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maintenance activity without affecting application response times. Because LTE 1s more battery efficient than P25 for the transmis -
sion of registration and connection maintenance procedure messages, an LTE network service (214) 1s configured to operate as a
proxy (216) for the P25 network (224), relieving the less efficient network of registration, maintenance, provisioning, and network
management tasks, and thereby conserving battery power. In this way, the wireless multi-network communication device (202) pre-
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the LTE network (214). This minimizes activity by the P25 radio and thereby extends battery operation as a result of the much
lower power requirements of LTE radios. The P25 radio 1s relieved from control plane communications by the proxy component
216 and 1s only required to periodically monitor signal quality to provide data for a potential handover to another P25 cell.
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SYSTEMS AND METHODS REGISTRATION AND MAINTENANCE OF
WIRELESS CLIENTS VIA A PROXY WIRELESS NETWORK SERVICE

BACKGROUND OF THE INVENTION

The invention concerns registration of wireless clients through the use
of a proxy service, and more particularly the registration and maintenance of data
connections to one network through the use of a proxy service on a preferred
network.

There are various communication networks known in the art. Such
communication networks include Land Mobile Radio (LMR) networks, Wideband
Code Division Multiple Access (WCDMA) based networks, Code Division Multiple
Access (CDMA) based networks, Wireless Local Area Networks (WLANSs), Global
System for Mobile communications (GSM) based networks, Enhanced Data rates for
GSM Evolution (EDGE) based networks and Long Term Evolution (LTE) based
networks. Each of these communication networks comprises a plurality of
communication devices and network equipment configured to facilitate
communications between the communication devices.

Each communications network operates according to a communications
protocol that dictates message formats and procedures for exchanging messages
within the communications system and is often governed by industry standards. Such
protocols and standards include GSM, the Universal Mobile Telecommunications
System (UMTYS), and the Long Term Evolution (LTE) or LTE Advanced (LTE-A)
standards promulgated by the Third Generation Partnership Project (3GPP). Other
protocols include the CDMAOne and CDMA2000 protocols, the Institute of
Flectrical and Electronics Engineers (IEEE) 802 family of protocols; the Project 25
(P25) and other LMR protocols, and the like. Among the many procedures defined by
a network protocol is the registration procedure that allows a communications device
to establish a link to the communications network and receive services via the
communications network. This process is alternatively called “attachment.”

The transmission of data in a communications system can be divided into

distinct operations. These operations are generally conceptualized into “data plane™

_1-
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functions and “control plane” functions. The data plane carries user data traffic
transmitted 1n accordance with the appropriate protocol for the communications
system. The control plane exists to support the data plane, and functions to establish
(¢.g., register or attach to the network), maintain, and modify the data connection used
5 by the data traffic in accordance with the appropriate protocol for the communications
system. For example, current technology requires that control plane messaging
establish a data connection between a terminal and a network system. Once the data
connection 18 established, data plane messages exchange data between the terminal
and other parts of the network system.

10 Portable multi-network communications devices which maintain
connections to multiple communications networks can rapidly deplete battery power
when performing registration and connectivity management tasks independently on
cach network. These devices would benefit from mechanisms that minimize this
registration and maintenance activity without atfecting application response times.

15
SUMMARY OF THE INVENTION

Embodiments of the present invention concern a method for use in a
wireless multi-network terminal registered on a first network that includes a first
network infrastructure. The method includes transmitting registration information
20  for a second network to a proxy component that 1s in communication with the first
network infrastructure. The transmission of the registration imformation causes
the proxy component to forward said registration information to an agent
component that 1s part of the second network that includes second network
infrastructure. The method also includes receiving a registered service from the
25  second network based on the registration mnformation that was transmitted to the
first network infrastructure.

Other embodiments of the present invention concern a multi-network
terminal configured to communicate with multiple networks. The multi-network
terminal includes a controller configured to generate registration messages

30  compatible with a first network. The registration messages include registration
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information for use with a second network. The multi-network terminal further
includes a transmitter and associated circuitry configured to transmit the messages
to a proxy component that 1s 1n communication with a network infrastructure that
makes up the first network. The messages cause the proxy component to forward
the registration information to an agent component that 1s part of a second
network infrastructure that makes up the second network. The wireless network
terminal includes a recerver and associated circuitry configured to receive a
registered service from the second network based on the registration information
that was transmitted to the first network infrastructure.

A method for use 1n the system includes registering a multi-network
terminal on a first network using a first network infrastructure. The method
continues with the multi-network terminal transmitting additional registration
information to the proxy component, such additional registration information
being suitable for registration with a second network. The proxy component
recerves the additional registration information to be used to register the multi-
network terminal on a second network. The proxy component then forwards the
additional registration information to an agent component that is part of a second
network infrastructure. The agent component forwards the additional registration
information of the multi-network terminal to a site agent located within the second
network infrastructure. The multi-network terminal 1s then registered by the site
agent on the second network by using the additional registration information

forwarded from the first network infrastructure.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments will be described with reference to the following
drawing figures, in which like numerals represent like items throughout the
figures, and 1n which:
FIG. 1 1s a diagram of a multi-network communication system that 1s

uscful for understanding the embodiments of the present invention.
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FIG. 2 1s a diagram of a multi-network communication system that 1s
uscful for understanding the embodiments of the present invention.

FIG. 3 1s a block diagram of a multi-network terminal that 1s useful for
understanding the embodiments of the present invention.

FIG. 4 1s a flowchart that 1s useful for understanding a process for
registering a multi-network terminal on multiple networks using a proxy.

FIG 5 1s a diagram of a physical topology of a wireless
communications network that 1s useful for understanding embodiments of the
present mnvention.

FIG. 6 1s a flowchart that 1s useful for understand a process for

maintain a data connection with a multi-network terminal using a proxy.

DETAILED DESCRIPTION

The present invention 18 described with reference to the attached
figures. The figures are not drawn to scale and they are provided merely to
illustrate the 1nstant invention. Several aspects of the invention are described
below with reference to example applications for 1llustration. It should be
understood that numerous specific details, relationships, and methods are set forth
to provide a full understanding of the invention. One having ordinary skill in the
relevant art, however, will readily recognize that the invention can be practiced
without one or more of the specific details or with other methods. In other
instances, well-known structures or operation are not shown 1n detail to avoid
obscuring the invention. The present mvention 1s not limited by the 1llustrated
ordering of acts or events, as some acts may occur 1n different orders and/or
concurrently with other acts or events. Furthermore, not all 1llustrated acts or
events are required to implement a methodology 1n accordance with the present
invention.

The word "exemplary" 1s used herein to mean serving as an example,
instance, or illustration. Any aspect or design described herein as "exemplary” 1s

not necessarily to be construed as preferred or advantageous over other aspects or
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designs. Rather, use of the word exemplary 1s intended to present concepts in a
concrete fashion. As used 1n this application, the term "or" 1s intended to mean an
inclusive "or'" rather than an exclusive "or". That 1s, unless specified otherwise, or
clear from context, "X employs A or B" 1s intended to mean any of the natural
inclusive permutations. That 1s if, X employs A; X employs B; or X employs both
A and B, then "X employs A or B" 1s satisfied under any of the foregoing
Instances.

As used herein, the term “multi-network terminal” means any portable
communication device capable of communicating with two or more networks. As
such, a multi-network terminal can be a land mobile radio (“LMR”), mobile/smart
phone, personal computer (“PC”’), notebook, a laptop computer, a PDA, a tablet,
or other portable multi-network communication device.

As used herein, the term “proxy component” means a network
apparatus within and/or in communication with the network infrastructure of a
first network that 1s capable of serving as a proxy for a second network, or a like
component outside of the first network but in communication with the fixed
network that 1s likewise capable of serving as a proxy for a second network. The
proxy component receives, processes, and forwards information bound for the
second network sent from a multi-network terminal connected to the first network.
The proxy component may be implemented in hardware or in software.

As used herein, the term “agent component” means a network
apparatus that 1s capable of serving as an agent 1n a second network for a multi-
network terminal connected to a first network. The agent component 1s within
and/or 1n communication with the second network. The agent component
receives, processes, and forwards information transmitted from a proxy
component 1n the first network. The agent component may be implemented 1n
hardware or software.

As used herein, the term “transmission site” means any access point,
base station, or other network apparatus capable of communication with multi-

network terminals. Although transmission sites for individual networks are
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described herein as distinct, one skilled 1n the art would recognize that the same
transmission site may service multiple networks simultancously. As used herein,
the phrase “located at a transmission site” means any network component that
may be described as part of the transmission site, whether physically or logically.
Additionally, the term “transmission site” 1s not limited to a single network
apparatus, but may include several networked apparatus that need not be
gcographically co-located.

Systems implementing network radio access technology often require
transmission of various messages and implementation of certain procedures to
allow registration and maintenance of a wireless network connection with a multi-
network communication device. Additionally, all such radio access technologies
have varying levels of power consumption requirements. Multi-network
communication devices should make use of available networks to optimize the
user’s experience. For portable devices, this optimization often involves trade-
offs 1n performance to provide adequate battery operation. In a multi-network
communication system where coverage overlap 18 common, the most efficient
available communications mode should be selected to transmit the routine
registration and maintenance messages. Embodiments of the present invention
extend this paradigm by allowing the preferred network to act as a proxy for non-
preferred networks 1n order to maintain connectivity, registration, and data traffic
as desired.

Referring to FIG. 1, a multi-network wireless communication system
1s shown that 1s useful for understanding an embodiment of the present invention.
The wireless communication system includes, but 1s not limited to, a multi-
network terminal 101, transmission sites 112 and 122, and wireless networks 114
and 124. The multi-network terminal 101 connects to wireless networks 114 and
124 by communication with transmission sites 112 and 122 via wireless protocols
110 and 120, respectively. The wireless networks may be based on any radio

access technology (RAT) and may be governed by any related wireless protocols.

PCT/US2013/033431
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In an exemplary embodiment, wircless network 114 1s an LTE based
network and the multi-network terminal 101 communicates with transmission site
112 through an appropriate 3GPP LTE protocol, 1.c., LTE or LTE-A. In another
aspect of this embodiment, wireless network 124 1s a P25 based network and the
multi-network terminal 101 communicates with transmission site 122 through an
appropriate P25 protocol. In the illustrated embodiment, wireless network 114 1s
a preferred network and wireless network 124 1s a secondary network. Because
LTE 1s more battery efficient than P25 for the transmission of registration and
connection maintenance procedure messages, an LTE network service 1s
configured to operate as a proxy for the P25 network, relieving the less efficient
network of registration, maintenance, provisioning, and network management
tasks, and thereby conserving battery power. In this way, the wireless multi-
network communication device preserves its battery for network specific P23
services, €.g., voice transmission. In this example embodiment, LTE and P25
networks are discussed, however, one skilled 1n the art will recognize that any two
wireless network technologies may be substituted. In such alternate scenarios, the
first network 1s configured to conduct routine data transmission of registration,
maintenance, provisioning, and network management messages as a proxy for the
second network.

Referring now to FIG. 2, a wireless multi-network system 1s shown
that 1s useful for understanding embodiments of the present invention. The
wireless multi-network system includes a wireless multi-network terminal 202.
The wireless multi-network terminal 202 1s capable of connection to various
wireless radio access technologies including, but not limited to, those described
above. In an embodiment, the wireless multi-network terminal 202 1s capable of
operating on an LTE based network and a P25 based network, for instance. The
wireless multi-network terminal 202 utilizes wireless protocols 210 and 220 to
communicate with transmission sites 212, 222 through wireless connections 240,
250 respectively. Transmission sites 212, 222 are connected to wireless network

systems 214, 224 through connections 211, 221. Such connections can be wired,

PCT/US2013/033431
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wireless, or fiber, dedicated backhaul connections that provide high throughput
data transmission between transmission sites 212, 222 and the core networking
system 214, 224. These connections can serve many wireless terminals at once,
and the various network infrastructures that form wireless systems 214, 224,

Wireless multi-network terminal 202 can register with wireless
systems 214, 224 through a registration procedure so that wireless multi-network
terminal 202 can access services from wireless systems 214, 224 that require
registration. Such registration procedures entail the exchange of various messages
between the wireless multi-network terminal 202 and various components within
and/or 1n communication with the network mfrastructure of the wireless systems
214, 224. Each wireless protocol defines a particular content, format, and
sequence of messages and defines where within the network hierarchy the
messages are generated and/or processed. Registration procedures for the various
wireless protocols and radio access technologies are well known 1n the art and will
not be described 1n further detail.

In the 1llustrated embodiment, wireless multi-network terminal 202
registers with wireless system 214 via wireless connection 240. Various messages
are exchanged, 1n accordance with the appropriate protocol specification, between
wireless multi-network terminal 202, transmission site 212, and various
infrastructure components of wireless system 214. Once registration with wireless
system 214 1s complete, wireless multi-network terminal 202 can communicate, 1n
accordance with the user’s subscription or registration status, with any portion of
wireless system and receive any service over the established wireless data link.
This includes a service over connection 242. Connection 242 can be wireless,
wired, or virtual connection. A virtual connection traverses both the wired and
wireless elements of the transport network and can encompass multiple nodes 1n
wireless system 214. In an exemplary embodiment where wireless system 214 1s
an LTE or LTE-A network, connection 242 can be an LTE SG1 interface.

Additionally, wireless connection 242 can be an IP based connection.
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The wireless system 214 includes and/or 1S 1n communication with a
proxy component 216. In this exemplary embodiment the proxy component 216
1s connected to the network infrastructure of wireless system 214 through
connection 244 which can be wired, wireless, fiber, or virtual as described above
in reference to connection 242. Proxy component 216 1s configured to allow
wireless network terminal 202 to register, via communication 242, with the proxy
component 216 as a substitute for registering with wireless system 224. In other
words, proxy component 216 operates as a intermediary for wireless system 224,
thereby allowing wireless multi-network terminal 202 to transmit registration
information via the network infrastructure of wireless system 214 instead of using
the network 1nfrastructure of wireless system 224. This 1s advantageous 1n cases
where the registration procedures of wireless system 224 are particularly long,
resource itensive, or where economic or communications goals of an enterprise
are better served. For example, registration maintenance over a P25 network
requires five to ten times the energy that an LTE network would require 1n
performing a registration proxy service.

The proxy component 216 exchanges a series of messages with the
wireless multi-network terminal 202, over connection 242 that was previously
established. This series of messages provide the proxy component 216 with
information required from wireless multi-network terminal 202 to allow for
registration on wireless system 224, Preferably, the series of messages provides
the proxy component with all information required for such registration on
wireless system 224. This proxy registration 1s accomplished by transmitting
control plane information for wireless system 224 to proxy component 216 via the
data plane of wircless system 214. In other words, the control data that would
otherwise be transmitted by the multi-network terminal 202 1n control plane
messages over wireless system 224 are instead transmitted to proxy component
216 1 data plane messages over wireless system 214, In an embodiment, the
control plain information for wireless system 224 can be sent using the data plane

of internet protocol messages.
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As mentioned above, proxy component 216 1s a part of the network
infrastructure of wireless system 214. After proxy component 216 receives the
necessary control plane information from wireless multi-network terminal 202, a
connection 1s established between wireless system 214 and wireless system 224,
This connection can be any data connection. For example, the connection can be
within the same core network or may be between different core networks, 1.¢.,
different service providers. Alternatively, the connection can be through a public
network, such as the Internet. Additionally, the connection can be between
wireless systems 214, 224 directly, between proxy component 216 and agent
component 226, and/or any combination thercof. The embodiments of the present
invention are not limited 1n this regard. The connection, shown 1n FIG. 2 as data
connection 246, allows proxy component 216 to communicate with agent
component 226. Agent component 226 1s part of and/or in communication with
the network infrastructure of wireless system 224 through connection 248 which
can be similar to connection 244 above. Agent component 226 receives the data
messages from proxy component 216 and extracts the control plane information
that 1s used to register the wireless multi-network terminal 202 onto wireless
system 224,

One of skill in the art will note that proxy may be implemented 1n a
varicty of ways and not depart form the scope of the present invention. In the
exemplary embodiment described above, the proxy 1s a service component
operating as a service 1n the first network. Alternatively, the proxy can be directly
connected to the second network, provided that some direct or indirect
transmission connection exists to allow communication between the multi-
network terminal and the proxy component. In another alternative embodiment,
the proxy component can be an intermediary node capable of maintaining
communications with a plurality of networks. The embodiments of the present
invention are not limited 1n this regard.

The wireless multi-network terminal 202 can include location and/or

GPS data 1n the data messages exchanged with proxy component 216. Proxy

_10-
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component 216 can also recerve location and cell data from the transmission site
212 and/or other components of wireless system 214. This location and cell data
identifies the cell of wireless system 214 1n which wireless multi-network terminal
202 currently resides. This mmformation 1s packaged and transmitted by proxy
component 216 to agent component 226 through data connection 246. Agent
component 226 can then use this location data to determine the cell of wireless
system 226 1n which wireless multi-network terminal 202 currently resides.

Agent component 226 can use other information, such as an up-to-date coverage
maps of all relevant wireless systems and the like to determine the current cell.

The agent component 226 determines that the wireless multi-network
terminal 202 1s 1n the cell serviced by transmission site 222. Agent component
226 then transmits, through connection 252, the registration information to a site
agent 228 that may be present at transmission site 222 or elsewhere 1n the
infrastructure of wireless system 224, Site agent 228 caches or stores the
registration information locally for use in registering the wireless multi-network
terminal 202 onto wireless system 224,

Once the site agent 228 has the registration information cached, 1t can
walit for an indication from the wireless multi-network terminal 202 that
registration on wireless system 224 1s desired. For example, the wireless multi-
network terminal 202 transmits a very short message to the transmission site 222
over wireless protocol 220. Upon receipt of the very short message, the site agent
will conduct the registration procedures, using the cached registration information,
with wireless system 224. Alternatively, site agent 228 can 1nitiate the registration
procedures immediately upon receipt of the registration information from agent
component 226. In either case, site agent 228 uses the cached registration
information to conduct the registration procedure that wireless multi-network
terminal 202 would otherwise be required to conduct over-the-air using wireless
protocol 220. Upon completion of the registration, the required confirmation

messages are exchanged with wireless multi-network terminal 202 and a

_11-
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communications link 250 1s established with wireless system 224 through
transmission site 222.

In an exemplary embodiment, wireless system 214 1s an LTE network
and wireless system 224 1s a P25 network. Wireless multi-network terminal 202
includes P25 and LTE radios used in a mixed environment containing coverage
for both technologies. LTE offers more services and higher throughput than P235.
Consequently, an LTE network will be considered a preferred network over P25
to the extent 1t 1S capable of satisfying the bearer requirements of the desired
service. This can be accomplished by conducting registration, provisioning, and
network management services to the P25 client on the wireless multi-network
terminal 202 over the LTE network. This minimizes activity by the P25 radio and
thercby extends battery operation as a result of the much lower power
requirements of LTE radios. The P25 radio 1s relieved from control plane
communications by the proxy component 216 and 1s only required to periodically
monitor signal quality to provide data for a potential handover to another P25 cell.
The quality of the LTE signal, as well as GPS data may also aid in a handover
decision. Since the site agent may only maintain a registration at the transmission
site servicing the cell in which wireless multi-network terminal 202 currently
resides, a handover will be required whenever wireless multi-network terminal
202 moves into a new cell. In much the same way as registration information, this
connection maintenance information can also be transmitted through the LTE
network, via proxy component 216 to register wireless multi-network terminal
202 with the site agent located at the transmission site servicing the new cell.

Although the exemplary embodiments described above 1 relation to
FIG. 2 include two networks, one skilled 1n the art will recognize that the
inventive concepts can be scaled to include any number of networks. For
example, the multi-network terminal can be capable of connecting to an LTE
network, a P25 network, a satellite network, and an IEEE 802.11 “wi-f1” network.
Extending the exemplary example described above, the LTE network can be

designated as the preferred network to handle control plane transmissions for the
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P23, satellite, and wi-f1 networks through a proxy service operating on a node 1n
communication with all four networks. The embodiments of the present invention
are not limited 1n this regard.

Referring now to FIG. 3, there 18 provided a more detailed block diagram
of the communication device 300. The communication device 300 will be described
herein as comprising any wireless multi-network terminal. For example, the
communication device can alternatively comprise a land mobile radio (“LMR?”),
mobile/smart phone, personal computer (“PC”), notebook, a laptop computer, a PDA,
a tablet, or other portable multi-network communication device.

Notably, the communication device 300 can include more or less
components than those shown 1 FIG. 3. For example, the communication device 300
can include a wired system interface, such as a universal serial bus interface (not
shown 1n FIG. 3). However, the components shown are sufficient to disclose an
illustrative embodiment implementing the present invention. The hardware
architecture of FIG. 3 represents one embodiment of a representative communication
device configured to facilitate the registration and maintenance of the communication
device with one or more networks through use of a proxy within and/or in
communication with a preferred network.

As shown in FIG. 3, the communication device 300 comprises an antenna
302 coupled to a first transceiver 306 for recerving and transmitting a first set of
Radio Frequency (RF) signals. The communication device 300 can include a second
antenna 304 coupled to a second transceiver 308 for receiving and transmitting a
second set of RF signals. One of skill in the art will recognize that multiple RF
technologies may be able to utilize a single antenna and/or a single transceiver
depending on the implementation. Additionally, one of ordinary skill i the art will
recognize that transceivers 306, 308 may contain both receiver circuitry and
transmitter circuitry. The transceivers 306, 308 demodulate and decode the RF
signals recerved from a network (e.g., wireless systems 214, 224 of FIG. 2) to derive
information therefrom. The transceivers 306, 308 are coupled to a controller 310 via

the electrical connections 334, 338. The transceivers 306, 308 provide the decoded
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RF signal information to the controller 310. The controller 310 uses the decoded RF
signal information 1n accordance with the function(s) of the communication device
300. The controller 310 also provides information to the transceivers 306, 308 for
encoding and modulating information mto RF signals. The transceivers 306, 308
communicate the RF signals to the antenna 302, 304 for transmission to an external
device (e.g., transmission site 212, 222 of FIG. 2). As discussed above, the multi-
network terminal may be connected to any number of networks. Therefore the multi-
network terminal may include any number of transceivers, cach configured to
communicate with a particular network. The embodiments of the present invention
are not limited 1n this regard.

An antenna 316 1s coupled to GPS receiver circuitry 314 for receiving
GPS signals. The GPS recerver circuitry 314 demodulates and decodes the GPS
signals to extract GPS location information therefrom. The GPS location information
indicates the location of the communication device 300. The GPS recerver circuitry
314 provides the decoded GPS location information to the controller 310. As such,
the GPS recerver circuitry 314 1s coupled to the controller 310 via an electrical
connection 336. Notably, the present invention 1s not limited to GPS based methods
for determining a location of the communication device 300. Other methods for
determining a location of a communication device can be used with the present
invention without limitation.

The controller 310 stores the decoded RF signal information and the
decoded GPS location information in a memory 312 of the communication device
300. Accordingly, the memory 312 is connected to and accessible by the controller
310 through an electrical connection 332. The memory 312 can be a volatile memory
and/or a non-volatile memory. For example, the memory 312 can include, but is not
l[imited to, a Random Access Memory (RAM), a Dynamic Random Access Memory
(DRAM), a Static Random Access Memory (SRAM), Read-Only Memory (ROM)
and flash memory. The memory 312 can also have stored therein instructions 350 and

software applications 352.
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The software applications 352 include, but are not limited to, applications
opcerative to provide telephone services, network communication services, GPS based
Services, navigation services, location services, position reporting services, traffic
status services, operational information services, commerce services, email services,
web based services, and/or electronic calendar services. As shown 1n FIG. 3, one or
more sets of instructions 350 are also stored in the memory 312. The nstructions 350
can also reside, completely or at least partially, within the controller 320 during
execution thereof by the communication device 300. In this regard, the memory 312
and the controller 320 can constitute machine-readable media. The term "machine-
readable media", as used here, refers to a single medium or multiple media that store
the one or more sets of instructions 350. The term "machine-readable media”, as used
here, also refers to any medium that 1s capable of storing, encoding or carrying the set
of instructions 350 for execution by the communication device 300 and that cause the
communication device 300 to perform one or more of the methodologies of the
present disclosure.

The controller 320 1s also connected to a user interface 330. The user
intertace 330 1s comprised of input devices 322, output devices 324, and software
routines (not shown 1n FIG. 3) configured to allow a user to interact with and control
software applications 352 installed on the computing device 300. Such input and
output devices may include any input/output device which 1s now known or known in
the future. The mvention 1s not limited 1n this regard.

Referring now to FIG 4, there 18 provided a flowchart which summarizes
an embodiment of the present invention. The process begins with step 402 and
continues to step 404 where a multi-network terminal 1s registered on a first network
using a first network infrastructure (¢.g., wireless protocol 210, transmission site 212,
and connection 240), 1n accordance with the appropriate procedures for that network.

In step 406, the multi-network terminal then transmits registration
information for a second network to a proxy component that 1s part of the first
network infrastructure. For example, the multi-network terminal can send control

plane information required to establish a connection between the multi-network
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terminal and the second network to the proxy component using the data plane of the
first network, ¢.g., through a client configured to register on the second network using
the network infrastructure of the first network. In this embodiment, a series of
messages 18 exchanged between the multi-network terminal (1.¢., a client application
running on the multi-network terminal) and the proxy component. The proxy
component effectively reproduces the registration procedure that would otherwise
occur using the network infrastructure of the second network. As noted above, 1t can
be advantageous to avoid utilizing the network infrastructure of the second network to
transmit routine connection registration and network attachment messages, €.g., in
situations when transmitting over a second network requires high levels of power
consumption in comparison to transmitting over the first network, in conditions where
the grade of service of one network may be degraded by transmitting over the second,
or 1n situations where enterprise goals such as network use cost are involved.

In step 408, the proxy component forwards the registration information
received from the multi-network terminal 1n step 406 to an agent component that 1S
part of the network infrastructure of the second network. This transmission between
the first and second networks 18 performed through any data connection medium now
known or known 1n the future. The embodiments of the present invention are not
l[imited 1n this regard.

The agent component can extract location information from the
registration information sent from the proxy component to determine in which cell of
the second network the multi-network terminal currently resides. For example, the
multi-network terminal can include GPS or other location information with the
messages carrying the registration information to establish the current geographic
location of the multi-network terminal. Alternatively, the first network can record the
location of the transmission site currently servicing the multi-network terminal.

Using coverage maps of the first and second networks, the agent component can
determine the current cell of the second network that contains the multi-network
terminal. Any method of obtaining the location of the multi-network terminal can be

utilized. Embodiments of the present invention are not limited in this regard.
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In step 410, once the agent component determines which cell of the
second network the multi-network terminal 18 currently 1n, the agent component
forwards the registration information. Specifically, the registration information 1s
forwarded to a site agent located at the transmission site currently servicing the cell
that includes the multi-network terminal. The site agent then stores the registration
information in a cache or memory for retrieval when needed. If the multi-network
terminal requires registration on the second network immediately, the process
continues 1n step 414. If, however, the multi-network terminal does not require
immediate registration, the process can optionally continue to step 412.

In optional step 412, the multi-network terminal can transmit a message
to cause the site agent to 1nitiate the registration procedures for the second network.
For example, after the multi-network terminal sends a message or group of messages
containing the registration information to the agent component, the multi-network
terminal may wait until use of the second network 1s required before completing the
registration on that network. In this example, the site agent can send, during the
registration process, a short unique identifier to the multi-network terminal. This
unique 1dentifier can be used to complete the registration when the multi-network
terminal requires service from the second network. The registration can be completed
after the multi-network terminal transmits a very short message (VSM), 1.¢., a data
message that may only contain a few bytes, to the transmission site connected to the
second network. In this example, the VSM includes the short unique 1dentifier for the
multi-network terminal. When the site agent receives the VSM over the second
network, the process continues to step 414.

In step 414, the site agent 1nitiates registration procedures using the
cached registration information. Once confirmation messages are exchanged with the
multi-network terminal, the connection 1s established with the second network (1.¢.,
connection 250 of FIG. 2) and the multi-network terminal can begin receiving
registered services over the second network. Alternatively, the method can proceed to
step 414 immediately after step 410, 1.¢., the site agent can initiate registration

procedures to register the multi-network terminal on the second network immediately
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upon receipt of the registration information from the agent component. In step 416,
after the multi-network terminal 1s registered on the second network, the method ends
or other processing 1s performed.

By utilizing the network infrastructure of a preferred network, readiness 1s
maintained on a more resource intensive secondary network by utilizing a less
resource 1ntensive network. Connection maintenance messaging between the multi-
network terminal and the second network 1s normally transmitted via control plane
signaling using the appropriate protocol of the second network. This control plane
information transmission can alternatively be conducted using the network
infrastructure of the first network. In other words, control plane transmissions for the
second network are transmitted over the data plane or control plane of the first
network. For example, the second network can require that acknowledgements to
periodic polling messages be received from the multi-network terminal 1n order to
maintain their connections. If the multi-network terminal does not acknowledge a
polling message, the connection registration for that multi-network terminal would be
discarded and the connection be discontinued. At this point, the multi-network
terminal would be required to register with the second network again. In this
example, the first network, operating as a preferred network, could carry this control
plane signaling to the second network through the proxy in much the same way as the
registration information as described above.

Referring to FIG. 5, a diagram 18 provided of a multi-network topology of
a multi-network system 500 that 1s helpful for understanding the embodiments of the
present invention. Multi-network system 500 includes transmission sites 501, 503,
5035 that are servicing cells 502, 504, 506. In this embodiment, these transmission
sites and associated cells 501-506 are associated with a preferred network. Also
included 1n multi-network system 500 are transmission sites 511, 513 and associated
cells 512, 514. These transmission sites and associated cells 511-514 are associated
with a secondary network. Multi-network system 500 also includes multi-network
terminal 520 and satellite 522, which can provide GPS services to the multi-network

terminal 520 and/or the transmission sites and other network components. While FIG.
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5 1llustrates the cells of the preferred network as smaller than the cells of the
secondary network, one of skill in the art will recognize that this 1s not required. The
embodiments of the present invention are not limited 1n this regard.

In the 1llustrated embodiment, multi-network terminal 520 has engaged in
the process described above to register on the secondary network using the network
infrastructure of the preferred network. For example, transmission sites 501 and 511
are respectively similar to transmission sites 212 and 222, of FIG. 2, 1n that the multi-
network terminal 520 registered on the preferred network using transmission site 501
and exchanged registration information with a proxy component in the preferred
network and an agent component 1n the secondary network (not shown 1n FIG. 5).
Additionally, site agent 228 of FIG. 2 1s within and/or in communication with the
infrastructure of wireless system 224 and associated with transmission site 511 of FIG
5, for example. In the embodiment illustrated in FIG 35, therefore, the agent
component determined that the multi-network terminal 520 1s located 1n cell 512
which 1s serviced by transmission site S11. The agent component transmitted the
registration information to the site agent located at transmission site 511 to register
the multi-network terminal 520 onto the secondary network.

As discussed above, the secondary network preferably has access to
information regarding which cell the multi-network terminal 520 1s 1n so that
registration can be completed and a connection established. Another embodiment of
the present invention aids 1n maintaining a connection to the secondary network when
the multi-network terminal 520 moves into another cell of the secondary network.
Although many of the control plane communications between the multi-network
terminal 520 and the secondary network are transmitted through the infrastructure of
the preferred network, the multi-network terminal 520 will preferably still monitor the
signal quality of the secondary network to determine 1f a handover in the secondary
network must be conducted. Signal quality can be measured using signal quality
metrics through methods well known 1n the art. Referring again to FIG. 5, two such
situations are 1llustrated. Multi-network terminal 520, currently registered at

transmission site 511 and the associated cell 512, may move 1n a direction 530. As

_19-



CA 02863107 2014-07-28

WO 2013/148489 PCT/US2013/033431

10

15

20

25

30

multi-network terminal 520 moves along direction 530 a handover 1n the secondary
network will be required. The handover in the preferred network can occur according
to the appropriate handover procedures for that network, but the preferred network
connection can also be maintained while the secondary network proceeds with a
handover.

When the multi-network terminal 520 moves from cell 512 to cell 514, 1t
must handoff to the new cell in the secondary network. If the handoftf does not occur,
the secondary network will continue to poll for the multi-network terminal m cell 512.
Since multi-network terminal 520 1s no longer 1n cell 512, 1t will not be able to
acknowledge the polling messages and the connection will be discarded. As with
initial registration, handover to a new cell 1n the secondary network may also be
assisted through use of the network infrastructure of the preferred network.

Readiness and maintenance of the connection to the secondary network 1s
important in situations where the multi-network terminal 520 1s moving out of range
of the preferred network. This situation 1s illustrated in FIG. 5 where the multi-
network terminal 520 1s shown as moving in direction 532. When the multi-network
terminal 520 moves along direction 532, 1t will eventually be 1n a portion of cell 514
were there 18 no coverage for the preferred network. For example, the multi-network
terminal 520 may monitor the signal quality of the preferred network combined with
GPS signals (e.g., from satellite 522). Accordingly, knowledge of the coverage and
physical topology of the preferred network can be used to determine when a handoff
to the secondary network should be made. By maintaining the connection with the
secondary network, a very quick change over to the secondary network 1s possible
with very little if any loss in communications capabilities. When the services and
resources of the first network are no longer available, the multi-network terminal 520
1S not required to engage 1n a potentially lengthy and power intensive registration
process, but may simply and dynamically switch the operating mode of the multi-
network terminal to operate entirely on the secondary network.

Referring now to FIG. 6, there 18 provided a flow chart which summarizes

a methodology for using a proxy to aid in handover to another cell 1n a secondary
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network. The method begins in step 602 and continues to step 604 where the multi-
network terminal, with active connections to a first and a second network, monitors
the signal quality of a second network. As described above, signal quality can be
measured using signal quality metrics through methods well known 1n the art. When
the signal quality of the secondary network falls below some predetermined amount,
in accordance with the protocol of the second network, the multi-network terminal 1s
required to handover to a new cell of the second network. In step 606, the multi-
network terminal makes a determination whether handoff to a new cell 1s required. If
handoff to a new cell 1s required, the method continues to step 608 where the multi-
network terminal transmits handoff control plane information to effect a handoff in
the second network through the network infrastructure of a first network to a proxy
component. In step 610, the proxy component forwards the handoff information to an
agent component that 15 part of the network infrastructure of the second network. In
step 612, the agent component forwards the handoff information to a site agent
located within and/or in communication with the infrastructure of the second network.
In step 614, the site agent conducts the handoft procedures to handoft the multi-
network terminal to the new cell 1n the second network using the handoff information
transmitted through the network infrastructure of the first network. In step 616, the
method ends or other processing 1s performed.

Although the invention has been 1llustrated and described with respect
to one or more implementations, equivalent alterations and modifications will
occur to others skilled in the art upon the reading and understanding of this
specification and the annexed drawings. In addition, while a particular feature of
the invention may have been disclosed with respect to only one of several
implementations, such feature may be combined with one or more other features
of the other implementations as may be desired and advantageous for any given or

particular application.
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CLAIMS

I A method for use in a wireless multi-network terminal registered on a first network
comprising a {irst network infrastructure, the method comprising: performing operations by
sald wireless multi-network terminal to register with said first network via a first connection;
transmitting, by said wireless multi-network termihal, registration information over a second
connection to a proxy component that 1s in communication with said first network
infrastructure, where said registration information is required for said wireless multi-network
terminal’s registration with a second network difterent from the first network, forwarded by
sald proxy component to an agent component, that is part of said second network comprising
a second network infrastructure different from the first network infrastructure, over a first
data connection established between the first and second networks, forwarded by the agent
component to a site agent located within the second network infrastructure of the second
network, and used by the site agent to conduct registration procedures for registering the
multi-network terminal with the second network; and receiving, by said wireless multi-
network terminal, a registered service over a second data connection ¢stablished between the
wireless multi-network terminal and said second network upon completion of said
registration procedures; wherein said registration information is control plane information
and 1s transmitted over the first network infrastructure using data plane messages which are
facilitated by data planc functions also used for transmitting user data traffic in said first
network, said data plane functions supported by control plane functions used for establishing
and managing data connections of said first network over which said user data trattic is

transterred.

2. The method of claim 1, further comprising: monitoring, by said wireless multi-
network terminal, signal quality metrics of said first network; on a condition that said signal
strength of said first network 1s below a predetermined threshold, handing off, by the wireless
multi-network terminal, to said second network using said data connection that was
established based on said registration information that was transmitted to said first network

infrastructure.
3. T'he method of claim 1, wherein said wireless multi-network terminal 1s registered on

both said first and said second networks, the method further comprising: monitoring, by said

wireless multi-network terminal, signal quality metrics of said second network; determining,
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by said wireless multi-network terminal, whether a handoff to a new cell of said second
network is required based on said signal quality metrics of said second network; on a
condition that said handoff 1s required, transmitting, by said wireless multi-network terminal,
handott information to said proxy component through said first network infrastructure; and
receiving, by said wireless multi-network terminal, a handoff confirmation message from said

new cell of said second network based on said handoff information transmitted to said first

network infrastructure.

4,
comprising a first network intrastructure, the method comprising: performing operations by

said wireless multi-network terminal to register with said first network via a first connection;
transmitting, by said wireless multi-network terminal, registration information over a second
connection to a proxy component that is in communication with said first network
infrastructure, wherein said registration information is required for said wireless multi-
network terminal's registration with a second network and 1s forwarded by said proxy
component to an agent component that is part of said second network comprising a second
network infrastructure; and receiving, by said wireless multi-network terminal, a registered
service over a data connection established with said second network based on said
registration information that was transmitted to said first network infrastructure; wherein said
registration information 1s control plane information and is transmitted using data plane
messages which are tacilitated by data plane functions also used for transmitting user data
traffic in said first network, said data plane functions supported by control plane functions
used for establishing and managing data connections of said first network over which said
user data trattic 1s transferred; wherein said forwarding of said registration information to
said agent component causes said agent component to forward said registration information
to a site agent located at a transmission site within said second network infrastructure, said
method further comprising: recetving, by said wireless multi-network terminal, a
confirmation message confirming a registration of said wireless multi-network terminal on
said second network, wherein said registration 1s executed by said site agent using said

registration information that was transmitted to said first network infrastructure.

. The method of claim 4, further comprising: generating, by said wireless multi-

network terminal, a message that includes a unique identifier tfor said wireless multi-network

terminal; and before receiving said registered service, transmitting, by said wireless multi-
223 -
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network terminal, said message to said second network, wherein said receiving said

registered service from said second network is 1n response to said message.

6. The method of claim 4, wherein said registration information transmitted to said first
network infrastructure includes location information used by said agent component to
determine a cell of a plurality of cells said wireless multi-network terminal 1s currently

located 1n, and wherein said cell 1s serviced by said transmission site.

7. A method for use in a wireless multi-network terminal registered on a first network
comprising a first network infrastructure, the method comprising: performing operations by
sald wireless multi-network terminal to register with said first network via a first connection;
transmitting, by said wireless multi-network terminal, registration information over a second
connection to a proxy component that is in communication with said first network
infrastructure, wherein said registration information 1s required for said wireless multi-
network terminal’s registration with a second network and is forwarded by said proxy
component to an agent component that is part ot said second network comprising a second
network infrastructure; and receiving, by said wireless multi-network terminal, a registered
service over a data connection established with said second network based on said
registration information that was transmitted to said first network infrastructure; wherein said
registration information is control plane information and is transmitted using data plane
messages which are tacilitated by data plane functions also used for transmitting user data
traffic in said first network, said data plane functions supported by control plane functions
used for establishing and managing data connections of said first network over which said
user data trattic 1s transterred; wherein said wireless multi-network terminal 1s registered on
both said first and said second networks, the method turther comprising: monitoring, by said
wireless multi-network terminal, signal quality metrics of said second network; determining,
by said wireless multi-network terminal, whether a handoft to a new cell of said second
network 1s required based on said signal quality metrics of said second network; on a
condition that said handoft 1s required, transmitting, by said wireless multi-network terminal,
handoff information to said proxy component through said first network infrastructure; and
receiving, by said wireless multi-network terminal, a handoff confirmation message from said
new cell of said second network based on said handoff information transmitted to said first
network infrastructure; and wherein said registration information and said handoff
information comprises control plane messages used by said second network to establish a

- 24 -
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data connection.

8. The method of claim 7, wherein said registration information and said handoff

information 1s transmitted using data plane messages of said first network.

9. A wireless multi-network terminal configured to communicate with a plurality of
networks, comprising: a controller registering with a first network of the plurality of networks
via a first connection, and generating registration messages compatible with the first network,
whereln said registration messages include registration information that is required for said
wireless multi-network terminal's registration with a second network different from the first
network ot said plurality of networks; a transmitter circuitry transmitting said registration
messages over a second connection to a proxy component that 1s in communication with a
network infrastructure that comprises said first network, wherein said registration messages
cause said proxy component to torward said registration information to an agent component
that 1s part of a second network infrastructure difterent from the first network infrastructure,
over a first data connection established between the first and second networks; and a receiver
circuitry recetving a registered service over a second data connection established between the
wireless multi-network terminal and said second network upon completion of a registration
procedures conducted by the agent for registering the multi-network terminal with the second
network; wherein said registration information 1s control plane information and 1s transmitted
over the first network infrastructure using data plane messages which are facilitated by data
plane functions also used for transmitting user data traffic in said first network, said data
plane functions supported by control plane functions used for establishing and managing data

connections of said first network over which said user data traffic is transferred.

10. The wireless multi-network terminal of claim 9, where said multi-network terminal 1s
registered on said first and said second networks, further comprising: circuitry monitoring
signal quality metrics of said first network; wherein said controller further hands off to said
second network, on a condition that said signal quality metrics of said first network is below
a predetermined threshold, using said data connection that was established based on said

registration information that was transmitted to said first network infrastructure.

1. The wireless multi-network terminal of claim 9, wherein said wireless multi-network

terminal is registered on said first and said second networks, further comprising: circuitry
25 -
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monitoring a signal quality metrics of said second network, wherein said controller further
determines whether a handoft to a new cell of said second network is required based on said
signal quality metrics of said second network and generates handott messages compatible
with said first network, wherein said messages include handoftf information for use with said
second network, wherein said transmitter circuitry further transmits, on a condition that said
handoft is required, said handott messages to said proxy component through said first
network infrastructure, and wherein said receiver circuitry further receives a handoft
confirmation message from said new cell of said second network based on said handoff

information transmitted to said first network infrastructure.

12. A wireless multi-network terminal configured to communicate with a plurality of
networks, comprising: a controller registering with a first network of the plurality of networks
via a first connection, and gencrating registration messages compatible with the first network,
wherein said registration messages include registration information that 1s required for said
wireless multi-network terminal’s registration with a second network of said plurality of
networks; a transmitter circuitry transmitting said registration messages over a second
connection to a proxy component that is in communication with a network infrastructure that
comprises said first network, wherein said registration messages cause said proxy component
to forward said registration information to an agent component that is part of a second
network infrastructure that comprises said second network; and a receiver circuitry receiving
a registered service over a data connection established with said second network based on
said registration information that was transmitted to said first network infrastructure; wherein
sald registration information is control plane information and is transmitted using data plane
messages which are facilitated by data plane functions also used for transmitting user data
traffic in said first network, said data plane functions supported by control plane functions
used for establishing and managing data connections of said first network over which said
user data traffic is transferred; and wherein said forwarding of said registration information to
sald agent component causes satd agent component to forward said registration information
to a site agent located at a transmission site within said second network infrastructure, and
wherein said receiver circuitry turther receives a confirmation message confirming a
registration of said wireless multi-network terminal on satd second network, wherein said
registration 1s executed by said site agent using said registration information that was

transmitted to said first network infrastructure.
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13. The wireless multi-network terminal of claim 12, wherein said receiver circuitry

further receives a first message that includes a pseudorandomly generated number from said
site agent through said proxy component, wherein said controller further generates a second
message based on said first message, and wherein said transmitter circultry further transmits
said second message to said second network, wherein receiving said registered service from

said second network 1s in response to said second message.

14. A wireless multi-network terminal configured to communicate with a plurality of
networks, comprising: a controller registering with a first network of the plurality of networks
via a first connection, and generating registration messages compatible with the first network,
wherein said registration messages include registration information that 1s required for said
wireless multi-network terminal's registration with a second network of said plurality of
networks; a transmitter circuitry transmitting said registration messages over a second
connection to a proxy component that 1s in communication with a network infrastructure that
comprises said first network, wherein said registration messages cause said proxy component
to forward said registration information to an agent component that 1s part of a second
network intfrastructure that comprises said second network; and a recelver circuitry recerving
a registered service over a data connection established with said second network based on
said registration information that was transmitted to said first network infrastructure; wherein
said registration information is control plane information and 1s transmitted using data plane
messages which are facilitated by data plane functions also used for transmitting user data
traffic in said first network, said data plane functions supported by control plane functions
used for establishing and managing data connections of said first network over which said
user data traffic 1s transferred; wherein said wireless multi-network terminal s registered on
said first and said second networks, and circuitry momitoring 1s performed based on signal
quality metrics of said second network; wherein said controller further determines whether a
handoftf to a new cell of said second network 1s required based on said signal quality metrics
of said second network and generates handotft messages compatible with said first network,
wherein said messages include handott information for use with said second network;
wherein said transmitter circuitry further transmits, on a condition that said handott is
required, said handoff messages to said proxy component through said tirst network
infrastructure, and wherein said receiver circuitry further receives a handoff confirmation
message from sard new cell of said second network based on said handott information
transmitted to said first nectwork infrastructure; and wherein said registration information and
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sald handoft information comprises control plane messages used by said second network to

establish a data connection.

15.  The wireless multi-network terminal of claim 14, wherein said registration
information and said handoff information 1s transmitted using data plane messages of said

first network.

16. A method for use in a multi-network wireless communication system, the method
comprising: registering a wireless multi-network terminal on a first network using a first
network infrastructure; registering said wireless multi-network terminal on a proxy
component that is in communication with said first network infrastructure, wherein said
proxXy component recelves registration information included in data plane messages and
which 1s required for said wireless multi-network terminal's registration with a second
network different from the first network, said data plane messages are facilitated by data
plane functions used for transmitting user data trafﬁc in said first network, said data plane
functions supported by control plane functions used for establishing and managing data
connections of said first network over which said user data trafiic 1s transferred; forwarding,
by said proxy component, said registration information to an agent component that is part of
the second network comprising a second network infrastructure ditterent from the first
network infrastructure, over a first data connection established between the first and second
networks; forwarding, by said agent component, said registration information of said wireless
multi-network terminal to a site agent located at a transmission site¢ within said second
network infrastructure; and using by the site agent to conduct registration procedures for
registering said wireless multi-network terminal with said second network; wherein said
registration information 1s control plane information and 1s transmitted using data plane
message which are facilitated by data plane functions also used for transmitting user data

traffic in said first network, said data plane functions supported.

17. The method of claim 16, wherein said registration information transmitted to said first
network infrastructure includes location information used by said agent component to
determine a cell of a plurality of cells said wireless multi-network terminal is currently

located 1n, and wherein said cell 1s serviced by said transmission site.
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18.  The method of claim 16, wherein said registering said wireless multi-network
terminal establishes a data connection between said wireless network terminal and said
second network, the method further comprising: monitoring, by said wireless multi-network
terminal, signal quality metrics of said first network; on a condition that said signal quality
metrics of said first network 1s below a predetermined threshold, handing oft, by said wireless
multi-network terminal, to said second network using said data connection that was
established based on said registration information that was transmitted to said first network

infrastructure.

9. The method of claim 16, further comprising: monitoring, by said wireless multi-
network terminal, signal quality metrics of said second network; determining, by said
wireless multi-network terminal, whether a handott to a new cell of said second network 1s
required based on said signal quality metrics of said second network; on a condition that said
handoft is required, transmitting, by said wireless multi-network terminal, handoff
information to said proxy component through said first network infrastructure; forwarding, by
said proxy component, said handott information to said agent component; forwarding, by
said agent component, said handotf information to a site agent servicing said new cell ot said
second network; and handing off said wireless multi-network terminal to said new cell of said
second network, by said site agent, based on said handoff information transmitted to said first

network infrastructure.

20. A method for use 1n a multi-network wireless communication system, the method
comprising: registering a wireless multi-network terminal on a first network using a tirst
network 1nfrastructure; registering said wireless multi-network terminal on a proxy
component that 1s in communication with said first network infrastructure, wherein said
proxy component receives registration information included 1n data plane messages and
which 1s required for said wireless multi-network terminal's registration with a second
network, said data plane messages are tacilitated by data plane functions used for transmitting
user data tratfic in said first network, said data plahe functions supported by control plane
functions used for establishing and managing data connections of said first network over
which said user data traffic is transterred; forwarding, by said proxy component, said
registration information to an agent component that is part of a second network infrastructure;
forwarding, by said agent component, said registration information of said wireless multi-
network terminal to a site agent located at a transmission site within said second network
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infrastructure; registering said wireless multi-network terminal, by the site agent, on said
second network by using said registration information forwarded from the first network
Infrastructure; generating, by said wireless multi-network terminal, a message that includes a
unique identifier for said wireless multi-network terminal; and transmitting, by said wireless
multi-network terminal, said message to the second network using said second network
infrastructure, wherein said registering of said wiréless multi-network terminal by said site
agent 1s 1n response to said message; wherein said registration information is control plane
information and 1s transmitted using data plane message which are facilitated by data plane
functions also used for transmitting user data traffic in said first network, said data plane

functions supported.

- 30 -

CA 2863107 2018-02-14



CA 02863107 2014-07-28

PCT/US2013/033431

WO 2013/148489

1/6

Vel
AHOMLAN
554 14dIM

4X
XHOMLIN
SSd 1HdIM

L Ol

¢l A1IS NOISSINSNVHL

02} 1000104d SSTTIHIM
01 TYNIINY3L
MHOMLIN-L TN
211 3LIS zo_wm_s_mz,QE\

011 109010dd SS313dIM
001}

SUBSTITUTE SHEET (RULE 26)



CA 02863107 2014-07-28

PCT/US2013/033431

WO 2013/148489

2/6

8v7¢

9¢¢

912

vvé

4T

INJOV

¢

N4

¥4

INJOY
J1IS 8¢¢

222 31IS NOISSINSNYHL

¢l¢ 4115 NOISSINSNVYHL

¢ Ol
022 1090L0Hd SSI1IHIM
s, 002 TYNIWYAL
**  MHOMLIN-ILININ
0S¢ ‘ool SSITIHIM

¢vé

012 7020104d SST13HIM

002

SUBMTITUTE SHEET (RULE 26)



CA 02863107 2014-07-28

WO 2013/148489 PCT/US2013/033431

3/6
COMMUNICATION DEVICE
;/00
336 334

SECOND TRANSCEIVER FIRST TRANSCEIVER
308 306

% 2
35 952 MEMORY 312

INSTRUCTIONS 350

GPS
RECEIVER

APPLICATIONS 352

CIRCUITRY
314

CONTROLLER 320

INSTRUGTIONS
350

USER INTERFACE 330

INPUT DEVICES OUTPUT DEVICES
322 324

FIG. 3

SUBSTITUTE SHEET (RULE 26)



CA 02863107 2014-07-28

WO 2013/148489 PCT/US2013/033431

4/6

400

X 10z

REGISTERING A MULTI-NETWORK TERMINAL ON A FIRST
NETWORK SYSTEM USING A FIRST NETWORK INFRASTRUCTURE
404

REGISTERING THE MULTI-NETWORK TERMINAL ON A PROXY FOR A
SECOND NETWORK SYSTEM, THE PROXY BEING PART OF THE

FIRST NETWORK INFRASTRUCTURE

406
FORWARDING, BY THE PROXY, REGISTRATION INFORMATION OF THE

MULTI-NETWORK TERMINAL TO A NETWORK AGENT LOCATED ON
THE SECOND NETWORK SYSTEM

408

FORWARDING, BY THE AGENT, REGISTRATION INFORMATION OF THE
MULTI-NETWORK TERMINAL TO A SITE AGENT LOCATED AT A
TRANSMISSION SITE OF THE SECOND NETWORK WHEREIN THE
SITE AGENT STORES THE REGISTRATION INFORMATION FOR
FUTURE ACTIVATION

410
(OPTIONAL) TRANSMITTING A VERY SHORT MESSAGE TO THE

ACCESS POINT OF THE SECOND NETWORK SYSTEM TO
ACTIVATE THE STORED REGISTRATION INFORMATION

412
REGISTERING THE MULTI-NETWORK TERMINAL, BY THE

SITE AGENT, BY ACTIVATING THE STORED
REGISTRATION INFORMATION

414

FIG. 4 END OR PERFORM OTHER PROCESSING 416

SUBMTITUTE SHEET (RULE 26)



WO 2013/148489

522

CA 02863107 2014-07-28

5/6

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/033431

FIG. 5



CA 02863107 2014-07-28

WO 2013/148489 PCT/US2013/033431

6/6

600

N mw )

MONITORING THE SIGNAL QUALITY OF A SECOND NETWORK

604

DETERMINING WHETHER A HANDOFF TO A NEW CELL
IN THE SECOND NETWORK IS REQUIRED

606

ON A CONDITION THAT HANDOFF IS REQUIRED, TRANSMITTING
HANDOFF CONTROL INFORMATION TO A PROXY THAT IS PART

OF THE NETWORK INFRASTRUCTURE OF A FIRST NETWORK
608

FORWARDING, BY THE PROXY, HANDOFF INFORMATION OF THE
MULTI-NETWORK TERMINAL TO A NETWORK AGENT

LOCATED ON THE SECOND NETWORK

610

FORWARDING, BY THE AGENT, HANDOFF INFORMATION OF THE
MULTI-NETWORK TERMINAL TO A SITE AGENT LOCATED AT
THE TRANSMISSION SITE SERVICING THE CELL OF THE SECOND
NETWORK THAT THE MULT-NETWORK TERMINAL IS MOVING INTO

612

REGISTERING THE MULT-NETWORK TERMINAL, BY THE SITE AGENT,
USING THE HANDOFF INFORMATION

614

END OR PERFORM OTHER PROCESSING 616

FIG. 6

SUBMTITUTE SHEET (RULE 26)



200

211

WIRELESS PROTOCOL 210

TRANSMISSION SITE 212

242 —

Oa

G0

o33 |

S S
WIRELESS ~ “*~._ 250
MULTI-NETWORK 43
TERMINAL 202
291
WIRELESS PROTOCOL 220
TRANSMISSION SITE 222

298 SITE
S ™ AGENT |‘\ 292




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

