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BEARER SELECTION IN A MOBILE
COMMUNICATION SYSTEM HAVING BOTH
CIRCUIT-SWITCHED AND PACKET-
SWITCHED BEARERS

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates in general to routing of data
in mobile telecommunications systems, and in particular to
bearer selection in cellular systems.

2. Description of Related Art

Many cellular telephone networks support the transmis-
sion of short message service (SMS) messages between
short message entities, such as mobile stations and short
message terminals. The purpose of a short message service
is to provide a means for transferring textual messages or
other types of data messages between the short message
entities using the communications environment provided by
a cellular telephone network.

Generally, such short message service messages originate
or terminate at a subscriber mobile station. In particular, an
SMS message is delivered from an originating short mes-
sage entity to an SMS message center via a fixed telephone
network and/or a cellular telephone network. The message
center serves as a store and forward center for receiving and
delivering SMS messages to a destination short message
entity. Upon receiving an SMS message intended for the
destination short message entity, the SMS message center
forwards the message to that entity.

Because of higher than anticipated demand, SMS traffic
has grown at a rapid rate. In existing mobile systems, the
only way to cope with increases in SMS traffic is to install
additional base station and switching equipment.
Unfortunately, it is nearly impossible to expand the system
fast enough to keep up with the growing demand. As a result,
the SMS traffic can cause severe congestion in the mobile
system. This problem is exacerbated by the fact that the use
of SMS as a bearer for data transmissions competes with
usage of the same channel for voice communications. Thus,
SMS congestion can displace voice traffic, thereby reducing
the capacity for voice calls below an acceptable service
level. Similarly, it is anticipated that new data communica-
tion capabilities will also place strains on the available
packet data resources. In some cases, packet data networks
might become so congested that the capacity for data traffic
is reduced below an acceptable level.

There is a need, therefore, for a method and system for
reducing congestion in a mobile telecommunications net-
work. Preferably, such a method and system would result in
an efficient allocation of bearer resources and would reduce
the likelihood that voice calls or data connections are
displaced by SMS or other data traffic.

SUMMARY OF THE INVENTION

The present invention comprises a method and system for
selecting between a circuit-switched network and a packet-
switched network for a transmission of data. In accordance
with one embodiment of the method, when a request to
deliver data to a mobile station is received in a node of the
circuit-switched network, the node identifies whether the
mobile station has the capability to receive data via one or
more packet data bearers. If the mobile station does have
such a capability, the node further determines whether the
data should be delivered using one of the packet data bearers
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in the packet-switched network instead of using a circuit-
switched bearer. This determination can be made based
simply on whether packet data bearers are available or based
on an analysis of the current resource and load situation in
the bearer sub-systems. Assuming that the node determines
that the data should be delivered using a packet data bearer,
the data is rerouted to the packet-switched network for
delivery to the mobile station.

In accordance with an alternative embodiment of the
method, when a request to deliver data to a mobile station is
received at a node in the packet-switched network, the
packet-switched node determines whether the data should be
transmitted via a circuit-switched bearer instead of using a
packet data bearer. The determination can be made based on
the resource and load situation in the bearer sub-systems. If
a circuit-switched bearer is to be used, the packet-switched
node reroutes the data to the circuit-switched network for
delivery to the mobile station.

The system of the invention includes a circuit-switched
network that supports transmission of data via circuit-
switched bearers and a packet-switched network that sup-
ports transmission of data via packet data bearers. A first
switching node is located in one of the networks and a
second switching node is located in the other of the net-
works. The first switching node selects between the net-
works for delivery of particular data to a mobile station. If
the first switching node selects delivery using the other
network, the data is rerouted to the second switching node
via an interconnection between the circuit-switched and
packet-switched networks. The second switching node then
selects a particular bearer for transmitting the data and sends
the data to the mobile station using the selected bearer. The
delivery selection is based on the resource and load situation
in the networks.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, reference is made to the following detailed
description taken in conjunction with the accompanying
drawings wherein:

FIG. 1 is a personal digital cellular (PDC) system that can
be used to implement the present invention;

FIG. 2 is a message flow and signaling diagram illustrat-
ing the operation of a PDC system in accordance with one
embodiment of the present invention; and

FIG. 3 is a message flow and signaling diagram illustrat-
ing the operation of a PDC system in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Reference is now made to the Drawings wherein like
reference characters denote like or similar parts throughout
the various Figures. Referring now to FIG. 1, there is
illustrated a personal digital cellular (PDC) system 2 that can
be used to implement the present invention. The PDC
system 2 includes a circuit-switched network 4 and a packet-
switched network 6. These networks 4 and 6 can interact
with other external networks, such as a public switched
telephone network (PSTN)/integrated services digital net-
work (ISDN) 8, a short message service center (SMS-C) 10,
and an application server (e.g., in an IP network) 12. The
circuit-switched and packet-switched networks 4 and 6 are
also interconnected with a base station (BS) 14 to commu-
nicate with mobile stations 16 via an air interface 18
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between the base station 14 and each mobile station 16.
Although the invention is described in connection with a
PDC system, persons of ordinary skill in the art will under-
stand that the invention is not necessarily limited to a PDC
system but can be implemented in other types of commu-
nications systems that include both circuit-switched and
packet-switched capabilities.

Each mobile station 16 is associated with a home location
register (HLR) 20 in the circuit-switched network 4 that
stores subscription, current location, and preference infor-
mation for the mobile station 16. A plurality of mobile
switching centers (MSCs) in the circuit-switched network 4
access the home location register 20, as necessary, to retrieve
information relating to the mobile station 16. A visited
mobile switching center (VMSC) 22 serves the base stations
14 in and around the area where the particular mobile station
16 is currently located. In addition, a gateway mobile
switching center (GMSC) 24 links the circuit-switched
network 4 to external networks. An operations support
system (OSS) serves to control the various nodes in the
circuit-switched network 4.

Using the circuit-switched network 4, calls can be estab-
lished among mobile stations 16 and between mobile sta-
tions 16 and subscriber stations 26 in the PSTN 8. In
addition, SMS messages are also sent between the short
message service center 10 and SMS-capable mobile stations
16 via the circuit-switched network 4.

For mobile stations 16 that are capable of handling packet
data, data packets can be sent via the same base stations 14,
and in many cases the same VMSCs 22, that are used in the
circuit-switched network. The base stations 14 could also be
connected directly to a Switching Packet Support Node
(SPSN). The packet-switched network 6 includes a plurality
of SPSNs 30 (only one is illustrated) and a Gateway Packet
Support Node (GPSN) 32. The SPSN 30 is used for routing
data packets to and from the VMSC 22 for transmission to
and from mobile stations 16 in a particular area served by the
SPSN 30. The GPSN 32 interconnects with external net-
works to route data packets between SPSNs 30 and nodes in
the external networks, such as the application server 12. The
GPSN 32 is further interconnected with a domain name
server (DNS) 34 for use in communications via the Internet.
A network operations control (NOC) node 36 controls the
operation of the packet-switched network 6.

When an SMS message intended for a mobile station 16
is received at the SMS center 10, the SMS message is
typically delivered via the GMSC 24 to the VMSC 22 that
serves the area where the mobile station 16 is located. The
VMSC 22 in turn forwards the SMS message to the mobile
station 16 via the base station 14.

In accordance with the present invention, however, SMS
messages and other data destined for a mobile station 16 can
instead be sent to the mobile station 16 using the packet-
switched network 6. In particular, the packet-switched net-
work 6 can temporarily or selectively take over some or all
of the SMS traffic. Furthermore, the packet-switched net-
work 6 can be used for data transmissions involving more
demanding applications, rather than delivering such data via
the circuit-switched network 4.

In a preferred embodiment, when the GMSC 24 receives
information addressed to a mobile station 16 from a con-
nected data source such as the SMS center 10, the GMSC 24
accesses the HLR 20 to determine what types of bearers are
available in the addressed mobile station 16 and whether the
mobile station 16 has valid subscriptions for packet data. If
so, the SMS message or other data is sent to the mobile
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station 16 via an available packet data bearer. Such routing
of the SMS message or other data can be performed by
sending the addressed information from the GMSC 24 to the
GPSN 32 or by instructing the SMS center 10 or another
server in an external network to send the addressed infor-
mation via the packet-switched network 6. In particular, the
SMS center 10 forwards the addressed information to the
application server 12, which in turn sends the addressed
information to the GPSN 32. As a result, resources in the
circuit-switched network 4 are reserved for use in voice
communications and for use in data communications with
mobile stations 16 that do not support packet data bearers,
thereby reducing congestion in the circuit-switched network
4.

In accordance with one embodiment of the invention, a
packet data bearer is used whenever one is available. In an
alternative embodiment, a determination of whether a packet
data bearer should be used is based on the present load and
resource situation in the subsystems that provide the circuit-
switched and packet-switched bearers. For example, a
packet data bearer might be used if a certain level of
congestion exists in the circuit-switched network 4. In yet
another embodiment, when information is sent via the
packet-switched network, the application server 12 sends a
transmission request that includes a parameter identifying an
application type for the data that is addressed to the mobile
station 16. Then, when the GPSN 32 checks the location of
the mobile station 16 (i.e., by accessing information stored
in the HLR 20), the GPSN 32 also checks the mobile
station’s bearer capability and the resource situation in the
subsystems that provide the bearers. Based on the results of
these checks, the GPSN 32 can select an available bearer
that is most suitable (e.g., most efficient) for delivering data
of the identified application type.

Although the decision regarding whether to send the SMS
message or other data via the circuit-switched network 4 or
the packet-switched network 6 is described above as being
made by the GMSC 24, this decision can also be made in
other nodes within or connected to the circuit-switched
network 4, such as the OSS node 28 or the SMS center 10,
assuming these nodes can access the information in the HLR
20 to determine whether the addressed mobile station 16 is
capable of receiving data via the packet-switched network 6.
In some cases, for instance, the SMS center 10 can be part
of the PDC network rather than being located in an external
network. In addition, even if the decision regarding circuit-
switched or packet-switched delivery is to be made by a
node within the circuit-switched network 4, it is not neces-
sary that the originating SMS center 10 or other external
network node actually send the SMS message or other data
that is destined for the mobile station 16 to the decision-
making node. Instead, a message indicating that there is a
need to send an SMS message or other data to the mobile
station 16 can be sent to the decision-making node. The
decision-making node can then select the delivery mecha-
nism and provide appropriate routing instructions to the
originating SMS center 10 or other external network node.

Currently, the circuit-switched bearers of cellular net-
works tend to be more likely to be over-utilized compared
with the packet-switched bearers. As the number of packet
data services increase and as usage of such services by
cellular subscribers increases, there might be situations in
which congestion occurs in the packet-switched networks 6.
In accordance with an alternative embodiment of the present
invention, when a data message destined for a mobile station
16 are received by the GPSN 32 or some other node in the
packet-switched network 6, the data message can be
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re-routed or diverted for delivery by the circuit-switched
network 4 using, for example, the SMS infrastructure. This
capability would help to reduce congestion in the packet-
switched network. Depending on the preferences of the
cellular operator, a circuit-switched bearer could be used
either whenever one is available or based on the present load
and resource situation in the subsystems that provide the
circuit-switched and packet-switched bearers.

Referring now to FIG. 2, there is depicted a message flow
and signaling diagram illustrating the operation of a PDC
system 2 in accordance with one embodiment of the present
invention. An SMS message addressed to a mobile station 16
is sent from an application server 12 to a GMSC 24 in the
PDC system 2. In response, the GMSC 24 sends a mobile
station capability request message 42 to the HLR 20 to
request information regarding the mobile station subscrip-
tions and information indicating which packet data bearers
are used by the mobile station 16. If desired, the mobile
station capability request 42 can also request other informa-
tion relating to the mobile station 16, such as the mobile
station’s current location. The requested information is then
returned to the GMSC 24 in a mobile station capability
response message 44.

Using the information from the HLR 20, the GMSC 24
selects whether the SMS message will be delivered via the
circuit-switched network 4 or packet-switched network 6 at
step 46. This decision can be based simply on whether the
mobile station 16 has the capability to receive data via a
packet data bearer or can be based on the current availability
of resources (i.e., bearers’ processor capacity) in the circuit-
switched network 4 and possibly in the packet-switched
network 6. For example, the packet-switched network 6
might be selected when the circuit-switched network 4 is
congested. Assuming the GMSC 24 selects the packet-
switched network 6 for delivery, the SMS message is sent,
in a first alternative, from the GMSC 24 to the GPSN 32 (as
indicated at 47). The SMS message can be sent over a
connection linking the GMSC 24 to the GPSN 32 or can be
sent via one or more intermediate nodes in external net-
works. In a second alternative, the SMS message is sent to
an SMS center 10 (as indicated at 48), which in turn
forwards the message to the GPSN 32 (as indicated at 49).

To deliver the data in the SMS message, the GPSN 32
needs to first retrieve information identifying the location of
the mobile station 16. Accordingly, the GPSN 32 transmits
a location request message 50 to the HLR 20 (e.g., via the
GMSC 24). In response, the HLR 20 sends to the GPSN 32
a location response message 52, which includes current
location information for the mobile station 16 and which can
further include any other desired information relating to the
mobile station 16. At step 54, the GPSN 32 selects a
particular packet data bearer for delivering the SMS mes-
sage data to the mobile station 16. This selection can be
based on a variety of factors, such as the availability of
resources in the packet-switched network 6, the capabilities
and subscriptions of the mobile station 16, and the present
location of the mobile station 16. The GPSN 32 then sends
an SMS packet data message 56 to the mobile station 16
using the selected packet data bearer. The SMS packet data
message 56 is delivered via an SPSN 30 that serves the area
where the mobile station 16 is currently located. The SPSN
30 in turn forwards the SMS packet data message 56 to the
mobile station 16 using a VMSC 22 and base station 14 that
serve the area where the mobile station 16 is located.

Referring now to FIG. 3, there is depicted a message flow
and signaling diagram illustrating the operation of a PDC
system 2 in accordance with another embodiment of the
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present invention. In this case, a data message 60 addressed
to a mobile station 16 is sent from an application server 12
in an external network to a GPSN 32 in the PDC system 2.
Upon receiving the data message 60, the GPSN 32 sends a
mobile station capability request message 62 to the HLR 20
that is associated with the mobile station 16 to request
information regarding the mobile station subscriptions and
information indicating which packet data and circuit-
switched bearers are used by the mobile station 16. The
mobile station capability request 62 can also request other
information relating to the mobile station 16, such as the
mobile station’s current location. The requested information
is then returned to the GPSN 32 in a mobile station capa-
bility response message 64.

Using the information from the HLR 20, the GPSN 32
selects whether the data message will be delivered via the
circuit-switched network 4 or packet-switched network 6 at
step 66. This decision can be based simply on whether the
mobile station 16 has the capability to receive data via a
packet data and/or circuit-switched bearer or can be based
on the current availability of resources (i.e., bearers’ pro-
cessor capacity) in the circuit-switched network 4 and/or in
the packet-switched network 6. For example, the circuit-
switched network 4 might be selected for use in data
message delivery when the packet-switched network 6 is
congested.

Assuming the GPSN 32 selects the circuit-switched net-
work 4 for delivery, the data message is rerouted directly to
the GMSC 24 in a first alternative (as indicated at 68). In a
second alternative, on the other hand, the data message is
sent back to the application server 12 (as indicated at 69).
Alternatively, the application server 12 can simply be
instructed to resend the data message via the circuit-
switched network 4. In either case, the application server 12
then sends the data message to the GMSC 24 (as indicated
at 70). Preferably, the data message 70 includes an applica-
tion type parameter that identifies the type of application to
which the data message relates.

To deliver the data message, the GMSC 24 needs to first
retrieve information identifying the location of the mobile
station 16. Accordingly, the GMSC 24 transmits a location
request message 72 to the HLR 20. In response, the HLR 20
sends to the GMSC 24 a location response message 74,
which includes current location information for the mobile
station 16 and which can further include any other desired
information relating to the mobile station 16. Based on the
location information, the GMSC 24 identifies the appropri-
ate VMSC 22 (i.e., the VMSC 22 that serves the area where
the mobile station 16 is currently located) and forwards the
data message to the identified VMSC 22 (as indicated at 76).
At step 78, the VMSC 22 selects a particular packet data
bearer for delivering the data message to the mobile station
16. This selection can be based on a variety of factors, such
as the availability of resources in the circuit-switched net-
work 6, the capabilities and subscriptions of the mobile
station 16, and the present location of the mobile station 16.
Furthermore, if the application type parameter was included
in the data message 70, the VMSC 22 preferably selects a
circuit-switched bearer that is most suitable (e.g., as deter-
mined by the efficiency, reliability, or speed of the bearer)
for delivering the data message. The VMSC 22 then sends
the data message to the mobile station 16 using the selected
bearer (as indicated at 80).

Although a preferred embodiment of the method and
apparatus of the present invention has been illustrated in the
accompanying Drawings and described in the foregoing
Detailed Description, it is understood that the invention is
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not limited to the embodiment disclosed, but is capable of
numerous rearrangements, modifications, and substitutions
without departing from the spirit of the invention as set forth
and defined by the following claims.
What is claimed is:
1. A mobile telecommunications system, comprising:
a circuit-switched network supporting transmission of
data to a mobile station via at least one circuit-switched
bearer;

a packet-switched network supporting transmission of
data to the mobile station via at least one packet data
bearer;

first switching node located in one of the circuit-
switched network and packet-switched network, said
first switching node supporting a first type of bearer and
selecting between delivery of data addressed to the
mobile station using said first type of bearer and
delivery of the data addressed to the mobile station
using a second type of bearer, wherein the first type of
bearer and the second type of bearer are each selected
from the group consisting of circuit-switched bearers
and packet data bearers, and wherein the first switching
node selects the first type of bearer if a bearer of the first
type is available and a level of congestion in the
network in which the first switching node is located is
below a predefined level, and selects the second type of
bearer if the level of congestion in the network in which
the first switching node is located is above the pre-
defined level,

an interconnection between the circuit-switched network
and the packet-switched network for rerouting the data
addressed to the mobile station when the first switching
node selects delivery of the data addressed to the
mobile station using the second type of bearer; and

a second switching node located in the other of the
circuit-switched network and packet-switched network
relative to the first switching node, said second switch-
ing node supporting the second type of bearer and
serving to select a particular bearer of the second type
of bearer and to route the data addressed to the mobile
station using said particular bearer when the first
switching node selects delivery of the data addressed to
the mobile station using the second type of bearer.

2. The system of claim 1, wherein the first switching node
is located in the circuit-switched network and the second
switching node is located in the packet data network.

3. The system of claim 2, further comprising a short
message service center for forwarding a short message
service message, wherein the short message service message
comprises the data addressed to the mobile station.

4. The system of claim 2, wherein the first switching node
comprises a gateway mobile switching center and the second
switching node comprises a gateway packet support node.

5. The system of claim 1, wherein the first switching node
is located in the packet data network and the second switch-
ing node is located in the circuit-switched network.

6. A mobile telecommunications system, comprising:

a circuit-switched network supporting transmission of

data via at least one circuit-switched bearer;

1)

a packet-switched network supporting transmission of
data via at least one packet data bearer;

a first switching node located in one of the circuit-
switched network and packet-switched network, said
first switching node supporting a first type of bearer and
selecting between delivery of data addressed to a
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mobile station using said first type of bearer and
delivery of the data addressed to the mobile station
using a second type of bearer, wherein the first type of
bearer and the second type of bearer are each selected
from the group consisting of circuit-switched bearers
and packet data bearers;

an interconnection between the circuit-switched network

and the packet-switched network for rerouting the data
addressed to the mobile station when the first switching
node selects delivery of the data addressed to the
mobile station using the second type of bearer;

second switching node located in the other of the
circuit-switched network and packet-switched network
relative to the first switching node, said second switch-
ing node supporting the second type of bearer and
serving to select a particular bearer of the second type
of bearer and to route the data addressed to the mobile
station using said particular bearer when the first
switching node selects delivery of the data addressed to
the mobile station using the second type of bearer; and

an application server for sending a message including the

data addressed to the mobile station, said message
further including a parameter identifying the applica-
tion type for the data addressed to the mobile station,
wherein said parameter is used to select the particular
bearer for use in delivering the data addressed to the
mobile station.

. A mobile telecommunications system, comprising:
a circuit-switched network supporting transmission of

data via at least one circuit-switched bearer;

packet-switched network supporting transmission of
data via at least one packet data bearer;

first switching node located in one of the circuit-
switched network and packet-switched network, said
first switching node supporting a first type of bearer and
selecting between delivery of data addressed to a
mobile station using said first type of bearer and
delivery of the data addressed to the mobile station
using a second type of bearer, wherein the first type of
bearer and the second type of bearer are each selected
from the group consisting of circuit-switched bearers
and packet data bearers;

an interconnection between the circuit-switched network

and the packet-switched network for rerouting the data
addressed to the mobile station when the first switching
node selects delivery of the data addressed to the
mobile station using the second type of bearer;
second switching node located in the other of the
circuit-switched network and packet-switched network
relative to the first switching node, said second switch-
ing node supporting the second type of bearer and
serving to select a particular bearer of the second type
of bearer and to route the data addressed to the mobile
station using said particular bearer when the first
switching node selects delivery of the data addressed to
the mobile station using the second type of bearer; and
home location register associated with the mobile
station, said home location register storing information
regarding bearer capabilities for the mobile station,
wherein the first switching node retrieves said infor-
mation from the home location register for use in
selecting between delivery using the first type of bearer
and delivery using the second type of bearer.
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