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Abstract

The Multi Protocol Label Switching (MPLS) is a core
technology providing means to ensure quality of service re-
quirements and to control data flows in IP networks. An
increasing number of telecommunication core networks are
deploying MPLS. In the future MPLS will be integrated into
the wireless access networks. But MPLS has been devel-
oped with respect to wired networks. In this paper we pro-
pose a micro-mobility architecture based on the integration
of MPLS for wireless networks. The proposed scheme pro-
vides strict support for quality of services guarantees, traf-
fic aggregation and offers traffic engineering capabilities.
Furthermore, in this architecture an additional low latency
handover scheme is provided to minimise the interruption
time for handovers.

1. Introduction

In the last years, there was an increasing growth of mo-
bile devices based on an enormously interest of Internet-
based services. This requires new telecommunication net-
works that can efficiently deal with the available resources
and offer an intelligent mobility management. On the other
hand, data-based services are getting more and more impor-
tant. For this reason, next generation telecommunication
networks will be based on the Internet Protocol (IP) to har-
monise the architecture for voice and data traffic. To meet
the demands of different types of services, e.g. real time ser-
vices, it is necessary to enhance the IP-based infrastructure
with additional mechanisms.

Considering the general architecture of telecommuni-
cation networks, it consists of three domains: Core Net-
work Domain (CND), Wireless Access Network Domain
(WAND) and User Equipment Domain (UED). The CND
is responsible for functions like billing, user paging and

provides access to other telecommunication providers. The
UED consists of mobile devices, e.g. cell phones or lap-
tops with wireless network card, which are called Mobile
Nodes (MN). The WAND is placed between the CND and
the UED and is responsible for the mobility management
and provides MN access to the CND.

A multiplicity of telecommunication CNDs turned to
Multi Protocol Label Switching (MPLS) [11] based net-
works. MPLS is a technology combining the simplicity of
IP routing with high speed switching. Furthermore, MPLS
provides mechanisms for Quality of Service (QoS) and traf-
fic engineering (TE) by using the extended Resource Reser-
vation Protocol (RSVP-TE) [1] over MPLS. But to benefit
of MPLS mechanisms for the complete network it is neces-
sary to deploy MPLS to the WAND as well. Unfortunately,
MPLS is not designed to support mobility.

The mobility of a MN can be distinguished into two dif-
ferent levels: macro-mobility (inter-domain mobility) and
micro-mobility (intra-domain mobility). Mobile IP (MIP)
[10] is the current standard for macro-mobility in [P-based
networks. But Mobile IP has several drawbacks, e.g. high
signalling load for frequent registration updates and long
handover times, depending on the distance between the
Home Agent (HA) and Foreign Agent (FA).

To overcome these limitations, the presented architec-
ture combines mechanisms for micro-mobility management
with support for different QoS requirements and TE man-
agement by using Diffserv-aware MPLS Traffic Engineer-
ing (DS-TE) [3]. DS-TE is an extension to RSVP-TE
that offers enhanced QoS functionalities. Additionally, the
presented architecture reduces the bottleneck between the
WAND and CND by offering an enhanced micro-mobility
management. Furthermore, a low latency handover mecha-
nism is applied, which minimises the time for intra-domain
handover.

The paper is organised as follows. Section 2 introduces
the related work on micro-mobility solutions. Section 3



presents the new proposed MPLS micro-mobility solution
for WANDs. Finally, section 4 summarises the main results
and outline future work.

2. Micro-Mobility in IP-based Networks

In a telecommunication network the MNs move fre-
quently between subnets of one domain. To reduce load and
delay of signalling to the home network during movements
within one domain, several micro-mobility solutions have
been proposed. The goals for micro-mobility solutions are
to reduce the number of registration messages and update
messages as well as packet loss and latency of packets.

Well-known solutions for IP-based micro-mobility are
Cellular IP, Hawaii, hierarchical Mobile IP (HMIP) and
Mobile IP Regional Registration (MIP-RR) [4]. Although
those proposals addresses micro-mobility management and
fast handover mechanisms, they have deficiencies in scal-
ability, flexibility and capabilities for QoS [8]. Therefore
those solutions are not appropriate to telecommunication
networks.

To overcome these limitations MPLS, will apply in IP-
based WANDs to support QoS and TE in the whole network
by using the MPLS protocol family only. Therefore it is
necessary to develop micro-mobility solutions that can deal
with QoS and TE requirements. Classical IP-based proto-
cols, e.g. Integrated Services (IntServ) or Differentiated
Services (DiffServ), can deal with the QoS requirements.
However IntServ is a host-based reservation scheme which
results in poor scalability. On the other hand DiffServ drops
the data packets if there isn’t any more bandwidth available
because it offers no TE support. All these proposals don’t
provide mobility management.

Several approaches integrate micro-mobility protocols
with MPLS. One of the first micro-mobility schemes with
QoS support has been proposed in [12]. This scheme in-
tegrates HMIP, consisting of a two level hierarchy, with
MPLS and uses DiffServ for QoS support. The work of
[6] introduces Micro Mobile MPLS which is a combination
of MIP-RR and MPLS. Simulation results show, that Mi-
cro Mobile MPLS outperforms other (only) IP-based micro-
mobility solutions. In [7] Micro Mobile MPLS is enhanced
with a fast handover scheme by introduces active and pas-
sive Label Switched Paths (LSP). Due to the completion
of handover, the passive LSP has only to change to active
mode. These pre-established LSPs save setup time after a
handover. But they don’t offer sufficient QoS mechanisms.

Our approach presented in [4] offers an MPLS-based
WAND with HMIP as mico-mobility solution and RSVP-
TE for QoS support. But this architecture can only handle
one QoS class. Therefore an enhanced architecture M-QoS
MPLS was presented in [5]. M-QoS MPLS uses the Dif-
ferentiated Services Code Point (DSCP) field of DiffServ

to assign data packets to the correspondent QoS class. But
RSVP-TE only offers a simple TE mechanism: if a LSP
cannot handle more MNs, then RSVP-TE tries to establish
a second LSP on the same path through the network. In case
of exceeding the capacity of the physical line the TE mech-
anism tries to establish a new LSP on a separate physical
path. A better solution would be to assign a fixed capacity
to a QoS class and if the capacity is utilised then TE should
build an alternative LSP path.

All micro-mobility solutions reduces the registration sig-
nalling delay, but fail to address the problem of movement
detection. Therefore, cross-layer solutions (layer 2 and
layer 3) are proposed to improve the handover mechanism.
Cross-layer solutions use link layer information, such as
signal strength, to trigger layer 3 mobility management pro-
tocols to perform a handover before the signal is lost. With
preregistration and postregistration methods, according to
[9], packet loss and the handover latency can be reduced
[2]. The work of [5] integrates a low latency handover to an
MPLS-based WAND based on preregistration.

3. Mobile Traffic Engineering with QoS-aware
MPLS

To deal with the limitations of existing approaches, the
new architecture Mobile Traffic Engineering with QoS-
aware MPLS (MTEQ-MPLYS) is proposed. It provides a
QoS management that eliminate the drawbacks of RSVP-
TE by integrating DS-TE. MTEQ-MPLS reduces the bot-
tleneck between the borders of CND and WAND by in-
troducing a distributed gateway architecture. Furthermore,
the different traffic flows are aggregated to reduce adminis-
tration complexity. MTEQ-MPLS only modifies routers at
the borders of the WAND, that means, inside the WAND it
is possible to use standard Label Switched Routers (LSR),
which reduces the costs of a WAND. A important require-
ment is also to keep the MIP implementation transparent to
the MNs and the HAs.

Our mobility management framework combines MPLS
with Mobile IP as macro-mobility solution and applies prin-
ciples similar to those in the MIP-RR scheme to the network
as micro-mobility solution. Figure 1 illustrates the architec-
ture of MTEQ-MPLS.

The architecture is based on a two level hierarchy by in-
troducing two types of FAs: Gateway FA (GFA) and Mobile
FA (MFA). The GFAs should reside on the gateway routers
between CND and WAND. The MFAs are placed at the
border of the WAND between WAND and UED, and they
are connected to Access Points (AP) that offer link-layer
functionality of the air interface, and the IP-layer mobil-
ity (layer 3 handover) when a MN moves between subnets
served by different MFAs. The MFAs send agent advertise-
ments to the MNs, handle registration requests and forward
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Figure 1. MTEQ-MPLS architecture

data packets from / to the MNs. Between the GFAs and
the MFAs are no intermediate FAs. Therefore it is possible
to use standard LSRs within the WAND. The LSRs are re-
sponsible to forward the traffic from the GFAs to the MFAs
and vice versa.

Adding LSRs offers a way to archive scalable granular-
ity in the network. Furthermore, by adding GFAs to the
network, it is possible to make the bottleneck less criti-
cal to the CND. MTEQ-MPLS uses pre-established LSPs.
Moreover, MTEQ-MPLS uses different LSPs to fulfil the
different requirements for QoS classes. MTEQ-MPLS uses
RSVP-TE with the DS-TE extension to ensure the require-
ments. RSVP-TE offers support for QoS. But DS-TE al-
lows the possibility to distinguish between different types of
traffic. Furthermore, DS-TE is able to make separate band-
width reservations for different classes of traffic. This im-
plies keeping track of how much bandwidth is available for
each type of traffic at any given time on all routers through-
out the network. DS-TE provides a very granular support
of QoS. It is possible to define different classes that could
be optimized for voice applications, video telephony or in-
teractive web applications. The use of MPLS traffic engi-
neering mechanisms distribute the traffic load to the entire
network. To reduce the administration effort the data flows
belonging to the same QoS class are aggregated.

The GFAs and MFAs are connected via DS-TE tunnels.
Every GFA is connected to several MFAs and MFAs are
connected to multiple GFAs (see figure 1). One main ben-
efit of the MTEQ-MPLS architecture is the possibility, that
more than one GFA can be added to the WAND. This en-
ables MTEQ-MPLS to share traffic from / to the CND to
several gateways. Furthermore, in case of a GFA failure,
the MFAs will detect that the failuring GFA is not longer
available and will route the traffic to another GFA. That
improves the scalability and eliminates the single point of

failure in comparison to HMIP.
3.1. Network initialisation

MTEQ-MPLS uses pre-established LSPs between GFAs
and MFAs. That means, that a registration of a MN doesn’t
initialise a LSP setup. Each MFA contains two lists at
startup: known GFAs and supported QoS classes. Both lists
can be dynamically extended during operation. The LSP
establishment is triggered by the MFAs. For each GFA a
MFA performs the following algorithm:

First, the MFA creates a DS-TE tunnel with a configured
bandwidth for each QoS class to the GFA. Then the MFA
sends a GFA registration request messages to the GFA. The
GFA registration request is a MIP registration request mes-
sage with a modified type field. Furthermore, the GFA regis-
tration request messages contains an extension that specifics
the bandwidth reservations of the different QoS classes for
the downstream tunnel. When the GFA receives the mes-
sage, it creates a DS-TE tunnel to the MFA, also with the
configured bandwidth for each QoS class. If there is already
an established tunnel, then only a reservation update will be
done. Finally a GFA registration reply is sent back to the
MFA. The reply is a MIP registration reply with a modified
type field and the care-of address of the GFA as an exten-
sion. The care-of address is the address of the interface that
is reachable from the HA.

The GFA registration request message is a modified MIP
registration request message. The type field is set to a value
that identifies the message as GFA registration request. Be-
cause the signalling messages need an appropriate target
address, the HA address is set to the address of the GFA.
To integrate the QoS requirements for the tunnel establish-
ment, the corresponding information is added to the MIP
Type-Length-Value extension. The MIP Type-Length-Value
extension consists of a type, length and data field (see fig-
ure 2). The type field contains the fixed value for the DS-TE
extension and the length field consists of the size of the data
field. The data field comprises the information about all
used QoS classes supported by the WAND. For each QoS
class it is necessary to insert a DSCP value that represents
a defined QoS class with the responsible bandwidth con-
straints.

Each data packet that requires a special QoS class needs
to set a corresponding DSCP value. On the base of the
DSCP value and the target IP address it is possible to map
the data packet to the right DS-TE tunnel.

The GFA registration reply is also a modified MIP regis-
tration reply message. The type field is set to corresponding
value, that identifies the message as GFA registration re-
ply. The extension of the GFA registration reply message
includes the care-of address of the GFA. Note, that all ex-
tensions are standard compliant and transparent to the HA
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Figure 2. The structure of the MIP extension

and MNgs.
After the establishment of all DS-TE tunnels, the MFAs
starts sending MIP agent advertisement messages. These

messages include a list with the care-of addresses of all con-
nected GFAs.

3.2. Registration procedure

All MFAs send agent advertisement messages containing
a list with the care-of addreses of reachable GFAs. When a
MN moves for the first time into a MTEQ-MPLS WAND,
it will send a registration request (RQ) to the nearest MFA.
This message uses the address of the first GFA of the re-
ceived list as care-of address. The MFA records the MN
home address at the MIP visitor list and relays the RQ to
the GFA. When the GFA receives the RQ it updates the
MIP visitor list and sends the RQ to the HA. If the RQ is
successful at the HA, the HA will send a registration reply
(RP) back. When the GFA receives the RP, then the GFA
adds an entry for the MN at the Forwarding Equivalence
Class (FEC) tables and links the entry to the correspond-
ing DS-TE tunnel. Following, the GFA relays the RP along
the established DS-TE tunnel to the MFA. Finally, the MFA
adds a FEC entry that links to the corresponding DS-TE
tunnel and forwards the RP to the MN. Note, that MNs that
are connected to the same MFA will use the same estab-
lished DS-TE tunnel for traffic forwarding that belongs to
the same QoS class (traffic aggregation).

3.3. Handover support

In general, there are two different micro-mobility han-
dovers: intra-MFA and inter-MFA handover. An intra-
MFA handover occurs when the MN moves between two
AP managed by the same MFA and an inter-MFA handover
occurs when a new AP and the old AP are connected to dif-
ferent MFAs.

INTRA-MFA HANDOVER Once the association to the
current AP is lost, the MN scans for new APs. If it finds
one, the MN will register at layer 2 with the AP and ei-
ther wait for a agent advertisement message sent from the
MFA or it will issue a mobile solicitation message. In any
case, the MN registers at the MFA. The MFA needs only to
update the Address Resolution Protocol tables. The intra-

MFA handover is complete and no additional signalling to
GFA / HA is necessary.

INTER-MFA HANDOVER In case the new AP is con-
nected to a different MFA, the MN compares the care-of
addresses and decides to perform a micro-mobility registra-
tion to the GFA or macro-mobility registration to the HA.
The new MFA does not have any entry for this MN. There-
fore, the MFA adds the MN to the MIP visitor list and for-
wards the RQ to the GFA. In case of a micro-mobility reg-
istration the GFA already contains an entry for the MN. For
this reason the GFA updates the FEC tables, maps the FEC
to the corresponding DS-TE tunnel and sends the RP back
to the MFA. The MFA attaches an entry to the FEC class
and reply the RP to the MN and the handover is complete.
Note, that no message is sent to the HA of the MN. The
HA is not notified unless the MN moves to another WAND
or refreshes the binding if the global registration is about to
expire.

3.4. Enhanced low latency handover

The aforementioned MTEQ-MPLS architecture works
above layer 2 of the IP protocol stack. The disadvantage
of this layer separation can be a lower performance caused
by missing information about the state of the physical link,
that is the reason for a delay in detection the disconnec-
tion to an AP. The MN has to wait for the last valid agent
advertisement message to expire before it can start a regis-
tration procedure with the new MFA. A second reason for
additional interruption time is the registration process itself.
The RQ has to be forwarded through the WAND to the HA.
The HA processes the RQ and the RP has to be sent back to
the MN before the communication continues.

MTEQ-MPLS reduces the delay of the registration pro-
cess. To enhance the MIP handover, MTEQ-MPLS inte-
grates a low latency handover by using the preregistration
mechanism. The preregistration mechanism performs the
registration process while the MN is still connected to the
old MFA, thus there is no latency caused by the registration
process anymore. Therefore the MN will be enhanced by a
additional component that monitors the radio link between
MN and AP. If the link quality falls below a given threshold
a signal is sent to the Mobile IP layer to trigger the preregis-
tration process. The MN performs a scan for available APs
and sends a list with available MFAs to the old MFA via
proxy solicitation message [5]. The old MFA selects a new
MFA and sends the reply back via a agent advertisement.
The reason, that the MFA makes the decision and intiates
the handover process, is that network providers would like
to keep control over their network. After the MN received
the reply, it starts a RQ MIP registration over the old MFA
to the new MFA. If the new MFA received the message, it
adds the appropriate information to its tables and forward
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Figure 3. Preregistration procedure

the RQ to the GFA, and if necessary the GFA relays the
RQ to the HA. After all involved agents received a positive
RP, the MN disconnects immediately from the old MFA and
then connects to the new MFA. No additional signalling is
required. Technical details can be found in the work of [5].
Figure 3 gives an overview about the preregistration han-
dover.

4. Conclusions

In this paper a new MPLS-based micro-mobility ap-
proach called Mobile Traffic Engineering with QoS-aware
MPLS for wireless access networks has been proposed that
fulfils strict quality of service requirements, traffic engi-
neering and traffic aggregation. In this propose a two level
MPLS-based hierarchical architecture is presented. The ar-
chitecture reduces the signalling traffic to the home agent.
Furthermore, the signalling overhead within the wireless ac-
cess network is reduced too. Further on, the latency for reg-
istration messages and update messages is reduced as well.
Different quality of service classes can be guaranteed by
using RSVP-TE with the DS-TE extension. The differenti-
ation for the different quality of service classes is done by
using the Differentiated Services Code Point field of Dift-
Serv. By introducing several GFAs the bottleneck between
WAND and CND is made less critical. In general, a MN can
receive data packets during the update process after a han-
dover. Therefore, a low latency handover scheme for MN,
based on a layer 2 trigger and preregistration mechanism, is
proposed. The architecture has been implemented as a pro-
totype. Further research will concentrate on detailed perfor-

mance evaluation and the integration of a vertical handover
mechanism between different radio access technologies and
domains.
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