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LABEL SWITCHED PACKET TRANSFER
BASE STATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of prior Application No.
09/956,466, now U.S. Pat. No. 7,061,896, filed Sep. 20, 2001,
which claims the benefit of provisional patent application Ser.
No. 60/234,167 to JABBARI et al., filed on Sep. 20, 2000,
entitled “Label Switched Packet Transfer for Wireless Cellu-
lar Networks”, which are both hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

The present invention generally relates to the field of net-
work packet transfer. More specifically, the present invention
relates to packet transfer mechanisms in wireless cellular
networks.

The increasing dependence on the Internet and the wide-
spread use of wireless terminals have given rise to consider-
able interest in the development of a wireless Internet. In
particular, such wireless networks are expected to provide
efficient packet transfer and support multimedia applications.
Of importance in the wireless segment is the flexibility in
allocation of bandwidth and efficient use of radio resources.
Inthe core networks, multi-protocol label switching is emerg-
ing as a technology to facilitate traffic engineering and inter-
networking. Label switched transfer is an extension to packet
forwarding whereby short fixed length labels are attached to
packets at an entry node to provide a path to an exit node.
What is needed is an architecture, using label switching, to
support wireless mobile terminals.

ATM has been used to a certain extent as a switching
technology for backbone networks to support integrated ser-
vices with QoS control. Considerable research has been car-
ried out to extend ATM services to mobile terminals mostly
with the assumption that ATM connections terminate at the
wireless users. For example, Wireless-ATM (WATM), may
extend the ATM signaling and control framework to support
mobility. On the other hand, with the widespread use of
Internet protocols, many schemes have been proposed to
support mobility for IP wireless terminals within a connec-
tion-oriented framework of ATM networks.

Connection-oriented transfer mode requires segments of
the connection to be released and reestablished, thus leading
to significant complexity when the end points move. Connec-
tionless mode, on the other hand, may simplify adaptation to
changes in particular when mobility and hand-off are present.
What is also needed is an architecture that takes advantage of
both transfer modes without the complexity of Wireless-
ATM.

The cellular industry needs an architectures that involve
minimal requirements at the mobile terminal, and allows the
mobile terminals to be interconnected to the backbone net-
work. This architecture should include mechanisms for loca-
tion and handoff management as well as label merging capa-
bility and fast rerouting schemes to support multilink
techniques and mobility.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate an embodiment
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of the present invention and, together with the description,
serves to explain the principles of the invention.

FIG. 1 is a diagram of an aspect of the present invention
showing a hierarchical structure for wireless label switched
networks.

FIG. 2 is a diagram of an aspect of the present invention
showing a wireless label switching protocol layer architec-
ture.

FIG. 3 is a diagram of an aspect of the present invention
showing reachability information distribution for location
management and routing.

FIG. 4 is a block diagram of an aspect of the present
invention showing rerouting of label switched paths during
handoff from a first base station to a second base station.

FIG. 5 is a block diagram of an aspect of the present
invention showing a label switched path tree in a cellular label
switched network.

FIG. 6 is a block diagram of an aspect of the present
invention showing multilink and label merging for users in
diversity areas.

FIG. 7 is a graph showing overload probability versus the
number of admitted mobile terminals for different percentage
of diversity areas.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and apparatus to
support a hierarchical architecture which integrates wireless
mobile terminals into networks such as the Internet. This
architecture provides for efficient packet transfers over
mobile wireless networks by efficiently allocating wireless
resources. Label Switched packet forwarding facilitates traf-
fic engineering and internetworking by attaching short fixed
length labels to communications packets at an entry node to a
wireless network to provide an efficient path to an exit node of
the same wireless network. Forwarding mechanisms and lim-
ited broadcasting of reachability information may be used in
managing and routing communications packets through wire-
less mobile networks. The present invention also supports
multiple radio links between a mobile terminal and a multi-
plicity of base stations. Multi-link techniques are used to
affect an efficient packet transfer and admission policy.

A path may be established between any two nodes of a
network to carry datagram traffic. The connection between
the two nodes may be known as a label switched path and the
two nodes may be label switching routers. As disclosed,
multi-protocol label switching may provide certain advan-
tages of connection-oriented network while retaining effi-
ciency of the datagram network.

An embodiment of the present invention showing a hierar-
chical structure for wireless label switched network is
depicted in FIG. 1. Label Switching networks 130 and 140 are
connected to a backbone network 110 and a fixed network
120. The network may include a multitude of base stations
such as base stations 151, 152, 153, 154, 155, 156, 157, 158,
and 159, connected to label switching nodes (LSN) such as
131, 136, 142 and 143, along with components of a standard
multi-protocol label switching network, such as label switch-
ing routers. The label switching nodes (131, 136, 142 and
143) may provide services to the base stations (151,152, 153,
154, 155, 156, 157, 158, and 159) and may also support fast
handoff and location management mechanisms. The hierar-
chical architecture preferably extends label-switched paths to
the base stations (151, 152, 153, 154, 155,156, 157, 158, and
159), which in turn may support wireless users. The wireless
users typically will use a mobile terminal 170 to communi-
cate through the network. The architecture disclosed here
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may be independent of the underlying radio technology. The
base station terminating the label-switched paths preferably
have functions for forwarding packets between wireless ter-
minals and label switching node interfaces.

Service areas may be divided into microcells (161, 162,
163, 164, 165, 166, 167, 168, and 169) with base stations
(151,152, 153, 154, 155, 156, 157, 158, and 159) connected
to label switching nodes (131, 136, 142 and 143), which
preferably provide control and concentrate base station traf-
fic. A routing area may be defined to support the mobility of
the users 170 and may store location information of the
mobile terminals, such as 170, in the network. A routing area
may consist of a set of cells with base stations connected to
the same label-switching node. As illustrated, a first routing
area consists of cellsl 161, 162, and 163 connected to node
131. A second routing area consists of cells] 164, 165, and 166
connected to node 136. Location information may be updated
when the mobile terminal 170 enters a new routing area. Since
the geographical coverage of a routing area may be large
compared to the size of the radio microcells (160, 161, 162,
163,164,165,166,167, 168, and 169), the rate of routing area
handoff may be acceptably low. The present invention con-
siders fast signaling among label switching routers and label
switching nodes. That means, for example, that routing tables
may be updated in a time much shorter than the frame dura-
tion in the radio link.

A connection may be made between a pair of the label
switching nodes, where each of the pair of label switching
nodes resides in separate cellular label switched networks.
For example, node 135 which resides in cellular label
switched network 130, and node 141 which resides in cellular
label switched network 140, may be connected by connection
180.

FIG. 2 is a diagram of an aspect of the present invention
showing a wireless label switching protocol layer architec-
ture which includes a wireless terminal label switching pro-
tocol layer architecture 210, a base station label switching
protocol layer architecture 220, and a label switching node
label switching protocol layer architecture 230. The wireless
terminal label switching protocol layer architecture 210
includes a network layer 211, aradio link layer 212, a wireless
medium access control (MAC) layer 213, and a wireless
physical layer 214. The base station label switching protocol
layer architecture 220 includes a network layer 221, a radio
link layer 222, a wireless medium access control layer 223, a
wireless physical layer 224, a multi-protocol label switching
forwarding layer 225, and a physical layer 226. The label
switching node label switching protocol layer architecture
230 includes a network layer 231, and a multi-protocol label
switching forwarding layer 235, and physical layers 236 and
237.

There are two main issues in the physical medium when
wire line networks are extended to wireless terminals. Wire-
less media usually have a time-varying link quality and pro-
vide a point-to-multipoint broadcast environment, which may
necessitate the development of a different media access
scheme. The protocol layer architecture shown in FIG. 2
addresses these issues to enable the development of wireless
label switched networks. The wireless medium access control
layers 213 and 223 support transmission of different traffic
classes by wireless terminals over radio links. The radio link
control segments 212 and 222 may transform mobile packets
into radio link frames and may use error mitigation mecha-
nisms to enhance poor radio link quality. Radio link frames
may be assigned to mobile terminals by radio link identifier.
Base stations may reassemble the radio frames to data pack-
ets, attach the label and forward the labeled packet.
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Location management preferably allows the network to
keep track of mobile terminal user’s current location and thus
simplifies the forwarding of the incoming calls to the mobile
terminal. [ocation management may also bring user’s profile
near to its location and allow the network to provide the user
with subscribed services. No separate mobile terminal locat-
ing procedure prior to connection setup may be needed.

The present invention extends the current interior gateway
protocols to the disclosed architecture supporting mobile ter-
minal users. Link state routing protocols, such as IS-IS [8] or
OSPF [9] in a multi-protocol label switching domain, may
broadcast the network state to compute a path through the
network topology. Once a path has been computed, signaling
protocols may be used to establish a label switched path, and
traffic that satisfies the forwarding equivalence class relation-
ship may be sent down the label switched path. These paths
may be computed based on topology state information data-
base existing in label switching routers throughout the net-
work and shared among neighbors.

FIG. 3 is a diagram of an aspect of the present invention
showing reachability information distribution for location
management and routing. As illustrated, backbone network
300 is connected to cellular label switching networks 310 and
350. Service area 390 is connected to cellular label switching
networks 310 via node 333. Routing areas may effectively
limit the registration traffic and routing updates arising due to
cell crossovers by mobile terminals. To locate a mobile ter-
minal, the network may find the routing area where the
mobile terminal is located instead of tracing the base station
to which the mobile terminal is connected. This may be done
by updating the changes in the mobile terminal’s routing area.

Some nodes in the cellular switching networks 310 and
350, may be organized to form groups of nodes. The nodes
may include label switching routers and label switching
nodes. For example, cellular label switching network 310 as
shown is organized into groups 320, 330 and 340. Likewise,
cellular label switching network 350 as shown is organized
into groups 360, 370 and 380. To further reduce the routing
updates, one node among the group may be represented in the
network to share topology information of its group. In cellular
label switching network 310, node 322 is representing group
320, node 332 is representing group 330, and node 342 is
representing group 340. In cellular label switching network
350, node 362 is representing group 360, node 372 is repre-
senting group 370, and node 382 is representing group 380.
These representatives constitute the next higher layer and
they may be further grouped to form a multi-layer architec-
ture covering the whole cellular label switched network. Note
that as shown, nodes 322 and 362 may be label edge routers.
There may be a trade-oft between the propagation of the
information to the higher layers and the amount of routing
updates needed for the location management. The highest
level in which the location information is distributed may
define the reachability region. The topological state updates
may be propagated within the reachability region to indicate
where the mobile terminals are located and to enable the label
switching routers to have exact location information about the
mobile terminals.

In case of an incoming call for a mobile terminal, there are
two possibilities; either the caller is in the same reachability
region as the mobile terminal, or the caller is outside. In the
former case, the network may locate the mobile terminal
using the location updates in the label switching routers and
label switching nodes. Therefore, incoming packets may be
directly delivered to a mobile terminal using a shortest path
algorithm. In the latter case, the path set up may be directed to
a mobile terminals home. Here, there are two further possi-
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bilities, whether the called mobile terminal is within its home
reachability region or the called mobile terminal is outside. In
the former case, the call may be directly delivered to a mobile
terminal since all the label switching routers have its exact
location information. In the latter case, the path setup may be
directed towards the home of the called mobile terminal and
it may then be forwarded by the home to the mobile terminal’s
current location.

Groups may maintain identical topological databases
(reachability updates). The area’s topology may be invisible
to the entities outside the area. Area border nodes may be
responsible for inter-area routing. This hierarchy may limit
traffic due to the distribution of the reachability information
among nodes in a particular area and in the complete autono-
mous system.

In fixed networks, after a connection has been established,
the connection path may not change unless there is a link or a
node failure. This situation is no longer valid in the mobile
networks where the end users are continuously moving. Due
to this behavior, the path to the mobile terminal may need to
be rerouted based on its current location. A handoff is the
process of rerouting a path as a mobile terminal moves. The
handoff process dealing with the connection rerouting may
consist of three steps. First, finding a path and establishing a
label switched path to the new base station; second, enabling
the mobile terminal to receive and transmit via both old and
new base stations when it is in the diversity area (area covered
by both base stations); and third, shifting the data path at the
crossover switch to the new label switched path, thus extend-
ing the traffic flow to the mobile terminals node when it has
completely moved under the new base station’s coverage.

The present invention may handoft execution in a cellular
label switched network 420 using at least the following two
rerouting schemes as illustrated in FIG. 4, which is a block
diagram of an aspect of the present invention showing rerout-
ing of label switched paths during handoff from a first base
station 442 to a second base station 452. A first rerouting
scheme involves dynamic rerouting. A second rerouting
scheme involves rerouting by using pre-established paths.

Dynamic routing is based on the modification of an old
path to find a new (and preferably optimal) path to the new
location of the mobile terminal user. This scheme involves
searching for the last common node of the old and new paths,
and then switching the traffic at the common node to the new
path. This common node is termed as the crossover switch
and this mechanism may be called crossover switch discov-
ery.

As illustrated, the mobile terminal 470, in communication
with a host 400, moves from a first region 440 covered by the
first base station 442 to a second region 450 covered by a
second base station 452. To effectuate a handoff from first
base station 442 to second base station 452, a first path 480 is
switched to second path 490. The old label switched path
tunnel 480 (routed from node 431 to node 432 to node 434 to
first base station 442) may be rerouted from the crossover
switch 432 to the second base station 452. The first subpath
(node 432 to node 434 to second base station 442) may be torn
down after the data stream is successfully mapped to the new
subpath (node 432 to node 433 to second base station 452). It
may be desirable that the traffic is not affected during rerout-
ing, and that there is no adverse impact on the network. The
present invention may adapt the policy of make-before-break
as it exists in the fixed multi-protocol label switching network
(e.g., using RSVP as the signaling protocol). The smooth
rerouting of the traffic may require establishment of a new
label switched path tunnel and transferring the traffic from the
old label switched path 480 to the new label switched path
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6
490 before tearing down the old label switched path 480. The
two label switched paths may share the resources along the
paths in common. Over the radio links additional messages
between the base stations and mobile terminal may be
exchanged to complete handoff process.

Rerouting by using pre-established paths involves setting
of a pre-established tree between the base stations, 442 and
452 located in the region of influence of the mobile terminal
440 and 450, and some common node 432 (where these paths
converge) prior to handoff. When the user moves from the
first base station 442 to the second base station 452, the
network selects different branches of the tree for communi-
cation.

FIG. 5 is a block diagram illustrating an aspect of the
present invention showing how alabel switched path tree may
be established in a cellular label switched network. Label
switched paths may be exploited to accommodate high rate of
handoff among the base stations in a given geographical area
(region of influence of the mobile terminal). The root of the
tree is a node 502 may be a label switching router and is
connected to node 501. The leaves of the tree may be base
stations 511, 512, 513, and 514. Nodes 503 and 504 are
branch nodes. This tree is similar to point to multipoint con-
nection tree in which only one path is in use at a time. When
a mobile terminal is admitted to the connection tree, a call
setup procedure may consist of two phases. The initial phase
may include establishment of paths from the root of the tree
(node 502) to the other end of the connection (node 511, 512,
513, or 514) and may be maintained as long as the mobile
terminal remains within the same tree. The second phase may
include setting of the paths within the connection tree (root
and the base station). Two label switched path identifiers may
be allotted to the label switched path between the base station
and the root of the tree (one in each direction). Also, within
the multi-protocol label switching framework, and with cer-
tain extensions to the existing signaling protocol bidirectional
tunnels may be established as a single process, between the
base stations (node 511, 512, 513, or 514) and the root (node
502) of the tree.

When a mobile terminal who is already admitted to a
connection tree wishes to handoft to another base station in
the same geographical area (covered by the same tree), it may
simply begin transmitting radio packets to the new base sta-
tion and the traffic may be further forwarded to the destination
through the fixed network. After the handoff, the root of the
tree may receive the packets from the same mobile terminal
with a new label and a different label switched path identifier.
The root node may update its routing tables so that future
packets may be delivered to the new base station of the given
mobile terminal. This may mark the completion of the hand-
off process. If the mobile terminal reaches the edge of the
geographical area covered by the same tree, it may request a
tree handoff. Since the area covered by the tree may be large,
tree handoffs may be less frequent.

Experience gained in the design and planning of cellular
systems indicates that there may be a considerable amount of
diversity areas among cell segments. In a diversity area, a
mobile terminal may be in an overlapping area wherein the
mobile terminal may receive and transmit radio packets from
and to two or more base stations. Transmission and handoff
procedures in diversity areas may be important because they
can affect the communication quality during handoff and
change the overall system capacity. The present invention
expands upon multilink techniques, in which a mobile termi-
nal in the diversity area may establish packet links to a plu-
rality of base stations capable of communicating to it. The
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network may balance the traffic between the links based on
the link quality and system available capacity.

FIG. 6 is a block diagram of an aspect of the present
invention showing multilink and label merging for users in
diversity areas. The present invention may support multilink
techniques that allow multiple parallel label switched path
tunnels between nodes and the traffic between the nodes to be
mapped to the label switched path tunnels according to a local
policy. In addition, the present invention provides for label
merging. Label merging occurs when a node such as a label
switching router receives multiple packets through different
incoming interfaces or with different labels forwarding the
multiple packets over the same outgoing interface with the
same label.

Label merging occurs when a node 612 such as a label
switching router receives a first packet 621 and a second
packet 622. FIG. 6 shows how this capability may be
exploited in an uplink scenario. Mobile terminal 643 may
transmit a first packet 621 and a second packet 622 to both a
first base station 631 and a second base station 632. The first
base station 631 may forward packet 621 to node 612 with a
first label. Likewise, the second base station 632 may forward
packet 622 to the same node 612 with a second label. Node
612 may act as a merging point, and forward both the first
packet 621 and the second packet 622 with the same label as
new first packet 623 and new second packet 624 to upstream
node 610 (and then to a destination). In a downlink scenario
the node may establish two separate label switched paths (one
with the first base station 631 and another with the second
base station 632) to a same destination, such as mobile ter-
minal 643. The load may be balanced on these label switched
paths dynamically based on the local policies.

The Handoff process in a pre-established path tree may
require admission control of mobile terminal connections to
the tree since, once a mobile terminal is admitted to the
connection tree, it may freely hand-off to any base station
within the connection tree. This may lead to overloading or
congestion at a given base station if the number of mobile
terminals seeking access to the network through the given
base station exceeds the capacity of the base station. The
purpose of admission control is to limit the number of mobile
terminals attached to the tree at any given time to prevent the
overloading of the base station and maintaining the desired

QoS.

Here, consider base station overload probability as a QoS
parameter, which is controlled by connection tree admission
control. Consider a connection tree similar to the one shown
in FIG. 5. Assume that there are N users admitted to the
connection tree and each of them is free to select any of the
base stations in the connection tree, then the probability that
there are i connections established with a particular base
station, Pi, may be given by binomial distribution:

M

B is the number of base stations in the connection tree and
1/B is the probability that a mobile terminal is communicat-
ing with a particular base station. If a base station can support
up to m connections, the probability of overloading may be
given by
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The overloading probability may be improved by the use of
a multilink technique. Users in the diversity areas may com-
municate with both base stations. Considering a simple algo-
rithm in which users in the diversity areas first request for a
connection from the base station with the lower load. In other
word, if a base station is overloaded by i>m connection
requests, it transfers i-m calls to the neighboring base sta-
tions. This is possible if at least i-m mobile terminals are in
the diversity areas and neighboring base stations have enough
capacity to support them. Let us consider two neighboring
cells (as shown in FIG. 6), in which a mobile terminal is in a
diversity area with probability Pd. Then the overlapping prob-
ability may be re-evaluated as follows:

2m N 3)
Po= Y Pix(L=Pli-m)+ » P

i=m+1 i=2m+1

where Pt(i-m) is the probability that i-m calls are success-
fully transferred to the other base station and it may be cal-
culated as follows:

Pt(i-m)=P(number of mobile terminals in
diversity>i—m/i>m)xP(i<2m-i)
and then
: iy Nei mi @
P(i-m)= Pii-P) ix N P,
(i=m) E (k]du ) ZO
k=i-m B

The analysis may be more complex when more than two
cells are considered. A simulation study may be performed to
measure the effect of load balancing capability on overload
probability. Considering a connection tree containing B=7
base stations, each capable of supporting m=50 users, FIG. 7
shows the effect of the diversity areas on the performance of
the call admission policy. Overload probability may signifi-
cantly decrease by using multilink technique.

A hierarchical architecture has been disclosed which may
provide services to wireless mobile terminals using label
switched networks. Location management and routing issues
are addressed by using forwarding mechanisms and limited
broadcasting of reachability information. The present appli-
cation discloses how multi-protocol label switching label
merging and rerouting capabilities may be used to support
multilink technique and mobility. Also disclosed are multi-
link techniques that may improve the performance of the
admission policy by an order of magnitude depending on the
diversity areas.

A cellular network as per the present invention may com-
prise a service area divided into a multitude of cells through
which one or more mobile terminals may move through. Base
stations capable of communicating with the mobile terminals
may be deployed in each of the multitude of cells for forward-
ing packets between the base stations and the mobile termi-
nals. The cellular label switched network may also include a
plurality of nodes topologically connected. At least one of the
nodes is preferably a label switching node. A connection
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between base stations and at least one label switching node
may allow for forwarding packets between the base stations
and the label switching nodes.

A label switched path for directing packets between a pair
of locations may be determined. Each location in the pair is
preferably a node or a base station. A label may then be
attached to the packets. The packets may include the label
switched path and control information. Labels may be
removed from the labeled packet by a node and interpret by
the nodes to determine how to forward the packet along the
label switched path.

At least one of the label switching nodes is preferably a
label edge node. At least another of the of the label switching
nodes is preferably a device, a switch or a router. The nodes in
a system may include but are not to be limited to devices,
switches and routers.

In a cellular network as per the present invention, any node
such as label edge routers may be an ingress node, an egress
node, or an ingress/egress node.

The label switched nodes preferably provide base station
control information to the base stations, may concentrate
traffic to the base stations, may provide support for fast hand-
off of the mobile terminals to the base stations, and may
further provide location management information to the base
stations.

Connections may also be made between a pair of the label
switching nodes, where each of the pair of label switching
nodes resides in separate cellular label switched networks.
This allows for multiple networks to be coupled, thus forming
a larger cellular network.

Base stations preferably use wireless technology to com-
municate with the mobile terminals. The wireless technology
may utilize radio technology, optical technology, or other
type of wireless technology where data may be communi-
cated between two points without the assistance of wire.

The network may use optical technology at other locations
too, including any of the nodes or connections. The optical
technology may include free space optical switching technol-
ogy or guided optical switching technology.

The wireless technology may use a protocol layer archi-
tecture which may include but is not limited to a wireless
physical layer, a wireless medium access control protocol
layer, a radio link control layer, or a network layer. These
elements may be found on both the base stations and wireless
terminals. The radio link controls may segment mobile pack-
ets into radio link frames which may be identified by radio
link identifiers. Various techniques known to those skilled in
the art may be employed for error mitigation to enhance poor
radio link quality. The base station may reassemble radio
frames received from mobile terminals into packets. One way
to accomplish this includes attaching the label to the packets
and then forwarding the labeled packets to the label switching
node. Likewise, the base station may also process packets
traveling in the opposite direction. When the base station
receives labeled packets from a label switching node, the base
station may segment the labeled packets into radio frames,
remove the labels from the labeled packets, and then forwards
the radio frames to the mobile terminal.

The label switched path may be determined by information
derived from broadcasting a network state through the net-
work topology using a routing protocol, and then establishing
the label switched path using a signaling protocol. The rout-
ing protocol may be a link state routing protocol, a vector
space routing protocol, or any other known routing protocol.
The label switched path may also be determined by a topol-
ogy database. In some embodiments of the present invention,
the topology database may exist in a multitude of the nodes.
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It may even be preferable for the topology database to be
shared among its neighbor nodes.

The cellular network may further include a plurality of
routing areas, wherein each of the routing areas include a set
of cells whose base stations are connected to the same label
switched node. These routing areas may further include
mobile terminal location information. The mobile terminal
location information is preferably updated whenever the
mobile terminal enter a new routing area. The mobile may be
located by determining which of the plurality of routing areas
the mobile terminal is located.

The cellular labeled switched network may be a multi-
layer cellular labeled switched network. This multi-layer cel-
Iular labeled switched network may be divided into a plurality
of smaller groups, where each of the smaller groups consist-
ing of a multiplicity of label switched nodes have topological
databases. Some or all of these topological databases may be
maintained to be identical, and may further include reachabil-
ity updates. These topologies of the smaller groups may also
be invisible to entities outside the smaller group. At least one
of the nodes in at least one of the smaller groups may be an
area border node responsible for inter-group routing. Simi-
larly, when there are a multitude of cellular labeled switched
networks, at least one of the nodes in each of the multitude of
cellular labeled switched networks may be an area border
node responsible for inter-cellular labeled switched network
routing.

The present invention includes a mobile terminal hand-off
mechanism including the steps of finding a new data path
from the mobile to a new base station, using the new data path
to establish a new label switched path to the new base station,
enabling the mobile to receive and transmit to both the old
base station and the new base station when the mobile is in a
diversity area, shifting the data path at a crossover node to the
new label switched path; and extending traffic flow to new
base station when the mobile has completely moved under the
new base station’s coverage.

Label merging may be accomplished by receiving two or
more packets with different labels, and forwarding the two or
more packets over a single outgoing interface with a singular
label. At least two of the received packets may be received
through different incoming interfaces of at least one of the
label switching nodes. Further, the packets may be received
from at least one of the base stations.

A label switched path tunnel may be used between a pair of
the nodes along a label switched path. Traffic between the pair
of nodes may be mapped through the label switched path
tunnel according to a local policy. The local policy may
specify how may packets may travel through the tunnel at one
time, or may specify what kind of traffic may travel through
the tunnel. Any type of traffic decision may be made by the
policy. It may be preferable if at least one of the nodes is
capable of establishing at least two separate label switched
path tunnels to the other node.

Traffic loading may be balanced on label switched paths
dynamically based on local policies. A label switched path
may be rerouted by establishing a new label switched path
tunnel, transferring traffic from the label switched path to the
new label switched path, and then removing the label
switched path. Resources may be shared between the label
switched path and the new label switched path along their
common paths. The label switched path may also be rerouted
using pre-established paths. This may accomplished by: set-
ting a pre-established tree between the base stations located in
the region of influence of the mobile and a common node
prior to handoff; and selecting a different tree branch for
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communication when the mobile terminal moves from one of
the base station to the another one of the base stations.

Additional messages between the base stations and the
mobile may be exchanged to complete handoff and the cell
selection process. The cell selection process may include cell
reselection. In addition, whenever a mobile terminal reaches
the edge of a geographical area covered by an active tree, the
mobile terminal may requests a tree handoff.

In an embodiment of the present invention, the mobile
terminal may receive and transmit radio packets to and from
a multitude of base stations. When a mobile terminal is in a
diversity area, the mobile terminal may establish packet links
to a multitude of base stations capable of communicating to
the mobile terminal.

The network may consider factors when balancing traffic.
Examples of factors that may be considered include link
quality and system availability.

During a hand-off in a pre-established path tree, the hand-
off mechanism utilize admission control of mobile connec-
tions to the tree. An overload probability value may also be
used as a factor in the admission control. Determination of the
overload probability value may include the number of users,
the number of base stations, and the number of connections
each base station can support.

The foregoing descriptions of the preferred embodiments
of the present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms dis-
closed, and obviously many modifications and variations are
possible in light of the above teaching. The illustrated
embodiments were chosen and described in order to best
explain the principles of the invention and its practical appli-
cation to thereby enable others skilled in the art to best utilize
the invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated.

What is claimed is:

1. A cellular network base station configured to operate in
a cellular network, the cellular network comprising:

(a) a service area divided into a multitude of cells through
which one or more mobile terminals can move through,
said base station configured to communicate with said
mobile terminals deployed in said multitude of cells for
forwarding packets between said base station and said
mobile terminals;

(b) a cellular label switched network, including a plurality
of nodes, said plurality of nodes topologically con-
nected, said plurality of nodes including at least one
label switching node;

(c) a connection between said base station and at least one
label switching node for forwarding packets between
said base station and said at least one label switching
node;

(d) a means for determining a label switched path for
directing packets between a pair of locations, said pair of
locations consisting of:

(1) nodes; and
(ii) said base station;

(e) a means for attaching a label to said packets, said label
including:

(1) said label switched path; and
(ii) control information;

(f) a means for removing said label from said labeled
packet;

(g) a means for each of said nodes to interpret said label;
and

(h) a means for each of said nodes to forward said label
switched packet along said label switched path; and
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wherein said base station uses wireless technology to com-
municate with said mobile terminals, said wireless tech-
nology using a protocol layer architecture including at
least one of the following:

(1) a wireless physical layer;

(ii) a wireless medium access control protocol layer;

(iii) a radio link control layer, said radio link control
segments mobile packets into radio link frames iden-
tified by radio link identifiers and users means for
error mitigation to enhance poor radio link quality;
and

(iv) a network layer.

2. A cellular network base station according to claim 1,
wherein said label switched nodes provide base station con-
trol information to said base station.

3. A cellular network base station according to claim 1,
wherein said label switched nodes concentrate traffic to said
base station.

4. A cellular network base station according to claim 1,
wherein said label switched nodes provide support for fast
handoff of said mobile terminals to said base station.

5. A cellular network base station according to claim 1,
wherein said label switched nodes provide location manage-
ment information to said base station.

6. A cellular network base station according to claim 1,
wherein said base station:

(a) reassembles said radio frames received from said

mobile terminals into said packets;

(b) attaching said label to said packets; and

(c) forwarding said labeled packets to said label switching
node.

7. A cellular network base station according to claim 1,

wherein said base station:

(a) receives said labeled packets from said label switching
node;

(b) segments the said labeled packets into radio frames;

(c) removes said label from said labeled packets; and

(d) forwards said radio frames to said mobile terminal.

8. A cellular network base station according to claim 1,
wherein said label switched path is determined by:

(a) information derived from broadcasting a network state
through said network topology using a routing protocol;
and

(b) establishing said label switched path using a signaling
protocol.

9. A cellular network base station according to claim 8,
wherein said routing protocol is selected from the group
consisting of:

(a) a link state routing protocol; and

(b) a vector space routing protocol.

10. A cellular network base station according to claim 1,
wherein said label switched path is determined by a topology
database.

11. A cellular network base station according to claim 1,
wherein a topology database exists in a multitude of said
nodes.

12. A cellular network base station according to claim 1,
further including label merging wherein at least one of said
label switching nodes is capable of:

(a) receiving two or more packets with different labels; and

(b) forwarding said two or more packets over a single
outgoing interface with a singular label.

13. A cellular network base station according to claim 12,

wherein said packets are received from said base station.

14. A cellular network base station according to claim 1,
wherein said label switched path is rerouted by:
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(a) establishing a new label switched path tunnel;

(b) transferring traffic from said label switched path to a
new label switched path; and

(c) removing said label switched path.

15. A cellular network base station according to claim 14,
wherein additional messages between said base station and
said mobile terminals are exchanged to complete handoff and
cell selection process.

16. A cellular network base station according to claim 1,
wherein a label switched path is rerouted using pre-estab-
lished paths and further comprising the steps of:

(a) setting a pre-established tree between said base station
and other base stations located in the region of influence
of said mobile terminal and a common node prior to
handoff; and

(b) selecting a different tree branch for communication
when said mobile terminal moves from said base station
to another of said other base stations.

17. A cellular network base station according to claim 1,
wherein said mobile terminal receives and transmits radio
packets to and from said base station and at least one other
base station.

18. A cellular network base station according to claim 1,
wherein a mobile terminal in a diversity area establishes
packet links to said base station and at least one other base
station capable of communicating to said mobile terminal.

19. A cellular network base station configured to operate in
a cellular network, the cellular network comprising:

(a) a service area divided into a multitude of cells through
which one or more mobile terminals can move through,
said base station configured to communicate with said
mobile terminals within said multitude of cells for for-
warding packets between said base station and said
mobile terminals;

(b) a cellular label switched network, including a plurality
of nodes, said plurality of nodes topologically con-
nected, said plurality of nodes including at least one
label switching node;

(c) a connection between said base station and at least one
label switching node for forwarding packets between
said base station and said label switching nodes;

(d) means for determining a label switched path for direct-
ing packets between a pair of locations, said pair of
locations consisting of:

(1) nodes; and
(ii) said base station;
(e) means for attaching a label to said packets, said label
including:
(1) said label switched path; and
(ii) control information;
(f) means for removing said label from said labeled packet;
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(g) a means for each of said nodes to interpret said label;
(h) a means for each of said nodes to forward said label
switched packet along said label switched path; and
(1) a routing area consisting of a set of cells wherein said
base station is connected to the same label switched

node as other base stations.

20. A cellular network base station configured to operate in

a cellular network, the cellular network comprising:

(a) a service area divided into a multitude of cells through
which one or more mobile terminals can move through,
said base station configured to communicate with said
mobile terminals in said multitude of cells for forward-
ing packets between said base station and said mobile
terminals;

(b) a cellular label switched network, including a plurality
of nodes, said plurality of nodes topologically con-
nected, said plurality of nodes including at least one
label switching node;

(c) a connection between said base station and at least one
label switching node for forwarding packets between
said base station and said at least one label switching
node;

(d) means for determining a label switched path for direct-
ing packets between a pair of locations, said pair of
locations consisting of:

(1) nodes; and

(ii) said base station;

(e) a means for attaching a label to said packets, said label
including:

(1) said label switched path; and

(ii) control information;

() a means for removing said label from said labeled
packet;

(g) a means for each of said nodes to interpret said label;
(h) a means for each of said nodes to forward said label
switched packet along said label switched path; and
(1) a mobile terminal hand-off mechanism including the

steps of:

(1) finding a new data path from said mobile to a new
base station;

(i) using said new data path to establish a new label
switched path to said new base station;

(iii) enabling said mobile to receive and transmit to both
said base station and said new base station when said
mobile is in a diversity area;

(iv) shifting the data path at a crossover node to said new
label switched path; and

(v) extending traffic flow to said new base station when
said mobile has completely moved under said new
base station’s coverage.
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