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Abstract— One of the major challenges for the wireless net-
works is related to efficient mobility management issue. In this
paper, we propose a new micro-mobility management scheme,
called Micro Mobile MPLS, that supports both mobility and
quality-of-service (QoS) management in cellular networks. Our
proposal includes two protocol variants. In the first variant, called
FC-Micro Mobile MPLS, the forwarding chain (FC) concept is
provided to track efficiently the host mobility within a domain.
This concept fits mobile nodes (MNs) with high mobility rate.
The second protocol variant, called Master Forwarding Chain
(MFC)-Micro Mobile MPLS, aims to reduce the total signaling
cost by controlling the number of registration updates with the
root of the domain. In order to assess the efficiency of our
proposals, the aforesaid protocols are compared with respect
to the existing solutions. To achieve this, we develop analytical
models to evaluate both registration updates and link usage
costs. Numerical and simulation results show that the proposed
mechanisms can significantly reduce the registration updates cost
and provide low handoff latency and packet loss rate under
various scenarios.

I. INTRODUCTION

Future wireless networks are expected to provide IP-based
coverage and efficient mobility support with end-to-end Qual-
ity of Service (QoS) requirements. Mobile IP [1], which is
a standard proposed by the Internet Engineering Task Force
(IETF), can serve as the basic mobility management in IP-
based wireless networks. However, it presents several draw-
backs such as the long handoff latency and the large signaling
load for frequent registration updates. In this regard, several
enhancements to Mobile IP for MNs with frequent handoffs
have been studied in [2]– [7].

Specifically, authors in [2] propose a distributed dynamic
regional location management scheme for Mobile IP to reduce
the overall signaling cost. They assume that every Foreign
Agent (FA) has the functionality of a FA and Gateway Foreign
Agent (GFA). However, this assumption is not realistic and
there is no provision for end-to-end QoS support. Authors in
[3] showed the limitations of this approach due to its limited
applicability. In [4], a fast handoff mechanism for Mobile
IP, called FMIP, is proposed. This approach has a significant
effect on the performance of real-time and QoS sensitive
applications. However, the location update cost in FMIP can
be excessive, especially for the mobile nodes with relatively
high mobility and long distance to their Home Agents (HAs).

On the other hand, the notable benefits of MPLS [8] in
terms of QoS, traffic engineering and support of advanced IP
services, such as virtual private networks, inspire some works
to use this technology in the wireless infrastructure [9] – [14].

In view of this, [9] proposes a scheme to integrate the
Mobile IP and MPLS protocols. This scheme, called Mobile
MPLS, aims to improve the scalability of the Mobile IP
data forwarding process by removing the need for IP-in-

IP tunneling from the HA to the FA using Label Switched
Paths (LSPs). However, such a scheme suffers from the non-
applicability to micro-mobility, as the scope of Mobile IP is
more shifted towards the global mobility. In [10], an enhanced
label edge router (LER) called the label edge mobility agent
(LEMA) is introduced to support intra-domain mobility using
LSPs redirection. The scheme is scalable and suitable for QoS
support. However, the algorithms for choosing the LEMAs
for a particular MN are quite complex. H-MPLS [11] and
several other schemes ( [12] [13] [14] ) try to ameliorate
the performance of Mobile MPLS [9] by using different
architectures. A Foreign Domain Agent (FDA) is introduced
into each MPLS domain to support intra-domain mobility.
However, these works have not taken into account the fact that
the signaling delay for the location update could be very long,
which may cause service disruption for real-time services and
will result in increasing the registration updates cost, the loss
of a large amount of in-flight packets and the degradation of
QoS. Note that the in-flight packets are the packets possibly
lost during the handoff period. In addition, with high mobility
rate, the system performance is critically affected by frequent
registrations with the FDA, resulting in excessive signaling
traffic and long service delay.

To overcome these limitations, we propose in this paper
a new protocol called Micro Mobile MPLS. Our proposal
supports two protocol variants. In the first variant called FC-
Micro Mobile MPLS, the forwarding chain (FC) mechanism,
which is a set of forwarding path, is provided to track
efficiently the host mobility within a domain. The forwarding
chain mechanism fits the wireless environment with high
mobility rate, where packets must be quickly redirected to
their new locations. On the other hand, the second protocol
variant, called Master Forwarding Chain (MFC)-Micro Mobile
MPLS, aims to reduce the total signaling cost by controlling
the number of registration updates to the root of the domain.
To gauge the effectiveness of our proposed mechanisms, we
derive analytical expressions of both registration updates and
link usage costs. Numerical and simulation results show that
our proposals can significantly reduce the registration updates
cost and also provide low handoff latency and packet loss rate
when compared to the existing schemes (FMIP [4], MIP-RR
[5], Mobile MPLS [9], H-MPLS [11]) under various scenarios.

The remainder of this paper is organized as follows. Section
II introduces our proposed architecture along with a detailed
description of the above mentioned protocol variants. Section
III describes the system model used to evaluate the perfor-
mance of the proposed schemes. In section IV, we develop
analytical models to derive the signaling cost function of
registration updates and the link usage for all underlying pro-
tocols. Numerical and simulation results are given in section



V. Finally, section VI contains our concluding remarks.

II. MICRO MOBILE MPLS AND ITS TWO VARIANTS

In this section, we describe our new scheme called Micro
Mobile MPLS and its two variants. Micro Mobile MPLS [15]
is based on the integration of Mobile IP Regional Registration
[5] and MPLS [8] protocols. A typical architecture for Micro
Mobile MPLS networks is shown in figure 1. We assume
that an MPLS access network exists between the Label Edge
Router Gateway (LERG) and the Label Edge Router/Foreign
Agents (LER/FAs). The network architecture is based on a
two-level hierarchy. At the higher level is the LERG that
performs the role of an edge Label Switching Router (LSR)
filtering between intra- and inter-domain signaling. At the
second level is the LER/FA connected to several access points
(APs) that offer link-layer connectivity. Note that an LER/FA
is the first IP-capable network element seen from the MN.

Fig. 1. Architecture of a Micro Mobile MPLS wireless access network
.

As a first main specification of our scheme, when an Inter-
LER handoff occurs, the old LER/FA will be notified to
buffer in-flight packets. This operation is common for the two
protocol variants. Indeed, to reduce the packet loss during
handoff, our scheme relies on the L2 trigger [16]. The L2
trigger is a signal from L2 to inform L3 an imminent L2
handoff. That is, once the received signal strength from the
current AP falls below the threshold level, the MN sends
a “Movement signaling message” to the current LER/FA,
to notify an imminent L2 handoff and initiate the buffering
mechanism. In what follows, we present the specific operation
of each protocol variant, namely, FC-, and MFC-Micro Mobile
MPLS.

A. FC-Micro Mobile MPLS

The first protocol variant that we propose to handle effi-
ciently the local mobility is called Forwarding Chain (FC)-
Micro Mobile MPLS [?]. It is based on the forwarding chain
concept (set of forwarding paths). In this technique, each time
that the MN moves to a new subnet, the new Regional Care-
of-address (RCoA: the IP address of the new LER/FA) will be
registered at the old LER/FA instead of the LERG, as shown
in figure 1. By this procedure, the existing LSP between the
LERG and the old subnet will be extended from the old FA
to the new one. As a result, a forwarding chain of FAs will
be constructed for each MN. To do so, each MN keeps a
buffer for storing IP addresses of the visited LER/FAs. Packets
traveling towards this MN will be intercepted by the first FA in
the chain (called master FA), taking advantage of the existing
LSP between the LERG and the master LER/FA, and then
forwarded along the chain of FAs to the MN. It is easy to
see that such a scheme may cause unacceptable delays due
to long chains. To avoid a long forwarding chain, we set
a threshold on its length denoted by Lth (in terms of the
number of movements). When the threshold is reached, the

MN will register to the LERG and delete all the addresses in
its buffer. That is, the MN forwarding chain will be renewed
and the new visited LER/FA becomes the new master FA.
Note that this scheme enables a significant reduction of the
registration update messages sent by the MN to the LERG.
These LERG registrations are replaced by simple forwarding
chain updates (local registrations). In addition, such a scheme
could be appropriate for MNs with high mobility rate, where
data packets must be forwarded quickly to their new locations.

B. MFC-Micro Mobile MPLS
The second proposed mechanism is called Master Forward-

ing Chain (MFC)-Micro Mobile MPLS. This protocol can be
seen as an extension of the FC-Micro Mobile MPLS in cellular
networks. In fact, in this technique, the MN registers with the
LERG only when its distance, in terms of number of hops
instead of movements, from the master FA reaches a threshold
K. To illustrate the differences between FC and MFC mecha-
nisms, we consider the simple example presented in figure 2.
Assume that the MN’s trajectory is {S1, S2, S3, S4, S5, S6}.
Note that S1 is the master FA. According to the FC scheme,
the forwarding chain is {S1, S2, S3, S4, S5, S6}. Whereas, in
the MFC case, the resulting forwarding chain is {S1, S3, S6},
which is the shortest path between the master FA and the MN.
It is easy to see that the MFC scheme reduces the forwarding
chain size. In other words, considering the same threshold (i.e.,
K = Lth), the registration updates with the LERG are more
frequent in the FC case than in the MFC one. In addition, the
end-to-end delay is reduced with the MFC scheme thanks to
the relatively shorter forwarding chain.

The second main difference between both schemes is related
to the local registration. Considering the MFC scheme, each
time that the MN moves to a new subnet, the new RCoA will
be registered at the master FA instead of the old LER/FA, as
long as the threshold is not reached. Henceforth, this kind of
registration will be called local registration as opposed to the
LERG registration. Specifically, the local registration is always
done through only one hop in the FC case, whereas it can be
done through up to K − 1 hops in the MFC case.

Fig. 2. Movement path of an MN with K = 4 and Lth = 7

According to the MFC mechanism, as long as the MN
remains in a residing area around the master FA, regardless of
the taken trajectory, it carries out a local registration (see figure
2). Once it leaves this area, it performs a LERG registration
and the new serving LER/FA becomes the new MN’s master
FA. In the example of figure 2, the threshold K is set equal
to 4. This figure shows the MN’s trajectory. The LERG
registration will be performed by the MN at location D since
its distance to the master FA reaches the threshold K. Note
that, unlike the MFC case, the LERG registration in the FC
case depends mainly on the MN’s trajectory.



III. SYSTEM MODEL

In this section, we study the MN’s mobility. Our aim is to
determine the position of an MN with respect to its master FA
in order to be able to predict the MN’s evolution. To do so, we
develop Markovian models. The obtained results will be used,
in a later stage, to derive the protocol performance metrics
such as the registration updates cost and the link usage.

We consider polygon-based 2-D model. Typically, each
LER/FA covers an hexagon area. This model is broadly used
in the literature. In this case, each subnet is surrounded by
six neighbors (see figure 3a). The MN can move to one of
the neighboring subnets with equal probability p (p = 1

6 ).
For simplicity, we only present in this section the Markovian
chain corresponding to the mobility behavior of an MN in the
MFC-Micro Mobile MPLS case. Hence, in the remainder of
this section we only consider the MFC case.

(a) Mobility model for the
MFC scheme (K = 3)

(b) State transition diagram
of the aggregated Markov
chain for K = 3

Fig. 3. Mobility model and state transition diagram for K = 3

Figure 3a represents the residing area of an MN for the case
K = 3. The residing area contains the master FA’s subnet
surrounded by 2 = K − 1 loops of subnets. Each subnet is
referenced by the loop label and its position inside that loop,
which determines the exact MN’s position with respect to the
current master FA. For example, subnets belonging to loop 1
are referenced by Sj

1, 1 ≤ j ≤ 6, those belonging to loop 2
are referenced by Sj

2, 1 ≤ j ≤ 12, and so on and so forth.
To generalize, let i ; i = 0, 1, . . . , (K − 1) designate the ith
loop away from the master FA. The master FA’s subnet is
denoted by S0

0 . Subnets belonging to loop i are referenced
by Sj

i , 1 ≤ j ≤ 6 i. Note that the loop label represents the
distance between the MN and the master FA.

Let X(t) be the MN’s location within the residing area at
time t. The residence time of an MN in each subnet Sj

i is
assumed to be exponentially distributed with the mean 1/µ.
{X(t), t ≥ 0} is therefore a Markov process with continuous
time and finite state space E = {Sj

i | 0 ≤ i ≤ (K − 1) , 1 ≤
j ≤ 6 i}. Recall that our main objective is to determine the
MN’s position within the residing area in order to predict its
evolution. According to its next location, the MN can perform
either a local registration or a LERG registration. In the latter
case, the master FA will be updated and its associated residing
area will be created.

The resolution of the Markovian chain X(t), as defined
above, is time-consuming. Moreover, this chain suffers from
the state space explosion problem, mainly when the threshold
K takes high values. To avoid this issue, we extract a new
chain Y (t) from X(t) by aggregating its states. In other words,
all the sates where the MN exhibits exactly the same behavior
will be aggregated. Hence, the size of the state space E will

be drastically reduced. To achieve this, we profit from the
symmetric property of the 2-D model. In what follows, we
describe the algorithm to perform state aggregation.

1) As before, Sj
i denotes the MN’s position in the residing

area. As presented in figure 3a, the state S1
i is chosen to

be the one at the top of state S1
i−1. Afterwards, each loop

i consists of 6 i subnets labeled in a clockwise direction
as S1

i , . . . , S6 i
i . Let Sj∗

i denote the new aggregated state,
where i always designates the loop reference, and j∗ the
state label inside the loop.

2)

Start with i = 1;
until (i = K − 1)
Repeat{

set S0∗
i = Si =

⋃
0≤n≤5

Sn×i + 1
i

If (i �= 1) {
set L = � i − 1

2
�;

For m = 1 to m = L

set Sm∗
i =

⋃
0≤n≤5

Sn×i + m + 1
i +

⋃
1≤n≤6

Sn×i−m + 1
i

}
i = i + 1;

}
Let F =

{
S0, S1, Si, S

1∗
i , . . . , Sm∗

i , . . . , SL∗
i , Si+1, . . .

}
(i = 2, 3, . . . ,K − 1) designate the state space of the new
chain Y (t) obtained by aggregation of the initial Markovian
chain X(t). We can demonstrate that the resulting aggregated
process Y (t) is also Markovian. Due to space limitation, we
do not provide the proof of this result.

Steady state probabilities

Based on the state transition diagram of the aggregated
Markov chain (see figure 3b where K = 3), we can obtain
the steady state probability for state Fi, (i = 1, . . . ,M), where
M is the set size (i.e., M = K +

∑K−1
i=2 � i−1

2 �). Denote by

Πi and Π(m)
i

(
i = (0, 1, . . . ,K − 1) and m = (1, . . . , L)

)
the stationary probability of the system for the aggregated
state Si and Sm∗

i , respectively. The balance equations for the
aggregated Markov chain are obtained recursively as follows:



Π0 = pΠ1 + 3pΠK−1 + 2p

�K−2
2 �∑

j=1

Π(j)
K−1

Π1 = 6pΠ0 + 2pΠ1 + pΠ2 + 2pΠ(1)
2

Π2 = pΠ1 + pΠ3 + 2pΠ(1)
2 + pΠ(1)

3

ΠK−1 = pΠK−2 + pΠ(1)
K−1∀ 3 ≤ i ≤ K − 2

Πi = pΠi−1 + pΠi+1 + pΠ(1)
i + pΠ(1)

i+1

(1)




Π(1)
2 = 2pΠ2 + 2pΠ1 + pΠ(1)

3

Π(1)
3 = 2pΠ3 + 2pΠ2 + 2pΠ(1)

2 + pΠ(1)
3 + pΠ(1)

4 + 2pΠ(2)
4

Π(1)
4 = 2pΠ4 + 2pΠ3 + 2pΠ(2)

4 + pΠ(1)
3 + pΠ(1)

5 + pΠ(2)
5∀ 5 ≤ i ≤ K − 1

Π(1)
i = 2pΠi + 2pΠi−1 + pΠ(2)

i + pΠ(1)
i−1+

+αpΠ(1)
i+1 + αpΠ(2)

i+1
(2)



where α =
{

1 if 5 ≤ i ≤ K − 2
0 if i = K − 1


∀ 6 ≤ i ≤ K − 1 and 2 ≤ j ≤ � i−1

2 � − 1
Π(j)

i = pΠ(j−1)
i + β1 pΠ(j+1)

i + pΠ(j−1)
i−1 + pΠ(j)

i−1+
+β2 pΠ(j)

i+1 + β2 pΠ(j+1)
i+1

(3)

where β1 =




1 if i is odd
1 if i is even and 2 ≤ j ≤ (� i−1

2 � − 2)
2 if i is even and j = (� i−1

2 � − 1)

and β2 =
{

1 if 6 ≤ i ≤ K − 2
0 if i = K − 1

∀ 2 ≤ n ≤ K − 1
2

Π(n)
2n = pΠ(n−1)

2n + pΠ(n−1)
2n−1 + γ1 pΠ(n)

2n+1

(4)

where γ1 =
{

0 if n = K−1
2

1 otherwise

∀ 2 ≤ n ≤ K − 2

2
Π(n)

2n+1 = pΠ(n−1)
2n+1 + pΠ(n)

2n+1 + pΠ(n−1)
2n +

+2pΠ(n)
2n + γ2 pΠ(n)

2n+2 + γ2 2pΠ(n+1)
2n+2

(5)

where γ2 =
{

0 if n = K−2
2

1 otherwise

K−1∑
i=0

Πi +
K−1∑
i=2

� i−1
2 �∑

m=1

Π(m)
i = 1 (6)

Given the balance equations (1-5) and the normalization
equation (6), the steady state probabilities of the aggregated
Markov chain can be derived. Note that obtained results will be
used in the next section to derive the signaling cost functions
of registration updates and the link usage.

IV. PERFORMANCE EVALUATION & ANALYSIS

In this section, we develop analytical models to derive
the link usage and the cost function of registration updates.
We compare our two protocol variants (FC- and MFC-Micro
Mobile MPLS) with respect to the FMIP [4], MIP-RR [5],
Mobile MPLS [9] and H-MPLS [11] schemes. The following
parameters are used in our analysis.
Parameters:
ts average session connection time
tr average FA resident time
Tad time interval for a FA to send agent advertisements
Bw bandwidth of the wired link
Bwl bandwidth of the wireless link
Lw latency of the wired link (propagation delay)
Lwl latency of the wireless link (propagation delay)
λ downlink packet transmission rate
su average size of a signaling message for the regis-

tration update
sl average size of a label message for LSP setup
hx−y average number of hops between x and y in the

wired network

Cfh location update cost between an FA and the HA
(hop × message size)

Cfg location update cost between an LER/FA and the
LERG (hop × message size)

Cff location update cost between two neighboring
LER/FAs (hop × message size)

lfh traffic load related to LSP setup procedure between
an FA and the HA (hop × message size)

lfg traffic load related to LSP setup procedure between
an LER/FA and the LERG (hop × message size)

lff traffic load related to LSP setup procedure between
two neighboring LER/FAs (hop × message size)

Ci and li parameters can be written as:{
Cfh = 2suhFA−HA ; Cfg = 2suhFA−LERG

Cff = 2suhFA−FA ; lfh = 2slhFA−HA

lfg = 2slhFA−LERG ; lff = 2slhFA−FA

(7)

A. Link Usage in the MPLS access network

Let LU denote the link usage in the MPLS access network,
which is the number of links used for packet delivery between
the MN and the LERG. For simplicity, we assume that the
distance between the LERG and any FA is the same and equal
to δ. In FMIP, MIP-RR, Mobile MPLS and H-MPLS, packet
are delivered using the shortest path routing. Hence, packets
exchanged between the LERG and any FA traverse δ hops. In
both FC and MFC cases, we have to take also into account the
mean forwarding chain size. Based on the analysis of section
III, the mean forwarding chain size for the MFC case is given
by:

f(K) = 6pΠ0 +
K−2∑
i=1

Πi(i + 2p) +
K−2∑
i=2

� i−1
2 �∑

m=1

i Π(m)
i

+ 2p (2K − 3)
�K−2

2 �∑
m=1

Π(m)
K−1 + p (3K − 4)ΠK−1 (8)

Hence, the mean value of LU for MFC-Micro Mobile
MPLS is given by:

LU(MFC-Micro Mobile MPLS) = δ + f(K) (9)

In the FC case, the movement of MNs in a 2-D area is not
a Markovian process since the MN’s evolution depends on its
mobility history. In other words, the MN’s next registration
(i.e., LERG or local registration) depends not only on its
current position, but also on its entire trajectory since it has
left the master FA. This increases the complexity of analysis.
Therefore, the link usage parameter of FC-Micro Mobile
MPLS will be evaluated only through simulations.

B. Registration Updates Cost

Let Cu denote the signaling cost of registration updates
when a L3 (network-layer) handoff occurs. It is the traffic
load of signaling messages (hop × message size) exchanged
in the network when the MN moves to a new subnet. In FMIP,
the MN only performs a home registration update with the
HA. In Mobile MPLS, we have to take into consideration the
additional cost associated to the LSP procedure setup with
the new FA. In MIP-RR, only a LERG registration update
with the root of the domain is required. Additional cost,
associated to the LSP procedure setup with the new FA, is to
be considered in H-MPLS. In both FC and MFC-Micro Mobile



MPLS, a local registration is required as long as the forwarding
chain length does not reach the threshold. Otherwise, a LERG
registration is performed. Using the results of section III, the
expression of registration updates cost for MFC-Micro Mobile
MPLS can be written as follows:

Cu(MFC-Micro Mobile MPLS)

= 2(su + sl)Π0 +
K−2∑
i=1

2(su + sl)(i + 2p)Πi

+
K−2∑
i=2

� i−1
2 �∑

m=1

2i (su + sl) Π(m)
i

+ 4p (su + sl) (2K − 3 + δ)
( �K−2

2 �∑
m=1

Π(m)
K−1

)
+ 2pΠK−1 (su + sl) (3K − 4 + 3δ) (10)

In FC-Micro Mobile MPLS, the registration updates cost will
be derived only through simulations since the movement of
MNs in a 2-D area is not a Markovian process. The expression
of registration updates cost for the remaining schemes can be
given by :


Cu(FMIP) = Cfh

Cu(MIP-RR) = Cfg

Cu(Mobile MPLS) = Cfh + lfh

Cu(H-MPLS) = Cfg + lfg

(11)

V. NUMERICAL & SIMULATION RESULTS

In this section, we compare all underlying protocols using
both analytical and simulation approaches. In addition to the
analysis given above, simulations are conducted to investigate
two critical performance issues: packet loss during a session
and handoff latency. The simulations are run on the NS-2
simulator [17]. The parameter settings in our experiments are
listed in table I.

TABLE I
PARAMETER SETTINGS

Parameter Value Parameter Value
ts 1000 sec hHA−LERG 4
tr 5 ∼ 50 sec (default 20) Bw 100 Mbps

Tad 1 sec Bwl 11 Mbps
L2 Beacon 100 msec Lw 1 msec

λ 64 Kbps Lwl 2 msec
δ 2 ∼ 16 (default 9) su 48 bytes

φ (Lth or K) 1 ∼ 15 (default 4) sl 28 bytes
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Micro Mobile MPLS

Figure 4 represents the link usage cost of all underlying
protocols. We can see that FC- and MFC-Micro Mobile MPLS
have almost the same cost. This cost is higher compared to
the remaining protocols. This slight difference is due to the
additional cost introduced by the forwarding chain.

Figure 5 plots the different registration updates cost. We
can observe that both FC and MFC schemes exhibit always
the smallest cost. However, the minimum registration cost is
obtained by different strategies according to the value of δ
(i.e., the distance between an LER/FA and the LERG). In this
particular case (i.e., K = Lth = 4), the FC scheme stands out
as the best choice when δ ≤ 7, otherwise the MFC scheme
provides the best cost. In fact, considering the same threshold
(i.e. K = Lth), the expensive registration updates with the
LERG are more frequent in the FC case than in the MFC
one. However, the local registration cost in the FC strategy is
cheaper than the MFC one. In this regard, when δ is large,
the LERG registration cost is a dominant cost. Hence, the
MFC mechanism stands out as the best choice. Otherwise,
when δ is relatively small, the FC mechanism becomes the
best choice. Notice that analytical results (figures 4 and 5)
practically coincide with the simulation ones, which illustrates
the accuracy of our study.

Figure 6 depicts the registration updates cost of FC- and
MFC-Micro Mobile MPLS as a function of their respective
thresholds. We can observe that the registration updates cost
of MFC-Micro Mobile MPLS is a convex function of K,
where the minimum cost is obtained for Kopt (in this example
Kopt = 4). In fact, the LERG registration frequency decreases
with the increase of the threshold φ = K. That is, more
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and more expensive LERG registrations are replaced by local
registrations. On the other hand, the local registration cost
increases with the threshold, since the average distance be-
tween the MN and the master FA increases. In view of this,
the optimal signaling cost is a trade-off between these two
opposite requirements. Specifically, the registration updates
cost of MFC-Micro Mobile MPLS can be written as follows:

Cu(MFC-Micro Mobile MPLS)
= f(K) × (cost between two neighboring FAs)

+
1

g(K)
× (LERG registration cost)

= f(K) (Cff + lff ) +
1

g(K)
(Cfg + lfg)

where f(K) = ◦(K) denotes the average distance (in terms
of number of hops) between the MN and the master FA
and g(K) = ◦(K) denotes the average number of visited
subnets during a cycle (i.e., inside the residing area). This
formula exhibits clearly the convex behavior of the MFC
registration updates cost. Finally, we also notice that analytical
results practically coincide with the simulation results, which
illustrates the accuracy of our study.

On the other side, in FC-Micro Mobile MPLS, the registra-
tion updates cost decreases with the threshold φ = Lth. In-
deed, the expensive LERG registrations become less frequent.
They are replaced by low-cost (1 hop) local registrations.
However, we note that the threshold value will be limited by
delay constraint. Typically, delay sensitive applications, such
as video or voice services, will require small values of Lth

to ensure acceptable end-to-end delay. Finally, we point out
that the variation of φ (i.e., K or Lth) does not affect the
performance of the other studied protocols (FMIP, MIP-RR,
Mobile MPLS and H-MPLS). Thus, the results presented in
figures 4 and 5 for these schemes are φ-independent.

TABLE II

AVERAGE HANDOFF TIME IN MSEC

FMIP 30.198 MIP-RR 22.159
Mobile MPLS 56.256 H-MPLS 40.199
FC mechanism 18.136 MFC mechanism 20.145

The average handoff time values for different schemes are
listed in table II. Each value was obtained by averaging 100
consecutive simulations. During simulations, the MN moves
randomly between neighboring APs. The parameters used in
our experiments have their default settings as depicted in table
I. As can be seen, FC-Micro Mobile MPLS provides the lowest

average handoff time. This is because registrations in FC-
Micro Mobile MPLS are often carried out with the previous
FA instead of the LERG, which enable shorter delay to
complete the registration updates. The handoff delay increases
slightly with MFC compared to FC, since the MN performs
registrations with the master FA instead of the previous FA.

Figure 7 shows the amount of lost packets during the whole
connection session for different schemes according to the
same scenario. We observe that the total lost packets for all
approaches increases when the MN handoffs frequently (i.e.,
when the FA resident time is short). Notice that Mobile MPLS
has the largest amount of lost packets. In contrast, FMIP, FC-
and MFC-Micro Mobile MPLS, provide the smallest amount
of lost packets thanks to the buffering mechanism.

VI. CONCLUSION

In this paper, we proposed a new micro-mobility manage-
ment scheme, called Micro Mobile MPLS, that supports both
mobility and quality-of-service (QoS) management in wireless
cellular networks. We considered two protocol variants: the
FC- and MFC-Micro Mobile MPLS schemes. Both schemes
use the forwarding chain concept, which limits the range of
handoff signaling messages to a local area. We exhibited how
these two mechanisms reduce the registration updates cost and
provide low handoff latency and small packet loss rate. To
achieve this, a comparison between our proposals and existing
solutions (FMIP, MIP-RR, Mobile MPLS and H-MPLS) was
given. We analytically derived the registration updates cost
and the link usage for all underlying protocols. We proved,
through analysis and simulations, that our proposed mecha-
nisms achieve a substantial signaling cost gain and improve
the handoff performance at the price of a slight increase of
the link usage cost.
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