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Abstract—Trends in fourth generation (4G) wireless IEEE802.11 standard and the development of Blue-
nehtWOka” areﬁt?le?ély identifiedl by the fU”élP.SOHCGDt tooth wireless LAN offer mobile wireless access
where all traffic (data, control, voice and video ser- Pt ; ;

: o rt lications (e.g. multimedi
vices, etc.) will be transported in IP packets. Many for allreqdy suppo ed app catlo S.(e 9 u edia
proposals are being made to enhance IP with the func- appllcaFlo_ns W'th data, voice and video traffic, etcj)'
tionalities necessary to manage the mobility of nodes, Today, it is crucial to offer to users of these mobile
so that networks can provide global seamless roaming wireless networks services that are as close as
between heterogeneous wireless and wired networks. possible to those already existing in wired networks,
In this paper, we focus on the management of univer- 5 15 guarantee service continuity and Quality of
sal mobility, including both large scale macro-mobility Servi S). In addition. th t d
and local scale micro-mobility. We propose a hierachi- ervice (QoS). n adadiuon, the convergence _owar S
cal architecture (i) extending micro-mobility manage-  full-IP networks in fourth generation (4G) wireless
ment of a wireless access network to an ad-hoc ac- networks enables flexibility to design the core IP

cess network, (i) connecting this ad-hoc network to network independently from the access network

the Internet and (iii) integrating Mobile IP and OLSR, with many different access technologies
a routing protocol for ad-hoc networks, to manage '

universal mobility. This architecture is validated by
an implementation based on DynamicsMobile-IP and ~ The Mobile-IP [1] standard presents a funda-
OLSR version 7. We show how the brodcast of Mobile- mental Solutlon for mob”lty management |n the

IP Agent Advertisement can be optimized using OLSR Internet. With Mobile-IP. the mobile nodes are

MPR-flooding. able to send and receive data whatever their current

Keywords:mobile ad-hoc networks, mobility manage-point of attachment to the Internet.  Although
ment, macro-mobility, micro-mobility,Mobile-IP, OLSR. Mobile-IP is mostly used for nomadic computing
with wired connections in which a mobile node is
unplugged from one physical attachment point and
plugged into another, it can be used in a wireless

With recent technological advances in palm-tognvironment. However, in the Mobile-IP protocol,
computers and cellular phones, it is apparent thatobile nodes have to report every change of their
wireless networks exist to facilitate mobility andaccess points through foreign subnetworks to their
have generated a large movement to bring Intehome network. Such a change during active data
net capabilities to these wireless mobile devicesransmission or reception is called a “handoff”. For
Indeed, they enable a user to remotely access tbgample, if we considered each wireless access
Internet anytime and anywhere (e.g. from univerpoint, which covers only a small geographic area,
sity, visited company, home, hotel, etc.). Howeveras an IP subnetwork (i.e. attachment point to the
to forward data to a mobile node, it is necessarinternet), then each handoff between cells would
to locate it and follow it in its motion, which cause a huge amount of control overhead. The
introduces complications in routing protocols. Ormregistration process is very long compared to the
the other hand, the introduction of GPRS in GSMink-layer handoff time, especially if the mobile
infrastructure networks, the migration towardsiode is far from its home network, due to the
UMTS technologies, the widespread use of thhigh roundtrip time of the Internet. In addition,

. Th « has b dally d by the F in a micro-cellular and pico-cellular network in-
RNRT  (hitp:/wwintelocom gouv/mr) - project e e rastructure environment (e.g. UMTS, Bluetooth,
(http://www-rp.lip6.fr/arcader). HIPERLAN, etc.), Mobile-IP would have to execute

|. INTRODUCTION



a costly registration process at a high handoff rate.ll. SOLUTIONS FOR MOBILITY IN THE INTERNET

The mobile nodes in the Internet must be able
To resolve this problem mobility management0 reach their correspondents and to be reached by
is often divided into two parts: macro-mobility them, while moving from one Internet attachment
and micro-mobility. Macro-mobility concerns the point to another. The current version of the network
management of mobile nodes moving on a largkgyer protocol (IPv4) is no longer sufficient to sup-
scale, between different domains (or wide wirelesBOrt these mobile nodes. Indeed, IP makes two im-
access networks), while micro-mobility covers thelicit assumptions. First, a point at which a node is
management of mobile nodes moving at a locattached to the Internet remains fixed, and secondly
scale, inside a domain (or a particular wirelesg node’s IP address identifies the network or subnet-
network). Macro-mobility is usually assumed to bevork to which it is attached. The protocol that man-
managed through Mobile-IP and several protocol§gdes the mobility must be transparent to the trans-
such as Cellular IP [2] and HAWAII [3], have beenport layer to guarantee continuity of service; it must

proposed to manage the micro_mobi”ty prob|em_ be Compatible with IP; and for reasons of scalabil-
ity it must not require any changes to existing In-

ternet hosts and routers. To meet these requirements

In situations (e.g., conference rooms, forestsygpjle-IP” [1] was developed as a fundamental so-
airports, subways and battle fields, etc.) where it igtjon for the management of mobility in the Inter-
either not possible or too expensive to deploy 2Get

(GSM) and 3G (UMTS) cell-based mobile network

infrastructures, an infrastructureless mobile network .

can be used. A network based on this idea is calld Mobile-IP

“Mobile Ad-hoc NETwork” (MANET) [4], [5]. The Routing of packets is based on the location

advantage of an ad-hoc network is that it extendsformation contained in the node’s destination

mobility to wireless and autonomous domains|P address. This IP address includes two parts:

where each node acts as a router and performs tiiee network identifierand thehost identifier If a

mobility’s functionalities. In addition to being able mobile node moved to another network without

to operate autonomously, an ad-hoc network can lghanging its IP address, it would no longer be

attached at some access point(s) to the fixed Internpbssible to correctly route packets to it. On the
other hand, if a node is configured with a new IP

In this work, we propose an integrated hier_address, it will lose its active upper layer protocol

archical architecture that extends micro-mobilit gonnections, such as TCP sessions. In this context,

Y r it L
management to an ad-hoc network and intercorMOb"e IP protocol [1] has been developed within

. .~ the IETF [6] to handle mobility through different IP
nects the ad-hoc network to the existing wire .
networks. It is an enhancement of the Internet Pro-
networks and Internet.

The wireless multihoq . L
. ; ocol intended to enable nodes to maintain Internet
access network is entirely based on IP, uses the

Optimized Link State Routing protocol (OLSR) andconnephwty with the same IP address regardlgss
: . of their attachment IP subnetworks. Each mobile
meets the requirements of futufall-IP wireless . . .
o . . ._node is assigned an IRome addresbelonging to
networks, such as providing high-rate video, voice . . .
. ardpartlcular network, known as its original bome
and data services to the cellular handset or handhe . o2 .
. network The home addresss static: it remains
Internet devices. . ) . )
unchanged as the mobile node’s location varies, and
any packet addressed to it is routed to theme
The remainder of this paper is organized as folretwork When the mobile node is connected to the
lows. In Section Il, we describe different pro-home networkit behaves like any non-mobile node
posals to manage mobility in the Internet; we foand it may be reached through normal IP routing.
cus on the definition of the macro/micro mobility
architecture and related work to combine infras- On the other hand, when the mobile node
tructure/infrastructureless networks with Mobile-IPmoves to another network, it can no longer be
Section IIl proposes an architecture for managingeached solely on the basis of it®me address
mobility (intra/inter domain) in the Internet andbut must be assigned an address belonging to the
briefly describes the OLSR protocol. The principlewisited network, which is considered asfareign
of the integration of Mobile-IP and OLSR are pre-networkfor this node. This address is called the
sented in Section IV. In section V we describe oucare-of-address The care-of-addressmakes it
implementation based on Dynamics Mobile-IP anghossible to identify the actual location of the mobile
OLSR version 7. node and to route packets up to this new location.



Home Network

The care-of-addres€hanges whenever the mobile
node’s visited network changes.

Agent

29.175.H.A)

The key feature of Mobile-IP design is that all re-
quired functionalities for processing and managing ®
mobility information are embedded in three defined Tumneling
entities: theMobile Node(MN), the Home Agent
(HA) and theForeign Agen(FA).

e A Mobile Nodeis a host or a router that changes
its attachment point from one network or subnet-
work to another without changing its IP address.
TheMN has only ondnome network

e A Home Agentwhich can be a host or a router, is
located on thdnome networkThe task of theHA
is to maintain the current location information for
the mobile nodes when they are away from home.
Then, theHA tunnels packets to their present loig. 1. Operation of Mobile-IPv4.
cation.

e A Foreign Agenis a host or a router on a visited
or aforeign networkthat registers the entrance of
mobile nodes, detunnels and forwards packets to
the visiting mobile node.

@

Normal IP routing

Foreign

®§I

(129.175.M.N)

Correspondent
(126.C.C.C)

Foreign Network

vertise their presence via @gent Advertisement
message (an extension added toltbeIP Router
Advertisement A MN may optionally solicit an
Agent Advertisemenmnessage from any locally
Mobile-IPv4 operation is illustrated in Figure 1. attached mobility agent through a@gent Solic-
It shows an IP data packet sent by a correspondentitation message. Upon receiving thiggent Ad-
node (IP address 126.C.C.C) to & (IP address  vertisementhe MN determines whether it is cur-
129.175.M.N). In this figure, th&N is shown to  rently connected to ithome networlor to afor-
be away from itshome network Hosts with IP. ejgn networkand also detects when it has moved
addresses 129.175.H.A and 128.93.F.A are aCting from one network to another. In addition, this en-
as itsHome AgentindForeign Agentrespectively.  aples it to find thecare-of-addres®f the adver-
The packet to th&/IN arrives on théhome network  tisedFA.
via standard IP routing (step 1), thenitis intercepted Registration: When aMN is away from home, it
by the HA and is encapsulated before being sent uses a registration procedure to keepHi& in-
to the FA (step 2) using thecare-of-addres(IP formed about its current location. To do so, it
address 138.93.F.A). On receiving the encapsulatedcontacts the closes$iA and sends aegistration
packet, theFA decapsulates (i.e. removes the outer requesimessage directly (if it is useda®-located
IP header) and delivers the original packetMd care-of-address or via this FA (if it is used a
visiting its local network (step 3)MN can directly FA-care-of-addregsto its HA. When theHA gets
reply to the Correspondent using it®me address  the request it knows where théN is located at
(step 4). present and to whicbare-of-addres# should re-
lay the packets destined for th@N. Then, it re-
The care-of-addresss the termination point of a  sponds by aegistration replymessage to grant
tunnel toward aMN. Mobile-IP can use two differ-  or deny this mobility service. After successful
ent types otare-of-addressa “Foreign Agent care-  registration, thédA is responsible for intercepting
of-address is an address proposed by tRA with packets arriving for théIN on itshome network
which theMN is registered; aco-located care-of-  encapsulating and sending these packets through
addres8is an externally obtained local address that a tunnel to the actual mobile nodé&a.
theMN can dynamically acquire by DHCP [7].

There are two mechanisms to update location for o )
aMN: B. Micro-mobility approaches for wireless access

« Agent discovery and solicitation: EachMN is  "€WOrks

associated to a unigueme networlas indicated ~ With the Mobile-IP paradigm, micro-mobility
by its permanenhome addressin order to com- means the mobile node moves inside the same
municate with mobility agents (i.eFA andHA), access network without changing the register
a MN must discover the IP addresses of thesmobility binding (i.e. association of a mobile node’s
agents. These mobility agents periodically adhome addressvith a care-of-addregson thehome



network On the other hand, macro-mobility means
movement between different networks, and requires
registering the neweare-of-addresscquired in the
visited network.

. atewa
Mobile-IP lacks smooth, fast and transparent grOUtery

|

handoffs required for futurdull-IP wireless net- 3 !

works. Indeed, frequent handoffs inside a wireless ‘ “

access network tend to generate a huge amount -

of signaling overhead due to the required control -

messages between a mobile node &odhe net-

work Additionally, the need tp acquire a ne\_NFig.Z. Cellular-IP wireless access network model.

care-of-addressind tunnel establishment results in

latency and disruption to data traffic (e.g. packet

loss, jitter, etc.). Also, if a large number of mobile

nodes quickly migrate betwedioreign networks minimize control traffic, hop-by-hop transmission

Mobile-IP does not provide a scalable solution t@f regular data packets from the mobile node to

support fast and seamless handoff control [2], [8]. the gateway enables nodes on the path to update

their routing cache On the other hand, the routes

Several proposals [2], [3], [9], [10] have beent@n be established and refreshed by the mobile

made to deal with this micro-mobility problem in N0de’s transmission abute-updatepackets when it

wireless access networks. These protocols folloPNnects to the network and each time it performs a

the approach of hierarchical mobility support inh@ndoff.

combination with Mobile-IP. They provide mobility

in a well defined area, e.g., an access network, and The handoff is managed by two different mech-
allow mobility between different access networkghisms: hard handoff and semi-soft handoff. The
to be handled by Mobile-IP as a macro-mobilityhard handoff provides no guarantees in terms of
solution. Two examples of protocols, Cellular-IPPacket loss. In semi-soft handoff, a mobile node

and HAWAII, are presented in the following. listening to beaconstransmitted by two BSs can
establish newouting cachemappings before the

1) Cellular IP; The Cellular-IP [2] proposal actual handoff takes place. In this way, handoff

combines the smooth mobility support of cellulafatency is reduced. Moreover, Cellular-IP presents
telephony systems with the flexibility, robustnes& support for passive connectivity with a classical
and scalability of IP-based networks. Figure $Paging mechanism: some BSs maintgiaging
illustrates an example of a Cellular-IP network. Acachesthat are refreshed at regular intervals by
Cellular-IP network is connected to the InternePaging-updatgackets.
via a gateway router. This router serves as the
HA and FA within the wireless access network. A 2) HAWAILI: Handoff-Aware Wireless Ac-
Cellular-IP network contains an arbitrary numbecess Internet Infrastructure (HAWAII) [3] is a
of nodes, and Base Stations (BSs) which have domain-based approach for managing mobility.
wireless interface. The mobile nodes are identifieds in Cellular-IP, HAWAII is responsible for
by their home addressand for macro-mobility intra-domain mobility limited to an administrative
purposes, they utilize the address of the gateway domain of an access network while inter-domain
their care-of-address mobility is handled by Mobile-IP. In HAWAII a
hierarchy based on domains is used as depicted
Cellular-IP routing is based on routes estabin Figure 3. The gateway into each domain is
lished and updated by the mobile node during itsalled aDomain Root Route(DRR). Furthermore
connection to the network. Each Cellular-IP nod@ HAWAII domain comprises several routers and
maintains aouting cachethat allows it to forward Base Stations (BSs) running the HAWAII proto-
packets from the gateway to the mobile node aneol, as well as mobile nodes. Each mobile node
from the mobile node to the gateway. Downlink, ds assumed to have home domain and when
beaconpacket is periodically sent by the gatewayentering a foreign HAWAII domain it obtains a
that floods the access network. This mechanisgp-located care-of-addregsom theforeign domain
allows each BS to record the interface from which
the beaconis received and uses it to forward A mobile node inthe HAWAII domain exchanges
packets towards the gateway. Uplink, in order t@nly Mobile-IP control messages with the BSs,

Base Statior



Regular IP packets

—— Encapsulated IP packets
Home Doprain

Root Router

Home Domain

Intra-Domain
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MN

~_

Inter-Domain Foreign Domain

Fig. 3. HAWAII Hierarchy using domains.

Different routing protocols are proposed in the
MANET working group of the IETF [11]. They
address the problem of unicast routing, while taking
into account the features of wireless, multi-hop,
mobile ad-hoc networks. Such protocols can be
divided into three categories: proactive, reactive and
hybrid. With reactive protocols, a node discovers
routes on-demand and maintains only active routes.
Thus, a route is discovered whenever a source
node needs to communicate with a destination node
for which a route is not available. This discovery
is based on pure flooding [12] in the network.
Examples of reactive protocols include AODV [13]
and DSR [14]. With proactive protocols, each
node continuously maintains the routes to all other
nodes in the network by the periodic exchange of
control messages. When a node needs to send a

while the path setup within a HAWAII domain is re- packet to any other node in the network, the route

alized with three types of messagemwer-up up-
dateandrefresh BSs periodically senégent Ad-

is immediately available. Examples of proactive
protocols include DSDV [15] (an adaptation of

vertisemenmessages. Whenever the host detectngaouting Information Protocol [16]), OLSR [17]

change of base station it issues a MobileréBis-

(an optimization of the Link State algorithm

tration requestto the new BS. This registration is ogpg [18]) and TBRPF [19]. Hybrid protocols
used to trigger a HAWAII path setup scheme ingch 55 7RP [20], use a mixed approach of proactive

side the domain.
path setugower-upor updatemessage to thBRR

The BS then sends a HAWAIL,

nd reactive techniques.

on a hop-by-hop basis. This has the effect of es- gqme proposals aim to facilitate connectivity of

tablishing a route for that mobile node to tB&RR

stub ad-hoc networks to the Internet and routing

and any intermediate_z _routers on the path towards tki‘l"?teroperability based on Mobile-IP is achieved.
mobile node. In addmop, a}ggregate hop-by—rnep The authors in [21] show how to integrate an ad-hoc
freshmessages are periodically sent to maintain tr‘|%uting protocol with Mobile-IP. Routing within the

routes. Moreover, the choice of usinga-located

care-of-addressand maintaining the mobile node

ad-hoc network is achieved bputed a modified
version of the RIP daemon, on each mobile node

address unchanged within a domain simplifies QOiin the network. TheForeign Agentparticipates

per flow management (e.g. RSVP).

C. MANET Capabilities

in the ad-hoc routing. The mobile nodes within
range of theForeign Agentcooperate to forward
Agent Advertisementsr Mobile-IP messages to

Solutions based on a cellular approach requirether nodes outside its range. Each mobile node
the deployment of an infrastructure. An alternativeises théoreign Agenis its default router. A route
solution consists of using a MANET networkmanager is used to coordinate the manipulation of
that works without any pre-existing infrastructurethe IP routing table.

deployment.

In fact, a MANET network [11] is

a collection of mobile nodes that communicate A proposal to integrate a reactive protocol,
using a wireless medium, forming an autonomouBSR [14] with the Internet routing and Mobile-IP
network. There is no centralized access point as presented in [22]. An addressing architecture is

pre-existing infrastructure.

Such networks haveroposed, where all the nodes in an ad-hoc network

dynamic, random, sometimes rapidly changingre assignechome addresse$érom a single IP
topologies, limited bandwidth, variable throughpusubnet. Nodes within range of thH®reign Agent

links, and limited power (e.g.

battery operatederve as gateways between the ad-hoc network and

devices). When a node needs to communicate withe Internet. DSR is utilized for routing within the
another node, it uses either a direct wireless linad-hoc network, while standard IP routing applies
or a multi-hop route to reach the destination. Thiso the wired network. The gateway participates

means that all the nodes must incorporate routinig both DSR routing and Internet routing.

In the

capability to ensure that packets are delivered to thetegration of Mobile-IP and DSRsoreign Agents

designated destination.

(implemented on gateways) are responsible for
forwarding packets between the ad-hoc network and



the Internet. subnetwork and it is interconnected to the Internet
via anOLSR GatewayOLSR-GW. The motion of
The most recent work on the connectivity be-a mobile node inside an OLSR-IP access network
tween ad-hoc and wired networks is Mobile-IP foiis managed by the OLSR protocol.  Mobility
Mobile Ad-Hoc Networks (MIPMANET) [23]. In between different OLSR-IP access networks or IP
MIPMANET, nodes in an ad-hoc network that neegubnetworks is managed by Mobile-IP.
Internet access register with tikereign Agentand
use theihome addresfor all communications. Mo-  An OLSR-IP access network consists of: (i) a
bile nodes tunnel all packets to théwreign Agent random topology of ad-hoc mobile nodes and (ii)
which decapsulates the packets and forwards thearfixed hierarchical structure connecti@y SR-GW
to the destination. This tunneling between mobilendOLSR Base Statiof®©LSR-B$by wired links.
nodes and theéroreign Agentis used to separate For nodes, like Base Stations, having multiple inter-
the ad-hoc network from Mobile-IP. On the otherfaces (i.e. a wired one and a wireless one), the OLSR
hand, the packets from hosts on the Internet aghrotocol is implemented on both interfaces. A node
dressed to mobile nodes are delivered by ordinaipside the OLSR-IP access network uses itadfhe
Mobile-IP mechanisms to thieoreign Agent Then, addresgo establish and maintain routes.
the AODV protocol is used to deliver packets to the
mobile nodes in the ad-hoc network. Nodes that
do not require Internet access have no knowledge
of external routes. Moreover, MIPMANET utilizes
a mechanism called “MIPMANET Cell Switching”
(MMCS), that allows a mobile node to determine
when it should register with anothBoreign Agent
This solution allows the coexistence of heteroge-
neous addresses in the ad-hoc network, i.e. each
node can use ithome addres$or communication
inside the ad-hoc network.

Internet with Mobile-1 Home network

IPv4 Tunne

Foreign network

- OLSR-W
IIl. PROPOSED ARCHITECTURE FOR MOBILITY

MANAGEMENT 5

As mentioned above, although there have been a\‘x\
number of proposals [21], [22], [23] for intercon- \ §. T
necting an ad-hoc network with the fixed Internet, N
none of them utilizes any of the emerging micro-
mobility solutions. They simply extend Mobile-

IP to serve the nodes further than a one-hop di§% #  An OLSRIP Access Network Interconnected to a
tance from the gateway. These schemes have the

disadvantage of concentrating traffic on the ad-hoc

nodes one-hop away from the gateway. The archi- The architecture is composed of several func-
tecture that we propose for interconnecting ad-hdéonal entities:

networks to the fixed Internet with a macro/micro* Home Agen(HA): a router in the mobile node’s
mobility management follows the approach of hier- home network. )

archical mobility support, where Mobile-IP proto-® OLSR-GWa router allowing an OLSR-IP access
colis used to support macro-mobility (inter-domain) Network to be connected to the Internet and im-
and the OLSR protocol is used to support micro- Plementing the role of &oreign Agentin order
mobility (intra-domain). In this hierarchical archi- [0 manage the visitor mobile nodes. It can also
tecture, we introduce an intermediate level between Implement the role of &lome Agenif the OLSR-
the gateway and an ad-hoc network. This level con- |P access network is titeome network Further-
sists of Base Stations which allow more flexibility More,OLSR-GWimplements the OLSR protocol

in mobility management and higher bandwidth be- 0 contribute to micro-mobility management.
tween the gateway and the ad-hoc network. ¢ OLSR-BSa node having two interfaces: wireless

and wired. In order to ensure routing between the
) ) N two parts of the architecture, it implements the
A. Hierarchical mobility support OLSR protocol on both interfaces.
The proposed architecture is depicted in Figure 4. OLSR-N a mobile node in the ad-hoc network
An OLSR-IP access network constitutes an [P having only a wireless interface. It implements

:OLSR-N

. OLSR-BS

— :wiredlink
: wireless link



the OLSR protocol, which makes it possible to
build its OLSR routing table to reach and main-
tain connectivity with all nodes inside the OLSR-
IP access network. In addition, it uses the optimal
default route via theDLSR-GWto reach a host
outside the OLSR-IP access network. If this node
can change its OLSR-IP access network, it imple-
ments Mobile-IP’s registration procedures.

e OLSR-W a wired node that serves as a traffic
controller or supports micro-mobility manage-
ment functions (i.e. it implements OLSR).

[ ]

receives the packets from tltil. SR-GWdestined

to a mobile node, without location updates on the
home networkWe can refer to this local change
as a handoff at IP level (IP-handoff) between Base
stations’ cells.

Preferential use of wired architecture to forward
packets inside the access network. The wired
paths are less vulnerable than the wireless ones,
consequently the Base Stations can reduce the
number of wireless hops and therefore the cost of
the route.

Support of nodes out of range of Base Stations: a

mobile node can move out of the coverage area of
a Base Station, and still be reached using ad-hoc
OLSR routing.

The operation of this architecture is as follows.
When anOLSR-Nis away from itshome network
the Home Agentintercepts packets addressed to
it and sends these packets through a tunnel up to o . ,
the current mobile node's attachment OLSR-If- OPtimized Link State Routing Protocol (OLSR)
access network. ThOLSR-Nwould previously =~ OLSR [17], [24] is a proactive routing protocol,
have registered itOLSR-GW care-of-addresgith ~ providing the advantage of having routes immedi-
its Home Agent The Foreign Agentdecapsulates ately available in each node for all destinations in
packets and forwards them to the visittd SR-N the network. It is an optimization of a pure Link
according to the OLSR routing table. The motion ofState routing protocol. This optimization is based
the OLSR-Ninside the visited OLSR-IP access neton the concept ofmultipoint relays(MPRg [25].
work is managed locally by the OLSR protocol andFirst, usingmultipoint relaysreduces the size of
does not require informing or changing registerethe control messages: rather than declaring all
location information at the level of thdome Agent links, a node declares only the set of links with
Briefly, the Home Agentdoes not have to know its neighbors that are itsnultipoint relay$. The
the exact location of th@OLSR-N but in which use of multipoint relaysalso minimizes flooding
OLSR-IP access network th@LSR-Nis located. of control traffic. Indeed only th#MPRsof a node
Micro-mobility inside the visited network is dealt forward control messages received from this node.
with locally by updating the routing tables of eachThis technique significantly reduces the number of
node in the network, according to neighborhood angetransmissions of broadcast control messages [26].
topology changes. OLSR is characterized by two types of control

messages: neighborhood and topology messages,

The advantages of this architecture are the follows@lled respectivelyHello messages andopology
ing: Control (TC) messages. Indeed OLSR provides
e Increased bandwidth betwe@LSR-GWand the two main functionalities: Neighbor Discovery and

mobile nodes: due to having Base Stations coroPology Dissemination.

nected by wired links to th©LSR-GW
« Reduction in the amount of global location up- 1) Neighbor Discovery: Each node must detect

dates by Mobile-IP: avoiding Mobile-IP registra—the neighbor nodes with which it has a direct link.

tion procedures when executing handoffs betwedaue to the uncertainties in radio propagation, a

the Base Stations. This is because the Base St&k between neighboring nodes may enable the

tions are not directly connected to the Internet. transmission of data in either one or both directions
e Shared traffic load between Base Stations: th@ver the link. For this, each node periodically
traffic to and from the outside of the OLSR-IP acbroadcastsHello messages, containing the list
cess network is distributed over all the Base St&f neighbors known to the node and their link
tions of the local network. status. The link status can be eithgymmetric
e Guaranteed use of the shortest route betwedi communication is possible in both directions),

OLSR-GWand a mobile node: because the OLSRsymmetric(if communication is only possible in

protocol maintains the shortest routes regardingne direction)mpr (if the link is symmetric and the

the number of hops. sender node of thelello message has selected this

e Micro-mobility is handled in a transparent man-node as anultipoint relay, or lost (if the link has
ner for theHome Agent when a mobile node been lost). Thedello messages are received by all
moves inside the OLSR-IP access network, the@ne-hop neighbors, but are not forwarded.

is an automatic change of the Base Station that



Thus, Hello messages enable each node to disd-hoc network needing mobility services, such as a
cover its one-hop neighbors, as well as it two-hopisiting OLSR-N runs the two daemorBLSRdand
neighbors (the neighbors of its neighbors). EacMNd. An OLSR-Nthat never changes its OLSR-
node m of the network independently selects itdP access network only implements tbé SRddae-
multipoint relaysamong its one-hop neighbors tomon. TheOLSR-GWhas two daemon®LSRdand
cover, in terms of radio range, all its two-hop neighFAd; it can also implementiAd if it plays the role
bors. Figure 5 shows tHdPRsselection by node:.  of theHome AgentTo ensure transparency, the two
One possible algorithm for selecting thdd®Rsis daemon®LSRdandMIPd (i.e. HAd, FAd or MNd)
described in [25]. Each node maintains the set run independently without requiring any change to
of its “multipoint relay selectofs(MPR selectors their behavior.
This set contains the nodes which have selected
amultipoint relay Nodem forwards at most once a

broadcast message and only if this message has bee FAd ] Broadoast message

i i Agent Adverti t
received from one of itMPR selectors INTERNET (Agent Advertisement)
OLSRd

<

o
[
@ &
a
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O \ f ?/O N Wide Scope Broadcast message
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m o
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/ \ O § Wide Scope Broadcast message
O multipbint relay

of nodem
N ]

O~
OQ// <L

<

o
Iy
@ &
S

Fig. 5. Multipoint relays of noden.

2) Topology Dissemination: Each node of the
network maintains topological information aboutFig- 6. Integration model.
the network obtained by means ®fC messages.
Each noden selected as enultipoint relay broad-
casts alC message advertising itdPR selectors
The TC messages are flooded to all nodes in t
network and take advantage MPRsto reduce the
number of retransmissions.

The OLSR-GW periodically broadcastsAgent
Hg\dvertisement messages targeting the limited
broadcast address “255.255.255.255".  So, these
Advertisements would only be received by nodes
within the transmission range dBW-OLSR(i.e.
one-hop neighbors). In order to enable all nodes

The neighbor information and the topology infor- h K ; dvert
mation are refreshed periodically, and they enaplf the access nett)wor d tlo rg_cewe a vergserr:jents
each node to compute the routes to all known desff’e ProposeMPR- base flooding. IMPRbase

nations. These routes are computed with Dijkstrai00ding, a node forwards a broadcast packet at

shortest path algorithm [12]. Hence, they are Optir_nost once, and only if this packet has been received

mal as concerns the number of hops. Moreover, f§foM one of itsMPR selectors The solution we

any route, any intermediate node on this route is BrOPOSe works as follows: thegent Advertisement

multipoint relayof the next node. The routing table©' e OLSR-GWis captured byOLSRd before

is computed whenever there is a change in neighbdf2ing the node. It is then encapsulated in a new
hood information or in topology information. message called aNide Scope Broadcast message

(WSB. Hence, this broadcast packet reaches all the
nodes in the OLSR-IP access network and takes
IV. INTEGRATION OFMOBILE-IP AND OLSR  g4vantage oMPRs which significantly reduces the
To achieve integration of Mobile-IP and OLSRnumber of retransmissions, in contrast to a purely
we propose the architecture depicted in Figure @lassical flooding. When a@LSRdreceives aVSB
The ad-hoc routing protocol is implemented by amessage, it decapsulates the packet and sends the
OLSRddaemon, while Mobile-IP is implemented byoriginal advertisement to th®Nd (if present) on
three specific daemonsiAd, FAd andMNd, corre- the local interface, as if it had been sent directly
sponding respectively tdome AgentForeign Agent by aForeign Agent This is illustrated by Figure 6.
andMobile Nodefunctionalities. Each node in the Furthermore, to forward the WSB message at most



once,OLSRdmaintains a “Duplicate table”.

Moreover, adMNd thinks it is one-hop away from

FAd, it is necessary to preveMINd from chang-
ing routes established by tl@L SRdwithin the ad-

declared in the nextlello (i.e, theHello mes-
sage contains the IP addresses of those neigh-
bors with the link type mpr”).

3) Topology dissemination:the declared nodes
will then broadcasfTC messages to all the

hoc network. Inside an OLSR-IP access network, nodes in the network declaring that they are
the mobility management contains two procedures: MPRs of m and thusm can be reached
an attachment procedure and a micro-mobility han-  through them (i.e. MPRof m is the last hop

dling procedure, that are described below.

A. Attachment procedure

When a mobile node: powers up or moves to an
IP-OLSR access network, it triggers the attachment
procedure in order to have connectivity with its cor-
respondents. To do so, first it must establish con-
nection with the IP-OLSR access network, and then

perform registration with théhome network Fig-

ure 7 illustrates the messages exchange during m’s

attachment.

m m m

Hello () i i

Step 1 Establishment of

shi Hello (Heard{m}, sym {m 1)
symmetric links

wﬁm, »

Hello (Sym {m, m bl

HeIIOW

Step 2 MPR selection

TC (MPR-sel {m, n} b

Step 3 Topology dissemination /\

Step 4 routing Table computation

Agent Advertisement
Step 5 Mobility detection with a prefix cha

Registration Request
Step 5 Registration T

Registration Reply __

Fig. 7. Exemple of m's attachment.

in a route tom).

4) Routing table construction: all the nodes
in the network (includingDLSR-GW that re-
ceiveTC messages, have a global vision of the
network topology, and thus calculate routes to
reachm.

5) Mobility detection:

e m may send Mobile-IP'@\gent Solicitation
message to request a Mobile-IRgent Ad-
vertisemenmessage.

e m receives either argent Advertisement
from OLSR-GWin response to itsAgent
Solicitation or a periodicAgent Advertise-
ment

e thereforem can detectif it has moved away
from its home networkif the network pre-
fix of m’s home IP address differs from the
prefix network ofOLSR-GWs IP address)
or has moved to another access network (if
the network prefix of the advertisezhre-
of-addresdliffers from the current network
prefix of the registere@LSR-GW.

6) Registration:

e if m is away from itshome networlor has
moved to another access network, it sends
a Mobile-IP’sregistration requesimessage
to itsHome Agentia theOLSR-GW

e m receives Mobile-IP’sregistration reply
message from itsHome Agent via the
OLSR-GW

Oncem has been registered, it is attached to the
OLSR-IP access network and can send and receive
data packets to/from its correspondent nodes in the

Briefly, m’s attachment consists of the followinginternet.

steps :

1) Establishment of symmetric links:

e m starts by sending an emptyello mes-
sage announcing its IRome addresm or-
der to establish links with its neighbors.

e a neighbor node receiving an empigllo
from nodem, replies with aHello contain-
ing the address oh. This allowsm to val-
idate the link in both directions.

B. Micro-mobility handling procedure

As mentioned above, inside the OLSR-IP access
network, mobility is naturally handled by the OLSR
protocol. It is implemented by all the nodes within
the access network. The operation scheme as ex-
ecuted by a node while moving within the access
network can be summed up as follows:

2) Multipoint relay selection: among the neigh- e The node periodically broadcadtello Messages

bors’ replies,m selects itsmultipoint relays
(i.e. neighbors with asymmetrit link, that
cover all two-hop neighbors). Thebt#PRsare

to its one-hop neighborhood.
e |t selects itsmultipoint relayswhenever its one-
hop or two-hop neighborhood changes.
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e It periodically broadcast3C messages over the (for example Agent Advertisemerntand come from
whole network, to announce the set of itmilti- MIPd, are encapsulated (using UDP packets) into
point relays selectors OLSR version 7 format messages with message type

e It establishes and keeps topological informatioget to “WSB”. They are then sent to the loopback IP
updated, which gives for each node in the networkddress, on the OLSR port.
its multipoint relays

e |t constructs the routing table from the neigh-  OLsrR-N OLSR-GW
borhood and topology information: routes to all . .
nodes in the network. MNd FAd/

HAd
V. DESCRIPTION OF THE IMPLEMENTATION ubP ubp

A. Choice of the implementation plateform OLSRd Toro OLSRd Topo
Several implementations of Mobile-IP have beeh ETH { ETH

developed: e.g. [27], [28], [29], [30]. The Linux e s

Mobile code of Helsinki University of Technology

(HUT) Dynamics project [28] is used as a basis fofid: 8. Linuximplementation of Agent Advertisement Broadcast
our implementation. Dynamics - HUT Mobile IP is In Ad-hoc network.

a scalable, dynamic and hierarchical Open Source

Mobile IPv4 system for the Linux operating sys- The messages are forwarded BY-SRdto all
tem. TheFAd, HAd and MNd run on a priviliged nodes in the ad-hoc network using MPR-based
UDP port: 434. Theegistration requestandreplies flooding.  Thus, upon receiving a WSB message,
are received and sent on this port. On the othéhe OLSRdchecks if there is an internNd run-
hand, the ICMPAgent Advertisemerand Solici- ning on the UDP port 434. If so, it decapsulates the
tation are periodically sent as link layer broadcasPLSR header and delivers an UDP packet to iface-
messages. These messages, 0n|y received by ﬁiﬁer. The ifaceFilter takes Charge of delivering the
one_hop neighbors' are not adapted to ad-hoc né{[iginal P paCket with an ethernet header to the in-
working, because the mobility agentAd, HAd) ternalMNd ThereforeMIPd running on this virtual
and a visiting node might not necessarily have linkterface will receive the original IP packets (with
layer connectivity. Also, we have implemented thé!0 UDP header) as they come directly from another
OLSR version 7 [17]. The code of the OLSR daedaemon attached to the same link. Moreover, if the
mon (OLSR{ is enhanced to support thwSBfor- ~ sender of the message is#PRselector of this node
mat message and related processing_ DheSRd and ifitis the first reCEipt, the®LSRdorwards this
runs on a priviliged UDP port: 698. OLSR message.

B. Communication between OLSR and Mobile IR. Updating the routing table

daemons We have adapted the mobile-IP source code to
To resolve the broadcasting problem while proan ad-hoc network environment, by introducing
viding transparency between Mobile-IP a@iSRd some changes in the route manipulation process of
daemons described in section IV, we have developede MIPd. The FAd (respectively, theHAd) is not
a tool called “ifaceFilter” that makes possible toallowed to add an entry in the routing table for a
filter all packets sent byvIPd. ifaceFilter uses a visiting mobile node(respectively, amobile node
local tunnel device called Universal TUN/TAP [31]inside the OLSR-IP access network). O{:SRd
to create a virtual interface (e.g. tapO, tapl,etci¥ allowed to manipulate the routing table for nodes
that operates above a physical (ethernet/wirelesisiside the OLSR-IP access network. TiR&d and
interface (e.g., ethl). TUN/TAP was designed atheHAd only take charge of establishing the Mobile
a low level kernel support that provides user spad® tunnel formobile nodesnoving from thehome
programs with packet reception and transmissionetwork to the foreign network Also, the MNd
through the /dev/net/tun device. As described isannot have a direct link to thieAd (respectively,
Figure 8, we ruiMIPd (MNd, FAd andHAd) on the the HAJ) if it is several hops away from thEAd
virtual interface. (respectively, th&HAd), and so doesn't use thHeAd
(respectively, thélAd) as the one-hop default router.
All the unicast IP packets that are sent to the vir-
tual interface are forwarded to the physical inter- An OLSR-GWadvertises the associated hosts and
face and vice-versa. Only the broadcast IP packetsibnetworks it is connected to by means biot
that have a destination address “255.255.255.25%hd Network Associatidi{ HNA) messages. When
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a OLSR nodeeceives HNA message whose orig- frequency to perform IP-based handoffs between
inator is anOLSR-GW it can establish the default foreign networkland foreign network2 When
route via thiSOLSR-GWo reach the advertised des-manet2 is in one of thioreign networksit is never
tinations. in the coverage area of the OLSR-GW and an inter-
mediate node (for instance, manetl or manet3) en-
sures the communication between manet2 and the

. . . OLSR-GW.
The goal of the experiments is to evaluate the im-

pact of mobility on the available throughput. We

consider the following scenario: a mobile node sud3. Parameters and mobility model

cessively performs domain changes by yisiting dif- The parameters of our experiments are sum-
ferent OLSR-IP access networks. Mobile-IP mang,arizeq in table I. During the experiments UDP
ages these domain changes and OLSR managesfic is transmitted from a correspondent node
multi-hop routing within an OLSR-IP access net{o| SR-GW0) to manet2. Throughout the Mobile-
work. For the sake of simplicity, we refer to this|p handoff experiments manet2 was moved between
scenario as Mobile-IP handoffs. foreign networklandforeign network2as shown in
Figure 9. manet2 spends the same amount of time
in eachforeign network

VI. TESTS ANDMEASUREMENTS

A. Testbed setup
The experimental results are based on measure-
ments taken from the Mobile-IP handoff testbed il-
lustrated in Figure 9. The Mobile-IP handoff testbed
consists of 3 OLSR-IP access networks intercod-lnput parameter
nected by a router: Traffic model parameters

Table I. Experiment parameters.

| Values

e home network: comprises (i) the OLSR-GWO [ Traffic type uDP
(193.51.193.1) that serves asdame Agentnd  ["packet size[Byte] 12400
a correspondent node; and (i) the mobile nod€; p;cket burst size 1
fora an%tsv%ililggﬁ%rises (i) the OLSR-GW1 |oramva tme [moec]___| 20
[ ] . -
: . Socket buffer size [Byte] 65535
(172.27.0.1) that serves adrareign Agentland Direction of data flow Downlink

(i) a mobile node, manetl (172.27.0.2) that
serves as a relay between the OLSR-GW1 a

Link parameters

d
“Wireless link (IEEE802.11)

11Mbps

manet2.
foreign network 2: comprises (i) the OLSR-GW2

WAN interconnection
(FA, HA, MN)

ad-hoc mode

(193.51.192.46) that serves ag-areign Agent2
and (ii) a mobile node, manet3 (193.51.192.4

Mobile-IP specific

parameters

~>Advertisement frequency[N/s| 1 AA/5s

that serves as a relay between the OLSR-GW
and manet2.

Handoff initiation policies

3 AA

Tunneling type

Triangular Routing

FA packet encapsulation

Enabled

OLSR specific parameters

HELLO_INTERVAL 2s
p TC_INTERVAL 5s
/ HNA_INTERVAL 5s
NEIGHBORHOLD _TIME 6s

1zzes TOPHOLD_TIME 15s

Measurement specific parameters
Loas1 1582 Test length Q) 960s

Number of iterations 15

193.51.192.0/25

193.51.193.0/28 172.27.0.0/16

Fig. 9. Mobile-IP Handoff Testbed.
C. Experimental results
The wireless links are configured in ad-hoc mode. We compute the impact of handoffs on the
In the testbed the OLSR-GWO0, OLSR-GW1,0LSRavailable throughput. We first evaluate the available

GW2, manetl and manet3 have statically assigneldroughput without Mobile-IP handoff9'h ., ,
frequencies while manet2 can dynamically changien we evaluate the available throughput with
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the Mobile-IP standard is used for macro-mobility

IP handoffs ranges from 3 to 31. The availablenanagement between access networks and the

throughput rate is equal tgh 2.

OLSR protocol is used for micro-mobility manage-
ment within the access network. We have shown

The measurements results are plotted in Fidrow to integrate Mobile-IP with the OLSR protocol
ure 10. The graph depicts the available throughpun this architecture. The measurements we have

rate versus the number of Mobile-IP handoffs.

100

AA period = 5sec ----x---

95 | 1

% 1

throughput rate (%)

85 | \x\\\\ 4

80 | 1

75 . . . . . .
5 10 15 20 25 30 35
Number of Handoff

Fig. 10. Throughput rate versus Mobile-IP handoffs.

performed show that less than 31 handoffs do not
decrease the available throughput lower than 80%.

On the other hand, work [32] has been carried out
on the new OLSR extension, denoted Fast-OLSR.
The Fast-OLSR proposes integrating fast mobility
routing in the OLSR protocol in order to account for
fast micro-mobility within an OLSR-IP access net-
work. While the OLSR protocol currently supports
best effort traffic only, in further work we will study
how to integrate Quality of Service (e.g. in terms
of bandwidth) to mobile nodes, using an admission
control mechanism.
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