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Abstract— With the current increase in ad-hoc mobile networks
in public domains (e.g. airports, cities, etc.), and the widespread
use of the IEEE 802.11 standard in wireless LAN, there is a grow-
ing need to handle and manage fast mobility. Optimized Link State
Routing protocol (OLSR) is a proactive protocol that enables rout-
ing in Mobile Ad-hoc NETworks (MANETS). Fast-OLSR is a new
extension of OLSR designed to meet the need for fast mobility in
ad-hoc networks. Combining Mobile-IP with Fast-OLSR ad-hoc
routing could offer a complementary solution to the UMTS for
fourth generation (4G) mobile networks. In these mobile wireless
networks greatly overlapping coverage areas can be produced. In
this paper, we evaluate the performances of Fast-OLSR in an over-
lapping coverage context.

protocol and the availability of routes when needed due to its
proactive nature. However, when a node is moving fast, the
links with its neighbors are valid only during a short time inter-
val. Hence to minimize packet loss, broken links between the
node and its neighbors must be quickly detected. In a recent
work [4], we have focused on how to deal with fast moving
nodes in the OLSR routing protocol, and we have proposed the
Fast-OLSR extension to account for fast nodes while keeping
the routing overhead as low as possible. In this paper, we study
the effects of the overlapping areas between adjacent nodes and
the maximum velocity on packet loss rate. The remainder of this
paper is organized as follows. In Section Il, we briefly present
OLSR and show how this protocol can be extended to take into
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|. INTRODUCTION

is presented in section lll. In section IV, we evaluate the per-
formance of the Fast-OLSR protocol in terms of loss rate with
overlapping areas.

At present, there are two main types of mobile wireless net-

works: cellular and ad-hoc mobile networks. When using the

II. FAST-OLSRPROTOCOL

cellular concept, a large area is divided into sub-areas called

cells. Each cell has its own base station, which provides aradio OLSR [1] is an optimization of a pure link state routing pro-
link for each mobile node in the cell. In a cellular environment, tocol based on the concept wiiltipoint relays (MPRs). First,

it can be possible to provide fast mobility by means of handoffusing MPRs reduces the size of the control messages: rather
operations and to guarantee zero packet loss by using a plathan declaring all links, a node declares only the set of links
ning scheme with overlapping cells and also soft handoffs in avith its neighbors that are itaViPRs’. The use ofMPRs also
CDMA based system (1S95, CDMA, etc.). In situations whereminimizes flooding of control traffic. Indeed onMPRs of the

it is not possible to deploy a cellular infrastructure, an ad-hocsender forward control messages. This technique significantly

network is used [1], [2].

A Mobile Ad-Hoc NETwork (MANET) [3] is a collection

reduces the number of retransmissions of broadcast control
messages [5]. OLSR provides two main functionalities: the
first is Neighbor Discovery by means bfello messages, and

of mobile nodes that communicate using a wireless mediunmthe second is Topology Dissemination by meangagol ogy
forming an autonomous network. With the appearance of hoControl (TC) messages.

spots in public domains, there is an increasing need to handle

and manage fast mobility. Extending the coverage area of ad- In an OLSR ad-hoc network, when a node is moving fast, its
hoc networks and taking into account fast mobility in routing neighborhood changes quickly and the defalélio frequency
protocols could offer a complementary solution to the UMTSin OLSR is not sufficient to track the node’s motion. Therefore,

in fourth generation (4G) mobile networks. The design of a fastroutes to this node become inactive and messages sent to this
and efficient routing protocol is necessary to the performancéode may be lost. A highetello frequency would overcome

of an ad-hoc network in particular in the case of large and densthis problem, but at the cost of an additional control overhead.

networks with fast moving nodes.

We have proposed in [4] an extension of OLSR to address the
issues for fast mobility. Fast-OLSR has two main objectives:

OLSR [1] is one of the protocols discussed in the MANET first, the induced control traffic is tuned to node mobility, in
working group of IETF (Internet Engineering Task Force Inter- such a way that it allows a fast node’s motion to be tracked, i.e.
net). This protocol, inherits the stability of a link-state routing the control traffic increases with mobility. Second, the band-



width consumed by the control traffic must remain reasonable.candidate cannot be selected ddRR, as long as th#PRs of

m are still valid.
The basic idea of Fast-OLSR is to enable a fast moving node,

m, to quickly discover a small number of neighbors. Among

these neighbors, a small numbenPRs are selected to main-

tain connectivity with other nodes in the network. To achieve In this section we analyse the performances of Fast-OLSR

this, a fast moving node establishes a small numbsyroimet- ~ protocol in an ad-hoc network with overlapping areas.

ric links refreshed at a high frequency by meangsast-Hdllos.

Such links are called Fa§t links gnd this high frequency is deA_ Models and notations

termined by the refreshing periodrdst-hello-interval” (the ] ) o .

default value is thedello_interval/10). A nodem can select We assume that neither link layer notification nor informa-

no more than a maximum number MPRs, this number is  tion on signal attenuation are available. In this analysis we use

called ‘Max-Default-MPR’. A Fast link that has not been re- the following three models.

freshed within Fast-neighbor-hold-time” is considered broken. ® Nodes model: we distinguish three types of nodes:
— anoden in Fast-moving mode.

— a nodeC located in a random position that sends a Con-
stant Bit Rate (CBR) traffic tan.

Ill. FAST-OLSRANALYSIS

Neighbor discovery in Fast-OLSR operates with three main
procedures: o : .
e Switching to theFast-Moving/Default mode: when a node mi, Vi € [1.7] f|xe.d nodes lerefa.uIt ”.‘Ode' .

o . . e Overlapping model: as depicted in Figure 1, two adjacent
detects that it is moving fast (e.g. a high number of changes nodesm. andm.. have overlapping coverage areas. We
in its neighborhood), it switches to tHeast-Moving mode i Mg N ] pping 9 ’

use the following notations:

and starts sendingast-Hellos, and vice versa. .
— D;: the diameter of the coverage area of nadg

e Establishing Fast links: a node in Fast-Moving mode . : .
sendsFast-Hello messages at high frequency. Fast-Hello — nbcover;: the maximum number of coverage areas which
Y m belongs to when it is located in the coverage area of

is smaller then &déllo. In Fi 1 b i lt0 2
« Refreshing Fast links and Detecting new/broken links: Fast ~ '" F19uré Lnbcover; IS €qualto 2.
— w45 the diameter fraction of the coverage areanof

links are refreshed by sending periodiast-Hellos. If a thati mmon to th ver ; ¢ onthe traiec-
MPR of m has not received thigast-Hello of m within Fast- atis common 1o Ihe coverage a eaof;; on the trajec
tory of m, for j € [1, nbcover; — 1].

ighbor-hol d-ti i.e. 3xFast-hello-int it i
neighbor-hold-time (i.e. 3xFast-hello-interval), it considers ¢ Mobility model: the noden is moving horizontally fromn,

the link with m to be broken and it sendsT& message to ¢ Th locity ofm. denoted. | tant. Wi th
inform all nodes in the network that it is no longeM#®R for 0 mn. The VEloClly Olm, denoted, 15 constant. ¥ve use the
following notations:

m. .
— tin, (resp. tout;): the time whenm enters (resp. leaves)
. o the coverage area af;.
Selection of multipoint relays — trc,: the time when( receives alC advertising thain;
is aMPR of m.

A fast moving node;m, only partially knows its two-hop — tper: the time whenC' receives alC advertising thain;
neighborhood. Thus, it is necessary to have a simplified heuris- s no longer aMPR of m.
tic to select the set dfIPRs of m, denotedVIPR(m). The set of — teffective; . the time wherC' usesm; to reachm.
neighbors inDefault mode which reply ton with Fast-Hellos ~ tprop,i, - Propagation time of a packet betweenandC.
and have not been selected\diBRs of m is called the candidate
set and denoted'(m). The selection oMPRsis computed as ti”j [j”.+1f°“‘i t“‘.é b1 injglous, ot
follows: | P b b |

e Initially MPR(m) =0, C(m) = 0.
e If m receives drast-Hello containing the address ot from
a nodem in Default mode andn, ¢ MPR(m) U C(m).

— If the cardinal of MPR(m) is lower thanMax-Default-
MPR, mg is inserted inlMPR(m).
— Otherwiseym, is inserted inC'(m).
¢ If a Fast link with a node ilMPR(m) is broken,m extracts

from C'(m) a nodem 4, the most recently inserted, and inserts
it in MPR(m). We can show that Fast-OLSR has the following proper-

ties:

89 Fig. 1. A layout of four cells.

B. Properties

This heuristic enables a broken Fast link to be recovered quickly Establishment of a Fast link:

(i.e. after Fast-neighbor-hold-time). It also avoids useless  the maximum time needed to establish a Fast link
changes ofn’s MPRs. when the cardinal oMPR(m) is equal is bounded by 3 x Fast-hello-interval (1). This

to Max-Default-MPR andm detects a new candidate node, this property is illustrated by the following diagram.
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Fast-hello-interval 2

Fast-hello-interval 3

First, m sends an emptlyast-Hello (if it has just switched to
Fast-Moving mode) or aFast-Hello containing the addresses
of its MPRs (if they still have valid entries iMPR(m)). Af-
ter a maximum of 3x Fast-hello-interval m receives the
Fast-Hello of a nodem; (in Default mode) containing the
address ofn. Then,m will select and declaren; as aMPR
in the nextFast-Hello if the cardinal of MPR(m) is lower

Fast-Hello (@) mj

Fast-Hello (&)

Fast-Hello (@)

Fast-Hello (m)

Fast-Hello (MPR(m) Um )

thanMax-Default-MPR (see section Il).
e Detection of a broken Fast link:

the maximum time needed to detect the breakage of a Fast

linkis: 3 x Fast-hello-interval (2).

¢ Extraction from MPR(m):

if a nodem leaves the coverage areasf, € MPR(m) at

timet,.t,, thenm extractsm; from MPR(m),

— at the latest at time:

tout; + 3 x Fast-helo-interval (3).

touy __ .

Fast—hello-interval 1|
Fast-hello-interval 2|

Fast-hello-interval 3|

— at the earliest at time:

tout, + 2 x Fast-hello-interval (4).

toug __4 |

Fast-hello—interval 1|

Fast-hello—interval 2|

e Insertion in MPR(m):

if at ime ;,, .,

MPR(m):

x at the latest at time:

Fast—Hello (@)

Fast-Hello (MPR(m))

Fast-Hello (MPR(m))

Fast—Hello (MPR(m))

Fast-Hello (MPR(m)\'m )

Fast-Hello (@)

Fast-Hello (MPR(m))

Fast-Hello (MPR(m))

Fast-Hello (MPR(m

Fast-Hello (MPR(m) \ i )

m being in the coverage area of nodg,
enters the coverage areaaf;; which is the most recent
neighbor to reply with aast-Hello containing the address
of m with j € [1,nbcover;_1], thenm insertsm;;; in

o tin,,, +3 x Fast-hdlo-interval (5)

if the cardinal ofMPR(m)<Max-Default-MPR

Fast-Hello (@)

Yinjyj | I ——

Fast-hello-interval 1|
Fast-Hello (@)

Fast-hello-interval 2|
Fast-Hello (@)

Fast-hello-interval3 |~ ———— |

Fast-Hello (m)

Fast-Hello (MPR(m) U 1 )

o Max(tin,, ; tout,)+3x Fast-helo-interval (6)
if the cardinal ofMPR(m) = Max-Default-MPR, and at
time t,u, > tin,,;m leaves the coverage area of node
my. my, IS the firstMPR extracted fromMPR(m) at a time
t>tin

it "
m Mi4j
tuutk
L B
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Fast-Hello (m)

Fast-hello-interval 3| Fast-Hello (MPR(m))

Fast-Hello (MPR(m) U ]

x at the earliest at time:
® tin,,, +2 x Fast-hello-interval (7)
if the cardinal ofMPR(m) < Max-Default-MPR
m

m i+

tiniﬂ- [ 0 ,F?,SE_,HEHO,(@ ,,,,, -

Fast-hello-interval 1
Fast-Hello ()

Fast-hello-interval 2| |, |

Fast-Hello (&)

Fast-Hello (MPR(m) U il )

o Max(tin,,,, tout,) + 2 x Fast-hello-interval (8)
if the cardinal ofMPR(m) = Max-Default-MPR, and at
time t,4, > tin;,;m leaves the coverage area of node
my. my, IS the firstMPR extracted fromMPR(m) at a time
t> tin,,,-
touge —-F-f--mmmmmme ]

t; Fast-Hello (MPR(m))
in - b T e -

Fast-hello-interval 1|
Fast-Hello (MPR(m))

Fast-hello-interval 2|

Fast-Hello (m)

Fast-Hello (MPR(m) U Lt )

e Useless choice of MPR:
whenm selectsm; ; as aMPR, m must still belong to the
coverage area 0ofi; ; (9).

If property 9 is not met, andn;,; is the last hop used to
reachm, then any traffic sent ton via m;,; is lost. We
must then haveYi € [1,n] such thatn; is aMPR of m and
Vj € [1,nbcover; — 1], such thain; ; is chosen as MPRto



replacem;:
tout;, + (3 x Fast-hello-interval) < tou¢,; (10)

Condition 10 can be expressed in terms of distaiées [1, n]
andvj € [1,nbcover; — 1]:

@ii+; X D; + (3 x Fast-hello-interval x v) < Djj (11)

C. Evaluation of time to change routes at node C":

Let us consider a nod€ reachingm via its M PR m;, we
now compute the time,. s ¢.ctive; ., WhenC usesm;, ; to reach

e if (cardinal of MPR(m) = Max-Default-MPR andm ;. is the
first MPR extracted fromMPR(m) at a time t> ¢;,,,, ;)
then Max(tout, ,tout;) + (2 x Fast-helo-interval) +
tpTOp’TC < teffectz’veHj < Max(tout;c 1touti) + (3 x Fast-
hello-interval) + ¢, 0prc (17).

IV. SIMULATION

We first describe our simulation runs and then compare the
simulation results with the analysis results.

m. The timet.sfective,,; depends on the length of the new A, Smulation measurements and parameters
route viami. ;, because Fast-OLSR maintains only one route The simulation model is the one described in section I, with

(the shortest one) to reach a destination. This time. tive

is computed in two cases:

e if the new route vian;, ; is shorter than the old one via,,
thenteffectivewrj :tToi+j (12)

e otherwisetcy sective,; = MaX(tro,, ,th) (13), WithtT@,;

being the time wherC' knows thatm can no longer be

reached vian;.

The maximal value of ¢, ; is computed using (5) and (6):
® tin,,,; + (3 x Fast-hello-interval)+ ¢, 0,
if cardinal of MPR(m) < Max-Default-MPR
o MaX(tin,,; tout,) + (3 x Fast-hello-interval) +,,,0p,..
if cardinal of MPR(m) = Max-Default-MPR, andm , is the
first MPR extracted fronMPR(m) at atime t t;,, .,
The minimal value ot ¢, ; is computed using (7) and (8):
® tin,,, + (2 x Fast-hello-interval)+ ¢, 0p,
if cardinal of MPR(m) < Max-Default-MPR
o MaxX(tin,,; tout,) + (2 x Fast-hello-interval) +,,,0p...
if cardinal of MPR(m) = Max-Default-MPR, andm . is the
first MPR extracted fromMPR(m) at a time t ¢;,

i+j

itjr

Also, the maximal value ochlf_ iS: tout; + (3 x Fast-hello-
interval) + tpropy. » USING (3).

The minimal value ofrc IS : tout; + (2 x Fast-hello-interval)
+ tyropre, USING (4). So the value af s .ctive;,; IS given by
the following formulas:

x if (condition 12 is verified) then

o if (cardinal of MPR(m)<Max-Default-MPR)
then t;,,,, + (2 x Fast-hello-interval) + t,.0p. <
teffectiveir; < tiniy; + (3 x Fast-hello-interval) +
tp’I‘DPTC (14)

e if (cardinal of MPR(m)=Max-Default-MPR andm j, is the
first MPR extracted fronMPR(m) at a time t> t;,,. ;)
then t,,:, + (2 x Fast-helo-interval) + tpr0p,c <
teffectiveir; < tout, + (3 x Fast-hello-interval) +1,,0p,
(15).

x if (condition 13 is verified) then

e if (cardinal of MPR(m) < Max-Default-MPR)
then Max(tn,, ; tout;) + (2 x Fast-hello-interval) +
tp’r‘DPTC S te,f,fective.,-+j S Max(tiNi+j atout.,-) + (3 x Fast-
hello-interval) + tpropr.. (16).

n = 54 (see figure 1) antlax-Default-MPR=2. Vi € [1,n],
nbcover; =2. The refreshing period dfast-hello-interval is
chosen equal to the transmission period of B&CCH or
PTCCH channels used in the cellular networks (i.e. 120 ms) [6].

Let us assume that a CBR stream of packets is being trans-
mitted from node”' to mobilem. With our modelC' is always
two hops fromm but the next hop to reachn changes when
m moves. We are interested in evaluating the number of lost
packets due to handoffs, assuming that neither buffering nor
retransmission are available.

e Packet Loss: This number is computed as follows. We first
compute the number of lost packets during a handoff between
nodesm; andm, ;. Packets are lost during the time interval
[t1, t2 ) wheret; is the time whenn loses connectivity with
m; andt, is the time whenn can be reached through, . ;.

e Parameters: We have measured the packet loss in various
simulations. In all simulations, we assume a constant cover-
age ared; =D, Vi € [1,n]. Each simulation is characterized
by two parameters:

— the velocity ofm in kilometers per hour.
— the overlapping ratiay; ;1: we havevi € [1,n], @ i1 =
.

B. Smulation results versus analysis results

We have tested the overlapping fractiarto see how it af-
fects the loss rate and compared the simulation results with
analysis results. Figure 2 highlights the performance of Fast-
OLSR in terms of loss rate, with regard to the valuexaflhen
m moves fromm; to m,, and there is a traffic fronf' to m.

The new route to react from C' via aMPRm ;. ; is equal, in
the number of hops (2 hops), to the old one wia. Mobility
ranges from 20 km/h to 150 km/h. The two plots in Figure 2
depict the packet loss rate versus mobility with= 3% and
25%. In each plot the central curless.sim, i.e. the loss rate
simulation curve, is always between the minimum boundary
curveloss_min and the maximum boundary curlass_max that

we found in the theoretical analysis given in section Ill.
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A loss interval incurred at node:, denotedt;,s,, is com-
puted as follows:

— tout; (18).

such thate,,«fecti,,emtm —tout; €XPresses the latency befdare
uses effectivelyn,,.,(;) to reachm afterm left the coverage
area of its currenMPR m;. The loss rate obtained by simu-
lation, loss_sim, is obtained by summing},.s, divided by the
simulation duration.

tlossi = teffectiven”t(i)

The boundaries are obtained using formula 16 with,,.,..
being negligible andMax (., ; tout;) = tout;- SOtioss; bE-
tween two adjacenvPRs becomes: 2 Fast-hello-interval <
tioss; < 3xFast-hello-interval (19).

We then gefoss_min = 2xnxFathdiointenva 'y ,qq gy =

tout, —ting
“”jFaf"he”""”‘e”’a’. This can also be writtedoss_min

2 x n X v x Fast-hello-interval n X v x Fag-hello-interval
Dx(n—(n—1)xa) Dx(n—(n—1)xa)

—ting

,loss_max = 3%

As Figure 2 shows, the loss rate becomes greater as the spe[g

n o w w
S a1 S 3
T T

-
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T

Loss rate (%)

20 20 60 80 100
Mobilty Km/h

120 140 16

Loss rate versus mobility.

V. CONCLUSION

In this paper we have analysed and studied the effects of
overlapping in Fast-OLSR ad-hoc routing. The performances
of Fast-OLSR are evaluated by simulation. The results lead us
to conclude that in order to guarantee zero packet loss in an
overlapping context with Fast-OLSR it is possible to use soft-
handoffs with data buffering. In our case, data must be buffered
during 3x Fast-hello-interval + 22,

In further work, we will study the impact of the value Miiax-
Default-MPR and selection oMPR nodes on the performance
of Fast-OLSR.
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