway. Figure 1 shows
also the routes that have been established by the MeshDV
routing demon. Balloons associated to each link indicate
the raw transmission rate available on the link. Figure 1 MeshDV, the demon running on each MeshDVBox has
is a snapshot of our supervision web page, used dtso been developed in the LIP6 laboratory [5] and has
monitor if WMRs are running and reachable. This padeeen expressly designed in order to take advantage of
is publicly available (IPv6 only) athttp://www.infradio- the two-tier architecture of WMNs.
jussieu.lip6.fr/supervision/supervision-mesh-sbattl. The first important task of MeshDV is to form the
A MeshDVBox wireless mesh router is based omesh backbone. This task is performed pro-actively,
Soekris net4521 box [6]. It is a single board comsince WMRs are not mobile. MeshDV maintains pro-
puter (SBC) embedding a 133 MHz AMD ElanSC52@ctively a route toward any other MeshDVBox present
processor, 64 MByte SDRAM and is quipped with & the backbone sub-network, using an IPv6 version of
1 GByte Microdrive. It has also two PC-Card/Cardbuthe DSDV [12] protocol. The MeshDV module dedicated
slots and a mini-PCI socket. Figure 2 shows a picture tf this purpose has been implemented in two versions:
a MeshDVBox. a first one using the traditional hop-count metric and a

I[I. THE MESHDVNET TESTBED

[1l. OVERVIEW OF MESHDV



the one received from the gateway through the address
prefix advertisement mechanism. The result is three-fold:

o clients are able to build a correct IPv6 address in
the correct sub-network;

o clients obtain as default route the address of the
MeshDVBox where they are associated to;

« clients changing the MeshDVBox to which they
are associated still keep the same IPv6 address,
updating at the same time its default route.

The fact that users’ devices keep the same address when
move and associate to different MeshDVBoxes allows
to keep alive all the ongoing sessions and connections.
Fig. 2. MeshDVBox: the custom wireless mesh router used il bu Th€ task of updating routing information in order to
the MeshDVNet testbed. make mobile clients always reachable is performed by
MeshDV in a totally transparent way.

second one using the raw transmission rate metric. Foroinc€ not all the clients wish to communicate to all
the latter, the cost in terms of data rateof a path can other clients, but mainly to a subset of them that gen-

be defined as erally offer a particular service or to gateways in order
to access the Internet, MeshDV uses an on-demand ap-

R (Path) = max ( min [Rm]> 7 (1) Pproach for clients’ communication. As mentioned before,

V(i,j)€ Path all clients are in the same logical sub-network, no matter

o which MeshDVBox they are associated to. The main
from i to j and Path is the set of all links from the advantage of this approach is that clients perform the

source to the destination. The second version is thg™¢ steps as_ in a wired LAN in o_rder to commur_ncf';\te
result of the efforts to implement a cross-layer memli each other, independently of their current association.
aiming to improve the transport capacity of the me the two communicating clients are associated to the

backbone [13]. Rate-aware routing that chooses linR8Me MeshDVBox they really communicate in the same

offering high transmission rates is able to increase tﬁ@y as in a wired LAN, since the AP interface acts as a

average throughput and reduce the end-to-end de ig_ge. If the two communicating cIi_ents are associated
([14], [15]). todifferent MeshDVBoxes, MeshDV is able to detect the

Sigps performed to initiate the communication and setup

Routing update messages exchanged by WMRs
also embed information other than routes. If a Meshi3- nnel between the two edge MeshDVBoxes where

VBox acts as a gateway, because it has a wirelesst%? two clients are associated. This tunneling mechanism

wired connection to the Internet, the information caffmains totally transparent to clients.

be propagated along with routing information. In this The tunneling approach has also the nice property of
way gateway advertisement is performed and other navoiding the need of information about communicating
gateway MeshDVBoxes can select the closer gatewaydiéents on MeshDVBoxes along the path connecting the
reach the Internet. MeshDVBoxes where clients are associated. MeshD-
Along with the gateway information two other kindsvBoxes in the middle are able to forward packets
of information are propagated: the address prefix and thwé&hout any information about communicating clients.
DNS servers list. Both parameters, when available, an¢hile introducing some overhead due to the presence
propagated in the routing updates in association with tbé an additional IP header per packet, this tunneling
entry concerning the gateway. approach has another main advantage: it allows an easy
In order to give addresses to the associated clierasid efficient management of clients’ mobility. Indeed, if
the stateless auto-configuration features of IPv6 aeclient moves and changes the MeshDVBox where it is
used [16]. All MeshDVBoxes in the mesh cloud sendssociated, only information on the MeshDVBoxes at the
periodicallyrouter advertisemennessages on the clientedges of the tunnel needs to be updated. This limited up-
interface, advertising the same sub-network prefix. Tliate allows continuing to deliver packets to the moving
announced prefix can be either configured manually dient without any impact on the core network [5].

where R; ; is the raw data transmission rate on the lin



IV. CONCLUSION [5]

One of the main achievements of the MeshDVNet
is that it is not simply an experimental wireless mestﬂs]
network, but a fully functional network able to give
the same services as a common wired LAN can offe[7]
Indeed, MeshDVNet is open to all permanent staff and
students of the Université Pierre et Marie Curie.

Nevertheless, several tests have been done on tja¢
platform in order to validate the correct behavior of each
task performed by MeshDV and to evaluate its generé?]
performance.

In particular, in order to evaluate the routing capacity
of MeshDV, experiments for both the hop-count and tH&°!
cross-layer versions were performed. These experime%tg
concerned all possible scenarios of traffic pattefijs: [12]
client-to-client associated to the same MeshDVB(@i;
client-to-client associated to different MeshDVBdi) 13]
client-to-Internet. All the three traffic patterns have m)eé
tested with and without mobility.

Results obtained insofar are promising. The lin{4l
ited overhead introduced by the tunneling approach of
MeshDV does not compromise either the throughput or
the delay. An important difference appears comparirp]
the throughput of the hop-count version to the cross-
layer version of our proposal. The latter shows far
better throughput [15]. Furthermore, MeshDV succee{is]
to maintain traffic toward/from clients that move, getting
associated to different MeshDVBoxes. All these results
are achieved without the deployment of any additional
heavy mechanisme(g. Mobile IP, HIP). MeshDV fully
exploits current standards, having no impact on the
existing protocol stack architecture and with no need for
clients to embed any kind of additional software.

Finally, clients are able to correctly configure their
wireless interfaces in a totally automatic manner. Indeed,
they are able to build a valid global unique address
using the prefix received from the MeshDVBox they
are associated to. At the same time they are able to
obtain a default route and a DNS servers list. In this way
associated clients are fully functional and can perform
any kind of common network operation.
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