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Abstract—In this paper, we propose a new adaptive MPLS-
enabled micro-mobility management scheme designed to tr&c
efficiently the mobility of nodes so as to minimize both handff
latency and total signaling cost while ensuring the mobile ade’s QoS
requirements. To achieve this, we introduce a new concept ted
residing area. Accordingly, the micro-mobility domain is divided into
virtual residing areas where the MN limits its signaling exchanges
within this local region instead of communicating with the relatively
far away root of the domain at each handoff occurrence. One ofhe
key distinguishing features of our solution from existing Iterature is
its adaptive nature since the virtual residing areas are costructed
according to the current network state and the QoS constraits. To
evaluate the efficiency of our proposal, we compare our scheswith
existing solutions using both analytical and simulation aproaches.
Numerical and simulation results show that our proposed scéme
can significantly reduce registration updates and link usag costs
and provide low handoff latency under various scenarios.

|I. INTRODUCTION

can reduce registration updates cost (i.e., volume of Bigma
messages exchanged during handoff operations), provide lo
handoff latency and support QoS thanks to MPLS capabilities

To gauge the effectiveness of our proposed scheme, we gevelo
a new analytical model based on Markov chains. We, explicitl
derive the expressions of the signaling cost function ofstegr
tion updates and the link usage cost for a general two-diineak
(2-D) random walk mobility model. Numerical and simulation
results show that our proposal can improve significantly the
network performance when compared to existing schemeg (Fas
Mobile IP [2], MIP-RR [4], Pointer Forwarding (PF) [6], Mdlei
MPLS [9] and M-MPLS [13]) under various scenarios.

The remainder of this paper is organized as follows. Section
Il describes our proposed adaptive micro-mobility managgm
scheme. Section Il introduces the analytical model useslv&d-
uate the performance of our proposal. In section IV, a corapar
between our proposal and existing solutions is drawn usotg b

Future wireless networks are expected to provide IP-basgghlytical and simulation results. Finally, section V does this

coverage and efficient mobility support with end-to-end Q
guarantees. Two enabling factors are considered as cripial

maintaining the network connectivity during node mobilihe.,
service continuity) and; (ii) provisioning the network oesces
required by the Mobile Node (MN) in all the visited subnetkesr

per.

1. ADAPTIVE MPLS-ENABLED MRA
In this section, we describe our proposed adaptive MRA

Mobility management protocols are key for service contipui Schéme. As mentioned earlier, our ultimate aim is to ovesom
in mobile networks. Mobile IP [1], the” Internet EngineeringD€ limitations of existing schemes in terms of high sigmgltost
Task Force (IETF) standard, can serve as the basic mobiftyd in the same time benefit from the QoS support capability of
management in IP-based wireless networks. However, ieptes MPLS networks. In the following, we describe the architeetu
several drawbacks such as the long handoff latency and e |2°f @daptive MRA.
signaling load for frequent registration updates. In ttdgard, :
many enhancements to Mobile IP for MNs with frequent hargofft Proposed architecture
have been proposed in the literature [2]- [7] to ensure servi Adaptive MRA relies on our proposed Micro Mobile MPLS
continuity. architecture [14], which is based on the integration of NRR-

Specifically, [2] proposes a fast handoff scheme, calledfEMI[4] and MPLS [8] protocols. A typical architecture for adiapt
for Mobile IP in order to alleviate the high handoff latencyMRA networks is shown in Fig. 1. We assume that an MPLS
To tackle the inherent problem of Mobile IP regarding thehhigaccess network exists between the Label Edge Router Gateway
signaling cost, the authors in [3] propose a distributedadtyic (LERG) and the Label Edge Router/Foreign Agents (LER/FAS).
location management scheme. This scheme can be seen a3hsnetwork architecture is based on a two-level hierargty.
extension of the IETF regional registration protocol (MRR [4]) the higher level is the LERG that performs the role of an edge
in order to improve its flexibility and adaptability. Anothe Label Switching Router (LSR) filtering between intra- antein
approach to reduce the signaling cost is the “pointer fotivey” domain signaling. At the second level is the LER/FA conngcte
technique used in [5], [6] and [7]. to several access points (APs) that offer link-layer cotiviég.

On the other hand, the notable benefits of MPLS [8] in termWe distinguish here between link-layer functionalitiesttod air
of QoS, traffic engineering and support of advanced IP sesyicinterface, which are handled by the AP, and IP-layer mapbilit
such as virtual private networks, inspired some works tothise (L3 handoff), which occurs when the MN moves between subnets
technology in the wireless infrastructure [9] — [13]. served by different LER/FAs. Note that an LER/FA is the first

To meet the requirement of next generation mobile network®-capable network element seen by the MN.
we propose in this paper a new adaptive micro-mobility man- Two types of handoff are defined: Intra-LER and Inter-LER
agement scheme called adaptive Master Residing Area (MR#gndoffs. An Intra-LER handoff occurs when the MN moves
which alleviates the limitations of previous works in term§ between two APs managed by the same LER/FA. This kind of
flexibility and adaptability and in the same time benefitsnfro handoff is basically L2 (link-layer) handoff. On the othearl,
MPLS resource provisioning capability. The key idea belond an Inter-LER handoff occurs when a new AP and the old AP
proposal is to manage adaptively the node mobility accardiare under different LER/FAs. This kind of handoff is typigal
to its current state and the QoS constraints. Indeed, tk trdc3 (network-layer) handoff. In this work, we focus on IntdeER
efficiently the mobility of nodes within a domain, we intradu handoff since it has the most important effect on the handoff
a new concept called thblaster Residing Area. This concept performance.
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Fig. 1. Architecture of a Micro Mobile MPLS wireless accestwork

_ Fig. 2. These FAs satisfy both conditions regarding theydetal
B. Handoff operation registration cost. Accordingly, as long as the MN remainthis

i a area (i.e., it fulfills the delay constraint and a local régison is
As stated before, our approach is based on the adaptlveangzs|d"‘k}§aper than a LERG one), it carries out a local registraii

area (RA) concept and can be considered as a new alterna[ﬁ]e MFA. Once it leaves this RA, it performs a LERG registrati

to track efficiently the mobility of nodes instead of the pein : ,
forwarding technique, in an MPLS environment. Accordinghe 2nd the new serving LER/FA becomes the new MN’s MFA.

micro-mobility domain is divided into virtual RAs where théN 1. ANALYTICAL MODEL
limits its registration updates within this local regionsiead of . . . :
communicating to the far away LERG node. Explicitly, a sfieci . [N this section, we develop a new analytical model using
node called master FA (MFA) will be delegated by the LERG tlarkov chains to evaluate the performance of our adaptivéAMR
manage the mobility of nodes inside the current virtual RactE SCNeme in terms of registration updates and link usage. chisés
time the MN moves to a new subnet inside the current RA, ff@oorated model will be also used to derive the performance
registers with the MFA instead of the LERG, as shown in Fig. inetrics for the existing solutions FMIP, Mobile MPLS, MIFRR
Consequently, the existing LSP (with QoS requirementsjben and M-MPLS. In the PF case, we will use simulations.

the LERG and the MFA will be extended to the new visited FA_ !N our study, we consider a general 2-D random walk model.
Packets traveling towards this MN will be intercepted firgthe ~ 'YPically, the wireless network is divided into subnetweras
MFA, taking advantage of the existing LSP, and then forndrd€hoWn in Fig. 3. Each subnet is covered by one LER/FA, called
along the new added LSP to the MN. The MN keeps registerifgSe station in cellular networks. This model is widely uiseithe
with the MFA instead of the LERG as long as it moves inside tHierature. In this case, each subnet is surrounded by sghbers.

RA (see Fig. 1). Once the MN goes outside this area, it registd "€ MN can move to one of the neighboring subnets with equal
to the LERG. Hence, a new LSP between the LERG and the nB@Pabilityp (» = ).

subnet will be established and the new visited LER/FA bemome
the new MFA.

It is easy to see that such a scheme may cause unacceptable RN $ .
delays due to the eventual long radius of the RA. To fulfill % )
the delay constraint, the virtual RA around a specific MFA is
constructed adaptively according to both the relative tpmsi
of the current MFA with the LERG and the delay constraint.
Assume that the maximum tolerable delay inside the micro-
mobility domain is D,,... For the sake of simplicity,D,, 4.
will be expressed in terms of hops. Each time the MN moves
to a new subnet, it compares the length of its indirect path to Fig. 3. Two-dimensional mobility model
the LERG through the current MFA with,,, ... If this distance

is equal or less tha),,,., the MN can register locally to the Figure 3 represents a micro-mobility domain with a radius
MFA. Otherwise, it registers directly to the LERG and the new¢ = 2 in a two dimensional space. The domain contains the
FA becomes the MFA of the new RA. Moreover, to minimiz¢ ERG node surrounded by 2 rings of subnets. Each subnet is
the signaling cost, a second condition must be verified kefqeferenced by the ring label and its position inside thag,rin
performing a local registration instead of a LERG regisbrat \which determines the exact MN's position with respect to the
|S|090|f|0§}[”_y’ ar\] local {ﬁngtraEEg(;IVIth _tr;e tMFAI '?j a%hle_\;ii] tf'J\LERG of the domain. For example, subnets belonging to ring
ong as it is cheaper than a registration. Indeed, & j , : -

the MN moves to a new subnet, the new LER/FA compares t%Fare freferengeg eﬁll’ i Si ?26' trcljose belon%:ng t? rtlﬂgTZ
signaling cost (in terms of hop message size) of a registratior?e%er?aﬁ;eenﬁgﬁ . )f?; 01 J = B 'dzgigr?gté)QhaQQh ?i(r)wgoz;wéyo

update to the MFA with that to the LERG. In other words, on :
the distance between the new visited FA and the LERG is equrzﬂm the LERG node. The LERG node subnet is denotedihy

or less than the distance between the new FA and the MFASHDNets belonging to ringare referenced by, 1 < j < 6.
LERG registration is preferred. Thus, the new FA is congider NOte that the ring label represents the distance betweeMbthe
as not belonging to the previous MFA residing area. and the LERG. , _ . . .

To illustrate the residing area (RA) concept, we consider th L&t X(t) be the MN's state within the micro-mobility domain
simple example presented in Fig. 2, where the LERG nodedstimet defined by the tuplgs;, S)*), whereS; is the current
located at the center of a domain with a radiis= 3. We Subnet location and’ is the current MN's MFA. The residence
assume thab,,,, = 4. It is worth noting thatD,,,,, must be at time of a MN in each subnes/ is assumed to be exponentially
least equal taR. Assume that the current MFA is the subitgt  distributed with the mean /u. {X(t),t > 0} is therefore a
The associated RA will be composed of nine subnets as showrMarkov process with continuous time and finite state space

LERG




S = {(S{,Sﬁ) |0<i<R,1<j<6i,S € Fy}, domain. Accordingly, we distinguish between two sub-cases
where Fy; is the set of possible MFAs that a MN can register t8-@ The MN remains in the same domain

L . j " In this case, the MN behaves in a similar way to casel and
when it is located in the subné . In other words,5;" € Egi  we get the same transition diagram shown in Fig. 4(a).

if and only if the subness? belongs to the RA managed ksy*, 2.b: The MN moves to an adjacent domain

i.e., it satisfies the following relation: Let S‘Z,I denote the next visited subnet by the MN located in
P om j the adjacent micro-mobility domains. In our study, we assum
o e o if and only if{d(SﬁSn) <&d(53, LERG) ) that all the domains have the same raditisSo, likewise the
n S7 . J ici J 1
: d(S7,S7) + d(ST, LERG) < Dimas old subnetSy,, the new visited subne$?’, will be R hops far

away from the new LERG (i.e., again at the boundary of thg new

where d(z,y) denotes the shortest path distance (in terms @ébmain, thus’ = R). As such, the MN moves to the sub _
number of hops) between subnetsand y. Note that the first with a probabilityp. When the MN enters the new domain, it
condition in (1) ensures that a local registration cost isagler registers to the new LERG and the new visited subnet becomes

than a LERG one. The second condition ensures that the M new MFA. As a result, the MN transits to the st@f%’ 5%)
fulfills the delay constraint. _ with a probabilityp as shown in Fig. 4(b).

According to our adaptive MRA scheme, the MN'’s state at time
t is completely defined by the tupl& () = (S7,57). Using Based on the different cases listed above, we derive the
that information, we can predict exactly the MN'’s evolutiontransition probability matrix? = [p;;]. Then, the steady state
According to its next location (i.e., visited subnet), thd&\Man probability vectorll = [II,], containing all the steady probabil-
perform either a local registration or a LERG registratibnthe jtjes of statess — (517 5m) e &, is obtained by resolving the
latter case, the MFA will be updated and its associated RA Wfbllowing system: e
be created.

In the following, we consider the discrete-time transitioatrix _ _
derived from the Markov chaiX (¢) to calculate the steady state I1P =11 and Z M. =1 @
probabilities. To derive the transition probabilities wiHeaving a

generic staté$?, $7), we distinguish between two cases: either Using these results, we evaluate hereafter the performahce

K3

the current MN’s subnes? is located at theth ring far away ©Our proposed adaptive MRA scheme. Building on these results

7

from the LERG node withl < i < R — 1 or it is located at We can also evaluate analytically the existing solutions. (i
the boundary of the micro-mobility domain (i.6.= R). In the FMIP, Mobile MPLS, MIP-RR and M-MPLS) except the PF
latter case, the MN may leave the current domain and entégieme, which will be studied using simulations as shown in
a new one. The transition probabilities regarding each emee the next section.

derived as follows. A. Link Usage Cost

C ool S
b Case;; $ s not a boundary subnet (i.e., i # F) , Let LU denote the link usage in the micro-mobility domain,
Let 57, denote the next visited subnet by the M§{, is one which is the average number of links used for packet delivery

of the six neighbors that surrounds the current sulstieHence, Pbetween the MN and the LERG. In our adaptive MRA case,

Gl - . packets exchanged between the MN and the LERG have to pass-
the MN moves to subnef;, with a probabilityp. According to through the MFA. Hence thél/ can be written as follows:
whetherS?, belongs or not to the current RA managed by the

MFA S™, we can identify the next MN's state. Specifically, ifLU (Adaptive MRA)
it is the case (i.e.5;" € E;v), the MN will transit to the state

SES

g =) I, ( d(Subnet(s), MFA d(MFA(s), LERG
(S84, 87) as shown in Fig. 4(a). In this case, the MN performs a sez; ( (Subnet(s (9) + d(MFAE) ))

local registration to the current MFA”*. Henceforth, we denote v I 3
by A the event thats® € E; (see (1)). On the other hand, if = "2V X (3)

A is not satisfied (i.e.d = S7 ¢ E 1), the MN registers to the Where s = (Subnet(s), MFA(s)) = ($7,S7) and Vi denotes the

i link usage vector of all statesc S.
LERhG tr?nthlTIet new tFAt\ betcogﬁs Stg\,e MFAhOf the ng_vv EA' AS Recall that in PF, packets have to traverse both the commecti
such, the ransits to sta, , 5, ) as shown in Fig. 4(a). binding the LERG to the MFA and the forwarding chain binding
Note thatl, (respectivelyl z) is the indicator function of the (.o "MEA to the MN. The LU metric in PFE will be derived

condition.A (respectivelyA), i.e., it is equal tal if the condition through simulations. In FMIP, Mobile MPLS, MIP-RR and
A (respectivelyA) is true and) otherwise. M-MPLS schemes, packets are delivered using the shortést pa

P » routing between the LERG and the MN. Hence, the link usage

a is the same and can be given by:
@ @ @ @ LU(FMIP) = LU(Mobile MPLS) = LU(MIP-RR) =

p 1z LU(M'MPLS)
@ = > w(S)xd(S],LERG) = > ixn(S)) (4)
: : OSigh 0Si<h
(@) $¢ is not a boundary subnet (I8} is a boundary subnet 15756 187560
Fig. 4. Transition probabilities from a generic sm@;,s,’{l) where 77(5%7) denote_s the Steady Pfobabi”ty that the MN is
' located at the physical subnéf. =(S7) can be expressed as
2) Case2: ¢ is a boundary subnet (i.e, i = R) follows, using the steady state probabilitigs = I1(.57, S™) of

In this case, the MN may leave the current micro-mobilitthe statess = (57, 5):



. . Co(FMIP) = 2 my LU(FMIP) + Chrome
n(sh) = Y 1(s],87) 5) | ¢, (Mobile MPLS) = 2 (my + m;) LU (Mobile MPLS)
S,’{‘EES]' + Chome + Lhome
: Co(MIP-RR) = 2 my LU(MIP-RR) 4+ & Chome
Ca(M-MPLS) = 2 (1my + my) LU(M-MPLS) + @ Chrome

o N _ o (8)
Let C', denote the signaling cost of registration updates whemaere ,,,,,. = 2 m; d(LERG, HA) is the signaling cost needed
L3 handoff occurs. Itis the traffic load of signaling messaff®p to setup a LSP between the HA and the LERG, and o <
x message size) exchanged in the network when the MN movegjenotes the probability of moving out of a micro-mobility

to a new subnet. In adaptive MRA, a local registration fooWw domain. This probability’ can be derived using the elabarate
by a LSP procedure setup between the MFA and the new FA asgdel as shown below.

required as long as the MN remains in the same RA. Otherwise, a
LERG registration with a new LSP setup between the root of the a= Z I, H(s) (9
domain (i.e., LERG) and the new subnet is performed. Addéio s€S

registration to the MN’'s HA is also needed, each time the MN

moves to a new domain. In this case, the new LERG forwarH%erEH(S)_ denotes the probability of entering a new domain
the registration request received from the MN to the HA. when transiting to the state It corresponds also to the probabil-

: : : ity. of performing a home registration in the adaptive MRAe&as
In this regard, the average registration updates cost wHep© : ;
transiting to a state = (Subnet(s), MFA() = (S, S™) can be v%en the MN moves to the state H(s) can be written as:

written as follows, using the transition probability mat#® and . , .
the steady state probability vecttr. Z P(i, 5) x T x h(i, 5)

B. Registration Updates Cost

i€S i -
if Subnet(s) = MFA(S)
H = . ]
S P(iys) x TTi x Cli, 5) (#) > P s);
N iI€ES
ZES . _ .
if Subnet(s) = MFA(S 0 otherwise
cost(s) = S P, © ©) (10)
€S .+ | 1 if Subnet(s) = Subnet(i)
Clocat (5) otherwise ©) where h(i, s) = { 0 otherwise
where
Clerg(8) 4+ Chome  if Subnet(s) = Subnet(i) IV. NUMERICAL & SIMULATION RESULTS
Cli,s) = Clerg(s) if (Subnet(s) # Subnet(i)) In this section, we compare our proposal with respect to the
L and MFA(s) # MFA(i)) FMIP [2], MIP-RR [4], Pointer Forwarding (PF) [6] Mobile
0 otherwise MPLS [9] and M-MPLS [13] schemes through both simulations
and analytical approaches. To evaluate the link usage ajist re
tration updates cost by simulations, we develop our owrretise
Chome = 2 my, d(LERG, HA) event simulator. We also derive by simulations the handodricy
with Clerg(s) = 2 (my +my) d(ajbnet(s)’ LERG) }‘grutshe%different protocols. In this case, the ns-2 simuldid]
Crocar(5) = 2 (1 + m1) d (Subnet(s), MFA(S)) The simulation environment consists of a cellular network

formed by several micro-mobility domains with equal size as

andm, is the average size of signaling messages for the regiion in” Fig. 5. As before, we denote b§ the radius of
tration updates andy is the average size of a label message fqach micro-mobility domain. The mobility of nodes is sinteth
LSP setup. The total registration updates cost can be thittemvr using a random walk model. According to each management

as. policy, the average registration cost per handoff and th& li
_ usage are calculated. All the simulation results givenwdiave
C..(Adaptive MRA) = "Il,cost(s) = Ve, x I (7) been achieved with very narrow 97.5% confidence intervais. T

s€S parameter settings in our experiments are listed in tabléére
t; denotes the average session connection time the average
where Vo, = [cost(s)] denotes the registration updates cos$tA residency timel,, is the time interval for an FA to send agent
vector of all states € S. advertisements (L3 beacon®,, and B,,; are the bandwidth of

It is worth noting that in FMIP, the MN performs a homehe wired and wireless links, respectively, ahd and L., are
registration update with its HA at each L3 handoff. In Mobiléhe latency of the wired and wireless links, respectively.
MPLS, we have to take into consideration the additional cost
associated to the LSP procedure setup between the new FA
and the HA. In MIP-RR, only a GFA registration (i.e., LERG
registration) is required. Additional cost associated tte LSP
procedure set up between the LERG and the new FA, is to
be considered in M-MPLS. Finally, in the PF case, a local
registration between the new and the old FAs is performed
as long as the forwarding chain length does not exceed the
threshold K. Otherwise a LERG registration is required. The
average registration updates cost for all underlying ity
except for PF, can be expressed as follows using (4) andr{5). |
PF, simulations will be used to evaluate the registratiost.co

Fig. 5. A model of the simulated cellular network with = 2
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TABLE | o
PARAMETER SETTINGS have to pass-through the MFA of the current MN residing area.
Paramee—Valle Parameer Valie How_ea/er, glomﬂarelz_d IEO the PF scheme, tbhle MEBA protoclol reduces
T 1000 sec | d(HA, LERG) 10 considerably the link usage cost, notably whBg,,. is large.
I, 5~ 50 sec Tq T sec Indeed, the additional cost introduced by the residing &réass
my 48 bytes By 100 Mbps important than the one introduced by the PF forwarding chain
o 228 byltgs ?wl 111r':]"sbepcs whose length can reacP,,,, — R. In contrast, the maximum
~ w . -
Do =70 T > mSec length introduced by the residing area fi5s— 1. As such, the

longest path between the MN and the LERG in the MRA case
is 2R — 1. In view of this, the link usage cost in MRA remains

In all figures of this section, we can see that the analyticel aconstant for values ob,,,,, > 2R — 1 as shown in Fig. 6.
simulation curves regarding our adaptive MRA coincide, chahi

. . . Registration updates cost vs. Dmax for R=10
illustrates the accuracy of our study. We note that simoihati g e

results overlap also analytic data in the FMIP, Mobile MPLS, v 5 ot WA )
MIP-RR and M-MPLS cases. In view of this, we only present 10

the simulation curves for these schemes.

Figure 6 depicts the link usage cost of all underlying protsc
as a function of the maximum tolerable delay inside the micro
mobility domain D,,,., > R. We considered three values of the
radiusR, R = 2, R = 5 and R = 10 as shown in Fig. 6(a),
6(b) and 6(c), respectively. These valuesfbhire representative 108
of small, medium and large micro-mobility domains. We can
observe in Fig. 6 that the link usage cost with FMIP, Mobile S
MPLS, MIP-RR and M-MPLS schemes is the same and insen- LT e n, 00"
sitive to D,,., Since, in these cases, packets are delivered usi drati : . _
the shortest path from the LERG n(F)Jde to the current servir%%' 8. Registration updates cost of adaptive MRA,..: CaseR = 10
LER/FA. As such, the link usage cost is minimal. In the PF case
the link usage cost increases due to the additional cosidated Figure 7 plots the different registration updates cost &ryev
by the forwarding chain. This increase grows dramaticalllhw L3 handoff as a function of the maximum tolerable delay; ..
Diqe- Indeed, increasing,,, ... allows longer forwarding chains As before, we consider three values B&f (i.e., 2, 5 and 10).
to be formed. In our adaptive MRA case, the link usage costlitkewise the link usage, the registration updates costsMhP-
also higher than the minimal cost. This is because packets Btobile MPLS, MIP-RR and M-MPLS are insensitive 10,,,,.
not directly forwarded between the LERG and the MN. Packelts these cases the shortest path between the LERG and the

Registration cost (Bytes)




. . . TABLE Il
MN is always used to forward the registration update packets

at each L3 handoff. The Mobile MPLS (respectively M-MPLS) AVERAGE HANDOFF TIME IN MSEC
has a higher cost than FMIP (respectively MIP-RR), due to the L Dmae [ 10 [ 12 ] 20 |
additional signaling cost needed to establish a LSP betwreen GRS R0 MO L LA R A E A
HA (respectively LERG) and the new visited FA at each L3 V-VPLS 25303935 2717 35 1563
handoff. MIP-RR 21.3693 | 21.4086| 21.2694
i i i PF 40,1176 19.8281[ 12,5569
Adaptive MRA, on the other hand, reduces the registration Adapive MRA T 221752 194276202310

cost since some expensive LERG registrations are replaged b
low-cost local registrations. In this case, the registratipdates

for MRA is a convex function ofD,,.., where the minimum time is needed in this case to setup LSP paths at each L3 Handof

cost is tobtained for a give;? . For instance, wherR = Note that the handoff delay in PF is lower than in the MRA
10, D" = 12 as shown in Fig. 7(c) and more clearly inscheme whenD,,,. takes large values. In this case, the local

Fig. 8. The reason is as follows. Given a domain radiis registrations become more frequent. Recall that the tiredex:to
the LERG registration frequency decreases with the inereds achieve a local registration is shorter in the PF case thémtive
Dynaz, due to the increase of the average residing area size. MRA scheme. In the former case, the MN performs registration
such, more and more expensive LERG registrations are plagith the previous FA instead of the relatively far away MFA.
by local registrations. On the other hand, the local regii&in However, this happens at the cost of considerable increatiei
cost increases witD,,..., since the average residing area sizgnk usage cost.
increases. Hence, the average distance between the MN and th
MFA increases withD,,, ... In view of this, the optimal cost is a V. CONCLUSION
trade-off between these two opposite requirements. This paper described a new micro-mobility management
The rational behind such finding is as follows. Assume thatheme, called adaptive MRA, that supports both mobilithma
maximal tolerable delay inside the micro-mobility domam iagement and QoS resource provisioning in IP/MPLS-baseet wir
Dynae > D2 In this case, it is better for the network adiess access networks. Our proposal limits the range of kigna
ministrator to regulate its MRA management protocol acemyd ing messages to a local area called residing area. This area
to D2 instead of D,,... In doing so, it respects th®,,,, is constructed adaptively according to both the currentilaob

constraint sinceD%! . < D,,... Moreover, it minimizes the node position and the delay constraints. Doing so, we avéd t
registration updates cost as well as the link usage cost. relatively long distance negotiations with the root of therdin

Revisiting Fig. 7, we notice also that the cost of registmati at each handoff occurrence. Using both analytical and sifioul
updates in the PF case decreases strongly ith,., since approaches, we compared our proposal with existing soisitio
expensive HA registrations are replaced by low-cost loegt r (FMIP, Mobile MPLS, MIP-RR, M-MPLS and PF). We found
istrations. Figure 7 shows that the PF and MRA schemes |d&dt the proposed scheme achieves substantial signalstgaod
always to the smallest registration cost. However, the mahi link usage reduction and improves the handoff latency, twhic
cost is obtained by different strategies according to tHeevaf are crucial for supporting real-time applications. In marfar, we
Dyaz. In the particular case wherB = 5 (see Fig. 7(b)), the showed that our proposed scheme provides the lowest i&tipstr
MRA scheme stands out as the best choice whgp,, < 10, cost and handoff latency when the maximum tolerable delay
otherwise the PF scheme provides the best cost. This is secdside a micro-mobility domain has moderate or small values
the local registrations become more frequent with the msmeof AS such, our protocol stands out as the best choice for delay
D,.... These local registrations are cheaper in the PF case tkgRsitive applications.
with MRA scheme. Indeed, the local registrations are penéat
with the previous FA (i.e., through only one hop) in the PFegas REFERENCES
whereas they are performed with the MFA, which is general ] g. EerlgFSEI(jP '\|4°bti"|9|/ Sgpport ffor I&vé{IRIIZFSZ 63252,033%3?05605
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