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MOBILE TELEPHONE VOiP/CELLULAR SEAMLESS 

ROAMING SWITCHING CONTROLLER 

Related Applications 

This Patent Application is a continuation application of co-pending U.S. Patent 

Application No. 13/240,776, filed on September 22, 2011, and entitled "MOBILE TELEPHONE 

VO IP/CELLULAR SEAMLESS ROAMING SWITCHING CONTROLLER," which is a 

divisional application of co-pending U.S. Patent Application No. 11/330,675, filed on January 

11, 2006, and entitled "MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS ROAMING 

SWITCHING CONTROLLER," which This application claims priority of U.S. provisional 

application, serial number 60/643,829, filed January 14, 2005, and entitled "TELEPHONE 

COMMUNICATIONS PROCESSING CONTROLLER," by the same inventors:--This 

application incorporates U.S. provisional application, serial number 60/643,829, filed January 14, 

2005, and entitled ''TELEPHONE COMMUNICATIONS PROCESSIJ>.JG CONTROLLER," in 

its entirety by reference. This application and is also a continuation-in-part of U.S. Patent 

Application, serial number 11/031,498, filed January 6, 2005, and entitled "TELEPHONE WITH 

AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS", all of which 

are is hereby incorporated by reference. U.S. Patent Application, serial no. 11/031,498 claims 

priority of U.S. provisional application, serial number 60/534,466, filed January 6, 2004, and 

entitled "RADIOTELEPHONE WITH AUTOMATIC SWITCHING BETWEEN CELLULAR 

AND WI-FI NETWORKS USING WI-FI SIGNAL STRENGTH VALUES," the content of 

which is also incorporated herein by reference in its entirety. 

Field of the Invention 

The present invention relates to the field of network communication processing. In 

particular, the present invention relates to seamlessly switching communications among Voice 

over Internet (VOIP), public cellular, and public circuit switched networks. 
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Current telephone communications occur over wireless cellular networks, such as GSM, 

CDMA, and CDMA2000, Voice Over Internet (VOIP), or circuit switched network, such as 

PSTN. Current state of the art of most telephones used with such networks is that each 

telephone is restricted for use with only one specific network. For example, a cellular phone 

works in a cellular network; a VOIP phone works in VOIP network, and a landline phone works 

in a circuit switched network. Such limitations imply that an in-progress telephone 

communication cannot be seamlessly switched among cellular, VOIP, and circuit switched 

networks without losing the connection. 

Such wireless networks use regulated portions of the radio spectrum and are shared by 

many users. The infrastructure costs of wireless networks are relatively high due to the size and 

complexity of the network equipment. There is a wide variance in the performance of different 

wireless networks. For example, a conventional wireless cellular network covers a relatively 

large geographical area, but provides a relatively low bandwidth. Other wireless networks, such 

as CDMA2000-EV-DO/DV networks, offer higher bandwidth and enhanced data services, such 

as web browsing. However, these networks also pack many users into a relatively small portion 

of the regulated spectrum. Other types of wireless networks are adapted to improve spectral 

efficiency with increased speed and smaller coverage areas. For example, an IEEE 802.1 lx ( or 

WiFi) network may transmit at speeds up to 11 Mbps using a Direct Sequence Spread Spectrum 

(DSSS) mode or at speeds up to 54 Mbps using an Orthogonal Frequency Division Multiplexing 

(OFDM) mode. 

A network wireless access point conforming to a WiFi ( e.g., IEEE 802.11 b) network may 

cover an area of a few hundred feet in diameter. Each such network access point is connected to 

a larger network ( e.g., Internet). One such example is WiFi VOIP (Wireless Fidelity Voice over 

Internet Protocol), through which a communication device user can place a wireless telephone 

call over the Internet, using the technology specified in IEEE 802.xx at the network access point. 

VOIP is a method for taking analog audio signals and converting them into digital data that can 
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be transmitted over the Internet. Conventional VOIP telephone communications are enabled by 

VOIP network carriers, which utilize VOIP networks (e.g. the Internet), to place VOIP based 

telephone calls. VOIP enabled and compatible networks include VOIP switching for proper 

routing and billing of VOIP based telephone calls. 

In order to cover larger geographical areas, a relatively large number of IEEE 802.1 lx, for 

example, network access points and relatively large wire-line back haul networks are required. 

In part, due to the relatively small geographical coverage area of each network access point, the 

resulting IEEE 802.1 lx based network may thus be prohibitively expensive to set up. Further, 

the small coverage areas may lead to many "dead zones" in which mobile communication device 

users are unable to place telephone calls using the VOIP network. 

Conventional VOIP phones, which function in a WiFi coverage area (hotspot) 

corresponding to a WiFi access point, offers relatively inexpensive telephone communications. 

However, the WiFi availability is limited due to the small geographical area supported by each 

WiFi access point. 

Conventional cellular phones, which function in a cell coverage area within the cellular 

network, are relatively expensive for telephone communications and have limited multimedia 

capabilities. Cellular networks and availability to the network covers a much wider, extensive 

geographical area. 

Conventional landline phones, which function in a circuit switched network such as most 

residences, do not offer extensive telephone communication features, for example video. Such 

landline phones also do not offer the mobility provided by mobile communications devices such 

as the VOIP phones or the cellular phones. 

Summary of the Invention 

The present invention is directed to an interface server, referred to as a nomadic server, 

and a related system that provides seamless roaming of a mobile communication device between 

different types of wireless networks, such as WiFi and cellular networks for voice, data and video 
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communication. Use of the nomadic server enables a combination ofWiFi and cellular networks 

for providing access to the mobile communication device and makes use of the VOIP networks 

for switching the calls wherever possible. 

The nomadic server is a telephone communication processing and switching server that 

will "hold" the present, in-progress telephone communications without dropping, while roaming 

between WiFi access points and cellular networks, without losing the present, in-progress 

communication. For example, a telephone communication can be seamlessly switched between 

VOIP and cellular telephone networks using the nomadic server. Nomadic server resources 

interface with the VOIP and cellular network switches to provide the hand-off between networks. 

This approach enables switching of telephone communications over a VOIP network wherever 

possible either through WiFi or through cellular networks. 

In one aspect of the present invention, a method provides communications for a mobile 

communication device that roams between multiple different types of wireless networks. The 

method comprises establishing a first communication link between the mobile communication 

device and an end destination device, wherein the first communication link includes a first 

wireless communication link between the mobile communication device and a first type of 

wireless network, monitoring a signal strength of the first wireless communication link, when the 

signal strength drops below a predetermined threshold, establishing a second communication link 

between an interface server and the end destination device, notifying the mobile communication 

device to terminate transmission over the first communication link, and re-directing the second 

communication link from the interface server to the mobile communication device, thereby 

establishing a second wireless communication link between the mobile communication device 

and the second type of wireless network. The first type of wireless communication link can 

comprise a WiFi communication link, and the first type of wireless network can include a WiFi 

network access point. The second type of wireless network can include a wireless cellular 

network. Establishing the first communication link can include routing through a VOIP network. 

Establishing the first communication link can include routing through a cellular network. 
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Establishing the second communication link can include routing through a VOIP network. 

Establishing the second communication link can include routing through a cellular network. 

The method can also include providing a connectivity status by the mobile 

communication device to the interface server while the mobile communication device is within a 

first coverage area of the first type of wireless network. The method can also include providing a 

routing association to a mobile switching center within the second type of wireless network, 

wherein the routing association associates the mobile communication device to the interface 

server. The method can also include routing a termination communication intended for the 

mobile communication device from the mobile switching center to the interface server according 

to the routing association when the connectivity status is active, and routing the termination 

communication from the interface server to the mobile communication device over the first type 

of wireless network. The method can also include when the connectivity status is not provided to 

the interface server, the router association is removed from the mobile switching center. The 

method can also include registering the mobile communication device with a mobile switching 

center within the second type of wireless network when the signal strength drops below the 

predetermined threshold. The method can also include setting up the second communication link 

with the end destination device and forwarding the second communication link to the interface 

server. 

In another aspect of the present invention, a method provides communications for a 

mobile communication device that roams between multiple WiFi coverage areas. The method 

includes associating the mobile communication device with a nomadic server, wherein the 

nomadic server is coupled to one or more WiFi access points, establishing a first WiFi 

communication link between the mobile communication device and a first WiFi access point, 

registering the mobile communication device with the nomadic server including providing an IP 

address of the first WiFi access point to the nomadic server, configuring a communication path to 

the mobile communication device via the nomadic server according to the IP address of the first 

WiFi access point and the first WiFi communication link, detecting movement of the mobile 
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communication device into a coverage area of a second WiFi access point, registering the mobile 

communication device with the nomadic server including an IP address of the second WiFi 

access point, establishing a second WiFi communication link between the mobile communication 

device and the second WiFi access point, and re-configuring the communication path according 

to the IP address of the second WiFi access point and the second WiFi communication link. The 

method can also include associating the mobile communication device to the nomadic server at 

the mobile switching center. The method can also include providing a routing association to a 

mobile switching center within a cellular network, wherein the routing association associates the 

mobile communication device to the interface server. The method can also include routing a 

termination communication intended for the mobile communication device from the mobile 

switching center to the interface server according to the routing association, and routing the 

termination communication from the interface server to the mobile communication device over 

the communication path. Registering the mobile communication device with the nomadic server 

can provide a connectivity status of the mobile communication device while the mobile 

communication device is within a specific coverage area of a specific WiFi access point. 

In yet another aspect of the present invention, a system provides communications for a 

mobile communication device that roams between multiple different types of wireless networks. 

The system includes a plurality of different types of wireless networks, the mobile 

communication device configured to access the plurality of wireless networks, and an interface 

server coupled to the plurality of wireless networks, wherein the interface server maintains a 

seamless communication link between the mobile communication device and an end destination 

device as the mobile communication device roams from a first wireless coverage area associated 

within a first type of wireless network to a second wireless coverage area associated with a 

second type of wireless network, the interface server is configured to establish a second 

communication link over the second type of wireless network while a first communication link 

between the mobile communication device and the end destination device over the first type of 

wireless network is active, wherein the second communication link is initially set up to be 
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forwarded to the interface server and subsequently the second communication link is routed to 

the mobile communication device as the first communication link is terminated. The first 

communication link can include a first wireless communication link between the mobile 

communication device and the first type of wireless network. The first wireless coverage area 

can be a WiFi coverage area, and the first wireless communication link can be a WiFi 

communication link between the mobile communication device and a WiFi access point. The 

first communication link can include a routing path through a VOIP network. The first 

communication link can include a routing path through a cellular network. The second 

communication link can include a second wireless communication link between the mobile 

communication device and the second type of wireless network. The second wireless coverage 

area can be a cellular coverage area and the second wireless communication link can be a 

wireless cellular communication link between the mobile communication device and a cellular 

base station. The second communication link can include a routing path through a VOIP 

network. The second communication link can include a routing path through a cellular network. 

The second type of wireless network can include a wireless cellular network. 

In still yet another aspect of the present invention, an interface server maintains a 

seamless communication link between a mobile communication device and an end destination 

device as the mobile communication device roams from a first wireless coverage area associated 

within a first type of wireless network to a second wireless coverage area associated with a 

second type of wireless network, the interface server is configured to establish a second 

communication link over the second type of wireless network while a first communication link 

between the mobile communication device and the end destination device over the first type of 

wireless network is active, wherein the second communication link is initially set up to be 

forwarded to the interface server and subsequently the second communication link is routed to 

the mobile communication device as the first communication link is terminated. The interface 

server can also include a first inter-network function block to maintain current configuration and 

status information associated with the first communication link. The first wireless coverage area 
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can be a WiFi coverage area, and the first communication link can be a WiFi communication link 

between the mobile communication device and a WiFi access point. The interface server can 

also include a second inter-network function block to maintain current configuration and status 

information associated with the second communication link. The interface server can also 

include a provisioning server to provide the mobile communication device with configuration 

information. 

Brief Description of the Several Views of the Drawings 

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic 

server is coupled to a cellular network, a wireless IP network, and a public switched telephone 

network. 

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the 

mobile communication device. 

The present invention is described relative to the several views of the drawings. Where 

appropriate and only where identical elements are disclosed and shown in more than one 

drawing, the same reference numeral will be used to represent such identical elements. 

Detailed Description of the Invention 

Embodiments of a nomadic server enable telephone communications that can be initiated 

using VOIP while within a VOIP access point, such as a WiFi hotspot, and enable telephone 

communications that can be initiated using a cellular network while within a cellular area and 

outside of a VOIP access point. When a caller roams outside the range of a VOIP access point, 

the nomadic server functions to "hold" the current telephone communication while switching 

occurs from the VOIP access point to the cellular network. Similarly, when a caller roams into 

the range of a VOIP access point while engaged in a telephone communication on the cellular 

network, the nomadic server functions to "hold" the current telephone communication while 
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switching occurs from the cellular network to the VOIP access point. The nomadic server 

remains engaged, or active, in the telephone communication while switching from one network 

to another. After switching is completed, the nomadic server disengages from the telephone 

communication. 

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic 

server 80 is coupled to a cellular network, a wireless IP network, and a public switched telephone 

network (PSTN) 60. The cellular network shown in Figure 1 includes a mobile switching center 

20 coupled to a public land mobile network 30, and a plurality of base stations 10 coupled to the 

mobile switching center 20. For clarity, the cellular network shown in Figure 1 is a simplified 

cellular network architecture. For example, the cellular network in Figure 1 includes only a 

single mobile switching center, however it is understood that the cellular network includes 

multiple mobile switching centers. Further, it will be apparent to those skilled in the art, that the 

functionality of the mobile switching center could alternatively be incorporated into either the 

base station or any other cellular network infrastructure, or into the nomadic server. 

Accordingly, as used herein, the term mobile switching center refers to the mobile switching 

center or any appropriate device within the cellular network equipment infrastructure which 

performs the functionality of a mobile switching center. Figure 1 shows four base stations 10 

coupled to the mobile switching center 20. Alternatively, more or less than four base stations can 

be coupled to each mobile switching center. 

The wireless IP network shown in Figure 1 includes a plurality of wireless IP access 

points 40 coupled to the Internet 50. Examples of a wireless IP access point include, but are not 

limited to, a wireless or wired broadband termination element, a wireless or wired modem, a 

wireless or wired router, and a WiFi access point. 

In this example, the nomadic server 80 is coupled to the PSTN 60 through the softswitch 

70. The softswitch 70 provides an interface for the nomadic server 80 to legacy networks, such 

as the PSTN. 
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A mobile communication device 90 is preferably a dual mode telephone that provides 

VoIP client functionality over a WiFi network and GSM/CDMA mo bile telephony functionality 

over a cellular network. The mobile communication device 90 can also be configured to 

automatically switch an existing communication from a cellular network to a wireless IP 

network, or to switch an existing communication from an IP network to a cellular network. Such 

a mobile communication device is described in co-pending and co-owned U.S. Patent 

Application Serial No.11/031,498, filed January 6, 2005, and entitled "TELEPHONE WITH 

AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS", which is 

hereby incorporated by reference. Alternative types of mobile communication devices include, 

but are not limited to, laptop computers, music players/recorders, PDAs, telephones, or any 

conventional mobile communication device capable of receiving broadband content over a 

wireless connection. 

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the 

mobile communication device 90. The mobile communication device 90 includes a WiFi portion 

and a cellular portion. The cellular part uses either GSM or CDMA, and access to a 

communications network is provided through the nearest base station 10. The WiFi portion uses 

the VOIP client to originate and terminate communications over the WiFi network. The mobile 

communication device 90 is adapted to automatically switch communications between cellular 

and VOIP networks. The mobile communication device 90 includes a cellular communication 

module 93 coupled to a cellular antenna 91, a WiFi communication module 94 coupled to a WiFi 

antenna 92, an audio/video amplifier 95, a network switch unit 96, a timer unit 97, a WiFi signal 

level strength monitor 98, a microphone 100, a speaker 99, and a display monitor 101. The 

mobile communication device 90 is adapted to establish and maintain communication via either 

the cellular communication module 93 coupled to a cellular base station 10 (Figure 1), and/or via 

the WiFi communication module 94 coupled to a WiFi access point 40 (Figure 1). The cellular 

communication module 93 further includes a transceiver 102 adapted to transmit signals to and 

receive signals from a cellular network. The WiFi communication module 94 further includes a 
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transceiver 103 adapted to transmit signals to and receive signals from an IP network. 

Depending on the level of the detected WiFi signal emitted from a WiFi access point, a call 

initially established via cellular communication module -83-2J_can be switched to be handled by 

the WiFi communication module 94, or a call initially established via the WiFi communication 

module 94 can be switched to be handled by the cellular communication module 93. 

Referring back to Figure 1, the nomadic server 80 enables a seamless handoff from one 

wireless access point to another as the mobile telephone device 90 roams from one WiFi 

coverage area to another WiFi coverage area, or roams outside a WiFi coverage area but still 

within a cellular network coverage area. The nomadic server 80 includes a cellular inter-working 

function (CIWF) block 82, a WiFi inter-working function (WIWF) block 84, and a provisioning 

server 86. The nomadic server 80 and the mobile switching center 20 are either "tightly'' coupled 

or "loosely" coupled. When tightly coupled, the nomadic server 80 and the mobile switching 

center 20 are coupled together by a local area network (LAN), or a wide area network (WAN) or 

any other appropriate interface, using either a proprietary or non-proprietary interface of the 

mobile switching center 20. In this manner, the nomadic server 80 is able to communicate to the 

mobile switching center 20 through this interface. When loosely coupled, the nomadic server 80 

and the mobile switching center 20 are coupled using an Integrated Services Digital Network 

(ISDNC) trunk, or by using a softswitch or any other appropriate interface. In this context, a 

softswitch is defined variously as a media gateway controller, call agent or gate keeper, used to 

control connections at the junction point between circuit and packet networks. 

The nomadic server 80 is coupled to one or more mobile switching centers 20 for 

communicating signaling and media traffic. A point of interconnection (Pol), is formed between 

each mobile switching center 20 and the nomadic server 80. Within any given network, one or 

more nomadic servers 80 can be implemented. Each mobile communication device 90 is 

associated with a home nomadic server, in this case the nomadic server 80. Each nomadic server 

can be the home nomadic server for one or more mobile communication devices. Preferably, a 

mobile switching center is interfaced to only one nomadic server such that a home mobile 
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switching center is interfaced to the home nomadic server. In this manner, the mobile 

communication device is associated with a home mobile switching center. Alternatively, 

multiple mobile switching centers are coupled to any given nomadic server. 

When the mobile communication device 90 originates a call within a WiFi coverage area, 

a WiFi communication link is established with the nomadic server 80. The call can be completed 

by the nomadic server 80 over the cellular network or the VOIP network. If the call is completed 

over the cellular network, then the call is routed through any mo bile switching center coupled to 

the nomadic server 80. If the call is completed over the VOIP network, then the call is routed 

through a softswitch 70 of a service provider, using the Session Initiation Protocol (SIP) or any 

other appropriate protocols, such as H323. In other words, if the mobile communication device 

90 is located within a WiFi coverage area, then the first leg of the call is routed over a WiFi 

communication link and the remaining portion of the call can be routed over either the cellular 

network, the VOIP network, or the PSTN. 

In operation, a first call is established by the mobile communication device 90 by first 

determining if it is in a WiFi coverage area. Such a determination is preferably made by 

measuring a signal strength or other criteria of the nearest WiFi access point 40, and if the signal 

strength or other criteria is above a predetermined threshold, then a WiFi communication link is 

established. If WiFi access is not available, then the mobile communication device 90 

establishes a cellular communication link with the nearest base station 10. When the mobile 

communication device 90 first establishes a WiFi communication link, the mobile 

communication device 90 establishes a communication link with the provisioning server 86 over 

the WiFi communication link. The WiFi communication link includes the WiFi access point 40, 

and the Internet 50. The provisioning server 86 provides the mobile communication device 90 

with configuration information including an identification of its home nomadic server, which in 

this case is the nomadic server 80. The mobile communication device 90 preferably uses XML 

over SSL for communicating with the provisioning server 86 over the Internet 50. 
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The mobile communication device 90 also registers with the nomadic server 80. In some 

embodiments, a SIP REGISTER method or any other appropriate protocol, such as H323, with 

authentication is used between the mobile communication device 90 and the nomadic server 80. 

The nomadic server 80 also maintains configuration information of the mobile switching center 

20. The nomadic server 80 updates the mobile switching center 20 with a current location of the 

mobile communication device 90. The current location refers to the WiFi access point associated 

with the WiFi coverage area in which the mobile communication device 90 is currently located. 

The nomadic server 80 updates the mobile switching center 20 with the location of the mobile 

communication device 90 at a specified periodicity. In this manner, the mobile switching center 

20 maintains a current location of the mobile communication device 90. Using this location 

information, calls received over the cellular network for the mobile communication device 90 are 

directed from the mobile switching center 20 over the WiFi communication link via the nomadic 

server 80. 

As long as the mobile communication device 90 maintains a WiFi communication link 

with the wireless access point 40, irrespective of the cellular network coverage, the mobile 

communication device 90 registers with its home nomadic server, the nomadic server 80 in this 

case. The nomadic server 80 in tum updates the current location of the mobile communication 

device 90 in the mobile switching center 20. When a signal strength or other criteria of the WiFi 

communication link weakens below a predetermined threshold, the mobile communication 

device 90 notifies the nomadic server 80. In response, the nomadic server 80 stops sending 

location updates to the mobile switching center 20. Additionally, the mobile communication 

device 90 stops sending SIP registrations to the nomadic server 80, and the mobile 

communication device 90 initiates registration with the nearest mobile switching center. In this 

manner, subsequent calls originating from or terminating at the mobile communication device 90 

are handled by the mobile switching center. The nearest mobile switching center can be the 

home mobile switching center of the mobile communication device 90 or another mobile 

switching center, referred to as a visitor mobile switching center, within the cellular network. 
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While the first call is still established over the WiFi communication link, the mobile 

communication device 90 sets up a second call to the same end destination as the first call 

currently setup over the WiFi communication link, thereby establishing a cellular communication 

link. If the cellular communication link is established via the home mobile switching center, 

then the second call is routed to the nomadic server 80 via the Pol between the home mobile 

switching center and the nomadic server 80. In response, the nomadic server 80 determines if the 

first call over the WiFi communication link is still in progress. If so, access is switched from the 

WiFi communication link to the cellular communication link. 

If, however, the cellular communication link is established over a visitor mobile 

switching center, then the visitor mobile switching center forwards the second call to a visitor 

nomadic server coupled to the visitor mobile switching center. The visitor nomadic server can 

not determine the status of the first call over the WiFi communication link, so the visitor 

nomadic server switches the second call to the end destination. Concurrently, the home nomadic 

server, which previously received the notification from the mobile communication device 90 

about losing the WiFi communication link, waits for a connection request from the home mobile 

switching center for the second call to be established. However, the home nomadic server will 

not receive such a connection request since the second call is being processed by the visitor 

nomadic server. As such, the home nomadic server drops the first call on the WiFi 

communication link, and the second call is maintained by the mobile communication device 90 

over the cellular communication link. 

Once a cellular communication link is established between the mobile communication 

device 90 and the nearest mobile switching center, the mobile communication device 90 does not 

attempt to establish another WiFi communication link upon re-entering a WiFi coverage area. 

The mobile communication device 90 attempts access to a WiFi communication link when the 

mobile communication device 90 is back in an idle state. 

As the mobile communication device roams from a first coverage area to a second 

coverage area, the transition steps vary depending on the type of the second coverage area and on 
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the original call setup configuration. Roaming from the first coverage area to the second 

coverage area can generally be accomplished according to one of five different scenarios, each 

scenario including associated transition steps. 

A first scenario includes the mobile communication device roaming from a first WiFi 

coverage area to a second WiFi coverage area. The first WiFi coverage area is associated with a 

first WiFi access point, and the second WiFi coverage area is associated with a second WiFi 

access point. Each WiFi access point includes an IP address. When the mobile communication 

device is within the first WiFi coverage area, the mobile communication device registers with its 

home nomadic server over the first WiFi access point. The home nomadic server updates the 

location of the mobile communication device with the home mobile switching center of the 

mobile communication device. For incoming calls directed to the mobile communication device, 

the home mobile switching center routes the calls to the home nomadic server based on the most 

recent location information. 

When the mobile communication device roams into the second WiFi coverage area, the 

mobile communication device detects the transition. The mobile communication device acquires 

the IP address from the second WiFi access point and sends the IP address change to the 

provisioning server of the home nomadic server. The mobile communication device also sends a 

SIP register message with the new IP address to the home nomadic server. In response, the home 

nomadic server redirects any incoming calls to the IP address of the second WiFi access point. 

The location of the mobile communication device maintained by the home mobile switching 

center is still valid. 

A second scenario includes the mobile communication device 90 initiating a call within a 

first WiFi coverage area, setting up the call over a VOIP network, and roaming from the first 

WiFi coverage area to a cellular coverage area supported by the home mobile switching center of 

the mobile communication device 90. In this scenario, the mobile communication device 90 

roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 
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communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. 

The first call is routed from the first wireless access point through a VOIP network, such as the 

Internet. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this second scenario is the home mobile switching center of the mobile communication 

device. The mobile communication device also sends a call setup request to the home mobile 

switching center for a second call with the same end destination as the first call. The second call 

is setup by the home mobile switching center, and the second call is routed to the CIWF block 

within the home nomadic server. The CIWF block determines from the WIWF block if the first 

call is in progress. If the first call is in progress, then the CIWF block sends an affirmative 

answer message to the home mobile switching center. The home mobile switching center in tum 

sends the affirmative answer message to the mobile communication device. 

In response to receiving the affirmative answer message, the mobile communication 

device stops media streaming over the WiFi communication link and powers down the WiFi part. 

The CIWF block then changes the registration of the mobile communication device in the WIWF 

block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the 

WIWF block signifying a media switchover to the IP address of the CIWF block from the IP 

address of the first wireless access point. Media streaming associated with the first call is then 

redirected to the CIWF block, where the media is then switched over to the home mobile 

switching center. Media associated with the first call is now associated with the second call, 

where the media is now streamed from the VOIP network to the WIWF block to the CIWF block 

to the home mobile switching center to the mobile communication device. The transition 

according to the second scenario is now complete. If the second call is subsequently 
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disconnected by the mobile communication device, then the corresponding call breakdown 

process is supervised by the CIWF block. If the second call is subsequently disconnected by the 

end destination device, then the corresponding call breakdown process is supervised by both the 

WIWF block and the CIWF block. 

A third scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area, setting up a back end of the call over a cellular network, and roaming from 

the first WiFi coverage area to a cellular coverage area supported by the home mobile switching 

center of the mobile communication device. In this scenario, the mobile communication device 

roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. 

The first call is routed from the wireless access point 40 through a cellular network, such as the 

mobile switching center and either the PLMN or the PSTN. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this third scenario is the home mobile switching center of the mobile communication 

device. The mobile communication device also sends a call setup request to the home mobile 

switching center for a second call with the same end destination as the first call. The second call 

is setup by the home mobile switching center, and the second call is routed to the CIWF block 

within the home nomadic server. The CIWF block determines from the WIWF block if the first 

call is in progress. If the first call is in progress, then the CIWF block sends an affirmative 

answer message to the home mobile switching center. The home mobile switching center in tum 

sends the affirmative answer message to the mobile communication device. 
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In response to receiving the affirmative answer message, the mobile communication 

device stops media streaming over the WiFi communication link and powers down its WiFi part. 

The CIWF block then changes the registration of the mobile communication device in the WIWF 

block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the 

WIWF block signifying a media switchover to the IP address of the CIWF block from the IP 

address of the first wireless access point. Media streaming associated with the first call is then 

redirected to the CIWF block, where the media is then switched over to the home mobile 

switching center. The media stream associated with the first call is now associated with the 

second call, where the media stream is now directed from the cellular network to the CIWF block 

to the home mobile switching center to the mobile communication device. The transition 

according to the third scenario is now complete. If the second call is subsequently disconnected 

by the mobile communication device, then the corresponding call breakdown process is 

supervised by the CIWF block and the home mobile switching center. If the second call is 

subsequently disconnected by the end destination device, then the corresponding call breakdown 

process is supervised by the CIWF block. 

A fourth scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area that resides outside a cellular coverage area supported by the home mobile 

switching center of the mobile communication device, setting up a back end of the call over a 

VOIP network, and roaming from the first WiFi coverage area to a cellular coverage area 

supported by a visitor mobile switching center. In this scenario, the mobile communication 

device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. In 

this manner, the WIWF block in the home nomadic server monitors the location of the mobile 

communication device. The first call is routed from the mobile communication device to the 
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first wireless access point via the WiFi communication link to the WIWF block of the visitor 

nomadic server associated with the visitor mobile switching center to the VOIP network 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this fourth scenario is the visitor mobile switching center. The mobile communication 

device notifies the WIWF block in its home nomadic server that the signal strength or other 

criteria is below the predetermined threshold. The mobile communication device also sends a 

call setup request to the visitor mobile switching center for a second call with the same end 

destination as the first call. The visitor mobile switching center forwards the call setup request to 

the CIWF block within the visitor nomadic server. Within the visitor nomadic server, the CIWF 

block determines from the WIWF block if the first call is in progress. Since the mobile 

communication device has been registering itself with its home nomadic server, and not with the 

visitor nomadic server, the WIWF block within the visitor nomadic server does not have a record 

of the first call being in progress. In response, the visitor nomadic server sets up the second call 

over the cellular network. Concurrently, the home nomadic server tears down the first call over 

the VOIP network. 

A fifth scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area that resides outside a cellular coverage area supported by the home mobile 

switching center of the mobile communication device, setting up a back end of the call over a 

cellular network, and roaming from the first WiFi coverage area to a cellular coverage area 

supported by a visitor mobile switching center. In this scenario, the mobile communication 

device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi access 

point. The first call is routed from the mobile communication device to the first wireless access 
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point via the WiFi communication link to the CIWF block of the visitor nomadic server to the 

visitor mobile switching center to the cellular network. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this fifth scenario is the visitor mobile switching center. When the mobile 

communication device is within the first WiFi coverage area, the mobile communication device 

registers with its home nomadic server via the first WiFi access point. In this manner, the WIWF 

block in the home nomadic server monitors the location of the mobile communication device. 

The mobile communication device notifies the WIWF block in its home nomadic server that the 

signal strength or other criteria is below the predetermined threshold. The mobile 

communication device also sends a call setup request to the visitor mobile switching center for a 

second call with the same end destination as the first call. The visitor mobile switching center 

forwards the call setup request to the CIWF block within the visitor nomadic server. Within the 

visitor nomadic server, the CIWF block determines from the WIWF block if the first call is in 

progress. Since the mobile communication device has been registering itself with its home 

nomadic server, and not with the visitor nomadic server, the WIWF block within the visitor 

nomadic server does not have a record of the first call being in progress. In response, the visitor 

nomadic server sets up the second call over the cellular network. Concurrently, the home 

nomadic server tears down the first call over the cellular network and the first WiFi 

communication link. 

It is understood that the five scenarios described above are not exhaustive or inclusive of 

all scenarios in which the mobile communication device can roam from a first coverage area to a 

second coverage area with the support of the nomadic server. It is understood that other 

scenarios are also contemplated. 

In some embodiments, the nomadic server 80 also communicates to other nomadic 

services over the Internet to route and complete calls using VOIP. This server-to-server 
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communication can be used for all calls, even for cellular to cellular calls. In such a situation, the 

cellular telephone communication is transmitted from the initiating cellular telephone to the 

appropriate base station. From this base station, the communication is routed to the appropriate 

nomadic server 80, which in some embodiments is the nomadic server 80 that is the closest to the 

receiving base station 10. This initiating nomadic server 80 then transmits the communication 

over the Internet, to the nomadic server 80 that is closest to the appropriate base station 10 

corresponding to the location of the receiver's cellular telephone. This receiving nomadic server 

80 then transmits the communication to this receiving base station 10, which transmits the 

communication to the receiver's cellular telephone. In this manner, the only portions of the 

transmission that are communicated over the cellular telephone network, are the initial leg, from 

the initiating cellular telephone to the appropriate base station, and the final leg, from the 

appropriate base station to the receiver's cellular telephone. The remaining, intermediate, 

portions of the transmission are communicated between the appropriate nomadic servers over the 

Internet, which allows the call to be completed more efficiently than if the call was transmitted 

completely over the cellular network in the traditional manner. As will be apparent to those 

skilled in the art, communications are directed in both directions in this manner in order to 

complete the call between the initiator and the receiver, with the initial and final portions of the 

transmission routed over the cellular network and the remaining intermediate portions of the 

transmission routed between nomadic servers 80, over the Internet 50. 

The present invention has been described in terms of specific embodiments incorporating 

details to facilitate the understanding of the principles of construction and operation of the 

invention. As such, references herein to specific embodiments and details thereof are not 

intended to limit the scope of the claims appended hereto. It will be apparent to those skilled in 

the art that modifications can be made to the embodiments chosen for illustration without 

departing from the spirit and scope of the invention. 
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Abstract of the Disclosure 

A nomadic server and a related system provides seamless roaming for a mobile 

communication device between different types of wireless networks, such as WiFi and cellular 

networks for voice, data and video communication. Use of the nomadic server enables a 

5 combination ofWiFi and cellular networks for providing access to the cellular phones and make 

use of the VOIP networks for switching the calls wherever possible. The nomadic server is a 

telephone communication processing and switching server that will "hold" the present, in­

progress telephone communications without dropping, while roaming without losing the present, 

in-progress communication. For example, a telephone communication can be seamlessly 

10 switching between VOIP and cellular telephone networks using the nomadic server. Nomadic 

server resources interface with the VOIP and cellular network switches to provide the hand-off 

between networks. This approach enables switching of telephone communications over a VOIP 

network wherever possible either through WiFi or through cellular networks. 
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MOBILE TELEPHONE VOiP/CELLULAR SEAMLESS 

ROAMING SWITCHING CONTROLLER 

Related Applications 

This Patent Application is a continuation application of co-pending U.S. Patent 

Application No. 13/240,776, filed on September 22, 2011, and entitled "MOBILE TELEPHONE 

VOIP/CELLULAR SEAMLESS ROAMING SWITCHING CONTROLLER," which is a 

divisional application of co-pending U.S. Patent Application No. 11/330,675, filed on January 

11, 2006, and entitled "MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS ROAMING 

SWITCHING CONTROLLER," which claims priority of U.S. provisional application, serial 

number 60/643,829, filed January 14, 2005, and entitled "TELEPHONE COMMUNICATIONS 

PROCESSING CONTROLLER," by the same inventors and is a continuation-in-part of U.S. 

Patent Application, serial number 11/031,498, filed January 6, 2005, and entitled "TELEPHONE 

WITH AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS", all of 

which are hereby incorporated by reference. U.S. Patent Application, serial no. 11/031,498 

claims priority of U.S. provisional application, serial number 60/534,466, filed January 6, 2004, 

and entitled "RADIOTELEPHONE WITH AUTOMATIC SWITCHING BETWEEN 

CELLULAR AND WI-FI NETWORKS USING WI-FI SIGNAL STRENGTH VALUES," the 

content of which is also incorporated herein by reference in its entirety. 

Field of the Invention 

The present invention relates to the field of network communication processing. In 

particular, the present invention relates to seamlessly switching communications among Voice 

over Internet (VOIP), public cellular, and public circuit switched networks. 
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Current telephone communications occur over wireless cellular networks, such as GSM, 

CDMA, and CDMA2000, Voice Over Internet (VOIP), or circuit switched network, such as 

PSTN. Current state of the art of most telephones used with such networks is that each 

telephone is restricted for use with only one specific network. For example, a cellular phone 

works in a cellular network; a VOIP phone works in VOIP network, and a landline phone works 

in a circuit switched network. Such limitations imply that an in-progress telephone 

communication cannot be seamlessly switched among cellular, VOIP, and circuit switched 

networks without losing the connection. 

Such wireless networks use regulated portions of the radio spectrum and are shared by 

many users. The infrastructure costs of wireless networks are relatively high due to the size and 

complexity of the network equipment. There is a wide variance in the performance of different 

wireless networks. For example, a conventional wireless cellular network covers a relatively 

large geographical area, but provides a relatively low bandwidth. Other wireless networks, such 

as CDMA2000-EV-DO/DV networks, offer higher bandwidth and enhanced data services, such 

as web browsing. However, these networks also pack many users into a relatively small portion 

of the regulated spectrum. Other types of wireless networks are adapted to improve spectral 

efficiency with increased speed and smaller coverage areas. For example, an IEEE 802.1 lx ( or 

WiFi) network may transmit at speeds up to 11 Mbps using a Direct Sequence Spread Spectrum 

(DSSS) mode or at speeds up to 54 Mbps using an Orthogonal Frequency Division Multiplexing 

(OFDM) mode. 

A network wireless access point conforming to a WiFi ( e.g., IEEE 802.11 b) network may 

cover an area of a few hundred feet in diameter. Each such network access point is connected to 

a larger network ( e.g., Internet). One such example is WiFi VOIP (Wireless Fidelity Voice over 

Internet Protocol), through which a communication device user can place a wireless telephone 

call over the Internet, using the technology specified in IEEE 802.xx at the network access point. 

VOIP is a method for taking analog audio signals and converting them into digital data that can 

Page 2 of 22 

IPR2025-00447 Page 00346



PATENT 
Attorney Docket No. HA V A-00402 

be transmitted over the Internet. Conventional VOIP telephone communications are enabled by 

VOIP network carriers, which utilize VOIP networks (e.g. the Internet), to place VOIP based 

telephone calls. VOIP enabled and compatible networks include VOIP switching for proper 

routing and billing of VOIP based telephone calls. 

In order to cover larger geographical areas, a relatively large number of IEEE 802.1 lx, for 

example, network access points and relatively large wire-line back haul networks are required. 

In part, due to the relatively small geographical coverage area of each network access point, the 

resulting IEEE 802.1 lx based network may thus be prohibitively expensive to set up. Further, 

the small coverage areas may lead to many "dead zones" in which mobile communication device 

users are unable to place telephone calls using the VOIP network. 

Conventional VOIP phones, which function in a WiFi coverage area (hotspot) 

corresponding to a WiFi access point, offers relatively inexpensive telephone communications. 

However, the WiFi availability is limited due to the small geographical area supported by each 

WiFi access point. 

Conventional cellular phones, which function in a cell coverage area within the cellular 

network, are relatively expensive for telephone communications and have limited multimedia 

capabilities. Cellular networks and availability to the network covers a much wider, extensive 

geographical area. 

Conventional landline phones, which function in a circuit switched network such as most 

residences, do not offer extensive telephone communication features, for example video. Such 

landline phones also do not offer the mobility provided by mobile communications devices such 

as the VOIP phones or the cellular phones. 

Summary of the Invention 

The present invention is directed to an interface server, referred to as a nomadic server, 

and a related system that provides seamless roaming of a mobile communication device between 

different types of wireless networks, such as WiFi and cellular networks for voice, data and video 
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communication. Use of the nomadic server enables a combination ofWiFi and cellular networks 

for providing access to the mobile communication device and makes use of the VOIP networks 

for switching the calls wherever possible. 

The nomadic server is a telephone communication processing and switching server that 

will "hold" the present, in-progress telephone communications without dropping, while roaming 

between WiFi access points and cellular networks, without losing the present, in-progress 

communication. For example, a telephone communication can be seamlessly switched between 

VOIP and cellular telephone networks using the nomadic server. Nomadic server resources 

interface with the VOIP and cellular network switches to provide the hand-off between networks. 

This approach enables switching of telephone communications over a VOIP network wherever 

possible either through WiFi or through cellular networks. 

In one aspect of the present invention, a method provides communications for a mobile 

communication device that roams between multiple different types of wireless networks. The 

method comprises establishing a first communication link between the mobile communication 

device and an end destination device, wherein the first communication link includes a first 

wireless communication link between the mobile communication device and a first type of 

wireless network, monitoring a signal strength of the first wireless communication link, when the 

signal strength drops below a predetermined threshold, establishing a second communication link 

between an interface server and the end destination device, notifying the mobile communication 

device to terminate transmission over the first communication link, and re-directing the second 

communication link from the interface server to the mobile communication device, thereby 

establishing a second wireless communication link between the mobile communication device 

and the second type of wireless network. The first type of wireless communication link can 

comprise a WiFi communication link, and the first type of wireless network can include a WiFi 

network access point. The second type of wireless network can include a wireless cellular 

network. Establishing the first communication link can include routing through a VOIP network. 

Establishing the first communication link can include routing through a cellular network. 
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Establishing the second communication link can include routing through a VOIP network. 

Establishing the second communication link can include routing through a cellular network. 

The method can also include providing a connectivity status by the mobile 

communication device to the interface server while the mobile communication device is within a 

first coverage area of the first type of wireless network. The method can also include providing a 

routing association to a mobile switching center within the second type of wireless network, 

wherein the routing association associates the mobile communication device to the interface 

server. The method can also include routing a termination communication intended for the 

mobile communication device from the mobile switching center to the interface server according 

to the routing association when the connectivity status is active, and routing the termination 

communication from the interface server to the mobile communication device over the first type 

of wireless network. The method can also include when the connectivity status is not provided to 

the interface server, the router association is removed from the mobile switching center. The 

method can also include registering the mobile communication device with a mobile switching 

center within the second type of wireless network when the signal strength drops below the 

predetermined threshold. The method can also include setting up the second communication link 

with the end destination device and forwarding the second communication link to the interface 

server. 

In another aspect of the present invention, a method provides communications for a 

mobile communication device that roams between multiple WiFi coverage areas. The method 

includes associating the mobile communication device with a nomadic server, wherein the 

nomadic server is coupled to one or more WiFi access points, establishing a first WiFi 

communication link between the mobile communication device and a first WiFi access point, 

registering the mobile communication device with the nomadic server including providing an IP 

address of the first WiFi access point to the nomadic server, configuring a communication path to 

the mobile communication device via the nomadic server according to the IP address of the first 

WiFi access point and the first WiFi communication link, detecting movement of the mobile 
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communication device into a coverage area of a second WiFi access point, registering the mobile 

communication device with the nomadic server including an IP address of the second WiFi 

access point, establishing a second WiFi communication link between the mobile communication 

device and the second WiFi access point, and re-configuring the communication path according 

to the IP address of the second WiFi access point and the second WiFi communication link. The 

method can also include associating the mobile communication device to the nomadic server at 

the mobile switching center. The method can also include providing a routing association to a 

mobile switching center within a cellular network, wherein the routing association associates the 

mobile communication device to the interface server. The method can also include routing a 

termination communication intended for the mobile communication device from the mobile 

switching center to the interface server according to the routing association, and routing the 

termination communication from the interface server to the mobile communication device over 

the communication path. Registering the mobile communication device with the nomadic server 

can provide a connectivity status of the mobile communication device while the mobile 

communication device is within a specific coverage area of a specific WiFi access point. 

In yet another aspect of the present invention, a system provides communications for a 

mobile communication device that roams between multiple different types of wireless networks. 

The system includes a plurality of different types of wireless networks, the mobile 

communication device configured to access the plurality of wireless networks, and an interface 

server coupled to the plurality of wireless networks, wherein the interface server maintains a 

seamless communication link between the mobile communication device and an end destination 

device as the mobile communication device roams from a first wireless coverage area associated 

within a first type of wireless network to a second wireless coverage area associated with a 

second type of wireless network, the interface server is configured to establish a second 

communication link over the second type of wireless network while a first communication link 

between the mobile communication device and the end destination device over the first type of 

wireless network is active, wherein the second communication link is initially set up to be 
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forwarded to the interface server and subsequently the second communication link is routed to 

the mobile communication device as the first communication link is terminated. The first 

communication link can include a first wireless communication link between the mobile 

communication device and the first type of wireless network. The first wireless coverage area 

can be a WiFi coverage area, and the first wireless communication link can be a WiFi 

communication link between the mobile communication device and a WiFi access point. The 

first communication link can include a routing path through a VOIP network. The first 

communication link can include a routing path through a cellular network. The second 

communication link can include a second wireless communication link between the mobile 

communication device and the second type of wireless network. The second wireless coverage 

area can be a cellular coverage area and the second wireless communication link can be a 

wireless cellular communication link between the mobile communication device and a cellular 

base station. The second communication link can include a routing path through a VOIP 

network. The second communication link can include a routing path through a cellular network. 

The second type of wireless network can include a wireless cellular network. 

In still yet another aspect of the present invention, an interface server maintains a 

seamless communication link between a mobile communication device and an end destination 

device as the mobile communication device roams from a first wireless coverage area associated 

within a first type of wireless network to a second wireless coverage area associated with a 

second type of wireless network, the interface server is configured to establish a second 

communication link over the second type of wireless network while a first communication link 

between the mobile communication device and the end destination device over the first type of 

wireless network is active, wherein the second communication link is initially set up to be 

forwarded to the interface server and subsequently the second communication link is routed to 

the mobile communication device as the first communication link is terminated. The interface 

server can also include a first inter-network function block to maintain current configuration and 

status information associated with the first communication link. The first wireless coverage area 
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can be a WiFi coverage area, and the first communication link can be a WiFi communication link 

between the mobile communication device and a WiFi access point. The interface server can 

also include a second inter-network function block to maintain current configuration and status 

information associated with the second communication link. The interface server can also 

include a provisioning server to provide the mobile communication device with configuration 

information. 

Brief Description of the Several Views of the Drawings 

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic 

server is coupled to a cellular network, a wireless IP network, and a public switched telephone 

network. 

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the 

mobile communication device. 

The present invention is described relative to the several views of the drawings. Where 

appropriate and only where identical elements are disclosed and shown in more than one 

drawing, the same reference numeral will be used to represent such identical elements. 

Detailed Description of the Invention 

Embodiments of a nomadic server enable telephone communications that can be initiated 

using VOIP while within a VOIP access point, such as a WiFi hotspot, and enable telephone 

communications that can be initiated using a cellular network while within a cellular area and 

outside of a VOIP access point. When a caller roams outside the range of a VOIP access point, 

the nomadic server functions to "hold" the current telephone communication while switching 

occurs from the VOIP access point to the cellular network. Similarly, when a caller roams into 

the range of a VOIP access point while engaged in a telephone communication on the cellular 

network, the nomadic server functions to "hold" the current telephone communication while 
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switching occurs from the cellular network to the VOIP access point. The nomadic server 

remains engaged, or active, in the telephone communication while switching from one network 

to another. After switching is completed, the nomadic server disengages from the telephone 

communication. 

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic 

server 80 is coupled to a cellular network, a wireless IP network, and a public switched telephone 

network (PSTN) 60. The cellular network shown in Figure 1 includes a mobile switching center 

20 coupled to a public land mobile network 30, and a plurality of base stations 10 coupled to the 

mobile switching center 20. For clarity, the cellular network shown in Figure 1 is a simplified 

cellular network architecture. For example, the cellular network in Figure 1 includes only a 

single mobile switching center, however it is understood that the cellular network includes 

multiple mobile switching centers. Further, it will be apparent to those skilled in the art, that the 

functionality of the mobile switching center could alternatively be incorporated into either the 

base station or any other cellular network infrastructure, or into the nomadic server. 

Accordingly, as used herein, the term mobile switching center refers to the mobile switching 

center or any appropriate device within the cellular network equipment infrastructure which 

performs the functionality of a mobile switching center. Figure 1 shows four base stations 10 

coupled to the mobile switching center 20. Alternatively, more or less than four base stations can 

be coupled to each mobile switching center. 

The wireless IP network shown in Figure 1 includes a plurality of wireless IP access 

points 40 coupled to the Internet 50. Examples of a wireless IP access point include, but are not 

limited to, a wireless or wired broadband termination element, a wireless or wired modem, a 

wireless or wired router, and a WiFi access point. 

In this example, the nomadic server 80 is coupled to the PSTN 60 through the softswitch 

70. The softswitch 70 provides an interface for the nomadic server 80 to legacy networks, such 

as the PSTN. 
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A mobile communication device 90 is preferably a dual mode telephone that provides 

VoIP client functionality over a WiFi network and GSM/CDMA mo bile telephony functionality 

over a cellular network. The mobile communication device 90 can also be configured to 

automatically switch an existing communication from a cellular network to a wireless IP 

network, or to switch an existing communication from an IP network to a cellular network. Such 

a mobile communication device is described in co-pending and co-owned U.S. Patent 

Application Serial No.11/031,498, filed January 6, 2005, and entitled "TELEPHONE WITH 

AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS", which is 

hereby incorporated by reference. Alternative types of mobile communication devices include, 

but are not limited to, laptop computers, music players/recorders, PDAs, telephones, or any 

conventional mobile communication device capable of receiving broadband content over a 

wireless connection. 

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the 

mobile communication device 90. The mobile communication device 90 includes a WiFi portion 

and a cellular portion. The cellular part uses either GSM or CDMA, and access to a 

communications network is provided through the nearest base station 10. The WiFi portion uses 

the VOIP client to originate and terminate communications over the WiFi network. The mobile 

communication device 90 is adapted to automatically switch communications between cellular 

and VOIP networks. The mobile communication device 90 includes a cellular communication 

module 93 coupled to a cellular antenna 91, a WiFi communication module 94 coupled to a WiFi 

antenna 92, an audio/video amplifier 95, a network switch unit 96, a timer unit 97, a WiFi signal 

level strength monitor 98, a microphone 100, a speaker 99, and a display monitor 101. The 

mobile communication device 90 is adapted to establish and maintain communication via either 

the cellular communication module 93 coupled to a cellular base station 10 (Figure 1), and/or via 

the WiFi communication module 94 coupled to a WiFi access point 40 (Figure 1). The cellular 

communication module 93 further includes a transceiver 102 adapted to transmit signals to and 

receive signals from a cellular network. The WiFi communication module 94 further includes a 
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transceiver 103 adapted to transmit signals to and receive signals from an IP network. 

Depending on the level of the detected WiFi signal emitted from a WiFi access point, a call 

initially established via cellular communication module 93 can be switched to be handled by the 

WiFi communication module 94, or a call initially established via the WiFi communication 

module 94 can be switched to be handled by the cellular communication module 93. 

Referring back to Figure 1, the nomadic server 80 enables a seamless handoff from one 

wireless access point to another as the mobile telephone device 90 roams from one WiFi 

coverage area to another WiFi coverage area, or roams outside a WiFi coverage area but still 

within a cellular network coverage area. The nomadic server 80 includes a cellular inter-working 

function (CIWF) block 82, a WiFi inter-working function (WIWF) block 84, and a provisioning 

server 86. The nomadic server 80 and the mobile switching center 20 are either "tightly'' coupled 

or "loosely" coupled. When tightly coupled, the nomadic server 80 and the mobile switching 

center 20 are coupled together by a local area network (LAN), or a wide area network (WAN) or 

any other appropriate interface, using either a proprietary or non-proprietary interface of the 

mobile switching center 20. In this manner, the nomadic server 80 is able to communicate to the 

mobile switching center 20 through this interface. When loosely coupled, the nomadic server 80 

and the mobile switching center 20 are coupled using an Integrated Services Digital Network 

(ISDNC) trunk, or by using a softswitch or any other appropriate interface. In this context, a 

softswitch is defined variously as a media gateway controller, call agent or gate keeper, used to 

control connections at the junction point between circuit and packet networks. 

The nomadic server 80 is coupled to one or more mobile switching centers 20 for 

communicating signaling and media traffic. A point of interconnection (Pol), is formed between 

each mobile switching center 20 and the nomadic server 80. Within any given network, one or 

more nomadic servers 80 can be implemented. Each mobile communication device 90 is 

associated with a home nomadic server, in this case the nomadic server 80. Each nomadic server 

can be the home nomadic server for one or more mobile communication devices. Preferably, a 

mobile switching center is interfaced to only one nomadic server such that a home mobile 
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switching center is interfaced to the home nomadic server. In this manner, the mobile 

communication device is associated with a home mobile switching center. Alternatively, 

multiple mobile switching centers are coupled to any given nomadic server. 

When the mobile communication device 90 originates a call within a WiFi coverage area, 

a WiFi communication link is established with the nomadic server 80. The call can be completed 

by the nomadic server 80 over the cellular network or the VOIP network. If the call is completed 

over the cellular network, then the call is routed through any mo bile switching center coupled to 

the nomadic server 80. If the call is completed over the VOIP network, then the call is routed 

through a softswitch 70 of a service provider, using the Session Initiation Protocol (SIP) or any 

other appropriate protocols, such as H323. In other words, if the mobile communication device 

90 is located within a WiFi coverage area, then the first leg of the call is routed over a WiFi 

communication link and the remaining portion of the call can be routed over either the cellular 

network, the VOIP network, or the PSTN. 

In operation, a first call is established by the mobile communication device 90 by first 

determining if it is in a WiFi coverage area. Such a determination is preferably made by 

measuring a signal strength or other criteria of the nearest WiFi access point 40, and if the signal 

strength or other criteria is above a predetermined threshold, then a WiFi communication link is 

established. If WiFi access is not available, then the mobile communication device 90 

establishes a cellular communication link with the nearest base station 10. When the mobile 

communication device 90 first establishes a WiFi communication link, the mobile 

communication device 90 establishes a communication link with the provisioning server 86 over 

the WiFi communication link. The WiFi communication link includes the WiFi access point 40, 

and the Internet 50. The provisioning server 86 provides the mobile communication device 90 

with configuration information including an identification of its home nomadic server, which in 

this case is the nomadic server 80. The mobile communication device 90 preferably uses XML 

over SSL for communicating with the provisioning server 86 over the Internet 50. 
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The mobile communication device 90 also registers with the nomadic server 80. In some 

embodiments, a SIP REGISTER method or any other appropriate protocol, such as H323, with 

authentication is used between the mobile communication device 90 and the nomadic server 80. 

The nomadic server 80 also maintains configuration information of the mobile switching center 

20. The nomadic server 80 updates the mobile switching center 20 with a current location of the 

mobile communication device 90. The current location refers to the WiFi access point associated 

with the WiFi coverage area in which the mobile communication device 90 is currently located. 

The nomadic server 80 updates the mobile switching center 20 with the location of the mobile 

communication device 90 at a specified periodicity. In this manner, the mobile switching center 

20 maintains a current location of the mobile communication device 90. Using this location 

information, calls received over the cellular network for the mobile communication device 90 are 

directed from the mobile switching center 20 over the WiFi communication link via the nomadic 

server 80. 

As long as the mobile communication device 90 maintains a WiFi communication link 

with the wireless access point 40, irrespective of the cellular network coverage, the mobile 

communication device 90 registers with its home nomadic server, the nomadic server 80 in this 

case. The nomadic server 80 in tum updates the current location of the mobile communication 

device 90 in the mobile switching center 20. When a signal strength or other criteria of the WiFi 

communication link weakens below a predetermined threshold, the mobile communication 

device 90 notifies the nomadic server 80. In response, the nomadic server 80 stops sending 

location updates to the mobile switching center 20. Additionally, the mobile communication 

device 90 stops sending SIP registrations to the nomadic server 80, and the mobile 

communication device 90 initiates registration with the nearest mobile switching center. In this 

manner, subsequent calls originating from or terminating at the mobile communication device 90 

are handled by the mobile switching center. The nearest mobile switching center can be the 

home mobile switching center of the mobile communication device 90 or another mobile 

switching center, referred to as a visitor mobile switching center, within the cellular network. 
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While the first call is still established over the WiFi communication link, the mobile 

communication device 90 sets up a second call to the same end destination as the first call 

currently setup over the WiFi communication link, thereby establishing a cellular communication 

link. If the cellular communication link is established via the home mobile switching center, 

then the second call is routed to the nomadic server 80 via the Pol between the home mobile 

switching center and the nomadic server 80. In response, the nomadic server 80 determines if the 

first call over the WiFi communication link is still in progress. If so, access is switched from the 

WiFi communication link to the cellular communication link. 

If, however, the cellular communication link is established over a visitor mobile 

switching center, then the visitor mobile switching center forwards the second call to a visitor 

nomadic server coupled to the visitor mobile switching center. The visitor nomadic server can 

not determine the status of the first call over the WiFi communication link, so the visitor 

nomadic server switches the second call to the end destination. Concurrently, the home nomadic 

server, which previously received the notification from the mobile communication device 90 

about losing the WiFi communication link, waits for a connection request from the home mobile 

switching center for the second call to be established. However, the home nomadic server will 

not receive such a connection request since the second call is being processed by the visitor 

nomadic server. As such, the home nomadic server drops the first call on the WiFi 

communication link, and the second call is maintained by the mobile communication device 90 

over the cellular communication link. 

Once a cellular communication link is established between the mobile communication 

device 90 and the nearest mobile switching center, the mobile communication device 90 does not 

attempt to establish another WiFi communication link upon re-entering a WiFi coverage area. 

The mobile communication device 90 attempts access to a WiFi communication link when the 

mobile communication device 90 is back in an idle state. 

As the mobile communication device roams from a first coverage area to a second 

coverage area, the transition steps vary depending on the type of the second coverage area and on 
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the original call setup configuration. Roaming from the first coverage area to the second 

coverage area can generally be accomplished according to one of five different scenarios, each 

scenario including associated transition steps. 

A first scenario includes the mobile communication device roaming from a first WiFi 

coverage area to a second WiFi coverage area. The first WiFi coverage area is associated with a 

first WiFi access point, and the second WiFi coverage area is associated with a second WiFi 

access point. Each WiFi access point includes an IP address. When the mobile communication 

device is within the first WiFi coverage area, the mobile communication device registers with its 

home nomadic server over the first WiFi access point. The home nomadic server updates the 

location of the mobile communication device with the home mobile switching center of the 

mobile communication device. For incoming calls directed to the mobile communication device, 

the home mobile switching center routes the calls to the home nomadic server based on the most 

recent location information. 

When the mobile communication device roams into the second WiFi coverage area, the 

mobile communication device detects the transition. The mobile communication device acquires 

the IP address from the second WiFi access point and sends the IP address change to the 

provisioning server of the home nomadic server. The mobile communication device also sends a 

SIP register message with the new IP address to the home nomadic server. In response, the home 

nomadic server redirects any incoming calls to the IP address of the second WiFi access point. 

The location of the mobile communication device maintained by the home mobile switching 

center is still valid. 

A second scenario includes the mobile communication device 90 initiating a call within a 

first WiFi coverage area, setting up the call over a VOIP network, and roaming from the first 

WiFi coverage area to a cellular coverage area supported by the home mobile switching center of 

the mobile communication device 90. In this scenario, the mobile communication device 90 

roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 
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communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. 

The first call is routed from the first wireless access point through a VOIP network, such as the 

Internet. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this second scenario is the home mobile switching center of the mobile communication 

device. The mobile communication device also sends a call setup request to the home mobile 

switching center for a second call with the same end destination as the first call. The second call 

is setup by the home mobile switching center, and the second call is routed to the CIWF block 

within the home nomadic server. The CIWF block determines from the WIWF block if the first 

call is in progress. If the first call is in progress, then the CIWF block sends an affirmative 

answer message to the home mobile switching center. The home mobile switching center in tum 

sends the affirmative answer message to the mobile communication device. 

In response to receiving the affirmative answer message, the mobile communication 

device stops media streaming over the WiFi communication link and powers down the WiFi part. 

The CIWF block then changes the registration of the mobile communication device in the WIWF 

block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the 

WIWF block signifying a media switchover to the IP address of the CIWF block from the IP 

address of the first wireless access point. Media streaming associated with the first call is then 

redirected to the CIWF block, where the media is then switched over to the home mobile 

switching center. Media associated with the first call is now associated with the second call, 

where the media is now streamed from the VOIP network to the WIWF block to the CIWF block 

to the home mobile switching center to the mobile communication device. The transition 

according to the second scenario is now complete. If the second call is subsequently 
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disconnected by the mobile communication device, then the corresponding call breakdown 

process is supervised by the CIWF block. If the second call is subsequently disconnected by the 

end destination device, then the corresponding call breakdown process is supervised by both the 

WIWF block and the CIWF block. 

A third scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area, setting up a back end of the call over a cellular network, and roaming from 

the first WiFi coverage area to a cellular coverage area supported by the home mobile switching 

center of the mobile communication device. In this scenario, the mobile communication device 

roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. 

The first call is routed from the wireless access point 40 through a cellular network, such as the 

mobile switching center and either the PLMN or the PSTN. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this third scenario is the home mobile switching center of the mobile communication 

device. The mobile communication device also sends a call setup request to the home mobile 

switching center for a second call with the same end destination as the first call. The second call 

is setup by the home mobile switching center, and the second call is routed to the CIWF block 

within the home nomadic server. The CIWF block determines from the WIWF block if the first 

call is in progress. If the first call is in progress, then the CIWF block sends an affirmative 

answer message to the home mobile switching center. The home mobile switching center in tum 

sends the affirmative answer message to the mobile communication device. 

Page 17 of 22 

IPR2025-00447 Page 00361



PATENT 
Attorney Docket No. HA V A-00402 

In response to receiving the affirmative answer message, the mobile communication 

device stops media streaming over the WiFi communication link and powers down its WiFi part. 

The CIWF block then changes the registration of the mobile communication device in the WIWF 

block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the 

WIWF block signifying a media switchover to the IP address of the CIWF block from the IP 

address of the first wireless access point. Media streaming associated with the first call is then 

redirected to the CIWF block, where the media is then switched over to the home mobile 

switching center. The media stream associated with the first call is now associated with the 

second call, where the media stream is now directed from the cellular network to the CIWF block 

to the home mobile switching center to the mobile communication device. The transition 

according to the third scenario is now complete. If the second call is subsequently disconnected 

by the mobile communication device, then the corresponding call breakdown process is 

supervised by the CIWF block and the home mobile switching center. If the second call is 

subsequently disconnected by the end destination device, then the corresponding call breakdown 

process is supervised by the CIWF block. 

A fourth scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area that resides outside a cellular coverage area supported by the home mobile 

switching center of the mobile communication device, setting up a back end of the call over a 

VOIP network, and roaming from the first WiFi coverage area to a cellular coverage area 

supported by a visitor mobile switching center. In this scenario, the mobile communication 

device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi coverage 

area. When the mobile communication device is within the first WiFi coverage area, the mobile 

communication device registers with its home nomadic server via the first WiFi access point. In 

this manner, the WIWF block in the home nomadic server monitors the location of the mobile 

communication device. The first call is routed from the mobile communication device to the 
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first wireless access point via the WiFi communication link to the WIWF block of the visitor 

nomadic server associated with the visitor mobile switching center to the VOIP network 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this fourth scenario is the visitor mobile switching center. The mobile communication 

device notifies the WIWF block in its home nomadic server that the signal strength or other 

criteria is below the predetermined threshold. The mobile communication device also sends a 

call setup request to the visitor mobile switching center for a second call with the same end 

destination as the first call. The visitor mobile switching center forwards the call setup request to 

the CIWF block within the visitor nomadic server. Within the visitor nomadic server, the CIWF 

block determines from the WIWF block if the first call is in progress. Since the mobile 

communication device has been registering itself with its home nomadic server, and not with the 

visitor nomadic server, the WIWF block within the visitor nomadic server does not have a record 

of the first call being in progress. In response, the visitor nomadic server sets up the second call 

over the cellular network. Concurrently, the home nomadic server tears down the first call over 

the VOIP network. 

A fifth scenario includes the mobile communication device initiating a call within a first 

WiFi coverage area that resides outside a cellular coverage area supported by the home mobile 

switching center of the mobile communication device, setting up a back end of the call over a 

cellular network, and roaming from the first WiFi coverage area to a cellular coverage area 

supported by a visitor mobile switching center. In this scenario, the mobile communication 

device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is 

initiated and setup, a WiFi communication link is established between the mobile 

communication device and a first wireless access point associated with the first WiFi access 

point. The first call is routed from the mobile communication device to the first wireless access 
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point via the WiFi communication link to the CIWF block of the visitor nomadic server to the 

visitor mobile switching center to the cellular network. 

The mobile communication device monitors a signal strength or other criteria of the WiFi 

communication link. When the signal strength or other criteria drops below a predetermined 

threshold, the mobile communication device registers with the nearest mobile switching center, 

which in this fifth scenario is the visitor mobile switching center. When the mobile 

communication device is within the first WiFi coverage area, the mobile communication device 

registers with its home nomadic server via the first WiFi access point. In this manner, the WIWF 

block in the home nomadic server monitors the location of the mobile communication device. 

The mobile communication device notifies the WIWF block in its home nomadic server that the 

signal strength or other criteria is below the predetermined threshold. The mobile 

communication device also sends a call setup request to the visitor mobile switching center for a 

second call with the same end destination as the first call. The visitor mobile switching center 

forwards the call setup request to the CIWF block within the visitor nomadic server. Within the 

visitor nomadic server, the CIWF block determines from the WIWF block if the first call is in 

progress. Since the mobile communication device has been registering itself with its home 

nomadic server, and not with the visitor nomadic server, the WIWF block within the visitor 

nomadic server does not have a record of the first call being in progress. In response, the visitor 

nomadic server sets up the second call over the cellular network. Concurrently, the home 

nomadic server tears down the first call over the cellular network and the first WiFi 

communication link. 

It is understood that the five scenarios described above are not exhaustive or inclusive of 

all scenarios in which the mobile communication device can roam from a first coverage area to a 

second coverage area with the support of the nomadic server. It is understood that other 

scenarios are also contemplated. 

In some embodiments, the nomadic server 80 also communicates to other nomadic 

services over the Internet to route and complete calls using VOIP. This server-to-server 
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communication can be used for all calls, even for cellular to cellular calls. In such a situation, the 

cellular telephone communication is transmitted from the initiating cellular telephone to the 

appropriate base station. From this base station, the communication is routed to the appropriate 

nomadic server 80, which in some embodiments is the nomadic server 80 that is the closest to the 

receiving base station 10. This initiating nomadic server 80 then transmits the communication 

over the Internet, to the nomadic server 80 that is closest to the appropriate base station 10 

corresponding to the location of the receiver's cellular telephone. This receiving nomadic server 

80 then transmits the communication to this receiving base station 10, which transmits the 

communication to the receiver's cellular telephone. In this manner, the only portions of the 

transmission that are communicated over the cellular telephone network, are the initial leg, from 

the initiating cellular telephone to the appropriate base station, and the final leg, from the 

appropriate base station to the receiver's cellular telephone. The remaining, intermediate, 

portions of the transmission are communicated between the appropriate nomadic servers over the 

Internet, which allows the call to be completed more efficiently than if the call was transmitted 

completely over the cellular network in the traditional manner. As will be apparent to those 

skilled in the art, communications are directed in both directions in this manner in order to 

complete the call between the initiator and the receiver, with the initial and final portions of the 

transmission routed over the cellular network and the remaining intermediate portions of the 

transmission routed between nomadic servers 80, over the Internet 50. 

The present invention has been described in terms of specific embodiments incorporating 

details to facilitate the understanding of the principles of construction and operation of the 

invention. As such, references herein to specific embodiments and details thereof are not 

intended to limit the scope of the claims appended hereto. It will be apparent to those skilled in 

the art that modifications can be made to the embodiments chosen for illustration without 

departing from the spirit and scope of the invention. 
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Abstract of the Disclosure 

A nomadic server and a related system provides seamless roaming for a mobile 

communication device between different types of wireless networks, such as WiFi and cellular 

networks for voice, data and video communication. Use of the nomadic server enables a 

5 combination ofWiFi and cellular networks for providing access to the cellular phones and make 

use of the VOIP networks for switching the calls wherever possible. The nomadic server is a 

telephone communication processing and switching server that will "hold" the present, in­

progress telephone communications without dropping, while roaming without losing the present, 

in-progress communication. For example, a telephone communication can be seamlessly 

10 switching between VOIP and cellular telephone networks using the nomadic server. Nomadic 

server resources interface with the VOIP and cellular network switches to provide the hand-off 

between networks. This approach enables switching of telephone communications over a VOIP 

network wherever possible either through WiFi or through cellular networks. 
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of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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1 2287858 

METHOD FOR DETERMINING HANDOVER IN A MULTICELLULAR 
ENVIRONMENT 

5 Field of the Invention 
This invention relates in general to a method of determining 

handovers in a multicellular environment, and more particularly to 

determining handover in a multicellular environment based on a parameter 

of an incoming signal from at least one of the neighbouring cells or serving 

10 cell. 

Background to the Invention 

In a cellular environment, at any one time, there is usually one 

serving cell defined as the cell with the base station that a mobile unit is 

15 receiving service from so that the mobile unit may receive and transmit 

communication and a number of surrounding cells that are referred to as 

neighbouring cells. The serving cell may also be referred to as the cell that 

the mobile unit is camped on to. 

In a multicellular environment, there may be cells of different sizes 

20 where a number of cells of the same size are located within one larger cell 

(umbrella cell or macrocell). The smaller cells within the umbrella cell may 
be called microcells. Microcells are created in a dense population of users to 

allow a greater capacity of users on the cellular system. The microcells 

facilitate the reuse of frequencies over a smaller distance. Thus, a mobile 

25 unit may be located within a microcell as well as an umbrella cell. 

Typically, rural areas that do not have a large number of users or do 

not require a large capacity only need to be divided into larger cells. As the 
areas grow or the cells get closer to densely populated areas, the larger cells 

do not have the capacity to facilitate the increased number of users. There 

30 are not enough frequencies allocated. So microcells are created within the 

larger cells and the larger cells become umbrella cells. This allows 

frequency reuse among the microcells. Such microcellular techniques 

improve spectral efficiency and increase the capacity of the cellular network. 

Microcells have disadvantages. One disadvantage is that in 

35 microcellular areas the number of hand overs increases and the time 

available to make handover decisions decreases. For example, having too 
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many smaller size microcells in an area where there is a fast moving mobile, 

the fast moving mobile travels through a number of microcells in a short 

amount of time causing a number of hand overs to be processed. Increasing 

the number ofhandovers in a short amount of time decreases the call 
5 reliability and increases the number of breaks in communication, thus, 

reducing the quality of communication and in extreme cases, loses calls. 
Thus, a fast and reliable method of determining when to handover in 

a multicellular environment needs to be established. One such method has 
been proposed in co-pending UK Patent Application No. 9324428.3 entitled 

10 "Method for Determining Handover in a Multicellular Environment" filed on 

November 27, 1993 by Motorola. A related co-pending application that the 
present application claims priority from is UK Patent Application No. 
9405539.9 entitled "Method for Determining Handover Candidate in a 

Multicellular Environment" filed on March 24, 1994 by Motorola. 
15 Digital cellular communications systems, such as the GSM (Global 

System for Mobile Communications), integrate a large number of cells in a 

microcellular environment. It is required in GSM that a mobile station 

report a received signal level strength of its six strongest neighbouring cells. 
Current handover techniques choose a handover candidate from one of the 

20 strongest neighbouring cells. In a microcellular environment where the 
signal strengths are varying rapidly, a cell may produce a strong signal level 

strength in one measurement report and then a weak signal level strength 

in a next measurement report. Thus, making a handover decision based 
solely on a first report of signal strengths may result in selecting a base site 

25 that would not be a reliable serving cell for the mobile station. 

Furthermore, in Phase One GSM there is no scheme to support an 

overlay macrocellular network and an underlay microcellular network in 
terms ofhandovers between the macrocells and the microcells. 

Presently, a mobile station monitors the signal strength of a number 

30 of neighbour cells and reports this information on a regular basis to the 

serving base station. The cells that the mobile station monitors is 
determined by the Basestation Allocation (BA) list sent to it by the base 
station. 

In Phase One GSM systems and Phase Two GSM systems the process 

35 of determining the need for a handover and the selection of the best 

, . 
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candidate is separate. In such systems there are two methods that are used 

to determine that a handover is required: 

1) The average signal level falls/link quality/time delay ... 

below .programmable thresholds; 

5 2) The signal strength of neighbour cells exceeds that of the 

serving cell by a programmable threshold. 
The second part of the process is to determine the best handover 

candidate. It must be separately decided which the best candidate is from 

those available based on signal strength readings from the serving cell and a 

10 number of candidate base stations. 
For multicellular environments, it is desirable to make reliable 

handover decisions based on a number of criteria involving received signal 
parameters. 

15 Summary of the Invention 

According to the present invention, there is provided a method for 

determining a handover in a multicellular communication system including 

the steps of measuring received signal parameters received from a serving 

cell and a plurality of neighbouring cells, comparing received signal 

20 parameters with a variable threshold value for each of the plurality of 
neighbour cells, measuring time received signal parameters are above 

threshold value for each of the plurality of neighbour cells, and determining 

handover based on the measured time. 

In an alternative embodiment the method includes measuring for a 
25 period of time a number of times the received signal parameters are above 

threshold value for each of the plurality of neighbour cells and determining 

handover based on the number of times. 

In a further embodiment the method includes measuring for a period 

of time a number of times the received signal parameters are above 

30 threshold value for each of the plurality of neighbour cells and determining 
handover based on the measured number of times. 

Brief Description of the Drawing 

FIG. 1 illustrates a multicellular environment. 

35 FIG. 2 illustrates a buffer arrangement for an embodiment of the 

present invention. 
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FIGS. 3-5 illustrates signal strength variations when a mobile is 

moving as indicated in FIG. 1. 
FIG. 6-8 illustrate flow charts for embodiments of the present 

invention. 

Detailed Description of the Preferred Embodiment 

Referring to FIG. 1, a multicellular (or microcellular) environment is 

shown comprising of at least one macrocell (or umbrella cell) 101 and a 

plurality of microcells 110, 111, 112. Each cell includes a base station 

10 typically located in the geographic area covered by the cell. The base 

stations are not shown in FIG. 1. A base station 115 typically determines 
the size and capacity of the cell 110. A communication system may include 
different sized cells as well as a mobile station 120 which may be receiving 

service from either a base station of the macrocell 101 or a base station of 

15 one of the microcells 111. Receiving service from a particular base station in 
terms of being able to receive and transmit calls is also referred to as being 

camped on that particular base station. When a mobile station enters the 
multicellular environment a decision should be made to determine whether 
to remain being served by the current cell type or handover to a new cell 

20 type. The decision may be dependent upon the speed of the mobile unit. 
Two cases may be defined when a mobile station is in a multicellular 

environment or coverage area. The mobile unit may be moving at a high 

speed or at a slower speed. 
When a fast moving mobile station is in a microcellular environment 

25 it is desirable that the mobile station remain on the macrocell 101 to 
alleviate the number of handovers that would be required in a short amount 
of time. 

On the other hand, when a slow moving mobile station is in a 
microcellular environment it is desirable that the slow moving mobile 

30 station is handed over to a microcell 111. This ensures that the macrocell 

does not become congested and the maximum traffic is handled by the 

microcell. 
Thus, according to one embodiment of the present invention when the 

mobile station 120 enters a microcellular environment the received signal 

35 parameters received from the serving cell and a plurality of neighbouring 

cells are measured at the mobile station 120 and sent to the serving cell base 
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station. The received signal parameters are compared with a respective 

variable threshold value for each of the plurality of neighbour cells. Then a 

duration of time is measured time corresponding to how long the received 

signal parameters are above the respective threshold value for each of the 

5 plurality of neighbour cells. Thus, a reliable handover or handover 

candidate may be determined based on the measured time. 

An alternative embodiment of the present invention includes 

measuring for a period of time a number of times the received signal 

parameters are above threshold value for each of the plurality of neighbour 

10 cells or a percentage of time that the received signal parameters are above 

the threshold value and determining handover or handover candidate based 

on the measured number of times or percentage. 
Similarly, a further embodiment includes calculating an average of 

time or an average of the received signal parameter exceeding the respective 

15 threshold value. 

The method of the present invention may also include taking into 

account the actual or absolute received signal parameter as well as any 
history available. 

The received signal parameter may be a received signal level, a power 

20 level control signal or a timing advance signal. 

The method of the present invention may be used for determining a 

requirement to handover or determining an ordering of a priority of 

handover candidates or both. 

The method of the present invention proposes that a timer be started 

25 when the mobile station sees that the received signal parameter, such as the 

signal strength, of a neighbouring cell is above a programmable level or a 

variable threshold value. The neighbouring cell may be the serving cell or a 
candidate cell. 

The variable or programmable threshold value is used to start a timer 

30 and may be different for each cell. Likewise, a different timer may be 

associated with each cell. Both the threshold value and the time may be 

predetermined or adaptively defined. 

In a preferred embodiment of the present invention, the timer keeps 

:running while the measured received signal strength level is above the 
35 respective cell's threshold value. 
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The following is examples of criteria in GSM which may be used to 

determine if a particular cell received signal level is above a threshold value. 

A cell has been continuously being reported in the mobile 

measurement reports (e.g .. SACCH multiframes) and exceeding 

some programmable threshold over the time Tn. Under this 

condition the neighbouring cell has the highest probability to be 

a good handover candidate but it may not take into account fast 

changes in RXLEV due to fading, shadowing etc. 

The cell has been reported at least n out of m times in the 

mobile measurement report and exceeding some programmable 
threshold over the time Tn. This method takes into account any 

fast changes in RXLEV in the neighbouring cell reporting and 

therefore has a high probability of identifying a good handover 

candidate. The values of n and m may be optimised for each 

cell. 

The average RXLEV of the cell exceeds a threshold over the 
time Tn. This method averages out all the peaks and troughs of 

RX.LEV but may not give a very accurate indication of a 

handover candidate because values are changing so rapidly. 

The signal strength threshold could be set such that candidate cells 

are monitored well before the candidate cell is higher than the serving cell. 

25 This would allow microcells to be monitored in advance of time when a 

handover is required, and make a more informed macrocell/microcell 

handover decision. 
The timer value indicates the length of time that a cell has been a 

good candidate. The longer this time then the more likely that it is to be a 

30 good candidate cell. Microcells will only appear as good cells if sufficient 
time is spent in the cell (a mobile user is travelling slowly or the cell is a 

macro cell). RF planning could be used to encourage mobiles onto microcells. 

In addition to having a threshold set at which a serving cell indicates 

that a handover is required due to very poor serving cell signal levels the 

35 present invention provides that predetermined (or variable) levels of 

neighbour cells could be used to indicate that a handover is requested. 
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Thus, a handover candidate may be determined by the present 

invention. One possible implementation is that for a cell not to be 

considered as a handover candidate unless it has been one of the strong cells 

(RXLEV exceeds given programmable signal level threshold) for a give time 

5 Tn. A timer Tn is associated with each cell. It can be different for each of 

the cells and is defined by the user in the database. The signal level 

threshold could be different for each cell. 
FIG. 2 shows one way in which the timer Tn may be used in 

determining a handover candidate. In FIG. 2 the mobile station reports the 

10 strongest neighbour carriers in terms of received signal levels to the base 

station. The system controller of the base station puts them in a first buffer 
25 and starts a timer Tn, If at the expiry of the timer Tn the cell is still one 

of the six strongest carriers than it is moved to a second buffer 27 as one of 

the handover candidates. 

15 Using this method the handover candidate list should always contain 

at least one cell which is the Standby Handover Cell. Standby Handover 

Cell is defined as a cell which is cell barred for normal call origination, but is 
available for any emergency handovers. It may be one of the macrocells (or 

certain timeslots in a given macrocell). This will ensure that in the cases 

20 where a handover is required but there are no suitable microcells available, 

then the call can be handed over without it being dropped. 

RXQUAL and any other criterion currently used in the handover 

algorithm may also need to be satisfied if the cell is to be considered as 

handover candidate. 

25 The ordering of the priority of the candidate cells could be determined 

by the following parameters: values of Cl for each cell, the absolute signal 

strength of the candidate cells and the serving cells, the value of the timers 

for each of the candidate cells. The decision could be made on the current 

values of each parameter or multi-parameter trends could also be used. 

30 Alternatively, the timer does not need to bar the cell being considered 

as a candidate cell for a period of time. The timer could be used a weighting 

factor in the ordering of the candidate handover cells. The weighting factor 
could be any function of time (for example squared law, linear, or 

exponential). 

35 The decision that a handover is required can be considered as a 

separate process to that of deciding the best handover candidate cells. An 
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embodiment of the present invention which may be used to determine 

handover may include any combination of the following: determining that 

the signal strength of the serving cell is below a programmable threshold, a 
timer .tn expires, and an algorithm to indicate when a handover is required. 

5 The handover decision is determined by the value of the timers and the 

absolute signal levels levels of either the serving cell or the candidate cells. 

FIGS. 3-5 show the signal strength variations when the mobile is 

moving along the direction indicated by the arrow in FIG. 1. FIG. 3 shows 

that a received signal level increases for cell A 110 as the mobile 120 travels 

10 in the direction as indicated. The received signal level for cell A 110 steadily 
increases for a time shown on the horizontal axis as a respective 

programmable time threshold A. 
FIG. 4 shows that a received signal level for cell B is above its 

respective threshold value (level) and steadily increases for its respective 

15 programmable time threshold B. The rate of the received signal level of cell 

B is increasing faster than the rate of the received signal level of A. Thus, 
cell B may have a higher absolute value for a received signal level while the 
programmable time for cell A is longer. 

FIG. 5 shows the received signal level for the serving cell 111 
20 decreasing as the mobile station moves as indicated. The received signal 

level of the serving cell drops below its respective threshold level and 
steadily decreases for its respective programmable time. 

FIG. 6 illustrates a flow chart for an embodiment of the present 
invention. Particularly, in dedicated mode operation a mobile station is 

25 monitoring and reporting serving and neighbouring cell signal strengths 

and link quality as in step 601. The mobile station reports the 

measurements to the base station and whether a handover is required is 

determined based on a qualifying timer algorithm as in step 602 and further 

defined in FIG. 7. A qualifying timer algorithm includes such as are known 
30 in GSM and trend analysis as well as that described in accordance with the 

present invention in FIG. 7. 

If a handover is required as determined by a qualifying timer 
algorithm in step 602, then it is determined as in step 604 which candidates 

if any are suitable. 
35 Another method is continuously monitoring the measurement reports 

from each neighbour cell as in step 603. 
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The ordering or prioritising of handover candidates as in step 604 may 

be done simultaneously and independently of determining whether a 

handover is required. Thus, a list of candidates may be constantly generated 

and updated so that when it is determined that a handover is required 

5 handover candidates may be readily available and ordered so the best 

handover candidate may be handed over to quickly. 
Alternatively, the timers used to reorder the priority of handover 

candidates may be triggered by the handover request from step 602. 

Specifically, absolute received signal levels or power budget levels 

10 from neighbouring cells may be used in determining whether any cell is a 

suitable handover candidate. Furthermore, candidate timer values may be 

used independently for each cell for measuring respective received 
parameters. Trend analysis may also be used to determine suitable 
handover candidates and prioritise handover candidates. Particular checks 

15 may include minimum RXLEV threshold exceeded availability, Power 

Budget better than current serving cell and handover margin hysteresis 

exceeded. 
If a suitable handover candidate is determined in step 606 than the 

mobile station is handed over to the suitable candidate as in step 608. If no 

20 suitable candidate is available as determined by step 606 then no handover 
is performed as in step 610. In both situations the mobile returns to 

monitoring and reporting as in step 601. 

Based on the reported measurements received in step 603, candidate 
timers are started to determine possible handover candidates as well as 

25 possibly prioritisation of candidates. The decision to start the candidate 
timers may be based on received signal levels and power budget signals. 

The timer values and respective threshold values are transferred as in 
step 605 to the method of determining the handover candidates and 

prioritisation of candidates in step 604. Therefore, the ordering or 

30 prioritisation of handover candidates maybe implemented as an independent 

process initiated when the need to handover is required. 

FIG. 7 shows a flow chart that provides a handover required decision 
based on a timer method according to the present invention. The method is 

to ascertain, if any, of the many possible handover causes generated by step 

35 701 has been continuously valid for a programmable handover cause 

dependent delay and thus should generate a Handover Required command. 
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A Handover Required command shall indicate the cause that led its 

generation. In the case when several handover cause dependent timers are 

expired when a Handover Required command is generated, all causes shall 

be listed. Additionally, the Handover Required command may include all 
5 causes which are valid at the time of generation indicating whether or not 

the associated timers have expired. 
Some causes may have zero timer values, for example, if such a cause 

might indicate that communication could be lost. 

An alternative embodiment of the method could include a mechanism 

10 to enable timers to be dynamically varied. For example, if some cause or 
combination of causes, might indicate that a particular kind of handover 

would be beneficial even if the timer associated with that cause had not 

expired. 
If a handover is required as in step 701 and as further described in 

15 FIG. 8 then the handover cause and respective timer is checked as in step 

703. If the timer has been already started as determined in step 705 then it 
is determined whether the timer has been expired as in step 706. If the 

timer has expired then a handover is required. 
If no handover is required as in step 701 then the respective timer is 

20 reset and no handover is required. 

If the respective timer has not been started as in step 705 then the 
timer is started as in step 707 and no handover is required. 

The timers of FIG. 7 are handover delay timers. 

FIG. 8 further describes a method that triggers a handover situation 

25 according to an embodiment of the present invention. From the reported 

measurements it is determined whether the neighbouring cells signal levels 
are above a threshold value as in step 801. The threshold value may be 

variable or predetermined and may vary from cell to cell. The threshold 

values may also be based on absolute signal strength levels, Cl values, timer 
30 values and trend analysis. 

Ifit is determined in step 801 that a neighbour cell signal level is 

above its respective threshold and its respective timer has been started then 

it is determined whether the timer has expired as in step 805. If yes, then a 

handover is triggered, if not, no handover is required. The respective timers 
35 may be respective neighbour cell signal level timers. 
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