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The present invention provides a method and apparatus that
enables handover of a mobile station between a cellular
network and a wireless network without control intervention
from the cellular network and independent of employed air
interface technology. The signaling and control of a switch,
for example SS7 messaging, is not required to achieve the
handovers implemented by the present invention. In particu-
lar, a call is connected (508) between a mobile station (202)
and a remote station (204) through a media gateway (210).
The media gateway is connected to the mobile station via a
first connection line and to the remote station via a second
connection line. When the mobile station has entered (514,
516) a transition area (302), a third connection line is
established (518) between the media gateway and the mobile
station. Communication between the media gateway and the
mobile station then is handed-over (526, 528) from the first
connection line to the third connection line and, thereafter,
the first connection line is disconnected (530).
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METHOD AND APPARATUS FOR
IMPLEMENTING BI-DIRECTIONAL SOFT
HANDOVERS BETWEEN WIRELESS NETWORKS
WITHOUT CARRIER CONTROL

FIELD OF THE INVENTION

[0001] The present invention relates generally to a mobile
communication system, and more particularly, to an appa-
ratus and method for implementing bi-directional handovers
between a cellular network and another wireless network
without cellular network control intervention.

BACKGROUND OF THE INVENTION

[0002] Handover procedures are well known in the art of
cellular telephony. A mobile subscriber unit, i.e., a mobile
station, typically connects to a cellular network by detecting
some form of beacon signal transmitted by a Base Trans-
ceiver Station (“BTS”) and then synchronizing itself to that
BTS. During a call, the mobile station and/or the network
monitor criteria such as the Radio Signal Strength Indication
(“RSSI”) at either the mobile station and/or a base station
and decide when the mobile station should handover to
another BTS. More sophisticated criteria related to voice
quality are also often utilized for making handover deci-
sions, for example Bit Error Rate (“BER”) or Frame Erasure
Rate (“FER”).

[0003] Wireless networks that utilize cellular air interface
technology and enable handover of a mobile station from a
cellular network Mobile Switching Center (“MSC”) to a
Private Branch Exchange (“PBX”) coverage area are
known. Networks of this type can be employed as enterprise
networks providing businesses with “on campus” coverage.
For example, a Global System For Mobil Communications
(“GSM”) mobile subscriber using a GSM cellular network,
who is also an enterprise subscriber, may handover to an
enterprise GSM network upon moving into a radio coverage
area of the enterprise campus. The local PBX functionality
is utilized for switching calls internal to the PBX network,
or to a Public Switched Telephone Network (“PSTN”) for
external calls, thus saving the enterprise the cost imposed by
the external cellular network switching as known in the art.

[0004] Handover of a mobile station between a cellular
network and an enterprise network incorporating the same
radio interface technology is, in general, accomplished by
coordinating the communication and control links with the
mobile station, the cellular network, and the enterprise
network. These known handover methods require the wire-
less network to employ the same radio interface technology
as the cellular network, and also require the MSC and PBX
to communicate, for example via SS7 messaging. Therefore,
an enterprise user must subscribe to a particular cellular
provider in order to use the same mobile station on both
networks.

[0005] Existing enterprise networks need to coordinate
with a cellular network, using a protocol such as SS7
messaging, in order to handover a mobile station between
the enterprise and cellular networks. These requirements for
coordinating with a cellular network place a significant
burden upon the operator of an enterprise network. First, the
air interface technology of the cellular operator limits the
choice of mobile stations that the enterprise operator can
utilize within the enterprise. Additionally, the coordination
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required between the two networks limits the enterprise to
cellular operators that provide on-campus solutions with
their respective service offerings.

[0006] There would be benefits to enterprise network
operators and users if mobile stations could operate, in a
secamless manner, between cellular and wireless networks
independent from the cellular air interface and control
coordination technology. An enterprise will benefit in higher
productivity and cost savings where its users operate a single
mobile station both on and off the enterprise campus. An
individual user would benefit from a single personal device
that could be used for multiple purposes, for example work
related and personal communications. Enterprise users will
also, in general, not employ the same cellular operators as
each individual enterprise user employs for personal use.
Businesses are generally constrained to select providers
based upon cost. Other considerations such as feature avail-
ability and interoperability between the enterprise and exter-
nal networks is also a consideration for businesses. The best
of both worlds is difficult to achieve in these respects.

[0007] In addition, other modes of service enhancements,
or service enhancement businesses could exist if there were
a means of utilizing wireless networks independently from
the cellular technology employed by the mobile station. It is
the aspect of handover control by the cellular network that
is a limiting factor in achieving such seamless mobility of a
mobile station.

[0008] Therefore, a need exists for an apparatus and
method for implementing bi-directional soft handovers
between a cellular network and a wireless network without
cellular network control intervention.

SUMMARY OF THE INVENTION

[0009] To address the above-mentioned need, a method
and apparatus for implementing bi-directional soft han-
dovers between a cellular network and a wireless network
without cellular network control intervention is provided
herein.

[0010] The present invention is a method for managing a
communication network having an area of coverage in
which the communication network is associated with a
media gateway that communicates with a plurality of mobile
stations. A call is connected between a mobile station and a
remote station through the media gateway. The media gate-
way is connected to the mobile station via a first connection
line and to the remote station via a second connection line.
The media gateway or the mobile station then determines
whether the mobile station has entered a transition area of
the area of coverage. Next, a third connection line is
established between the media gateway and the mobile
station. Then, communication between the media gateway
and the mobile station is handed-over from the first connec-
tion line to the third connection line. Thereafter, communi-
cation between the media gateway and the mobile station is
disconnected via the first connection line.

[0011] The present invention is also a wireless communi-
cation system comprising a mobile station, a carrier net-
work, a non-carrier network and a media gateway associated
with the non-carrier network. The mobile station is capable
of communication with a remote station. The carrier network
enables wireless communication between the mobile station
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and the remote station within a carrier area of coverage, and
the non-carrier network enables wireless communication
between the mobile station and the remote station within a
non-carrier area of coverage. The media gateway connects a
call between the mobile station and the remote station. In
addition, the media gateway is capable of connecting a first
connection line with the mobile station via the carrier
network or the non-carrier network; establishing a second
connection line with the mobile station via the carrier
network or the non-carrier network, whichever network is
not used for the first connection line; and disconnecting the
first connection line.

[0012] In one form, the media gateway is capable of
connecting the first connection line with the mobile station
via the carrier network, determining that the mobile station
entered the non-carrier area of coverage, establishing the
second connection line with the mobile station via the
non-carrier network, and disconnecting the first connection
line via the carrier network.

[0013] In another form, the media gateway is capable of
connecting the first connection line with the mobile station
via the non-carrier network, determining that the mobile
station exited the non-carrier area of coverage, establishing
the second connection line with the mobile station via the
carrier network, and disconnecting the first connection line
via the non-carrier network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram illustrating call estab-
lishment in accordance with the present invention.

[0015] FIG. 2 is a block diagram illustrating a mobile
station positioned within a communication network and a
media gateway communicating with the mobile station via
one communication link in accordance with a preferred
embodiment of the present invention.

[0016] FIG. 3 is a block diagram illustrating the mobile
station and media gateway of FIG. 2, in which the mobile
station is in transition at a boundary of the communication
network and the media gateway is communicating with the
mobile station via two communication links.

[0017] FIG. 4 is a block diagram illustrating the mobile
station and media gateway of FIGS. 2 and 3, in which the
mobile station is positioned outside of the communication
network and the media gateway is communicating with the
mobile station via one communication link.

[0018] FIG. 5 is a flow diagram illustrating a preferred
operation of the media gateway of FIGS. 2 through 4.

[0019] FIG. 6 is a block diagram illustrating inner com-
ponents of the mobile station of FIGS. 2 through 4.

[0020] FIG. 7 is a flow diagram illustrating a preferred
operation of the mobile station of FIG. 6.

DETAILED DESCRIPTION OF THE PREFERED
EMBODIMENTS

[0021] The present invention relates to a method and
apparatus for implementing bi-directional soft handovers of
a mobile station between two networks without network
control intervention between the networks. In particular, the
present invention enables a mobile station to operate seam-
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lessly from one wireless network and another wireless
network without regard to the air interface technology
utilized by the mobile station for wireless communications.

[0022] The present invention is utilized for situations in
which a mobile station moves between control areas of
various networks, such as carrier networks and non-carrier
networks. Carrier networks operate on cellular networks
and, generally, are controlled by cellular carriers including,
but not limited, to AT&T Wireless of Redmond, Wash.;
Cingular Wireless of Atlanta, Ga.; Sprint PCS of Overland
Park, Kans.; Verizon Wireless of New York, N.Y.; and
VoiceStream Wireless of Bellevue, Wash. Carrier networks
typically employ an analog-based air interface and/or one or
more digital-based air interfaces. Digital-based air interfaces
utilize digital communication technologies including, but
not limited to, Code Division Multiple Access (CDMA),
Time Division Multiple Access (TDMA), Global System
For Mobile Communications (GSM), Wideband Code Divi-
sion Multiple Access (WCDMA), Code Division Multiple
Access-3rd Generation (CDMA2000), and the like. Non-
carrier networks operate on wireless networks and, gener-
ally, are not controlled by cellular carriers. Non-carrier
networks employ a wireless local area network (WLAN)
based air interface including, but not limited to, IEEE
802.11™ supported by the Institute of Electrical and Elec-
tronics Engineers, Inc. (such as Wi-Fi supported by the
Wireless Ethernet Compatibility Alliance), Bluetooth™ sup-
ported by the Bluetooth SIG, Inc., HomeRF supported by the
HomeRF Working Group Inc., and the like.

[0023] Turning now to the drawings where like numerals
designate like components, FIG. 1 is a diagram that illus-
trates call establishment and handover in accordance with
the present invention. For this illustration, a mobile station
at a first position 102 may establish a call using a carrier
network 104 and, thercafter, handover the call to a non-
carrier network 106 after the mobile station moves to a
second position 108 within radio coverage (not shown) of
the non-carrier network. Likewise, the mobile station at the
second position 108 may establish a call using the non-
carrier network 106 and, thereafter, handover the call to the
carrier network 104 after the mobile station moves to the
first position 102 within radio coverage (not shown) of the
carrier network 104. Of course, although a carrier network
and a non-carrier network are represented in FIG. 1, the
present invention may also be utilized for communication
between carrier networks and between non-carrier networks.

[0024] Referring to the illustration of FIG. 1, each net-
work includes a plurality of transceivers for communicating
with the mobile station, an intercommunication component
for communicating between networks, and an interoperable
arrangement for communicating between the plurality of
transceivers and the intercommunication component. As
shown by the illustration in FIG. 1, the carrier network 104
may include a plurality of base stations 110, a Mobile
Switching Center (“MSC”) 112, and a cellular access net-
work 114 communicating between the base stations and the
MSC; and the non-carrier network 106 may include a
plurality of access points 116, a media gateway 118, and a
wireless access network 120 communicating between the
access points and the media gateway. The networks 104, 106
communicate with each other via MSC 112 and media
gateway 118.
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[0025] As stated above, the present invention enables a
mobile station to operate seamlessly between networks
without regard to the air interface technology utilized by the
mobile station for wireless communications. It is critical to
understanding the present invention to note that a bearer
channel established between stations and/or devices is
always established through a media gateway, whether the
call is initiated from a carrier network to a non-carrier
network, from a non-carrier network to a carrier network,
from a non-carrier network to another non-carrier network,
or from a carrier network to another carrier network. Also,
one or more of the stations and/or devices engaged in the call
are assigned a telephone number associated with each net-
work, for example, one number for a carrier network and
another number for a non-carrier network. For the present
invention, mobile stations that are assigned multiple num-
bers will be capable of handover regardless of the call
originator and network of call initiation.

[0026] 1t is also critical to understand that, because all
calls are routed through a media gateway, each handover of
a mobile station between a networks is a “make before
break” soft handover and control of each handover is
implemented by a media gateway without intervention or
control by a carrier network. Thus, SS7 or other control
signaling, as utilized by traditional switching systems, is not
required to accomplish the goals of the present invention.
For example, in reference to FIG. 1, the present invention
does not require SS7 or other control signaling to be
communicated between the MSC 112 and the media gate-
way 118.

[0027] Stated another way, the media gateway of the
present invention does not handover control of a commu-
nication with a mobile station to a carrier network. Instead,
the media gateway retains control of the communication as
the mobile station re-locates from one network to another
network. In particular, when a mobile station and a remote
station have a call that is directed through the media gate-
way, the media gateway has one connection to the mobile
station and another connection to the remote station. Herein,
the connection between the media gateway and the mobile
station shall be referred to as a first call leg. The media
gateway then establishes a second call leg with the mobile
station so that the first and second call legs exist concur-
rently, hands over the communication from the first call leg
to the second call leg, and disconnects the first call leg after
handover has been completed. By retaining control of the
communication with the mobile station, the media gateway
is capable of handover without intervention or control by a
carrier network.

[0028] FIGS. 2 through 4 represent a mobile station 202,
in communication with a remote station 204, having three
different positions relative to a communication network 206.
In particular, FIG. 2 illustrates the mobile station 202
positioned within the communication network 206 (or, more
particularly, within communication range of the communi-
cation network), FIG. 3 illustrates the mobile station 202 in
transition at a boundary 208 of the communication network
206, and FIG. 4 illustrates the mobile station 202 positioned
outside of the communication network 206 (or, more par-
ticularly, outside communication range of the communica-
tion network). Although FIGS. 2 through 4 show the
remote station 204 outside of the communication range or
boundary 208 of the communication network 206, it is to be
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understood that the location of the remote station is not a
limiting factor of the present invention. Accordingly, the
remote station 204 may be located within the communica-
tion range or boundary 208 of the communication network
without significantly changing the functionality of the
present invention. The term communication network 206, as
used herein, shall refer to the components of the network as
well as the area of coverage for the network.

[0029] FIGS. 2 through 4 illustrate at least two ways in
which the mobile station 202 may transition relative to the
communication network 206. In one way, the mobile station
may start within the communication network 206 as repre-
sented by FIG. 2, transition to the outer boundary 208 of the
communication network as represented by FIG. 3, and move
beyond the outer boundary as represented by FIG. 4. In
another way, the mobile station may start outside of the
communication network 206 as represented by FIG. 4,
transition to the outer boundary 208 of the communication
network as represented by FIG. 3, and move into the
communication network as represented by FIG. 4. In either
case, the remote device 204 may be within or outside of, the
communication network 206. Thus, it is to be understood
that the sequential order of the present invention’s operation
is not necessarily represented by the sequential numbering
of the drawings.

[0030] Referring to FIGS. 2 through 4, the communica-
tion network 206 includes one or more media gateways
represented by media gateway 210 and one or more access
points represented by access point 212. Although the com-
munication network 206 may be a carrier network or a
non-carrier network, for the preferred embodiment, the
communication network is a non-carrier network, such as an
enterprise network. For example, the communication net-
work 206 may employ a cellular air interface, such as
analog, CDMA, TDMA, GSM, WCDMA, and CDMA2000,
or may employ a WLAN based air interface, such as IEEE
802.11™ Bluetooth™, and HomeRF.

[0031] The media gateway 210 is capable of managing
calls between two or more stations regardless of the location
of the stations. For example, for the preferred embodiment,
the media gateway 210 is coupled to an access point 212
within the communication network’s area of coverage,
capable of communicating with a station 202 located within
the area of coverage, and capable of communicating with a
station 204 located outside of the area of coverage. The
media gateway 210 is able to communicate with the station
204 outside of the area of coverage by communicating
through a second network 214.

[0032] The second network 214 includes one or more base
stations that provide communication between the media
gateway 210 and the remote station 204, and the commu-
nication network 206 includes one or more access points 212
that provide communication between the media gateway and
the mobile station 202. For example, for the preferred
embodiment, the access point 212 has a wireless connection
with the mobile station 202, a wired connection with the
media gateway 210, and forwards communication from the
mobile station to the media gateway, and vice-versa.
Although not shown in FIGS. 2 through 4, the second
network 214 may include a variety of support components,
particularly those components the manage base stations and
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provide interoperability of base stations to other base sta-
tions or networks, such as Mobile Switching Center
(“MSCJ’).

[0033] Referring to FIG. 2, the mobile station 202 is
capable of communicating with the remote station 204
through the communication network 206 and the second
network 214, thus forming a bearer channel from the mobile
station to the remote station. For the preferred embodiment,
the mobile station 202 has a first link 222 to the communi-
cation network 206, the remote station 204 has a second link
224 to the second network 214, and the communication and
second networks have a wired link 226 there between.
Although the second link 224 is shown in FIG. 2 to provide
wireless communication for the preferred embodiment, it is
to be understood that a wired connection between the remote
station 204 and the second network 214 is also suitable for
the present invention.

[0034] The mobile station 202 communicates with the
remote station 204 through the media gateway 210. In
particular, the media gateway 210 communicates with the
mobile station 202 through a first connection line and
communicates with the remote station 204 through a second
connection line. For the preferred embodiment, shown in
FIG. 2, the second connection line is represented, in part, by
the second link 224 and the first connection line is repre-
sented, in part, by the first link 222 only if the mobile station
202 is entering the communication network 206. As will be
discussed in more detail below, the first link 222 may
represent a third connection line if the mobile station 202 is
exiting the communication network 206.

[0035] The media gateway 210 may be located at any
location so long as it is able to communicate with the
communication network 206 and the second network 214.
For the preferred embodiment, the media gateway 210 is
co-located with, and is part of, the communication network
206 and, thus, the media gateway handles address translation
and routing within the outer boundary 208 of the commu-
nication network. Thus, the media gateway 210 communi-
cates with the mobile station 202 via the first link 222 and
communicates with the remote station 204 via the second
link 224 and the wired link 226.

[0036] Calls between the mobile station 202 and the
remote station 204 are routed through the bearer channel to
the media gateway 210. Accordingly, the bearer channel
includes an inner mobile line 228 extending from the mobile
station 202 to the media gateway 210, an outer remote line
230 extending from the media gateway to the remote station
204, and a connection between the inner mobile and outer
remote lines through the media gateway 210. For the pre-
ferred embodiment, the inner mobile line 228 connects the
media gateway 210 and the mobile station 202 via the first
wireless connection or link 222, the access point 212, and an
intra-network link 232, and the outer remote line 230
connects the media gateway and the remote station 204 via
the wired link 226, the second network 214, and the second
wireless connection or link 224.

[0037] The media gateway 210 may receive a call from
one station, i.e., calling station, that is intended for another
station, i.e., called station. For example, the mobile station
202 may attempt to call the remote station 204, or vice versa.
When the media gateway 210 receives a call from the calling
station, the media gateway queries a seamless mobility
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register for caller ID information corresponding to the
calling station based upon the calling station’s telephone
number and electronic serial number (ESN) or subscriber
identity module (SIM) information. The seamless mobility
register is a database that either resides within the media
gateway 210 or on a remote server connected to the media
gateway. Additionally, the seamless mobility register may
exist, in parallel, within a plurality of wireless networks. The
seamless mobility register contains data records for each
station subscribed to a wireless network. The stored data
includes ESN or SIM information, user name, and all
telephone numbers associated with each station.

[0038] The media gateway 210, upon receiving the sub-
scriber information of the calling station, translates the
subscriber information utilized by the calling station’s net-
work to the telephone number and user name utilized by the
called station’s network, and sends this translated informa-
tion to the called station. The caller ID information of the
calling station is subsequently shown on a display of the
called station.

[0039] FIG. 3 is similar to FIG. 2, but the mobile station
202 is shown to have moved to a transition area 302 of the
communication network 206. The media gateway 210 is
capable of detecting that the mobile station 202, engaged in
a call, has entered the transition arca 302 of the area of
coverage of the communication network 206. The transition
area 302 is defined as an area between the outer boundary
208 and an inner boundary 304 of the area of coverage. The
location of the outer boundary 208 is determined based on
the communication range of the access point 212 (or com-
munication ranges for a plurality of access points), and the
location of the inner boundary 304 is determined based on
its relative distance from the outer boundary. If the mobile
station 202 enters the transition area 302, the media gateway
210 becomes aware that the mobile station may enter or exit
the area of coverage. By monitoring the activity of the
mobile station 202 within the transition area 302, particu-
larly relative to the outer and inner boundaries 208, 304, the
media gateway 210 is capable of taking this awareness a step
further and determining the likelihood that the mobile sta-
tion will enter or exit the area of coverage. A greater distance
between the outer and inner boundaries 208, 304 will
provide better accuracy in determining the likelihood of
entrance or exit than a lesser distance, but the greater
distance will also require more resources to monitor the
larger transition area 302 between the boundaries.

[0040] In FIG. 3, the communication network 206, more
particularly the media gateway 210, detects that the mobile
station 202 has reached the outer boundary 208 by measur-
ing the radio signal strength of the mobile station perceived
by the access point 212. Upon the radio signal strength
reaching a first predetermined minimum threshold value, the
media gateway 210 determines whether the mobile station
202 will move back toward the access point 212 such that its
signal will improve, or move away from the access point
such that communication with the mobile station must be
handed-over to the second network 214 in order to maintain
the established call. For example, a timer may be set to
determine whether the mobile station 202 will return to
coverage area such that its signal will improve, or move
outside the range of coverage area such that it must handover
to the cellular network. Once the communication network
206 detects that the radio signal strength from mobile station
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202 has reached a second predetermined minimum threshold
value, which is less than the first predetermined minimum
threshold value, handover procedures are initiated.

[0041] FIG. 3 represents the preferred embodiment in
which two different scenarios are possible: (1) the mobile
station 202 on a first call is entering the transition area 302
before exiting the communication network 206, and (2) the
mobile station on a first call is entering the transition area
before entering the communication network. For the first
scenario, the media gateway 210 has a first connection line,
i.e., the inner mobile line 228, to the mobile station 202 and
attempts to establish a third connection line, i.e., the outer
mobile line 306, to the mobile station in response to detect-
ing that the mobile station has reached the transition area
302. For the second scenario, the media gateway 210 has a
first connection line, i.e., the outer mobile line 306, to the
mobile station 202 and attempts to establish of a third
connection line, i.e., the inner mobile line 228, to the mobile
station in response to detecting that the mobile station has
reached the transition area 302. In both scenarios, the media
gateway 210 synchronizes the third connection line to the
first connection line so that handover can occur from one
connection to the other connection in a substantially seam-
less fashion.

[0042] For the preferred embodiment, the media gateway
210 commands the mobile station 202 to place a second call
to the media gateway. In response, the mobile station 202
calls a predetermined number to establish the second call
and, thus, the third connection line, to the media gateway
210. The predetermined number may be an identification
number of the mobile station, such as its telephone number,
or a pre-assigned handover number, such as a designated
toll-free number (e.g., “8007, “888”or “8777) or a toll
number (e.g., “900”). Since calls between the mobile and
remote stations 202, 204 must communicate through the
media gateway 210, any communication to the predeter-
mined number must be directed to the media gateway.

[0043] The media gateway 210 may establish the third
connection line in response to receiving a communication
directed to the predetermined number within a predeter-
mined period of time after commanding the mobile station
202 to call the predetermined number. In the alternative, the
media gateway 210 may establish the third connection line
in response to receiving the communication directed to the
predetermined number and determining that the inner
mobile line 228 connected between the media gateway and
the mobile station 202 is still active. As another alternative,
the media gateway 210 may establish the third connection
line by calling the mobile station 202 and, via the call,
inform the mobile station that a handover operation is to
occur. For example, the media gateway 210 may include a
header message with the outgoing call that informs the
mobile station 202 of the media gateway’s intention to
handover communication from the inner mobile line 228 to
the outer mobile line 306.

[0044] Referring to FIG. 4, the mobile station 202 is
shown outside of the outer boundary 208 of the communi-
cation network 206. The mobile station 202 may reach this
position by exiting the communication network 206, or
preparing to enter the communication network. If the mobile
station 202 has exited the communication network 206, then
the media gateway 210 previously had the first connection
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line, i.e., inner mobile line 228 (shown in FIG. 3), to the
mobile station 202, and presently has the third connection
line, i.e., outer mobile line 306, to the mobile station. Thus,
after the third communication line was established, the
media gateway 210 must have handed-over communication
from the first connection line to the third connection line and
disconnected the first communication line. For the second
scenario, then the media gateway 210 presently has the first
connection line, i.e., outer mobile line 306, to the mobile
station 202, and may attempt to establish of the third
connection line, i.e., inner mobile line 228, to the mobile
station. Thus, after the third communication line is estab-
lished, the media gateway 210 will handover communica-
tion from the first connection line to the third connection line
and disconnect the first communication line. For the pre-
ferred embodiment, the first communication line is discon-
nected, provided that the mobile station 202 remains within
the communication network 206 for a predetermined period
of time.

[0045] For the preferred embodiment shown in FIG. 4, the
mobile station 202 is communicating with the media gate-
way 210 via the outer mobile line 306 and the remote station
204 is communicating with the media gateway via the outer
remote line 230. Important to understanding the present
invention is that the outer mobile line 306 is established by
and under the control of the media gateway 210 even though
the stations 202, 204, as illustrated by example in FIG. 4,
employ the second network 214. If the stations 202, 204
communicate via the second network 214 without being
directed the media gateway 210, the media gateway 210 will
not be able to control the communication and, thus, will not
be able to handover communication as the mobile station
moved in and out of the communication network 206
without communicating communication control signals,
such as SS7, with the second network 214. By maintaining
the outer mobile line 306 with the media gateway 210, the
media gateway is able to alternately handover a given call in
a seamless manner as the mobile station 202 moves between
the communication and second networks 206, 214 without
communicating communication control signals with the
second network.

[0046] The remote station 204 may or may not subscribe
to the communication network 206. If the remote station 204
does not subscribe to the communication network 206
(“non-subscribing remote station”) but initiates a call to the
mobile station 202, the bearer channel must still be estab-
lished through the media gateway 210 in order to enable
handover of the mobile station. The mobile station 202
subscribes to the communication and second networks 206,
214, so it has a communication network number, such as for
example an enterprise number, for operation in the commu-
nication network and a second network number, such as for
example a cellular number, for operation in the second
network. For this particular scenario, if the non-subscribing
remote station 204 calls the communication network num-
ber, the bearer channel is established through the media
gateway 210. Thus, the media gateway 210 will be able to
handover communication for the mobile station 202. For
another scenario, if the non-subscribing remote station 204
calls the second network number, the call would be con-
nected between the remote station and the mobile station
202 directly through the second network 214. Thus, the
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media gateway 210 will not have control of the call and will
not be able handover communication for the mobile station
202.

[0047] For example, in reference to FIG. 4, the remote
station 204 is not a subscriber to the communication network
206 but only a subscriber to the second network 214.
Although the remote station 204 may be located in or outside
the communication network 206, the remote station is
located outside of the communication network for this
example. The mobile station 202 is a subscriber on both the
communication network 206 and the second network 214
and, therefore, has at least two telephone numbers. The
mobile station 202 also has data stored in a seamless
mobility register database of the media gateway 210. The
remote station 204 initiates a call, through the second
network 214, to the mobile station 202 using the commu-
nication network number of the mobile station to establish
the second connection line, i.c., outer remote line 230. The
media gateway 210 receives the call and retrieves the
subscriber information for the mobile station 202, specifi-
cally the second network number of the mobile station. The
media gateway 210 then uses call redirect such that the
communication network 206 calls the mobile station 202
through the second network 214 to establish the first con-
nection line, i.e., outer mobile line 306. Because the mobile
station 202 is located outside of the area of coverage of the
communication network 206, the call is received at the
mobile station via the second network 214.

[0048] For this example, the caller identification display of
the mobile station 202 will show the second network tele-
phone number and user name of the remote station 204,
because there is no information stored in the media gateway
210 for the remote station 204. In the alternative, the display
of the mobile station 202 may shown a particular message,
such as “out of area”. The outer remote line 230 is main-
tained by the media gateway 210 throughout the call,
because the remote station 204 is not a subscriber to the
communication network 206 and information about the
remote station is not stored in the seamless mobility register
of the media gateway. Also, the remote station 204 of this
example cannot handover communication to the communi-
cation network 206. The media gateway 210 maintains the
bearer channel for the call and the mobile station 202
subscribes to the communication and second networks 206,
214. Therefore, the mobile station 202 may handover com-
munication between the communication and second net-
works using the procedures disclosed herein.

[0049] Referring to FIG. 5, which is associated with
FIGS. 2 through 4, there is provided a flow diagram 500
illustrating a preferred operation of the media gateway 210.
After initiating the operation at step 502, one of either the
mobile station 202 (“MS”) and the remote station 264
(“RS”) attempts to call the other of the mobile station and
the remote station at step 504. In particular, the mobile
station 202 may attempt to call a communication network
number of the remote station 204, or the remote station may
attempt to call a communication network number of the
mobile station. The call attempt to the communication
network number, by either the mobile station 202 or the
remote station 204, is sent to the media gateway 210 at step
506. As stated above, a bearer channel established between
mobile station 202 and the remote station 204 is always
established through the media gateway 210. Next, the media
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gateway 210 connects a call between the mobile station 202
and the remote station 204 through the media gateway at
step 508. The media gateway 210 is connected to the mobile
station 202 via a first connection line, i.e., Line #1, and the
media gateway is connected to the remote station via a
second connection line, i.e., Line #2. As shown in FIGS. 2
through 4, the first connection line is represented by one of
either the inner mobile line 228 and the outer mobile line
306, and the second connection line is represented by the
outer remote line 230.

[0050] After a call is connected, the media gateway 210
monitors the position of the mobile station 202 relative to the
transition area 302 of the area of coverage at step 510. If the
media gateway 210 determines that the call has been termi-
nated at step 512 while it is monitoring the position of the
mobile station 202, then the operation terminates at step 534.
Otherwise, the media gateway 210 continues to monitor the
position of the mobile station 202 at step 510 if the mobile
station has not entered a transition area 302 of the area of
coverage at step 514 or the mobile station is likely to have
entered or exited the area of coverage at step 516. If the call
has not been terminated by the time step 512 is reached, the
mobile station 202 has entered a transition area of the area
of coverage at step 514, and it is likely that the mobile
station is entering or exiting the area of coverage at step 516,
then the media gateway 210 establishes a third connection
line with the mobile station at step 524. As shown in FIGS.
2 through 4, the third connection line is represented by one
of either the inner mobile line 228 and the outer mobile line
306, whichever line that does not represent the first connec-
tion line. Accordingly, two connection lines exist concur-
rently between the media gateway 210 and the mobile
station 202 during step 524.

[0051] The media gateway 210 may establish the third
connection line at step 524 in response one or more condi-
tions. For example, the media gateway 210 may command
the mobile station 202 to call the media gateway so that the
third connection line may be established, or the media
gateway may call the mobile station so that the third
connection line may be established. If the media gateway
210 commands the mobile station 202 to call a predeter-
mined number directed to the media gateway, then the media
gateway may establish the third connection line in response
to receiving the call. For example, the third connection line
may be established if the call is received by the media
gateway 210 within a particular threshold period of time
after the media gateway commands the mobile station 202 to
call the predetermined number. Also, for example, the third
connection line may be established if the predetermined
number, from which the media gateway 210 receives the
call, is dedicated to the purpose of initiating the third
connection line. If the media gateway 210 calls the mobile
station 202 to establish the third connection line, then the
call may include information to inform the mobile station
that the third connection line is being established. For
example, when the media gateway 210 calls the mobile
station 202, the call may include a call signal indicating that
a third connection line should exist concurrently with the
first connection line.

[0052] For the preferred embodiment, the media gateway
210 may command the mobile station 202 to call a prede-
termined number to establish the third connection line to the
media gateway at step 518 and, then, determine whether the
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mobile station has acknowledged the command to call the
predetermined number at step 520. For example, the mobile
station 202 may acknowledge the command by calling the
predetermined number. If the mobile station 202 has not
acknowledged the command at step 520, the media gateway
210 determines whether the call has been terminated at step
522. The media gateway 210 continues to await either an
acknowledgment from the mobile station 202 or an indica-
tion that the call has been terminated by looping through
steps 520 and 522. If the call has been terminated at step 522,
then the operation ends at step 534.

[0053] If the mobile station 202 acknowledges the com-
mand at step 520, the media gateway 210 establishes a third
connection line, i.e., Line #3, between the media gateway
and the mobile station at step 524. Then, the media gateway
210 hands-over communication between the media gateway
and the mobile station 202 from the first connection line to
the third connection line at step 526. As represented by steps
526 and 528, the media gateway 210 continues to attempt
handover of communication between the media gateway and
the mobile station 202 until handover is successful at step
528. After handover is successful at step 528, the media
gateway 210 disconnects communication between the media
gateway and the mobile station 202 by disconnecting the
first connection line at step 530. If the call has not been
terminated by the time step 532 is reached, then the media
gateway 210 again monitors the position of the mobile
station 202 relative to the transition area 302 of the area of
coverage at step 510. Otherwise, if the call has been termi-
nated, the operation ends at step 534.

[0054] Referring to FIG. 6, various components of the
mobile station 202 are shown. The mobile station 202
generally includes at least one antenna 602, two transceiver
circuits 604, 606, and various other components 608-614.
The individual components of the mobile station 202 may be
integrated together, in part or as a whole. For example,
although the transceiver circuits 604, 606 are shown in FIG.
6 as separate circuits, they may be combined to form a single
circuit.

[0055] As shown in FIG. 6, the mobile station 202
includes a first transceiver circuit 604 (“transceiver #17) and
a second transceiver circuit 606 (“transceiver #2”). The first
transceiver circuit 604 communicates with a first network
within a first area of coverage, and the second transceiver
circuit 606 communicates with a second network within a
second area of coverage. The second area of coverage is
different from the first area of coverage and, preferably, the
second network is different from the first network. For the
preferred embodiment of the mobile station 202, the first
network is one of either a carrier network and a non-carrier
network, and the second network is the other of either the
carrier network and the non-carrier network. The non-carrier
network is a wireless local area network that is not managed
by a carrier. For example, the carrier network may be a
cellular network and the non-carrier network may be an
enterprise network.

[0056] The mobile station 202 also includes a main circuit
comprising a processor 608 as well as a memory portion
610, a display 612, and a user interface 614 coupled to the
processor. The processor provides the general operation of
the mobile station 202 based on applications stored in the
memory portion 610 and manipulation of data stored in the
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memory portion. The applications stored in the memory
portion 610 includes, but are not limited to, processor code
for conducting a call with the remote station 204 through the
media gateway 210, processor code for entering the transi-
tion area 302 of the communication network 206, processor
code for communicating with the media gateway via the first
and second transceiver circuits 604, 606 concurrently, pro-
cessor code for handing-over communication with the media
gateway from the first transceiver circuit to the second
transceiver circuit, and processor code for disconnecting
communication with the media gateway via the first trans-
ceiver circuit. Thus, the processor provides operations, as
explained below in reference to FIG. 7, that allow for
seamless transition between the first and second networks.
Also, the display 612 and the user interface 614 provide user
interaction to facilitate operation of the mobile device 202
while executing the above processor codes.

[0057] The main circuit is coupled to the first and second
transceiver circuits 604, 606 and is used for conducting a
call with a remote station. For the preferred embodiment, the
processor 608 is coupled to the first and second transceiver
circuits 604, 606. The main circuit is capable of operating
the first and second transceiver circuits 604, 606 concur-
rently and handing-over communication for the call from the
first transceiver circuit 604 to the second transceiver circuit
606. In particular, the main circuit is capable of connecting
a first connection line to the remote station 204 via one of
either the first transceiver circuit 604 and the second trans-
ceiver circuit 606, initiating a second connection line to the
remote station via the other of either the first transceiver
circuit and the second transceiver circuit, and disconnecting
the first connection line. The main circuit initiates operation
of the second transceiver circuit 606, while operating the
first transceiver circuit 604, in response to receiving a signal
indicating that the mobile station 202 entered a transition
area or the second area of coverage. The mobile station 202
may enter the transition area by being positioned within a
particular range for entering or exiting the non-carrier area
of coverage.

[0058] Since the mobile station 202 includes two trans-
ceiver circuits 604, 606, the mobile station is capable of
receiving calls to its communication network number and its
second network number. The main circuit is capable of
handing-over communication in synchronous with the
media gateway 210. For the preferred embodiment, the main
circuit is capable of handing-over communication for a call
if (a) the remote station 204 initiated the call to the com-
munication network number of the mobile station 202 or a
predetermined number directed to the media gateway 210,
or (b) the mobile station initiated the call to a communica-
tion network number of the remote station or a predeter-
mined number directed to the media gateway. Also, for the
preferred embodiment, the main circuit is not capable of
handing-over communication for the call if the remote
station 204 initiated the call to a second network number of
the mobile station 202.

[0059] The main circuit may or may not be capable of
handing-over communication for the call if the mobile
station 202 initiated the call to the second network number
of the remote station 204. As stated above, the main circuit
of mobile station 202 is capable of handover if mobile
station calls a predetermined number that establishes a
connection to the media gateway 210, and the media gate-
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way 210 establishes a call to the second network number of
the remote station 204. The user may also initiate the call by
entering the second network number of the remote station
204 via a user interface of mobile station 202. The mobile
station 202 subsequently will establish a call to the media
gateway 210, using the predetermined number or commu-
nication network number of the remote station 204, trans-
parently with respect to the user. For example, for the
preferred embodiment, priority is given to the communica-
tion network connection (as opposed to the second network
connection) whenever the mobile station 202 is located
within the coverage area of the communication network 206.
This scenario can occur whether mobile station 202 is
located within or outside of the communication network
206. So long as the mobile station 202 establishes a call via
the media gateway 210, such that an internal or external
communication line is established from mobile station 202
to the media gateway 210, mobile station will be capable of
handing over communication between the communication
and second networks 206, 214.

[0060] FIG. 6 may also represent the remote device 204.
The remote station 204 may be similar to the mobile station
202 in all aspects. However, proper operation of the present
invention does not require the mobile and remote stations
202, 204 to be identical. In particular, the remote station 204
does not require a second transceiver circuit 606 nor the
applications or processor codes stored in the memory por-
tion 610, as described above for the mobile station 202. In
fact, existing communication devices may operate as the
remote device 204.

[0061] Referring to FIG. 7, which is associated with FIG.
6, there is provided a flow diagram 700 illustrating a
preferred operation of the mobile station 202. After initiating
the operation at step 702, a call is established between the
mobile station 202 (“MS”) and the remote station 204
(“RS”) at step 708. In particular, communication is estab-
lished between the media gateway 210 and the first trans-
ceiver circuit 604 of the mobile station 202. After the call is
connected, the mobile station 202 determines whether the
call has been terminated at step 712 or the mobile station has
entered a transition area 302 of the area of coverage at step
714. If the media gateway 210 determines that the call has
been terminated at step 712, then the operation terminates at
step 734.

[0062] 1If the call has not been terminated by the time step
712 is reached and the mobile station 202 has entered a
transition area of the area of coverage at step 714, then
communication is established between the media gateway
210 the second transceiver circuit 606 of the mobile station
at step 724. The first and second transceiver circuits com-
municate concurrently with the media gateway 210 and the
mobile station 202 during step 724.

[0063] Communication between the media gateway 210
and the second transceiver circuit 606 may be establish at
step 724 in response one or more conditions. For example,
the media gateway 210 may command the mobile station
202 to call a predetermined number directed to the media
gateway, or the media gateway may call the mobile station
and inform the mobile station that a connection is being
established.

[0064] The mobile station 202 then hands-over commu-
nication between the media gateway 210 and the mobile
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station from the first transceiver circuit 604 to the second
transceiver circuit 606 at step 726. This handover operation
by the mobile station 202 is performed in synchronous with
a similar handover operation (step 526 of FIG. 5) performed
by the media gateway 210. As represented by steps 726 and
728, the mobile station 202 continues to attempt handover of
communication between the media gateway and the mobile
station 202 until handover is successful at step 728. After
handover is successful at step 728, the media gateway 210
disconnects communication between the media gateway and
the first transceiver circuit 604 of the mobile station 202 at
step 730. If the call has not been terminated by the time step
712 is reached, then the mobile station 202 again determines
whether the mobile station has entered the transition area
302 of the area of coverage at step 714. Otherwise, if the call
has been terminated, the operation ends at step 734.

[0065] 1t is to be understood that, in preferred embodi-
ments of the present invention, at least two numbers are
assigned to the mobile station 202 for enabling handover
between networks. However, more than two numbers may
be assigned to the mobile station 202. For example, a
universal number may be assigned to the mobile station 202
and stored in the seamless mobility register associated with
the media gateway 210. In this case, the herein described use
cases would be identical except that the station originating
a call would employ the universal number of the called
station instead of the communication network number. The
media gateway 210 would translate the universal number as
required, and per the herein described cases, to establish
calls such that the bearer channel is always maintained
through the media gateway as described herein.

[0066] While the preferred embodiments of the invention
have been illustrated and described, it is to be understood
that the invention is not so limited. Numerous modifications,
changes, variations, substitutions and equivalents will occur
to those skilled in the art without departing from the spirit
and scope of the present invention as defined by the
appended claims.

What we claim is:

1. A method for managing a communication network
having an area of coverage, the communication network
associated with a media gateway that communicates with a
plurality of mobile stations, the method comprising the steps
of:

connecting a call between a mobile station and a remote
station through the media gateway, the media gateway
being connected to the mobile station via a first con-
nection line and to the remote station via a second
connection line;

determining that the mobile station entered a transition
area of the area of coverage;

establishing a third connection line between the media
gateway and the mobile station;

handing-over communication between the media gateway
and the mobile station from the first connection line to
the third connection line; and

disconnecting communication between the media gate-
way and the mobile station via the first connection line.

2. The method of claim 1, wherein the media gateway
hands-over communication between the media gateway and
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the mobile station without coordinating control of the call
with another network different from the communication
network.

3. The method of claim 1 wherein, during the step of
handing-over communication, the first and third connection
lines exist concurrently so that the media gateway may
handover communication between the media gateway and
the mobile station from the first connection line to the third
connection line.

4. The method of claim 1, wherein the first connection line
operates within one of either a non-carrier network and a
carrier network, and the third connection line operates
within the other of either the non-carrier network and the
carrier network.

5. The method of claim 4, wherein the non-carrier net-
work is an enterprise network that is not managed by a
carrier.

6. The method of claim 5, wherein the enterprise network
is a wireless local area network.

7. The method of claim 1, wherein the transition area is
located at an outer boundary of the area of coverage.

8. The method of claim 1, wherein the step of determining
that the mobile station entered the transition area includes at
least one of (a) the step of determining that the mobile
station is within a particular range for entering the area of
coverage, and (b) the step of determining that the mobile
station is within a particular range for exiting the area of
coverage.

9. The method of claim 1, wherein the step of determining
that the mobile station entered the transition area includes
the step of determining a position of the mobile station
relative to the transition area based on a radio signal strength
indication (“RSSI”) of the mobile station.

10. The method of claim 1, wherein the step of establish-
ing the third connection line includes the step of receiving a
call from the mobile station that is directed to a predeter-
mined number.

11. A wireless communication system comprising:

a mobile station capable of communication with a remote
station;

a carrier network for enabling wireless communication
between the mobile station and the remote station
within a carrier area of coverage; and

a non-carrier network for enabling wireless communica-
tion between the mobile station and the remote station
within a non-carrier area of coverage;

a media gateway associated with the non-carrier network
for connecting a call between the mobile station and the
remote station, the media gateway being capable of
connecting a first connection line with the mobile
station via one of either the carrier network and the
non-carrier network, establishing a second connection
line with the mobile station via the other of either the
carrier network and the non-carrier network, and dis-
connecting the first connection line.

12. The wireless communication system of claim 11,
wherein the media gateway is capable of connecting a third
connection line with the remote station via one of either the
carrier network and the non-carrier network.

13. The wireless communication system of claim 11,
wherein the media gateway hands-over communication
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between the media gateway and the mobile station without
coordinating control of the call with the carrier network.

14. The wireless communication system of claim 11,
wherein the first and second connection lines exist concur-
rently so that the media gateway may handover communi-
cation between the media gateway and the mobile station
from the first connection line to the second connection line.

15. The wireless communication system of claim 11,
wherein the non-carrier network is an enterprise network
that is not managed by a carrier.

16. The wireless communication system of claim 11,
wherein the non-carrier network is a wireless local area
network.

17. The wireless communication system of claim 11,
wherein the media gateway determines whether the mobile
station entered a transition area of the non-carrier area of
coverage.

18. The wireless communication system of claim 17,
wherein the transition area is located at an outer boundary of
the non-carrier area of coverage.

19. The wireless communication system of claim 17,
wherein the media gateway determines one of either (a) the
mobile station is within a particular range for entering the
non-carrier area of coverage, and (b) the mobile station is
within a particular range for exiting the non-carrier area of
coverage.

20. The wireless communication system of claim 17,
wherein the media gateway determines a position of the
mobile station relative to the transition area based on a radio
signal strength indication (“RSSI”) of the mobile station.

21. The wireless communication system of claim II,
wherein the media gateway receives a call from the mobile
station that is directed to a predetermined number.

22. A wireless communication system comprising:

a mobile station capable of communication with a remote
station;

a carrier network for enabling wireless communication
between the mobile station and the remote station
within a carrier area of coverage; and

a non-carrier network for enabling wireless communica-
tion between the mobile station and the remote station
within a non-carrier area of coverage;

a media gateway associated with the non-carrier network
for connecting a call between the mobile station and the
remote station, the media gateway being capable of
connecting a first connection line with the mobile
station via the carrier network, determining that the
mobile station entered the non-carrier area of coverage,
establishing a second connection line with the mobile
station via the non-carrier network, and disconnecting
the first connection line via the carrier network.

23. The wireless communication system of claim 22,
wherein the media gateway hands-over communication
between the media gateway and the mobile station from the
first connection line to the second connection line without
coordinating control of the call with the carrier network.

24. The wireless communication system of claim 22,
wherein the first and second connection lines exist concur-
rently so that the media gateway may handover communi-
cation between the media gateway and the mobile station
from the first connection line to the second connection line.
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25. A wireless communication system comprising:

a mobile station capable of communication with a remote
station;

a carrier network for enabling wireless communication
between the mobile station and the remote station
within a carrier area of coverage; and

a non-carrier network for enabling wireless communica-
tion between the mobile station and the remote station
within a non-carrier area of coverage;

a media gateway associated with the non-carrier network
for connecting a call between the mobile station and the
remote station, the media gateway being capable of
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connecting a first connection line with the mobile
station via the non-carrier network, determining that
the mobile station exited the non-carrier area of cov-
erage, establishing a second connection line with the
mobile station via the carrier network, and disconnect-
ing the first connection line via the non-carrier network.

26. The wireless communication system of claim 25,
wherein the media gateway hands-over communication
between the media gateway and the mobile station from the
first connection line to the second connection line without
coordinating control of the call with the carrier network.
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