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(57) Abstract: A system and method that enables the setting up of an incoming call from an originating endpoint ot a calling party to
a mobile station of a called party who is registered as a roamer in a visited cellular network. In response to receiving a dialed num-
ber, or other call information, the system determines whether to set up the call to the mobile station of the called party through a pre -
determined, over-the-top (OTT) call service that bypasses the visited network. The OTT call service is offerable as a feature to the
called party by the party's home mobile network operator (MNO). Call handling for the OTT call service is provided through i) an
OTT feature server that is coordinating the incoming call, an application server that is affiliated with the OTT feature server, and iii)
a OTT software application that is executing on the called party's mobile station.



System and method for setting up a call to a roaming party through an
over-the-top (OTT) call service

[0001] Blank.

Field of the Invention

[0002] The present invention relates to telecommunications in general, and, more
particularly, to setting up a call from an originating endpoint of a calling party to a mobile

station of a called, roaming party through an over-the-top (OTT) call service.

Background of the Invention

[0003] Figure 1 depicts a diagram of the salient components of wireless
telecommunications system 100 in the prior art. Wireless telecommunications system 100
comprises the depicted data-processing systems, which are interrelated as shown. The
equipment that constitutes system 100 includes service-control equipment, switching
equipment, and radio access equipment, and is described in detail below. Wireless
telecommunications system 100 provides wireless telecommunications service to mobile
station (MS) 131 when present in any of location areas 140-i, for i=1 through I, wherein I is
a positive integer and whose value equals two as depicted. System 100 provides service in
accordance with the Global System for Mobile Communications (GSM) set of standards, in
which the concept of location areas is defined.

[0004] Some of the equipment components that are present in system 100 are not
associated with a specific location area 140-i. Such egquipment include components include
i) gateway mobile switching center (GMSC) 111 and ii) home location register (HLR) 112,
both of which are associated with mobile network operator (MNQO) network 110 as depicted,
and iii) public-switched telephone network (PSTN) 120 that provides telecommunications

service to telephone 121. Mobile station 131 is not fixed to a particular location area, but
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can move into and be associated with any location area 140-/, depending on its present
location. As depicted in Figure 1, mobile station 131 is presently associated with location
area 140-1.

[0005] Gateway mobile switching center (GMSC) 111 serves as a gateway between
two types of networks, in this case PSTN 120 and the MNO portion of system 100 that
serves the depicted location areas.

[0006] Home location register (HLR) 112 comprises equipment for storing a central
database that contains details of each mobile station subscriber who is authorized to use
one or more location areas as the subscriber's home network. HLR 112 stores details of
every subscriber identity module (SIM) card issued by an MNO. A SIM card comprises an
integrated circuit and is used in mobile station 131. Each SIM has a unique identifier called
an “international mobile subscriber identity,” or "IMSI.” An IMSI is a primary key to each
HLR record. Another identifier that is associated with the SIM is a "MSISDN,” which is often
referred to as a “mobile station international subscriber directory number.” Each MSISDN is
also a primary key to the HLR record of a subscriber. The MSISDN is the number normally
dialed by a calling party to place a call to a mobile station.

[0007] The MSISDN together with the IMSI are two important numbers used for
identifying a mobile subscriber. The IMSI identifies the SIM, and the MSISDN is used for
routing calls to the subscriber. The HLR data for a subscriber is stored for as long as a
subscriber continues to subscribe to the service provided by the MNO network associated
with HLR 112, in this case MNO network 110.

[0008] Some subscribers who are receiving wireless services within location
area 140-1 or 140-2 are present within their home service area. Information about these
subscribers, and their SIMs and mobile stations, are stored within an HLR serving those
subscribers, which HLR is not depicted in Figure 1 and different from HLR 112 that is
serving subscribers whose home network is network 110. Other subscribers within location
area 140-1 or 140-2, however, are not present within their home service area. Instead,
they are considered “roamers” within a service area that is operated by an MNO that is
different than their home service provider.

[0009] In contrast with the components described above, some of the other
equipment components that are present in system 100 are, in fact, associated with one or
more specific location areas, such as location area 140-i. Such equipment components
include visitor location register (VLR) 141-/, mobile switching center (MSC) 142-i, base
station controller (BSC) 143-i, and base transceiver station (BTS) 144-/.
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[0010] Visitor location register (VLR) 141-j comprises equipment for storing a
database of GSM network subscribers who have roamed into the serving area of MSC 142-,
within a location area. In other words, VLR 141-j serves MSC 142-i. The data stored in VLR
141-j is either received from HLR 112 or collected from mobile station 131, or both. VLRs
141-1 and 141-2 communicate with HLR 112 via “"D” interfaces, communicate with each
other via a “G” interface, and communicate with MSCs 142-1 and 142-2, respectively, via
"B” interfaces. In some configurations, VLR 141-j is integrated with MSC 142-/.

[0011] Mobile switching center (MSC) 142-j provides at least some of the switching
capability across location area 140-i. MSC 142-i comprises a switch that orchestrates the
provisioning and control of telecommunications service to the mobile stations. System 100
includes a plurality of MSCs, each being responsible for a geographic region of the network,
in this case a particular location area. MSC 142-j is connected to one or more BSCs
(described below), and it can interface with other MSCs.

[o012] MSC 142-j also enables a subscriber of system 100 to place a call to, or
receive a call from, another network such as Public Switched Telephone Network
(PSTN) 120 or other wireless networks.

[0013] Base transceiver station (BTS) 144-/ is mobile station 131’s access point to
system 100. The BTS performs speech encoding, encryption, and other functions.
Communications between mobile station 131 and a BTS 144~/ occur over an air interface.
These communications, which include control signaling as well as voice, data and Short
Message Service (SMS) traffic, are carried over designated channels via known methods.
System 100 can include a different number of BTSs than that depicted.

[0014] Base station controller (BSC) 143-/ controls one or more BTSs. For example,
the BSC handles radio channel allocation, frequency administration, receives power and
signal measurements originating from the mobile stations, and controls handovers between
BTSs that are connected to the same BSC. As depicted in Figure 1, BSC 143-i controls
BTS 144-j. Although BSC 143-j is depicted as being geographically remote from BTS 144,
it can be co-located with a BTS or with mobile switching center 142. System 100 can
include multiple BSCs, even within a given location area 140-i.

[0015] Regardless of whether a subscriber is in his home area or in a roaming area,
the VLR that is currently serving the subscriber and the subscriber’'s own HLR continually
exchange data with each other. This exchange of data is important, not only to provide
communication services to the subscriber and associated mobile station, but also to keep
track of and provide only those services that are allowed for each subscriber and mobile
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station. For example, a subscriber might be allowed to use one set of services in his home
area, but a different set of services while roaming in a different area. The services allowed
in the roaming area are typically a subset of the services allowed in the subscriber's home
area.

[o016] In cellular telecommunications, roaming charges are typically incurred
whenever a cellular subscriber travels outside of her mobile carrier’'s home network and
while in a visited network. For example, if a U.S. service provider’s subscriber “A” in the
United States travels to the United Kingdom, mobile station 131 of subscriber A is in a
roaming mode in which it registers with a local U.K. service provider. If someone calls
subscriber A’s mobile number, the call first routes into the home network of subscriber A —
i.e., network 110, which is that of the U.S. provider — and then redirects to the network of
the U.K. provider, in order to reach roaming mobile station 131 in visited location
area 140-1. Consequently, there is a roaming charge that has to be paid to the U.K. service
provider, either by the home U.S. service provider or by the subscriber herself.

Summary of the Invention

[0017] The present invention enables the setting up of an incoming call from an
originating endpoint of a calling party to a mobile station of a called party who is registered
as a roamer in a visited cellular network. In response to receiving a dialed number, or
other call information, the system of the illustrative embodiment determines whether to set
up the call to the mobile station of the called party through a predetermined, over-the-top
(OTT) call service that bypasses the visited cellular network. The OTT call service is
offerable as a feature to the called party by the party’s home mobile network operator
(MNOQ) and can be subscribed to by the called party.

[0018] In accordance with the illustrative embodiment of the present invention, call
handling for the OTT call service is provided through i) an OTT feature server that is
coordinating the incoming call, a visitor location register (VLR) application server that is
affiliated with the OTT feature server, and iii) a OTT software application that is executing
on the called party’s mobile station. Through a prior arrangement with the home MNO, the
VLR application server is permitted by the cooperative home MNO to supersede the VLR of
the visited cellular network, by providing the home location register (HLR) of the home MNO
network with information for setting up a call to the mobile station via the OTT call service.
The VLR application server of the illustrative embodiment interacts with the HLR, which in
turn interacts as needed with the VLR of visited cellular network with which the mobile
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station is registered, such that the visited cellular network remains unaware of an incoming
call being redirected for delivery through the OTT service.

[0019] Based on the aforementioned interactions and on other criteria discussed
herein, the system of the illustrative embodiment determines a roaming number that
corresponds to a point that is external to the visited cellular network, wherein the call can
be set up and routed through an alternative path than that of the visited MNO network with
which the mobile station has registered, based on the roaming number determined. The
alternative path can comprise, for example, a conditioned Internet protocol (IP) network
and a wireless access point in a computer network (e.g., WiFi, etc.). The roaming number
can be determined based on the geographic location of the mobile station.

[0020] In providing such an alternative path, the call handling technique of the
illustrative embodiment offers a technical improvement by reducing or eliminating roaming
charges that would otherwise be owed to the visited MNO. The disclosed call handing
technique can also be used to offload a congested cellular network that would otherwise be
used to handle the incoming call to the called party registered with that network, by
redirecting the call through the alternative path. Additionally, in providing an alternative
path through a conditioned, optimized IP network, the quality of the call can be maintained
at a predetermined level. As another advantage over some techniques in the prior art, the
subscriber is not required to set up call forwarding to a different number than that of her
mobile station when enabling calls through the OTT call service.

[0021] An illustrative system for setting up a call from an originating endpoint of a
calling party to a mobile station of a called party comprising a first computer system,
comprises: a receiver that is configured to receive, from a second computer system, a
dialed number for the call when placed by the calling party, wherein the dialed number
corresponds to the mobile station; a processor that is configured to determine a roaming
number based on a geographic location of the mobile station, wherein the roaming number
corresponds to a point that is external to a cellular network with which the mobile station is
registered; and a transmitter that is configured to transmit, to the second computer system,
a message containing the roaming number by which the second computer system routes
the call.

[0022] An illustrative method for setting up a call from an originating endpoint of a
calling party to a mobile station of a called party, comprises: receiving, by a first computer
system from a second computer system, a dialed number for the call when placed by the
calling party, wherein the dialed number corresponds to the mobile station; determining, by
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the first computer system, a roaming number based on a geographic location of the mobile
station, wherein the roaming number corresponds to a point that is external to a cellular
network with which the mobile station is registered; and transmitting, by the first computer
system to the second computer system, a message containing the roaming number by
which the second computer system routes the call.

[0023] An illustrative non-transitory computer-readable medium storing a computer
program comprises computer-readable instructions that, when loaded and executed on a
computer system, cause the computer system to perform the steps of a method according
to any one of the preceding claims.

Brief Description of the Drawings

[0024] Figure 1 depicts a diagram of the salient components of wireless
telecommunications system 100 in the prior art.

[0025] Figure 2 depicts a diagram of the salient components of wireless
telecommunications system 200, in accordance with the illustrative embodiment of the
present invention.

[0026] Figure 3 depicts Internet protocol (IP) network 262 within
telecommunications system 200.

[0027] Figure 4 depicts a block diagram of the salient components of VLR
application server 261 within telecommunications system 200.

[0028] Figures 5A and 5B depicts a message flow diagram of the salient processes
performed and messages exchanged in accordance with a subscriber registering for a
predetermined, over-the-top (OTT) call service of the illustrative embodiment.

[0029] Figures 6A and 6B depicts a message flow diagram of the salient processes
performed and messages exchanged in accordance with a subscriber, as a called party,
receiving an incoming call at mobile station 231 via the OTT call service.

[0030] Figure 7 depicts a message flow diagram of the salient processes performed
and messages exchanged in accordance with an unregistered subscriber receiving an
incoming call via the OTT call service.

Detailed D ription

[0031] For the purposes of this specification, the following terms and their inflected
forms are defined as follows:
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o The term “based on” is defined as “being dependent on” in contrast to “being
independent of”. The value of Y is dependent on the value of X when the value
of Y is different for two or more values of X. The value of Y is independent of the
value of X when the value of Y is the same for all values of X. Being “based on”
includes both functions and relations.

o The term “ocation” is defined as a zero-dimensional point, a finite one-
dimensional path segment, a finite two-dimensional surface area, or a finite
three-dimensional volume.

» The term “location area” is a geographic region within which wireless
telecommunication service is provided to subscribers via a non-empty set of base
stations and other associated equipment, such as a serving mobile switching
center (MSC) and a serving visitor location register (VLR). One or more location
areas can be associated with a corresponding MSC and VLR.

o The term “"mobile station” is defined as a wireless telecommunications terminal
that is capable of transmitting and/or receiving communications wirelessly. As is
well known to those skilled in the art, a mobile station is also commonly referred
to by a variety of alternative names such as a wireless transmit/receive unit
(WTRU), a user equipment (UE), a wireless terminal, a fixed or mobile subscriber
unit, a pager, a cellular telephone, a smartphone, a personal digital assistant
(PDA), a computer, or any other type of device capable of operating in a wireless
environment.

o The term "mobile network operateor” (MNQO) is defined as a provider of wireless
communications services that owns or controls, or both, all of the elements
necassary to sell and deliver services to an end user including radio spectrum
allocation, wireless network infrastructure, back haul infrastructure, billing,
customer care, provisioning computer systems and marketing and repair
organizations. An MNO is also known as a wirgless service provider, wirgless
carrier, celiular company, or mobile network carrier,

o The terms used to describe elements of a wireless telecommunications network
are given their industry-established meanings, unless otherwise indicated. These
terms include: mobile switching center, base station controller, base transceiver
station, gateway mobile switching center, home location register, visitor location
register, Abis link, A-link, B-link, D-link, G-link, and subscriber data.

[0032] The following abbreviations are used in this specification:
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e GSM Global System for Mobile Communications
s MS Mobile Station
e BTS Base Transceiver Station
« BSC Base Station Controller
e MSC Mobile Switching Center
e GMSC Gateway Mobile Switching Center
+ HLR Home Location Register
¢ VLR Visitor Location Register
e« MAP Mobile Application Part
» SIP Session Initiation Protocol
e SS7 Signaling System No. 7
s TDM Time-Division Multiplexing
e« MNO Mobile Network Operator
e OTT Over-The-Top
» PSTN Public Switched Telephone Network

¢ MSISDN Mobile Station International Subscriber Directory Number
e MSRN Mobile Subscriber Roaming Number

¢« IMSI International Mobile Subscriber Identity
e TMSI Temporary Mobile Subscriber Identity
e SIM Subscriber Identity Module

[0033] Figure 2 depicts a diagram of the salient components of wireless
telecommunications system 200, in accordance with the illustrative embodiment of the
present invention. Wireless telecommunications system 200 comprises the depicted data-
processing systems, which are interrelated as shown. The equipment that constitutes
system 200 includes service-control equipment, switching equipment, and radio access
equipment, and is described in detail below.

[0034] The illustrative embodiment provides cellular telecommunications service to
mobile station (MS) 231 when present in any of location areas 240-j, for i=1 through I,
wherein I is a positive integer and whose value equals one as depicted. Furthermore, the
illustrative embodiment provides wireless telecommunications service to mobile station
(MS) 231, in accordance with a predetermined over-the-top (OTT) call service, when
MS 231 is present in any of hotspots 270-j, for j=1 through J, wherein J is a positive integer
and whose value equals one as depicted.
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[0035] System 200 enables the call termination of calls (e.g., voice calls, video calls,
data calls, etc.), which can include “sessions,” to mobile station 231 that are originated
from PSTN 220, including calls originated from telephone 221, or from a different
telecommunications network. “Call termination” refers to the routing of telephone calls
from one telephone company, also known as a carrier or provider, to another. The
terminating point is the “called party” or “end point.” The “originating endpoint” is that the
calling party who initiates the call, such as telephone 221. The “terminating endpoint” is
that of the called party who receives the call, such as mobile station 231. “Terminating” a
call is different than “ending” or “releasing” a call.

[0036] Wireless telecommunications system 200 comprises equipment within a first
and a second mobile network operator (MNO) network — namely, MNO networks 210
and 250. The geographic regions covered by each MNO’s network can be geographically
distinct. For pedagogical purposes, the first service provider’'s network is situated in New
York City, while the second service provider’'s network is situated in London. As those who
are skilled in the art will appreciate after reading this specification, however, the two cellular
networks can be situated in other places. In some embodiments of the present invention,
MNO networks 210 and 250, as well as the respective equipment components therein, are
controlled by different business entities, while in some other embodiments the two networks
are controlled by the same business entity. Meanwhile, PSTN 220 can be associated with a
separate telecommunications provider entirely.

[0037] MNO networks 210 and 250 are described in this specification as being
cellular networks providing cellular service. Although discussed within the context of a
cellular network, in some embodiments MNO network 210 and/or 250 can be another type
of network in which the MNO owns and/or controls access to a radio spectrum license from
a regulatory or government entity that is different from cellular spectrum.

[0038] Some of the equipment components that are present in system 200 are not
associated with a specific location area 240-j, but nevertheless support the concept of
location areas. Such equipment include components include i) gateway mobile switching
center (GMSC) 211 and ii) home location register (HLR) 212, both of which provide
telecommunications service for mobile network operator (MNO) network 210, and iii) public-
switched telephone network (PSTN) 220 that provides telecommunications service to
telephone 221. GMSC 211, HLR 212, and PSTN 220, and telephone 221 are analogous to
GMSC 111, HLR 112, and PSTN 120, and telephone 121, respectively.



CA 02988254 2017~12-04

WO 2016/196266 PCT/US2016/034588

10

[0039]1 In contrast with the components described above, some of the other
equipment components that are present in system 200 are, in fact, associated with one or
more specific location areas, such as location area 240-i. Such equipment components
include visitor location register (VLR) 241-i, mobile switching center (MSC) 242-/, base
station controller (BSC) 243-i, and base transceiver station (BTS) 244-i. Respectively,
these equipment components are analogous to VLR 141-/, MSC 142-i, BSC 143-/, and
BTS 144-j.

[0040] In accordance with the illustrative embodiment, cellular telecommunications
service is provided to mobile station 231, when present in location area 240-/, according to
the Global System for Mobile Communications (GSM) set of standards. After reading this
disclosure, however, it will be clear to those skilled in the art how to make and use
alternative embodiments of the present invention that operate in accordance with one or
more other cellular air-interface standards (e.g., Universal Mobile Telecommunications
System “UMTS”, Long Term Evolution “LTE”, CDMA-2000, IS-136 TDMA, IS-95 CDMA, 3G
Wideband CDMA, etc.).

[0041] The elements of a GSM network have been previously described in this
specification and are well known to those skilled in the art. To the extent that such
elements are described further in this specification, it is primarily for the purposes of
establishing or describing their relationship with respect to elements that are germane to
embodiments of the present invention.

[0042] Mobile station 231 comprises the hardware and software necessary to
communicate wirelessly with network infrastructure, including a subscriber identity module
(SIM) configured to store the subscriber’s telephone number (e.g., MSISDN, etc.) and IMSI.
MS 231 further comprises the hardware and software necessary to perform the related
processes described below and in the accompanying figures. For example and without
limitation, mobile station 231 is capable of:

i. receiving an incoming (i.e., "mobile-terminated”) voice call or other

communication (e.g., SMS text, data, etc.),

ii. transmitting an outgoing (i.e., “mobile-originated”) voice call or other

communication (e.g., SMS text, data, etc.), and

iii. receiving, transmitting, or otherwise processing one or more signals in support

of capabilities i and ii.

[0043] Mobile station 231 comprises the hardware and software necessary to be

GSM-compliant and to perform the related processes described below and in the
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accompanying figures. After reading this disclosure, however, it will be clear to those
skilled in the art how to make and use alternative embodiments of the present invention in
which MS 231 operates in accordance with one or more other cellular air-interface
standards, as already enumerated.

[0044] Mobile station 231 further comprises the hardware and software necessary to
be WiFi-compliant and to perform the related processes described below and in the
accompanying figures. After reading this disclosure, it will be clear to those skilled in the
art how to make and use alternative embodiments of the present invention that operate in
accordance with one or more other computer network standards (e.g., IEEE 802.16 WiMax,
Bluetooth, LoRa, etc.) in one or more frequency bands, including, but not limited to,
personal area network (PAN) standards and local area network (LAN) standards.

[0045] Mobile station 231 can move into and be associated with any location
area 240-/, depending on its present location. MS 231 can also move into and be
associated with any WiFi hotspot 270-j, depending on its present location. As depicted in
Figure 2, mobile station 231 is presently associated with WiFi hotspot 270-1, even though it
is also within the coverage area that corresponds to area 240-1.

[0046] Mobile station 231 is capable of executing an over-the-top (OTT) application,
or “app”, pre-programmed with awareness of the mobile network operator of network 210.
The OTT app enables the mobile station, and thus its user, to access the corresponding OTT
call service as a called party in a given call or as a calling party, for that matter.

[0047] By processing a call via the OTT app of the illustrative embodiment, MS 231
uses a computer network (e.g., LAN, PAN, etc.) to access the Internet, such as the
computer network accessible via hotspot 270-1, in order to access the corresponding OTT
call service to complete the call. This is, in contrast, to the mobile station relying directly on
a cellular network itself, such as cellular network 250 accessible in location area 240-1, to
handle at least some of the call control and switching of the call. In fact, MS 231 is capable
of communication via a radio channel within a cellular network concurrently with the mobile
station being attached to a wireless computer network.

[0048] Although wireless telecommunications system 231 as depicted comprises only
one mobile station, it will be clear to those skilled in the art, after reading this disclosure,
how to make and use alternative embodiments of the present invention that comprise any
number of mobile stations.

[0049] In addition to the equipment components described thus far, some of the
other equipment components that are present in system 200 are agnostic to any GSM
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location area. Such equipment components include VLR application server 261, Internet
protocol network 262, router 271-j, and access point 272-j, wherein j has a value equal to
one as depicted.

[0050] VLR application server 261, a computer system, comprises equipment for
storing a database of OTT call service subscribers who have roamed into the serving area
defined by hotspot 270-j. The data stored in server 261 is either received from HLR 212 or
collected from mobile station 231, or both. Server 261 communicates with HLR 212 via a
“D” interface, or equivalent, and also communicates with Internet protocol network 262.
Server 261, which is further described in Figure 4, further comprises the hardware and
software necessary to perform the related processes described below and in the
accompanying figures,

[0051] Internet protocol (IP) network 262 is a serves as an alternative routing path
(e.g., alternative to cellular network 250, etc.) for at least some of the call services
provided within telecommunications system 200, in accordance with the illustrative
embodiment of the present invention, described below and in Figure 3.

[0052] Feature server 263, a computer system, comprises equipment for
coordinating the OTT call service of the illustrative embodiment. Server 263 further
comprises the hardware and software necessary to perform the related processes described
below and in the accompanying figures.

[0053] In regard to feature server 263, this computer system comprises at least one
server computer that performs at least some of the tasks disclosed herein. In some
embodiments of the present invention, server 263 comprises at least some of the
components as those of VLR application server 261, which are described below and in
Figure 4. As those who are skilled in the art will appreciate after reading this specification,
the hardware platform performing at least some of the tasks performed by feature 263 can
be embodied as a multi-processor platform, as a sub~component of a larger computing
platform, as a virtual computing element, or in some other computing environment — all
within the scope of the present invention.

[0054] As those who are skilled in the art will appreciate after reading this
specification, feature server 263 can be a different type of apparatus than a server
computer, and can be referred to by a different name such as a data-processing system, a
computer system, a computing device, or another type of hardware platform that comprises
one or more processors, one or more memories, and one or more network interfaces, for
example and without limitation.
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[0055] As depicted in Figure 2, feature server 263, VLR server 261, and IP
network 262 constitute communication service provider (CSP) network 260.

Communication service provider (CSP) network 260 is a network that transports information
electronically. In accordance with the illustrative embodiment of the present invention, CSP
network 260 is that of a telecommunications service provider (TSP). Elements 261

through 263 are depicted as all being within network 260; however, as those who are
skilled in the art will appreciate after reading this specification, one or more of elements 261
through 263 can be situated outside of network 260. In some embodiments of the present
invention, one or both of elements 261 and 263 are implemented in a cloud-based service.

[0056] In some embodiments of the present invention, networks 210 and 260
including their respective equipment components are controlled by different business
entities, while in some other embodiments the two networks are controlled by the same
business entity. In some embodiments of the present invention, networks 250 and 260
including their respective equipment components are controlled by different business
entities, while in some other embodiments the two networks are controlled by the same
business entity.

[0057] Figure 3 depicts Internet protocol (IP) network 262 within
telecommunications system 200. IP network 262 serves as an alternative routing path for
at least some of the call services provided within telecommunications system 200, in
accordance with the illustrative embodiment of the present invention. IP network 262
comprises computer-networking devices, namely media gateways 301 through 304 and
routers 311 through 315. Although four gateways and five routers are depicted,
network 262 can comprise any number of gateways, routers, and networking devices in
general.

[0058] In accordance with the illustrative embodiment, network 262 is a tier 1 IP
network. In some alternative embodiments of the present invention, however, network 262
can be a different type of service provider network, such as a tier 2 IP network, for example
and without limitation. Furthermore, in some embodiments of the present invention, IP
network 262 can also serve as a backbone Internet service provider network as is known in
the art and, as such, can be referred to as a “backbone service provider network.”

[0059] IP network 262 is capable of coordinating quality-of-service- (QoS-) enabled
IP service for traffic prioritization between GMSC 211 and wireless access point 272-j, in
some embodiments of the present invention. As video and voice are latency-sensitive
applications, it can be inefficient to give file sharing and email applications the same priority
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in the delivery. IP network 220 can enable at least a portion of telecommunications
system 200 to provide to video, voice, and other latency-sensitive applications higher QoS
to improve the network utility.

[0060] Wireless access point 272-j communicates with mobile station 231 via WiFi-
enabled radio, by providing hotspot 270-j, and also communicates with IP Network 262 via
router 271-j. In accordance with the illustrative embodiment, each wireless access
point 272-j has one or more antennas that are associated with the access point, in order to
enable communication with mobile station 231. The coverage of hotspot 270-j provided by
a wireless access point might or might not overlap with the coverage of location area 240-i.

[0061] Although the illustrative embodiment comprises one wireless access point, it
will be clear to those skilled in the art, after reading this disclosure, how to make and use
alternative embodiments of the present invention that comprise any nhumber of wireless
access points.

[0062] Figure 4 depicts a block diagram of the salient components of VLR
application server 261, in accordance with the illustrative embodiment of the present
invention. Server 261, a server computer, comprises: processor 401, memory 402, and
network interface module 403, which are interconnected as shown.

[0063] Server 261 comprises at least one server computer that performs at least
some of the tasks disclosed herein. As those who are skilled in the art will appreciate after
reading this specification, the hardware platform performing at least some of the tasks
performed by server 261 can be embodied as a multi-processor platform, as a sub-
component of a larger computing platform, as a virtual computing element, or in some
other computing environment — all within the scope of the present invention.

[0064] As those who are skilled in the art will appreciate after reading this
specification, server 261 can be a different type of apparatus than a server computer, and
can be referred to by a different name such as a data-processing system, a computer
system, a computing device, or another type of hardware platform that comprises one or
more processors, one or more memories, and one or more network interfaces, for example
and without limitation.

[0065] Processor 401 is a general-purpose processor that is configured to execute
operating system 411 and application software 412, and to populate, amend, use, and
manage database 413, as described in detail below and in the accompanying figures. For
the purposes of this specification, a “processor” is defined as one or more computational
elements, whether co-located or not and whether networked together or not.
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[0066] Memory 402 is non-transitory and non-volatile computer storage memory
technology that is well known in the art (e.g., flash memory, etc.). Memory 402 is
configured to store operating system 411, application software 412, and database 413. The
operating system is a collection of software that manages server 261’s hardware resources
and provides common services for computer programs, such as those that constitute the
application software. The application software that is executed by processor 401 enables
server 261 to perform at least some of the functions disclosed herein. Database 413
comprises information for different subscribers (e.g., IMSI, MSRN, OTT call service
identification, etc.) of the OTT service or services of the illustrative embodiment, their
availabilities at any given moment through the OTT service or services (e.g., “available”,
*not available”, etc.), and information about their mobile stations (e.g., MSISDN, etc.).

[0067] Memory 402 is a non-transitory computer-readable medium storing a
computer program comprising computer-readable instructions that, when loaded and
executed on server 261, cause server 261 to perform at least some of the tasks described
herein.

[0068] It will be clear to those having ordinary skill in the art how to make and use
alternative embodiments that comprise more than one memory 402; or comprise
subdivided segments of memory 402; or comprise a plurality of memory technologies that
collectively store the operating system, application software, and database.

[0069] Network interface module 403 comprises a network adapter configured to
enable server 261 to transmit information to and receive information from other parts of
telecommunications system 200. Module 403 comprises receiver 403-1 configured to
receive and transmitter 403-2 configured to transmit.

[0070] Figures 5 through 7 depict message flow diagrams that are representative
of various operating scenarios of telecommunications system 200. The processes
performed by wireless telecommunications system 200 of the illustrative embodiment are
depicted in the drawings (i.e., Figure 5 and subsequent figures) as being performed in a
particular order. It will, however, be clear to those skilled in the art, after reading this
disclosure, that these operations can be performed in a different order than depicted or can
be performed in a non-sequential order (e.g., in parallel, etc.). In some embodiments of
the present invention, some or all of the depicted processes might be combined or
performed by different devices. In some embodiments of the present invention, some of
the depicted processes might be omitted.
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[0071] Subscriber Registration - Figures 5A and 5B depicts a message flow
diagram of the salient processes performed and messages exchanged in accordance with a
subscriber registering for a predetermined, over-the-top (OTT) call service of the illustrative
embodiment. As an overview, when a subscriber registers, feature server 263 initiates the
subscriber’s registration with VLR server 261. In turn, VLR server 261 informs HLR 212 that
the subscriber is presently roaming and is registered at VLR server 261.

[0072] A brief discussion of the types of messages exchanged between HLR 212 and
VLR server 261 is provided here. In accordance with the illustrative embodiment, VLR
server 261 utilizes standardized messages in order to ensure compatibility with HLR 212,
Compatibility with at least HLR 212 is necessary because it is assumed that no hardware or
software modifications are possible at HLR 212. The standardized messages used in the
illustrative embodiment are described in detail in “Digital cellular telecommunications
system (Phase 2+); Maobile Application Part (MAP) specification (GSM 09.02), Version
5.3.0".

[0073] As one example of a standardized message utilized, VLR server 261 is
configured to transmit a MAP/D UPDATE LOCATION message to HLR 212, having the effect
of HLR 212 updating its racord to point to server 261 as the new VLR until otherwise
notified.

[0074] Standardized messages are used in accordance with the illustrative
embodiment. However, it will be clear to those skilled in the art, after reading this
specification how to make and use alternative embodiments in which one or more
alternative messages, standardized or otherwise, are used instead of the standardized
messages described below.

[0075] Referring to Figure 5A, at process 501, MS 231 detects a power-on condition,
as a result of the subscriber powering-on the mobile station. As a result, MS 231 transmits
message 503 to initiate the registration process with the GSM cellular network. The
sequence for registering with a GSM network is well known in the art and will not be
discussed here.

[0076] At process 505, VLR 241-1 transmits message 507 to indicate that the
registration process with the GSM network has been completed. At this point, MS 231 is
registered with cellular network 250 and is capable of further communication (e.g.,
receiving and/or transmitting messages, etc.) with network 250 via one or more radio

channels within network 250.

Date Recue/Date Received 2022-07-19
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[0077] At process 509, MS 231 acquires the WiFi network provided by hotspot 270-1.
As a result, MS 231 transmits message 511 to feature server 263, in order to register with
the OTT call service. In accordance with the illustrative embodiment, the corresponding
software application executing on MS 231 initiates the transmitting of message 511 to
server 263. In some embodiments of the present invention, MS 231 waits until after
receiving message 507 (i.e., until after GSM network registration is completed), while in
other embodiments MS 231 transmits message 511 before receiving message 507 (i.e.,
before GSM network registration is completed).

[0078] In accordance with the illustrative embodiment, MS 231 has been provided
(e.g., via downloading, etc.) with a software application (i.e., "app”) that corresponds to the
predetermined OTT call service. It is the app executing at MS 231 that executes
process 509, which provides registration of MS 231 with network 260 that is external to
and/or independent of cellular network 250.

[0079] At process 513, feature server 263 transits message 515 to VLR application
server 261 in response to receiving message 511. In accordance with the illustrative
embodiment, message 515 is in the form of an HTTPS (SUB_REG) request containing the
subscriber’s telephone number, the dialed number (i.e., the MSISDN). In some
embodiments, exchanges between servers 261 and 263 can be implemented in accordance
with the Session Initiation Protocol (SIP).

[0080] At process 517, VLR server 261 transmits message 519 to HLR 212 in
response to receiving message 515 and after checking that the subscriber is not already
registered with server 261. In accordance with the illustrative embodiment, message 519 is
in the form of a SEND IMSI REQUEST message containing the telephone number (i.e., the
MSISDN) of the subscriber.

[0081] At process 521, HLR 212 transmits message 523 to VLR server 261 in
response to receiving message 519. Message 523 contains the IMSI of the subscriber.

[0082] At process 525, VLR server 261 transmits message 527 to HLR 212 in
response to receiving the IMSI of the subscriber. In accordance with the illustrative
embodiment, message 527 is in the form of a MAP/ANY TIME INTERROGATION (ATI)
REQUEST message. In some alterative embodiments, this and/or possibly other messages
described below can be exchanged between VLR application server 261 and VLR 241-1
directly, instead of involving HLR 212.

[0083] At process 529, HLR 212 transmits message 531 to VLR 241-1 - that is, the
VLR in the GSM network at which the subscriber is currently registered — in response to
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receiving message 527. In accordance with the illustrative embodiment, message 531 is in
the form of a MAP/PROVIDE SUBSCRIBER INFO REQUEST message.

[0084] At process 533, VLR 241-1 transmits message 535 to HLR 212 in response to
receiving message 531. In accordance with the illustrative embodiment, message 535 is in
the form of a MAP/PROVIDE SUBSCRIBER INFO RESPONSE message.

[oogs] Continuing in Figure 5B, HLR 212 at process 537 transmits message 539 to
VLR server 261 in response to receiving message 535, thereby returning the current GSM
network VLR information. In accordance with the illustrative embodiment, message 539 is
in the form of a MAP/ANY TIME INTERROGATION (ATI) RESPONSE message.

[0086] VLR server 261 stores the current GSM network VLR information for later use.
For example, if and when MS 231 later on is no longer being served by hotspot 270-1 (e.g.,
moves out of the hotspot, etc.), VLR server 261 can send a MAP/PRN message to VLR 241-1
using the subscriber’s last known VLR information obtained by the ATI message sequence.
Advantageously, this avoids MS 231 being in limbo with regard to HLR 212 and future
incoming calls.

[0087] At process 541, VLR server 261 transmits message 543 to HLR 212 in
response to receiving message 539, thereby providing the OTT call service’s VLR
information. In accordance with the illustrative embodiment, message 543 is in the form of
a MAP/UPDATE LOCATION message.

[0088] In some embodiments of the present invention, a GSM UPDATE PARAMETERS
sequence, or equivalent, can also be performed here involving VLR 241-1.

[0089] At process 545, HLR 212 transmits acknowledgment message 547 to VLR
server 261 in response to receiving message 543.

[0090] At process 549, VLR server 261 transmits message 551 to feature server 263
in response to a successful registration of the subscriber.

[0091] At process 553, feature server 261 transmits message 555 to MS 231 in
response to a successful registration of the subscriber.

[0092]1 Incoming Call to Subscriber — Figures 6A and 6B depicts a message flow
diagram of the salient processes performed and messages exchanged in accordance with a
subscriber, as a called party, receiving an incoming call at mobile station 231 via the OTT
call service. As an overview, while the subscriber is registered with VLR server 261 and the
feature server 263, all incoming call requests to the subscriber’'s telephone number (i.e., the
MSISDN) is forwarded to the servers 261 and 263 for processing. Furthermore, given that
the subscriber is in a visiting location, an appropriate local number is provided to HLR 212
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to forward the call to. Advantageously, this can result in a least-cost route for the call. Itis
important to note that while these actions are taking place within networks 210 and 260,
MS 231 can also be capable (i.e., can concurrently maintain its capability) of communication
via a radio channel within cellular network 250.

[0093] For pedagogical purposes, VLR server 261 is sometimes referred to in this
specification as a “first computer system”, HLR 212 is sometimes referred to as a “second
computer system”, and feature server 263 is sometimes referred to as a “third computer
system”.

[0094] Referring to Figure 6A, at process 601, GMSC 211 detects an incoming call
being received from telephone 221, an originating endpoint of a calling party. As a result,
GSMC 211 transmits message 603 to HLR 212, indicating the incoming call information.

[0095] At process 605, HLR 212 transmits message 607 to VLR server 261 in
response to receiving message 603. In accordance with the illustrative embodiment,
message 607 is in the form of a MAP/PROVIDE ROAMING NUMBER REQUEST message.
Server 261 receives the message at process 608.

[0096] At process 609, VLR server 261 transmits message 611 to feature server 263
in response to receiving message 607, in order to determine whether the subscriber is still
registered with server 263. More generally, server 261 is determining what the availability
of the called party is through the over-the-top (OTT) call service of the illustrative
embodiment, wherein feature server 263 coordinates the OTT call service.

[0097] At process 613, if the subscriber is still registered, feature server 263
transmits message 615 to VLR server 261. (Figure 7 depicts a message flow for the
scenario in which the subscriber is not registered.)

[0098] At process 616, VLR server 261 determines a roaming number based on a
geographic location of MS 231 and/or other business logic, in the process retrieving an
MSRN appropriate for routing towards MS 231, in response to receiving message 615. In at
least some embodiments of the present invention, the roaming number corresponds to a
point (e.g., spot, place, position, etc.) that is external to cellular network 250, and in
determining the roaming number server 261 does not use cellular network 250 as a frame
of reference. In some embodiments of the present invention, a roaming number that
corresponds to a point that is external to network 250 can be one that is selected from an
address space that is outside of the address space of network 250, wherein the point itself
can be based on the geographic location of MS 231. The geographic location of MS 231
used in determining the roaming number is independent of cellular network 250.
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[0099]1 In accordance with the illustrative embodiment, server 261 uses an IP-based
geolocation, which is an IP address location, in order to determine the closest equipment
component (e.g., a gateway, etc.) to MS 231, within network 260 and retrieves the roaming
number (i.e., the MSRN) corresponding to that equipment component. In some
embodiments, this can be obtained via GeoIP™, or other suitable system. In some
embodiments of the present invention, the geolocation of MS 231 is based on an IP address
assigned to the mobile station by the OTT call service being coordinated by feature
server 263.

[0100] At process 617, server 261 then transmits to HLR 212 message 619
containing the retrieved MSRN as the roaming number. In accordance with the illustrative
embodiment, message 619 is in the form of a MAP/PROVIDE ROAMING NUMBER RESPONSE
message.

[0101] At process 621, HLR 212 transmits message 623 to GMSC 211, thereby
forwarding the MSRN.

[0102] At process 625, GMSC 211 transmits message 627 to media gateway 301
within IP network 262, thereby forwarding information for the incoming call. In some
embodiments, GMSC 211 uses the received MSRN to determine whether to route the call to
IP network 262 (e.g., via dedicated lines such as SIP or TDM trunks), in contrast to another
network such as cellular network 250. For example and without limitation, GMSC 211 might
have pre-stored one or more MSRNs that correspond to locations within IP network 262;
upon receiving an MSRN with a value matching that of a pre-stored MSRN, GMSC 211
routes the call to IP network 262, which then further resolves how to use MSRN, as
described below.

[0103] At process 629, upon receiving the incoming call, media gateway 301, which
is at the ingress point from GMSC 211 and within IP network 262, queries routing logic
(e.g., via an intermediary computer system, etc.) via message 631 to determine the route
the call will take to an egress point.

[0104] At process 633, feature server 263 determines the egress point within IP
network 262. Server 263 does so by determining the geolocation of MS 231 corresponding
to the roaming number (i.e., the MSRN). As explained earlier, this can be accomplished by
retrieving the IP geolocation information to identify the region of the world that MS 231 with
respect to IP network 262. In accordance with the illustrative embodiment, server 263
selects the computer-networking device within IP network 262 based on proximity to MS
231 (e.g., the gateway closest geographically to MS 231), in this case device 303. As those
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who are skilled in the art will appreciate after reading this specification, however, a different
criterion can be used to select the media gateway, either based on the MSRN or
independent of the MSRN.

[0105] Feature server 263 then transmits message 635, thus providing the identity
of the egress point to device 301.

[0106] At process 637, media gateway 301 routes that call by forwarding the
incoming call information via message 639 and across possible intermediate switching
devices, to the media gateway corresponding to the MSRN, namely media gateway 303
within IP network 262. A service provider different than that of cellular network 250
controls the computer-networking devices within IP network 262 and through which the call
is routed.

[0107] At process 641, media gateway 303 forwards the incoming call information to
feature server 263 via message 643, in order to notify MS 231 of the incoming call. For
example and without limitation, this can be accomplished via Session Initiation Protocol
(SIP) as can be at least some of the other call signaling tasks. Server 263 receives the
information at process 644. In some embodiments, a Session Border Control (SBC) is used
in addition to or in place of feature server 263, in order to exchange messages between IP
network 262 and MS 231.

[0108] At process 645, server 263 forwards the incoming call information to MS 231
via message 647, which rings the subscriber at process 649.

[0109] Once the subscriber answers at MS 231 and the setup of the call is
completed, the data packets of the call are transferred between GMSC 211 at the telephone
221 side of the call and MS 231, as depicted by data stream 651.

[0110] Incoming Call to Subscriber Not Registered - Figure 7 depicts a
message flow diagram of the salient processes performed and messages exchanged in
accordance with an unregistered subscriber receiving an incoming call via the OTT call
service.

[0111] At process 701, and similar to process 601 in Figure 6A, GMSC 211 detects an
incoming call being received from telephone 221. As a result, GSMC 211 transmits message
703 to HLR 212, indicating the incoming call information.

[0112] At process 705, HLR 212 transmits message 707 to VLR server 261 in
response to receiving message 703. In accordance with the illustrative embodiment,
message 707 is in the form of a MAP/PROVIDE ROAMING NUMBER REQUEST message.
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[0113] At process 709, VLR server 261 transmits message 711 to feature server 263
in response to receiving message 707, in order to determine whether the subscriber is still
registered with server 263.

[0114] At process 713, if the subscriber is not still registered, feature server 263
transmits message 715 to VLR server 261.

[0115] At process 717, VLR server 261 transmits message 719 to HLR 212, with an
“absent subscriber” error code.

[0116] At process 721, HLR 212 disposes of the incoming call accordingly, in
response to receiving the error code.

[0117] It is to be understood that the disclosure teaches just one example of the
illustrative embodiment and that many variations of the invention can easily be devised by
those skilled in the art after reading this disclosure and that the scope of the present
invention is to be determined by the following claims.
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What is claimed is:

1. A system for setting up a call from an originating endpoint of a calling party to a
mobile station of a called party, the system comprising:

a first computer system, the first computer system comprising:

a receiver that is configured to receive, from a second computer system, a
request for a roaming number and a dialed number for the call when placed by the
calling party, wherein the dialed number corresponds to the mobile station and a cellular
network with which the mobile station is registered as a roamer,

a processor that is configured to determine, in response to the request for the
roaming number, an availability of the called party through a predetermined over-the-top
(OTT) call service, and the roaming number based on the availability of the called party;
and

a transmitter that is configured to:

transmit, to a third computer system configured to coordinate the
predetermined OTT call service, a request about the availability of the called
party through the predetermined OTT call service; and
transmit, to the second computer system, the roaming number based on
the determined availability of the called party;
wherein, in response to the request about the availability of the called party through the
predetermined OTT call service, the third computer system transmits a message to the first
computer system, which indicates that the called party is available through the predetermined
OTT call service; and
wherein the roaming number determined by the processor and transmitted by the
transmitter is based on a geographic location of the mobile station, wherein the roaming number
corresponds to a place or position that is external to the cellular network with which the mobile
station is registered as the roamer; and
wherein, based on the roaming number, the second computer system routes the call
through a path that bypasses the cellular network with which the mobile station is registered as
the roamer.

2. The system of claim 1 further comprising a first computer-networking device that is
configured to route the call to a second computer-networking device based on the roaming
number, wherein both the first and second computer-networking devices are external to the
cellular network.

Date Recue/Date Received 2022-07-19
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3. The system of claim 2 wherein the third computer system is further configured to:

receive a first signal based on the call being routed to the second computer-networking
device, and

transmit, to the mobile station, a second signal for notifying the called party of the call,
based on the first signal.

4. The system of claim 2 or 3 wherein the second computer-networking device is
selected based on the determining of the geolocation of the mobile station, and wherein the
roaming number corresponds to the second computer-networking device.

5. The system of claim 4 wherein the second computer-networking device is selected
based on its geographical proximity to the mobile station.

6. The system of any one of claims 1-5 wherein the processor of the first computer
system is configured to determine the roaming number based on determining the geolocation of
the mobile station based on an Internet protocol (IP) address assigned to the mobile station by
the predetermined OTT call service.

7. The system of any one of claims 1-6 wherein the second computer system comprises
a Home Location Register (HLR) database.

8. The system of any one of claims 1-7 wherein the roaming number is a mobile
subscriber roaming number (MSRN).

9. The system of any one of claims 1-8 wherein a first mobile network operator (MNO)
that controls the second computer system and a second MNO that controls the cellular network
are different.

10. A method for setting up a call from an originating endpoint of a calling party to a
mobile station of a called party, comprising:

receiving, by a first computer system from a second computer system, a request for a
roaming number and a dialed number for the call when placed by the calling party, wherein the
dialed number corresponds to the mobile station and a cellular network with which the mobile
station is registered as a roamer;

determining, by the first computer system, in response to the request for the roaming
number, an availability of the called party through a predetermined over-the-top (OTT) call
service, and the roaming number based on the availability of the called party;
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transmitting, by the first computer system to a third computer system configured to
coordinate the predetermined OTT call service, a request about the availability of the called
party through the predetermined OTT call service;

in response to the request about the availability of the called party through the
predetermined OTT call service, transmitting, by the third computer system, a message to the
first computer system, which indicates that the called party is available through the
predetermined OTT call service;

in response to the message from the third computer system that indicates that the called
party is available through the predetermined OTT call service, transmitting, by the first computer
system to the second computer system, the roaming number determined by the first computer
system, the roaming number based on a geographic location of the mobile station and the
roaming number corresponding o a place or position that is external to the cellular network with
which the mobile station is registered as the roamer; and

based on the roaming number, routing, by the second computer system, the call through
a path that bypasses the cellular network with which the mobile station is registered as the

roamer.

11. The method of claim 10 further comprising routing the call, from a first computer-
networking device to a second computer-networking device, based on the roaming number,
wherein both the first and second computer-networking devices are external to the cellular
network.

12. The method of claim 11 further comprising:

receiving, by the third computer system, a first signal based on the call being routed to
the second computer-networking device; and

transmitting, by the third computer system to the mobile station, a second signal for
notifying the called party of the call, based on the first signal.

13. The method of claim 11 or 12 further comprising selecting the second computer-
networking device based on the determining of the geolocation of the mobile station, wherein
the roaming number corresponds to the second computer-networking device.

14. The method of claim 13 wherein the second computer-networking device is selected

based on its geographical proximity to the mobile station.
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15. The method of any one of claims 10-14 wherein the determining of the roaming
number comprises determining the geolocation of the mobile station based on an Internet
protocol (IP) address assigned to the mobile station by the predetermined OTT call service.

16. The method of any one of claims 10-15 wherein the second computer system

comprises a Home Location Register (HLR) database.

17. The method of any one of claims 10-16 wherein the roaming number is a mobile

subscriber roaming number (MSRN).

18. The method of any one of claims 10-17 wherein a first mobile network operator
(MNO) that controls the second computer system and a second MNO that controls the cellular

network are different.

19. A non-transitory computer-readable medium storing a computer program comprising
computer-readable instructions that, when loaded and executed on a computer system, cause

the computer system to perform the steps of a method according to any one of claims 10-18.

Date Recue/Date Received 2022-07-19
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