t SYSTEM AND METHOD FOR MANAG NG CALL CONTINUITY IN I M5 NETVWORK

ENVI RONVENT  FI ELD OF THE DI SCLOSURE 100011 The present patent disclosure
generally relates to call processing in conmunications networks. Mre
particularly, and not by way of any limtation, the present patent
disclosure is directed to a system and nethod for managing call continuity
in a network environnent including a circuit-sw tched (CS) network and an
P nultinmedia subsystem (I M5) network. BACKGROUND [00021 Mobile

voi ce-over-11'" (Vol P) handover is the process of continuing a voice call as
a user noves between | P-based networks (e.g., wireless LAN (WAN) or W -MAX
networks, etc.) and circuit-switched cellular networks. To effectuate such
handover, current 3rd Generation Partne¥ship Project (3GPP) standards
specify that when a dual node w reless user equi pnent (UE) device

origi nates a cal | SK8GHENs ANBYMETHOD dF§RaMANAG qﬁdk@ CQ Y be routed
to a call continuity controINIMSHNEBWQRICERNVIBOMMENTt hat is disposed in a
new, | P-based network architecture referred to as the IP nmultinmedia
subsystem (1 M5). One of the proposed solutions to inplenment the cal

routing process involves providing a Public Service ldentity in the form
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i nf or mat i onMkHyn @ﬁubgﬁt%(mnleﬁ‘foé national |SDN infrastructure using the
| SDN User Part (1SUP) signaling. Additionally, since IMSis designed to

support 2 multiple registrations of a comon Public ldentity from
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[0002] Mobile voice-over-IP (VoIP) handover is the process of continuing a voice call as
a user moves between IP-based networks (e.g., wireless LAN (WLAN) or Wi-MAX
networks, etc.) and circuit-switched cellular networks. To effectuate such handover,
current 3™ Generation Partnership Project (3GPP) standards specify that when a dual
mode wircless user equipment (UE) device originates a call requesting inter-domain
* continuity, the call be routed to a call continuity control function (CCCF) element that is
disposed in a new, IP-based network architecture referred to as the IP multimedia
subsystem (IMS). One of the proposed solutions to implement the call routing process
involves providing a Public Service Identity in the form of an E.164 number (e.g., a
called party number) to which a call reference identity may be appended to generate an IP
multimedia routing number (IMRN). However, when call reference identity digits are
appended to the E.164 number, it results in a number that is longer than the 15-digit
length limitation specified under the ITU-T standards. It is therefore possible that the
extra digits may be lost when such a number is routed via a network. Further, if there is a
reliance on the Caller ID information being provided to the CCCF element in the IMS
network, this information may be lost in the international ISDN infrastructure using the

ISDN User Part (ISUP) signaling. Additionally, since IMS is designed to support



establishing correct call |egs beconmes paranount in effectuating call
continuity. SUMMARY [0003] The present patent disclosure is broadly
directed to a schenme for nmanaging call continuity in a network environnent
including a circuit-switched (CS) network and an IP nultinedia subsystem
(IM5) network wherein certain unique identity (ID) information supplied by
a user equipnent (UE) device is utilized. The unique ID information may
conprise an Instance ID and/or a G obally Routable User Agent Uniform
Resource ldentifier (GRUU). Further, the Instance ID could be | NEl,

| MEISV, M N, ESN, MAC address or any other unique Layer-2 address that
could be used to identify the UE device2 Wen a call is originated by the
UE devi ce, ass hid f [ uni que
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with at least a portion of the call information received fromthe UE
devi ce. Thgnahmgi¥ node associates a select IMRNwith at |east a portion
of the call information in a mapping _relationship, V\,hereln t he unique 1D
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responsi ve Atothe network node, a pool of E.164 numbers arc maintained as IP multimedia routing
numbers (IMRNs) that can be dynamically allocated for association with at least a
portion of the call information received from the UE device. The network node
associates a select IMRN with at least a portion of the call information in a mapping
relationship, wherein the unique ID information corresponds to an ongoing call, and
returns it to the UE device. When the dynamically allocated IMRN is transmitted by the
UE device, the network node utilizes the IMRN mapping to effectuate call continuity
with respect to the called party. The IMRN may then be released back to the pool of
IMRNSs for future use. Appropriate timers may be provided at the device and CCCF
endpoints so that it can be verified whether a call reference number associated with the
call remains valid (e.g., it has not timed out) or the dynamically allocated IMRN remains
valid (e.g., it has not timed out). Optionally, the released IMRN may be quarantined for a
period of time.
[0004] In one aspect, an embodiment of a method is disclosed that is operable with a UE
device in association with a call in an IMS network. The claimed embodiment comprises

one of more of the following operations: providing call information associated with the



receiving a dynamcally allocated | MRN fromthe network node, wherein the
dynam cally allocated IMRN is mapped to at | east a portion of the cal
information, verifying that a call reference nunber associated with the
call is valid; and upon verification, providing the dynam cally allocated
| MRN by the UE device to the network node for effectuating call continuity
based on a rel ationship between the dynamcally allocated | MRN and the
call information. [00051 In another aspect, disclosed herein is an

enbodi ment of a UE device operable to originate a call in an I M5 network.
The cl ai med enbodi mrent conprises one of nore of the follow ng el enents:
means for providing call information as8ociated with the call to a network

node di sposgd,in. t | t , : j I &
Gynam car | Sanpp Qb R o4 B opCRRAS aop R the e e Ko o 1
al | ocated rdcviRinig = nBppedally alochtedsIMBRNpdrdm otheofietosk cwlde, iwhessimatheon,

for verifying th cal | ference nynber associ.ated. w th.it J i's
val i 0 anddngamigaly Blosaied VIR s mippge 9 10 st 3 RogTom 9, Cd‘farlmlgﬁ?%@%u’m
dynani cal | ycahhQC ot LARMARNED QuRBtiaEdocARdewithr thefdaticisuadlidygnd alpon
continuity based on a relationship between the dynamcally allocated | MRN

and the cawerifi¢atiborpravidies thg dpwedcally allecated BYIRB by Lt devifede Ryt orkr ei n
is an enbodi . OfRkibadH: thdBy:Rnféalliyhe
fol |l owi ng 3Pg§rrgénrt és)f?ecr&#étélllné@ ?lgr%ﬂrr%um%g?dngng poolzoﬁégﬂg b?tﬁ/%ﬁs? ,thwher ei nalg

sel ect | MRilibatedyIMBIN @ad thy call infomidtiont 0 at | east a portion of call

information r ived froma UE deyice.wth respect . t . 0L Q) ed by
the UE devi[g@,%? erfaﬁpecascgs&qs ‘Hlﬁ’ﬁmt ‘ﬁ@nsegf%é’@}mq“ﬁ/&ﬁlaﬁ #Jéceu‘%ﬁcgdg[ek D
parameter Ghighate 8o s S netdiR. Shhe dthidedpiodiMiat astdpieses one ofmypreadither
uni que Layer-2 address, etc.) received fromthe UE devi cg and, for

provi di ng tiefollewingelemats: msapnior providipg edll infermafien psogiged with the calldg 2 hat

t he sel ect IN@}& r i i e t N eshoh&la!r e geckRiden @

net work nod& for IZ e??sggtl ng3 %ggw@c%%ﬁibﬁﬁilt%&% Qc%sos with recs e%gp to the
cal | . BRI ERyRESCRIPIICA cOFMRHE oRAhE NEBvark npd@0vhersin s dmawmigslliabocated

et 1008 SRR S Pt BB RSB o s, am oo
reference number associated with the call is valid; and means, responsive to the verifying,
for providing the dynamically aflocated IMRN to the network node for effectuating call
continuity based on a relationship between the dynamically allocated IMRN and the call
information.

[0006] In yet another aspect, disclosed herein is an embodiment of an IMS network node,
comprising one or more of the following elements: means for maintaining a pool of
IMRNs, wherein a select IMRN is dynamically aflocable to at least a portion of call
information received from a UE device with respect to a call originated by the UE device;
means for associating the select IMRN with a unique ID parameter (i.c., GRUU, IME],
IMEISV, MIN, ESN, MAC address or any other unique Layer-2 address, etc.) received
from the UE device and for providing the select IMRN to the UE device; and means for
verifying that the select IMRN remains valid when the select IMRN is returned to the

network node for effectuating a call continuity process with respect to the call.

BRIEF DESCRIPTION OF THE DRAWINGS



conjunction with the acconpanying drawi ngs wherein: [0008] FIG 1 depicts a
network environnent including circuit-switched network infrastructure and

| M mmul tinmedia subsystem (1 MS) infrastructure wherein an enbodi nent of the
present patent disclosure may be practiced; [0009] FIGS. 2A-2C depicts
flowmcharts associated with one or nore exenplary enbodi nents of the
present patent disclosure; [0010] FIGS. 3A and 3B depict nessage flow

di agranms for effectuating call continuity by enploying dynami cally
allocated IP nmultinmedia routing nunbers (I MRNs) in accordance with an
enbodi nment; [0011] FIG 4 depicts a nessage flow diagramfor effectuating
call continuity by enploying dynam call4 allocated I MRNs i n accordance

wi th anoth odi ment: [.0012]. F ) '
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employing dynamically allocated IMRNs in accordance with another embodiment;

[0012] FIGS. 5A and 5B depict message flow diagrams for effectuating call continuity
by employing dynamically allocated IMRNs in accordance with a still further
embodiment; and

[0013] FIG. 6 depicts a block diagram of an embodiment of a communications device

operable for purposes of the present patent disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

{0014] A system and method of the present patent disclosure will now be described with
reference to various examples of how the embodiments can best be made and used. Like
reference numerals are used throughout the description and several views of the drawings
to indicate like or corresponding parts, wherein the various elements are not necessarily
drawn to scale. Referring now to the drawings, and more particularly to FIG. 1, an
exemplary network environment 100 is depicted wherein an embodiment of the present
patent disclosure may be practiced for managing call continuity with respect to a call
originated by a UE device. As depicted, the network environment 100 includes an access

space 104 comprised of a number of access technologies available to a plurality of UE



conputer (e.g., desktops, |aptops, palntops, or handhel d conputing devices)
equi pped wth a suitable wireless nodem or a nobile conmunications device
(e.g., cellular phones or data-enabl ed handhel d devi ces capabl e of

recei ving and sendi ng nessages, web browsing, et cetera), or any enhanced
PDA device or integrated information appliance capable of email, video
mai |, I nternet access, corporate data access, nessaging, calendaring and
schedul i ng, information rmanagenent, and the like. Preferably, the UE
device is capable of operating in nultiple nodes in that it can engage in
both circuit- switched (CS) as well as packet-sw tched (PS) conmunicati ons,
and can transition from one node of comunications to anot her node of
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For example, reference numeral 106 refers to wireless technologies such as Global
System for Mobile Communications (GSM) networks and Code Division Multiple
Access (CDMA) networks, although it is envisaged that the teachings hereof may be
extended to any 3™ Generation Partnership Project (3GPP)-compliant cellular network
(e.g., 3GPP or 3GPP2) as well. Reference numeral 108 refers to broadband access
networks including wireless local area networks or WLANs, Wi-MAX networks as well
as fixed networks such as DSL, cable broadband, etc. Also exemplified as part of the
access space 104 is the conventional wireline PSTN infrastructure 110.
[0016] An IP multimedia subsystem (IMS) core network 112 is coupled to the various
access networks set forth above, including any CS-based networks. As is well known,
the IMS standard defined by the 3GPP is designed to allow service providers manage a
variety of services that can be delivered via IP over any network type, wherein IP is used
to transport both bearer traffic and Session Initiation Protocol (SIP)-based signaling
traffic. Broadly, IMS is a framework for managing the applications (i.e., services) and

petworks (i.e., access) that is capable of providing multimedia services. IMS defines an



voice call continuity (VCC, Push-To-Talk (PTT), etc. |IM nmanages
applications by defining common control conponents that each application
server (AS) is required to have, e.g., subscriber profiles, IM nobility,
networ k access, authentication, service authorization, charging and
billing, inter-operator functions, and interoperation with the |[|egacy
phone network. [0017] It should be understood that whereas |IMS is defined
by the 3GPP standards body which mainly addresses GSM net wor ks, anot her
group, 3GPP2, is involved in defining a closely anal ogous architecture
referred to as Multinedia Domain (MVD). MMD is essentially an I M5 for CDVA
net wor ks, and since MVD and IMS are roughly equivalent, the term"IM" may
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possible to nt egrate NeDS functionalities into a single
| M5- conpat i daltlectivetywiorbiotielMSremd MMR-whessapplicdist rated in FIG 1. Also, a

I o T
e. ., gsnBGhurahgldbt iASNabdeYSperableatce sufpurictarionslserines,t ¢.g5 @Y PHEl eideas he 7
alluded to hereinabove. Particularly, a VCC AS node 114-N is operable to effectuate call
continuity and appropriate domain selection with respect to calls originated by VCC-
capable devices. Typically, AS 114-N may be provided as part of the subscribers’ home
IMS core network which implements functionality referred to as call continuity control
function (CCCF) 116 and network domain selection (NeDS) 118. In essence, the CCCF
portion 116 of AS 114-N is operable as a new IMS application server element that resides
in the home IMS network and tracks all call sessions and related mobile voice-over-IP
(VoIP) bearer traffic, including call handover/routing between CS and IMS domains.
The NeDS portion 118 of AS 114-N is responsible for performing, inter alia,
registration/de-registration management between the IMS and CS networks (e.g., GSM or
CDMA). Despite being potentially separate functions, it is possible to integrate both the
CCCF and NeDS functionalities into a single IMS-compatible network element 114-N as
illustrated in FIG. 1. Also, a suitable session control function (SCF) 120 may be
provided as part of the VCC AS node 114-N with respect to applicable radio access
technology, e.g., gsmSCF. Additional VCC-related functional entities may include the



foll ow ng: Domain Transfer Function (DTF) (also referred to as Functi onal
Entity FE-A), CS Adaptation Function (CSAF) (also referred to as FE-B),
CAMEL Service (also referred to as FE-C), and Donmin Sel ection Function
(DSF) (also referred to as FE-D), which forma "VCC Application”.

Accordi ngly, for purposes of the present disclosure, the term "network
node" with reference to an IMs core network (such as, e.g., AS 114-N) may
conprise one or nore of the followi ng functionalities in any conbination as
applicabl e: FE-A through FE-D, gsnSCF, CCCF, and NeDS. [0019] Furt hernore,
al t hough not shown in FIG 1, a naster user database, referred to as a
Home Subscri ber Server or HSS, is provided as part of the hone I M5 network
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progress. tNl?‘rtnbe(::ra(lN|[SISDN), as well as additional IMS-specific identities such as IM Multimedia
Private Identity (IMPI) and IP Multimedia Public Identity (IMPU) that are implemented
as Tel-Uniform Resource Identifiers (URIs) or SIP-URIs. Whereas the IMPI is unique to

a particular UE device, it is possible to have multiple Public Identities (i.e., IMPUs) per
IMPL. Further, the IMPU can also be shared with another UE device such that two or
more devices can be reached with the same identity (e.g., a single phone number for an
entire family).

[0020] Additionally, appropriate database structures (e.g., DB 122), timer mechanisms
(e.g., timer 124) and suitable logic 126 may be provided in association with AS 114-N for
purposes of configuring and managing a pool of IP multimedia routing numbers
(IMRNs), also referred to as VCC Directory Numbers or VDNs, from which a select
IMRN/VDN may be dynamically allocated for purposes of managing call routing and call
continuity as will be described in greater detail below.

[0021] As alluded to in the Background section of the present patent application, when a

UE device originates a call requiring call continuity while the call is in progress, that call



8 1is routed to the network node of the subscriber's hone | M5 network.
However, such call routing process is known to have various deficiencies
as has been pointed out earlier. [0022] In accordance with the teachings
of the present patent disclosure, the IMS network node having the CCCF
capability is preferably provided with appropriate

| ogi ¢/ structure/software/firmvare nodul e(s) for performng the foll ow ng:
mai ntai ning a pool of E. 164 nunbers that are operable as | MRNs which
term nate on the network node; dynamcally allocating a select IMRNto a
call ed party nunber and/or certain unique ID information received froma
UE device and providing the select IMRN& o the originating UE device;
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of an IMRN range. Another E.164 number may operate as a range delimiter with respect
to the IMRN range. To allow flexibility, it may be desirable to provide for different
pools of IMRNs to be configured from different number ranges. Further, appropriate
timer mechanism(s) may be implemented at the network node in order to ensure that the
allocated IMRNSs remain valid (e.g., they have not timed out, that is, they are used within
appropriate time limits) or suitable quarantine times are applied. As will be described in
detail below, management of timers associated with IMRNs at the network node and
timers associated with call reference numbers at the originating UE device allows for
dynamic provisioning of IMRNSs that could be used for call routing/continuity without
having to append extra digits to the E.164 number to create an IMRN.

[0024] FIG. 2A depicts a flowchart of an exemplary embodiment of an overall
methodology of the present patent disclosure for managing call routing/continuity with
respect to a call by a UE device. At block 202, various pieces of information relating to

the call (which may be collectively referred to as “call information™ herein), such as a call



the call (which may be collectively referred to as "call information”
herein), such as a call 9 reference nunber associated with the call,

call ed party nunber (or, the B nunber), sub- address information, as well
as unique ID information associated with the UE, are provided by the
originating UE device to an | M5 network node, e.g., AS network node 114-N.
In accordance with the teachings herein, the unique ID information may
conprise an Instance Identifier (I1D) and/or a GRUU associated with the UE
device, wherein the Instance ID may include at |east one of an IMEl, an

| MEIl Software Version (IMEISV), a MAC address or a uni que Layer-2 address,
an Electronic Serial Nunber (ESN), and% Mbbile Identification Nunber
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for monitoring a time-to-live variable associated with the dynamically allocated IMRN.
Thereafter, the dynamically allocated IMRN is provided to the UE device using
appropriate messaging as will be described below. Upon receipt of the dynamically
allocated IMRN at the UE device, the elapsed time associated with the call reference
number is monitored to ensure that it is not stale (block 206). The dynamically allocated
IMRN is accepted by the UE device if the time elapsed satisfies a sclect condition, ¢.g.,
within a time-to-live value (block 208). Appropriate setup is then initiated by the UE
device using the dynamic IMRN, whereby the accepted IMRN is returned to the network
node since it terminates on the network node. Upon receipt of the IMRN at the network
node, its time-to-live variable is monitored to ensure that it has not timed out. Thereafter,
the called party number, GRUU and/or Instance ID (i.e., unique ID data) associated with
the dynamically allocated IMRN is utilized for routing the call by making the appropriate
connection between the call legs (block 210). In one implementation, the dynamic IMRN
may optionally be returned back to the pool of IMRNs wherein it may be quarantined for



connecti on between the call 1egs (block 210). In one inplenmentation, the
dynamic |MRN nmay optionally be returned back to the pool of IMRNs wherein
it may be quarantined for 10 a certain period of tinme before it is reused
or becomes available for future use (block 212). [0025] Referring now to
FIGS. 2B and 2C, device-centric and network-centric portions of the above
nmet hodol ogy are set forth in additional detail in an exenplary application.
At bl ock 222, appropriate logic of the UE device is operable to provide the
call information relating to a call to a VCC node such as AS 114-N in FIG
1. Responsive to receiving a dynamcally allocated IMRN, the UE device is
operable to verify that a call referende nunber associated wth the cal
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the networ kveriﬁcation relates to whether the unique ID information received from the UE device
exists in the network node’s databases, and if so, a dynamic IMRN is allocated and
associated with an ongoing call corresponding to the received unique ID information
(block 252). Thereafter, the dynamic IMRN is provided to the UE device via suitable
messaging (block 254). When the dynamic IMRN is returned to the network node as part
of the UE’s VCC call leg setup, the network node correlates the returned IMRN against
the GRUU/Instance ID record created previously in order to link the VCC call leg with
respect to the ongoing call (block 256). Also, the network node may include appropriate
logic to verify that the received IMRN has not timed out, as set forth hereinabove.
[0026] Based on the foregoing, those skilled in the art will appreciate that when the call
information, i.c., called party number, call reference number, unique ID information, etc.,
is sent by the UE device to the serving network node, appropriate logic at the network
node may create a record that maps the received call information to an E.164-based
IMRN, which is transmitted back to the UE device. Relatedly, in an exemplary
application, if there is an ongoing SIP dialogue and the UE device provided its unique ID



node may create a record that maps the received call information to an E.
164-based IMRN, which is transmtted back to the UE device. Relatedly, in
an exenplary application, if there is an ongoing SIP dialogue and the UE
device provided its unique ID 11 information in the SIP Invite nessage for
t hat di al ogue, then when the UE device transmts the GRUU and/or Instance
IDinits VCC request nessaging (e.g., as provided at block 202) to the
VCC node to effectuate inter-domain transfer, the VCC node can correlate
the request to the ongoi ng di al ogue whereupon the dynam c | MRN nay be

| inked to the ongoing call session. At the device side, upon correlating
the received IMRN wth the call refererdte nunber, the UE sets up a cal
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mediated via network elements such as a mobile switching center (MSC) and a media
gateway control function (MGCF) element disposed between the UE device and its home
IMS VCC/network node. Also, there may be additional IMS control plane nodes such as
Interrogating Call Session Control Function (I-CSCF) nodes and Serving CSCF (S-
CSCF) nodes disposed between the MGCF node and the VCC node. Set forth below are
a number of exemplary implementations of the message flow where a dynamically
allocated IMRN is utilized for effectuating call routing/continuity with respect to a call
originated in the CS domain.

[0028] FIG. 3A depicts a message flow embodiment 300A wherein User-to-User
signaling involving Customized Applications for Mobile Enhanced Logic (CAMEL) is
implemented. Exemplary UE device 302 having the CS domain and IMS domain modes
of functionality is operable to generate a setup message 310 to a visited MSC 304,
wherein the setup message includes applicable call information such as call reference
identity or number, called party number, sub-address information, etc. as well as the
GRUU and/or Instance ID information. A suitable timer mechanism 309 may be initiated

at the UE device in order to monitor a time-to-live variable associated with the call



wherein the setup nessage includes applicable call information such as cal
reference identity or nunber, called party nunber, sub-address
information, etc. as well as the GCRUU and/or Instance ID information. A
suitable tinmer nmechanism 309 may be initiated at the UE device in order to
nmonitor a tine-to-live variable associated with the call 12 reference
nunber. Responsive to the setup nessage 310, MSC 304 generates a CAMEL
Application Part (CAP)-conpatible nessage 312, Initial Detection Point (DP)
nmessage, which carries at least a portion of the call information to a

net wor k node 308 disposed in the user's home | M5 network. Upon verifying
that the user is allomed to do a VCC cali?, the gsnSCF function of the
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GRUU and/or Instance ID and optionally utilizes the dynamic for continuing the call to
the called party (not shown). The network node 308 is operable to look up its ongoing
calls to see if the GRUU and/or Instance ID can be found. It should be recognized that
various intermediate SIP messages and resource allocation/reservation negotiations may
take place between MGCF 306 and the called party subsequent to SIP Invite 320, which
are not described in particular detail herein. Also, additional ISUP messaging that takes
place before a bearer path is established between the UE device 302 and the called party
is not shown herein.
[0029] Upon receipt of the dynamically allocated IMRN via SIP Invite 320 at the
network node 308, the timer mechanism may be stopped (block 322) to verify if the
IMRN has timed out. If so, the SIP Invite message may be discarded and the call routing
process may be terminated. If the IMRN has not timed out, the CCCF may set up the call
leg using the original called number and link it with the ongoing session based on the

unique ID-IMRN correlation. Additionally, if no CallerID (CID) was received in the SIP
invite message 320, the network node 308 may insert the CID with appropriate privacy



| MRN has tinmed out. If so, the SIP Invite nessage nmay be discarded and the
call routing process nmay be termnated. |If the IMRN has not tinmed out, the
CCCF may set up the call leg using the original called nunber and link it
wi th the ongoi ng session based on the wunique IDIMN correl ation.
Additionally, if no CallerlID (CID) was received in the SIP invite nmessage
320, the network node 308 may insert the CID wth appropriate privacy 13
options. After using the IMRN for call routing by CCCF, it may be returned
to the |IMRN pool, wherein a quarantine tinmer my be started (bl ock 324)
such that the IMRNis prohibited fromfurther use until the quarantine
timer is stopped after a period of tinel3(b|ock 326). [0030] As pointed out
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304, which ddre r@ﬁbﬂ%&t@ﬁer@c@éﬁﬂbﬁ thanis rmomsa@d 35yt hradiscarded| anddbe t he
UE device's unique |ID data towargls t he network node 308. Upon verifying
that the us@H precedueapybeteryBatsdyvee cal |, the gsnSCF function of the

net wor k n0%0§ﬂ8Another variation of message flow embodiment 300B is shown in FIG. 3B. The
message flow embodiment 300B is similar to the embodiment 300A described above,
except that additional messaging is provided between UE device 302 and MSC 304 for
obtaining the unique ID data. A setup message 352 from UE 302 includes various pieces
of call information but without the GRUU/Instance ID information. Responsive to the
setup message 352, a request 354 is generated by MSC 304 towards UE 302 for its
unique ID (e.g., Provide IMEI in 3GPP). In reply, UE 302 provides its unique ID via
message 356 to MSC 304, which then generates a CAP-Initial DP message 358 that
includes the UE device’s unique ID data towards the network node 308. Upon verifying
that the user is allowed to do a VCC call, the gsmSCF function of the network node 308
uses the unique ID data to determine if there is an ongoing call for the received unique
ID. If so, a CAP-Connect message 314 containing a dynamic IMRN is provided by the
network node 308 as before. After verifying that the call reference has not timed out
based on the UE device’s timer mechanism, responsive to receipt of the CAP Connect
message 314, MSC 304 initiates an IAM 318 towards MGCF 306 for call routing. A SIP
Invite message 362 is generated by MGCF 306 towards the network node 308 which then



uses the unique ID data to determne if there is an ongoing call for the
received unique |ID. If so, a CAP-Connect nessage 314 containing a dynamc
| MRN i s provided by the network node 308 as before. After verifying that
the call reference has not tined out based on the UE device's timer
mechani sm responsive to recei pt of the CAP Connect nessage 314, MsSC 304
initiates an LAM 318 towards M3CF 306 for call routing. A SIP Invite
nmessage 362 is generated by MGECF 306 towards the network node 308 which
then 14 wuses the dynamic IMRN for continuing the call to the called party
(not shown). Also, various additional internediate SIM nessages and ti mer
mechani snms may take place simlar to the enbodi nent 300A descri bed above.
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call informti returns i back to UE 302 via a SIP NOtIf4% nmessage
410. Again ca&e@mmammer,lsmdmnmnﬁmgmmapdﬁwm%ﬁt@dn@ﬂnm gyitagle the
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416 that iypel udRRaH¥NAPHE védMRNg hathhe ibsiasl ahdwéchﬁ) ddEa QT e4il, IB2nét@oiiSC

S04 I esn%?ig Sd?rnarglrc]:ally allocates a select IMRN based on the received call information and
returns it back to UE 302 via a SIP Notify message 410. Again, a suitable timer
mechanism may be started (block 408) at the network node 308 in order to monitor a
time-to-live variable associated with the dynamically atlocated IMRN. An OK message
414 is generated by the UE device towards the network node 308 to acknowledge receipt
of the SIP Notify message 410. After verifying that the call reference has not timed out
based on the UE device’s timer mechanism (block 412), a sctup message 416 that
includes dynamic IMRN is provided by the UE device 302 to MSC 304. In response, an
1AM message 418 with dynamic IMRN is generated by MSC 304 towards MGCF 306 for
effectuating call routing/continuity.  Similar to the messaging in CAMEL-based
implementation, a SIP Invite message 420 is generated by MGCF 306 towards the
network node 308 which utilizes the dynamic IMRN — unique ID mapping for continuing
the call to the called party (not shown). Also, various intermediate SIP messages and
resource allocation/reservation negotiations may take place between MGCF 306 and the

called party subsequent to SIP Invite 420, as before. Additional ISUP messaging may



| AM nessage 418 with dynamc IMRN is generated by MSC 304 towards M3CF 306
for effectuating call routing/continuity. Simlar to the nmessaging in
CAMEL- based inplenentation, a SIP Invite nessage 420 is generated by MGCF
306 towards the network node 308 which utilizes the dynamc | MRN - uni que
| D mapping for continuing the call to the called party (not shown). Al so,
various internedi ate SIP nessages and resource allocation/reservation
negoti ati ons nay take place between MSCF 306 and the called party
subsequent to SIP Invite 420, as before. Additional |SUP nessaging may 15
al so take place before a bearer path is established between the UE device
302 and the <called party. [0033] Upon t®ceipt of the dynamcally all ocated

IMRN via SIP Invite 4 at the network.node .3 t ! . i may
be st opped aFBItgl&pl?&'? &?15’ ﬁr?r&a%? 5 ?%é’ 119111%9\?%6:%@'@'[?% va 1?%3@@% ter,
if the | MRijalpar@t tined out, the CCCF may set up the call leg for
effectuating call continuity as expl ai ned her.ej
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responsive ' ' FRIASAYS: RRoB6dR808 [ TumRrHREL, He dhe

net wor k noétgggiggy%%s@g@g%,dﬂ?%@ USSD rressaggs 504, 506 include applicable

cal | i nf or medchamism atthedevicasitle may alsebeaseil simdlarly with respeqs &9 thy call peferiences yb-
address infornation, .uni | Diinformation, and the like. A suitable tiner
mechani sm © Odﬁ%te&‘ﬁ“ﬁbl?%etceag' at the UE device in order to nonitor a
time-to-1iVeo3gmiabl e &pieciatreeksaget Hlowhenteldimane f 2000 cehare nbestructured

Responsive to the USSD nessage 5 he network.nade 308 generatges.a USSD
message 51CUPRIEMERiIRY lﬁ?é‘gcebig aa@%ﬁ BEraseat 1S lm&emerﬁeg Sl f6° it

messaging procedures set forth above, UE device 302 is operable to generate a USSD
message 504 to MSC 404, responsive to which another USSD message 506 may be
forwarded to the network node 308. As before, the USSD messages 504, 506 include
applicable call information such as call reference number, called party number, sub-
address information, unique ID information, and the like. A suitable timer mechanism
502 may be initiated at the UE device in order to monitor a time-to-live variable
associated with the call reference number. Responsive to the USSD message 506, the
network node 308 generates a USSD message 510 that includes both acknowledgement
as well as dynamic IMRN and call reference number information towards MSC 304.
This USSD message 510 is forwarded to UE 302. Again, a suitable timer mechanism
may be started (block 508) at the network node 308 in order to monitor a time-to-live
variable associated with the dynamically allocated IMRN. After verifying that the call
reference has not timed out based on the UE device's timer mechanism (block 514), a
setup message 516 that includes dynamic IMRN is provided by the UE device 302 to
MSC 304. In response, an IAM message 518 with dynamic IMRN is generated by MSC
304 towards MGCF 306 for effectuating call routing/continuity. Similar to the



as well as dynamc I MRN and call reference nunber information towards MSC
304. This USSD nessage 510 is forwarded to UE 302. Again, a suitable tiner
mechani sm nay be started (bl ock 508) at the network node 308 in order to
nonitor a tinme-to-live variable associated with the dynam cally all ocated
| MRN. After verifying that the call reference has not tinmed out based on
the UE device's tinmer nmechanism (block 514), a setup nessage 516 that

i ncl udes dynamic IMRN is provided by the UE device 302 to MSC 304. In
response, an LAM nessage 518 with dynamc IMRN is generated by MSC 304
towards MSCF 306 for effectuating call routing/continuity. Simlar to the
16 nessaging flows described previously¢ a SIP Invite nmessage 520 is
gener at ed

by MCE 306 .t owards. t.he.pne i Il to
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t he devi ce BRI rél8ase ahs quirantiitsg) ekl mialy deleffevtuathd by $partwerk nothe 3¢&hsimilar
reference nunber associ ate ith the call, [003 Anot her, vari 1.0 f
USSD messad® the W@W?@?ﬁ f’g%'B |Bpr§%%tq"%r f*—qle%ﬂanﬁs (gFFﬁlés ?rieié §gé e ?fow
embodi ment  0Q8y ﬁ/l?esiﬁﬁﬂ'érﬁé{téd’atiﬂ@lm§ﬁ|noﬁé J0d erateadonrpnt tibR0Aecltiaiar i bed
above, except that separate USSD acknow edgenent rressages]({Seg%g?nd 556 are

propagat ed ddhevdeniceUidSoRy atne worred 3gBilarhcwih dpspgetyio thier! ce er

nmessagi ng 554.1i.5S i for carrying the IMRN informati on from CCCF 308
to UE 302. étsﬁ?fféid&{ntmeﬂi(e%%p&] ary use scenario is set forth bel ow wherein one
or nore of [pb3sS] Amhbaivesaie ofdsIID bessagh fve embpdivesns 800 isshewu sl FIGHBI i ed.

oot et ek CERBSEN AL o0 V17 S 8 Sk e
confi gured sd&ibdihdbyveagdeptiiah@paraU$MBPusknovledgement messages 550 and 556 are
propagated between UE 302 and CCCF 308. Accordingly, additional USSD messaging
554 is provided for carrying the IMRN information from CCCF 308 to UE 302.
[0036] An exemplary use scenario is set forth below wherein one or more of the
embodiments described above may be advantageously applied. Consider a family that
has been offered VCC service, with user A (father) having UE A and user B (mother)
having UE B. The service has been configured such that each UE has two IMPUs: a

business number and a common house number. The following table sets forth the

profiles:

Table |



busi ness nunber and a common house nunber. The follow ng table sets forth
the profiles: Table | 17 Device IMPI IMPU1 IMPU-2 User UE A Unique x Z
Father UE B Unique Y Z Mother Both UE devices are operable to register
fromthe same Access Point (AP), and fiuther they both use the sanme CSCF
infrastructure of the home I M5 network where the S-CSCF has registered
themin the sane VCC application. Now, consider that UE B is using the
WLAN i n the house to nake a phone call to her friend using | MPU Z. The call
has been anchored in the VCC application so that Mdther can "VCC out” if
needed. Father now needs to call the plunber on the way to work so he
makes a call fromUE A using the sane dédmon Public ldentity, i.e., | MPU
Z, also. Accordi ngby;—thenet k—has Fptiow rnbornati{Ra: fable |1
VCC Application U% %\é‘{yée B II\)@II‘lp at her ;{%I%ﬂér ?quggjt[g - UR Lrjgﬁg} URl -
Plunber Tel UR - FijeeAd |Assemiqed | Djor C¥ IMPYU Z INPU Z |Friather MPU Z | MPU
Z To E. 164 Nunber [(Plunbgr E_164 Nunber (Friend I-P—addressG1-P addr ess
K, Contact Headel RBFB Y - B@HUSd Hbme Port Z | Behifd Hore 'NAT  Now
consi der that Father—movesout the house and needs to continue the call
using VCC into the cellular network to which he subscribes. This VCC
request neeBsthtUE devicesaire epatidd to cedister Tom ke sanundotasy Peiat (AR gud rther e, |

JEAs o ngotth}g bgtﬂlulse trh%tsgn%{: CISE%I}n#aEstr%l%ulre of the home IMS network where the S-CSCF
has registered them in the same VCC application. Now, consider that UE B is using the
WLAN in the house to make a phone call to her friend using IMPU Z. The call has been

anchored in the VCC application so that Mother can “VCC out” if needed. Father now

needs to call the plumber on the way to work so he makes a call from UE A using the
same common Public Identity, i.e., IMPU Z, also. Accordingly, the network has the

following information:

Table 11
VCC Application UE A UEB
IMPI Father Mother
Requested-URI Tel URI — Plumber Tel URI — Friend
Asserted ID or CLI IMPU Z IMPU Z
From IMPU Z IMPU Z
To E.164 Number (Plumber | E.164 Number (Friend)
IP address K, IP address K,
Contact Header Port Y — Behind Home Port Z — Behind Home
NAT NAT

Now consider that Father moves out the house and needs to continue the call using VCC
into the cellular network to which he subscribes. This VCC request needs to be

correlated to the correct ongoing call session, i.e., UE A’s ongoing call rather than UE



B's. It will be appreciated that an enbodi nent of the present disclosure
provi des the nechanismto advantageously acconplish this process whereby
correct call legs are continued as the user namintains the inter-donain
call session. [0037] FIG 6 depicts a block diagram of an enbodi nent of a
communi cations device operable as a wireless UE device, e.g., UE 302, for
pur poses of the present patent disclosure. It will be recognized by those
skilled in the art upon reference hereto that although an enbodi nent of UE
302 may conprise an arrangenent simlar to one shown in FIG 6, there can
be a nunber of variations and nodifications, in hardware, software or
firmvare, wth respect to the various nd8ul es depicted. Accordingly, the
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particul ar gesi 8 withRUWSNElo ths vaRs SndRIRIdeprtedy Arbbrdingly, Bttartangangt of

appropriate access infrastructure 605 (e. g% cel l.ular base station towers,
W.AN hot spdGs 6 showd e taken py dlustersiye refherghan Mmitingygth respeette MggmdRBments, such

comon recej i . i gngl i fol i : YWontrol
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frequency URGNVReSofunidatib® bubigste 5ok igknerally imoludextbricroansme sseivers 608 r

the air-r adeia,ncc)i ci)nrc]:to?'rnflcﬁ'g %agggiﬁggtfielgfna% \Eejl'l(sés a]ésgociated components such as one or more
local oscillator (LO) modules 610 and a processing module such as a digital signal
processor (DSP) 612. As will be apparent to those skilled in the field of communications,
the particular design of the communication module 604 may be dependent upon the
communications networks with which the mobile device is intended to operate (e.g., a
CDMA network, a GSM network, WLAN, et cetera). Regardless of the particular design,
however, signals received by antenna 606 through appropriate access infrastructure 605
(e.g., cellular base station towers, WLAN hot spots, etc.} are provided to receiver 608,
which may perform such common receiver functions as signal amplification, frequency
down conversion, filtering, channel selection, analog-to-digital (A/D) conversion, and the
like. Similarly, signals to be transmitted are processed, including modulation and
encoding, for example, by DSP 612, and provided to transmitter 614 for digital-to-analog

(D/A) conversion, frequency up conversion, filtering, amplification and transmission over

the air-radio interface via antenna 616.



[ 0038] M croprocessor 602 may al so interface with further device subsystens
such as auxiliary input/output (1/0O 618, serial port 620, display 622,
keyboar d/ keypad 624, speaker 626, m crophone 628, random access menory
(RAM 630, a short-range comunications subsystem 632, and any ot her

devi ce subsystens, e.g., tiner nechanisns, generally |abeled as reference
nunmeral 633. To control access, a Subscriber Ildentity Mddule (SIM or
Renovabl e User ldentity Module (RUM interface 634 may al so be provided

i n conmuni cation with the m croprocessor 602. In one inplenentation,
SIMRUMinterface 634 is operable with a SIMRU M card havi ng a nunber of
key configurations 644 and other inford®&tion 646 such as identification

and subscri 7 el at ed dat . t ; den
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e.g., storage area for computer programs 636 (e.g., service processing logic), as well as

data storage regions such as device state 637, address book 639, other personal
information manager (PIM) data 641, and other data storage areas gencrally labeled as
reference numeral 643. A transport stack 645 may be provided to effectuate one or more
appropriate radio-packet transport protocols. In addition, a call handover/continuity logic
module 408 is provided for effectuating call reference ID generation, validation,
verification, and correlation with IMRNS, etc. as set forth hereinabove.

[0040] It is believed that the operation and construction of the embodiments of the
present patent application will be apparent from the Detailed Description set forth above.
While the exemplary embodiments shown and described may have been characterized as
being preferred, it should be readily understood that various changes and modifications
could be made therein without departing from the scope of the present disclosure as set

forth in the following claims.



association wth an ongoing call in an Internet Protocol (IP) nultinedia
subsystem (I M5) network (112), said nethod conprising: providing cal

i nformation associated with said ongoing call in one donain to a network
node (308) disposed in said I M5 network (112), said call information
including a call reference nunber associated with said ongoing call with a
called party; receiving an IP nmultinedia routing nunber (IMRN) and said
call reference nunber fromsaid network node (308); verifying that said
call reference nunber received back fromsaid network node remains valid;
and sending a nessage containing said IMNRN to said network node (308) for
effectuating call continuity with respeé? to said ongoing call in another
domain. 2. JheametoohwEpesited in claim1l, wherein said call information
further includes an Instance identifier conprising a unique |ID paraneter.
3. The method as recited in claim2, wherein said unique |ID paraneter

conpri ses at Iea?t ong e)ﬂggeg%%ﬂgywﬁﬁu&a@e? &ﬁ.\ me?ige (UE)( ¢502) Uiy

Resource ldentifier (U I nternation Mobi | e statlon Equi prent
| dentity (| bSbdipti@mwith afbnmg wallrie awdntsinghProtobell () multimediasubsysiemd1d8) i al

Nunmber (ES tlflcatlon Number (M N), and a uni que Layer-2

addr ess asls\l%lé‘iwgf%@q%\) lS‘Hd dlﬁﬁ PgNIPce (302). 4. The nethod as recited in

claim 1, wherei npgaidingadl mlf'di'frﬁflﬂiﬁhiis@ﬂaled W1ﬂf ovd degi)mg)ceﬂmcbmedmmmtmmde

(308) via User-to-User signaling . E q@% qbfﬁﬁﬂ§CItEd | | ai m1,

wher ei n sai @etorkvagde (ﬁ%éhs(l’S@P@)méﬁﬁ‘éMsﬁgw% &l prog A

appl i cat i Onﬁglprefé%f: éd&&éﬁhmé%ﬁg&ﬁ%&ép@&hssﬁrea%ﬁ yin an Internet
ne

Pr ot ocol a su ystem | MB) wor k said UE device
(302) conpri si ngreca;vpxgomedsomuhmmagmt@mgtmmd@nt(l tande%?sfé gl ecfprenge

plurality of b-sys [ call information associated with an
ongoi ng cal pu@.ﬁ ot?fén ﬁéf' %ROA%AB%MK node (308) disposed in said I M
network (112), sabdfyfiglthati safdedibdef@ence mumbet regeiaed hhdk fremeninmework node

remains valid; and
sending a message containing said IMRN to said network node (308) for

effectuating call continuity with respect to said ongoing call in another domain.

2. The method as recited in claim 1, wherein said call information further

includes an Instance identifier comprising a unique ID parameter.

3. The method as recited in claim 2, wherein said unique ID parameter
comprises at least one of a Globally Routable User Agent (UA) Uniform Resource
Identifier (URI) (GRUU), International Mobile station Equipment Identity (IMEI), an
IME!I Software Version (IMEISV), an Electronic Serial Number (ESN), a Mobile
Identification Number (MIN), and a unique Layer-2 address associated with said UE
device (302).

4, The method as recited in claim 1, wherein said call information is

provided to said network node (308) via User-to-User signaling.



nunber associated with said ongoing call with a called party; the processor
further configured to control at |east one of the plurality of sub- systens
to process an IP nultinmedia routing nunber (IMRN) received fromsaid
network node (308); the processor further configured to control at |east
one of the plurality of sub- systens to verify that said call reference
nunber received fromsaid network node (308) is valid; and the processor
further configured to control at |east one of the plurality of sub- systens
to send a nessage containing | MRN to said network node (308) for
effectuating «call continuity with respect to said ongoing call in another
domain. 7. The UE device (302) as recitéd in claim6, wherein said cal

information inckudesTi melildastC fcitet® i idldifr 1 MBeirs s41@ rtwistkOnle! (308)
paranmeter. 8. The UE device (302) as recited in claim7, wherein said

uni que 1D pemprifes ere AP CE agdeand ac¥GE applicaien.a Q@ obal |y Rout abl e User
Agent (UA) Uniform Resource ldentifier (URI) (GRUU), International Mobile
station Equi prent ldentity (IMEl), an I MEl Software Version (IMEISV), an
El ectroni c Seri ab. Nunhaser(dgSigmena(Ulbdsvice (BORrmipefablsaniao AntsimebBrotqemd ) and

a uni que Layer:-2 address a iated w sai UE i.ce 2). 22 9. The
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| MRN i s systems to process an [P multimedia routing number (IMRN) received from said network
node (308);
the processor further configured to control at least one of the plurality of sub-
systems to verify that said call reference number received from said network node (308)
is valid; and
the processor further configured to control at least one of the plurality of sub-
systems to send a message containing IMRN to said network node (308) for effectuating

call continuity with respect to said ongoing call in another domain.

7. The UE device (302) as recited in claim 6, wherein said call information

includes an Instance identifier comprising a unique ID parameter.

8. The UE device (302) as recited in claim 7, wherein said unique ID
parameter comprises at least one of a Globally Routable User Agent (UA) Uniform
Resource Identifier (URI) (GRUU), International Mobile station Equipment Identity
(IMED), an IMEI Software Version (IMEISV), an Electronic Serial Number (ESN), a
Mobile Identification Number (MIN), and a unique Layer-2 address associated with said
UE device (302).



returned to said network node (308) for effectuating a call continuity
process with respect to said ongoing call in another domain. 11. The
network node (308) as recited in claim 10, wherein said IMRN is provided
to said UE device (302) using one of a Session Initiation Protocol (SIP)
message and an Unstructured Suppl enentary Service Data (USSD) nessage. 12.
The network node (308) as recited in claim 10, further including neans for
receiving said call information including a unique |ID paraneter via one of
a Custom zed Applications for Mbile Enhanced Logic (CAMEL) Application
Part (CAP) nessage, a USSD nessage, and_a mechani sm conpliant with RFC
3033. 13. The network node (308) as recifed in claim10, claim11l, or claim
12, further incbudi nghdTEBBRERViCd 232) d2fLitddoin dgiar @ riherrinngids edlidinfoRiion fon

releasing i J][;)rogfi(?ieda to sgg gfl:twgrfk nlomg&)fw%rUergt%Hf sgr s'ijg%gling.

10. A network node (308) operable within an Internet Protocol (IP) multimedia
subsystem (IMS) network (112), comprising:

means (122, 126) for allocating an IP multimedia routing number (IMRN) that is
mapped to at least a portion of call information received from a user equipment (UE)
device (302) with respect to an ongoing call originated by said UE device (302) in one
domain;

means (126) for providing said IMRN to said UE device (302); and

means (124, 126) for verifying that said IMRN remains valid when said IMRN is
returned to said network node (308) for effectuating a call continuity process with respect

to said ongoing call in another domain.

11. The network node (308) as recited in claim 10, wherein said IMRN is
provided to said UE device (302) using one of a Session Initiation Protocol (SIP)
message and an Unstructured Supplementary Service Data (USSD) message.

12. The network node (308) as recited in claim 10, further including means
for receiving said call information including a unique ID parameter via one of a
Customized Applications for Mobile Enhanced Logic (CAMEL) Application Part (CAP)

message, a USSD message, and a mechanism compliant with RFC 3033.

13. The network node (308) as recited in claim 10, claim 11, or claim 12,
further including means (124, 126) for quarantining said IMRN upon releasing it to a
pool of IMRNS for future use.



