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METHODS AND SYSTEM TO IMPROVE VOICE CALL USER EXPERIENCE IN 5G

Reference to Related Application

[0001] The present application claims priority to U.S. Provisional Patent Application
No. 63/092,252, filed October 15, 2020 and titled “METHOD AND APPARATUS TO IMPROVE
VOICE CALL USER EXPERIENCE IN 5G NR,” which is incorporated herein by reference in its

entirety.

Description of Related Art

[0002] The present application generally relates to telecommunications and
broadband cellular networks, particularly to methods and a system for improving user

experience relating to supporting voice services over 5G networks.

Brief Description of the Drawings

[0003] The present disclosure, in accordance with one or more various
embodiments, is described in detail with reference to the following figures. The figures are
provided for purposes of illustration only and merely depict typical or example embodiments.

[0004] FIG. 1 depicts an example computing system, such as a mobile computing
device, implementing the voice call over 5G flow handing procedures, in accordance with
embodiments of the application.

[0005] FIG. 2 is an operational flow diagram illustrating an example of a voice call
over 5G flow handing procedure that is based on a status of IMS registration, in accordance

with some embodiments.
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[0006] FIG. 3 is an operational flow diagram illustrating an example of another voice
call over 5G flow handing procedure that is based on a status of IMS registration, in
accordance with some embodiments.

[0007] FIG. 4 is an operational flow diagram illustrating an example of a voice call
over 5G flow handing procedure that is based on an IMS registration failure, in accordance
with some embodiments.

[0008] FIG. 5 is an operational flow diagram illustrating an example of another voice
call over 5G flow handing procedure that is based on an IMS registration failure, in accordance
with some embodiments.

[0009] FIG. 6 is a block diagram of an example computing component or device for
implementing the disclosed techniques, in accordance with the disclosure.

[0010] The figures are not exhaustive and do not limit the present disclosure to the

precise form disclosed.

Detailed Description

[0011] Fifth-generation wireless (5G) is an iteration of a cellular technology standard
for broadband cellular networks, required by International Mobile Telecommunications as
the standard to support an all Internet Protocol (IP) network. 5G technology supports faster
data rates, higher connection density, and much lower latency. 5G was deployed as the
planned successor to the 4G networks which provide connectivity to most current cellphones.
5G technology has been engineered to greatly increase the speed and responsiveness of
wireless networks. With 5G, data transmitted over wireless broadband connections can travel
at multigigabit speeds, with potential peak speeds as high as 20 gigabits per second (Gbps) by
some estimates. These speeds greatly exceed wireline network speeds and offer latency of 1
millisecond (ms) or lower, which is useful for applications that require real-time feedback.
Thus, 5G technology can enable a sharp increase in the amount of data transmitted over

wireless systems due to more available bandwidth and advanced antenna technology.

.
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[0012] Although 5G is considered a main driver for enhanced data services, voice and
video remain key elements to subscribers. As the number of worldwide voice subscriptions
and the demands from subscribers continues to grow, cellular providers must offer an
increasing amount of voice services. Telecommunication networks have evolved from circuit-
switched (CS) 2G networks, with an initial focus on telephony, to fully packet-switched (PS)
4G networks focused on Internet data communications. Additionally, the increase of device
penetration is forcing network traffic to move from the circuit-switched domain (3G/2G) to
the packet-switched domain. This allows operators to re-use the 3G/2G spectrum for new
technologies and reduce the operational cost of legacy technologies while improving the
network capacity and performance. Moreover, there are other benefits of leveraging all
packet-based voice services, such as VoLTE. For example, packet-based voice services brings
a richer customer experience by introducing new features such as HD voice, video calling, and
Rich Communication Services (RCS). Packet-based voice services can also enable faster
network technology migration by simplifying the network architecture and retiring the older
technology layers. With the deployment of 5G, and with limited spectrum supporting all
technologies, it is even more critical for cellular providers to include Voice over New Radio
(VoNR) services (which supports 5G-based voice services) and migrate customers to 5G.

[0013] In some deployments, the 5G network is implemented as a stand-alone
network. For example, in 5G NR, a voice call is supported entirely over the packet switching
(PS) domain with IP Multimedia Subsystem (IMS) signaling and media. Similar to 4G Long Term
Evolution (LTE) networks, 5G voice calls are implemented as end-to-end voice over IP (VolIP)
connections managed by the IMS core. In other words, the IMS core provides voice as a 5G
application service. Voice and video communications services in 5G networks can be
implemented on top of the IP data connection. Therefore, the IMS architecture plays an
increasingly important role in 5G VoNR. Unlike voice services provided by external
applications (i.e. so-called OTT speech services), voice over IMS supports quality of service
(QoS) management across the entire 5G system (5GS). While IMS can provide voice services

for various types of access (e.g., fixed, cable and 2G/3G) as well as for 5G deployments, 5G is
-
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not as flexible. In many cases, 5G NR and VoNR must utilize an IMS network to handle the
voice services, even across the many deployments that are possible for voice over 5G
networks. Thus, in order to conduct a voice call entirely over 5G, the UE must successfully
register with the IMS.

[0014] Asaresult, when a user initiates a voice call, but the IMS registration has failed
or the IMS registration is still in progress (e.g., IMS registration status is not registered), the
voice call may be immediately rejected because the UE has not registered with the IMS prior
to the call. Also, in a scenario where there is a permanent IMS registration failure on 5G NR,
it is possible for the 5G NR to be disabled on the UE in order to use a legacy network, such as
4G LTE or CS radio access technology (RAT) (e.g., 2G GSM and/or 3G WCDMA). While disabling
5G does avoid the UE being stuck in 5G (while the IMS is not registered), it also causes the UE
to not have voice service enabled until it is registered over another network, like 4 G LTE or
CS RAT. If occurrences of rejected voice calls and/or loss of voice services becomes wide-
spread due to these types of circumstances, it may negatively impact the overall user
experience for 5G networks. Thus, in order to improve the user’s experience when conducting
voice calls in a 5G NR deployment, the disclosed methods allow the flow for handling voice
call establishment to be dynamically adjusted in a manner that considers the IMS.

[0015] Embodiments of the application provide distinct methods and system for
improving the overall experience for users conducting voice calls over 5G, despite an adverse
status or failure of IMS registration. Particularly, after a voice call is initiated via a user
equipment (UE) device over 5G, the disclosed techniques can identify a status of an IMS
registration (e.g., failed, in progress, not in progress, etc.) that is associated with the voice
call. Thereafter, the voice call handling functions may be adjusted in a manner that is deemed
most efficient and reliable for completing the voice call based on the identified status. The
disclosed embodiments may avert unnecessary delays, prevent failures, and improve
reliability associated with conducting voice calls in 5G networks, thereby increasing the call

success rate of the UE and enhancing the user’s experience in 5G networks.
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[0016] Referring now to FIG. 1, an example of a communications network
environment 100 for a broadband cellular network in which the mobile computing device 110
employing the disclosed techniques for improving voice calls over 5G may be employed. The
mobile computing device 110 can be a UE that has 5G capabilities. In the example of FIG. 1,
the mobile computing device 110 is shown as a handheld user device, and more specifically a
smartphone. However, the mobile computing device 110 may be implemented as various
other wireless devices that are used directly by an end-user to communicate and equipped
with telecommunication functions, such as voice, video, and text. For example, the mobile
computing device 110 may also be implemented as a cellular telephone, alaptop
computer equipped with a mobile broadband adapter, or other computing device.
Accordingly, as a 5G-enabled smartphone, the mobile computing device 110 is capable of
supporting enhanced data services, voice (e.g., voice calls over 5G NP, VoNP, etc.), video, and
other telecommunication functions that are commonly employed by subscribers to
broadband cellular networks. Furthermore, the mobile computing device 110 is depicted to
include a voice call flow handler 111 that implements the disclosed technigques for improving
the experience for users conducting voice calls over 5G, as described in greater detail herein.

[0017] As previously alluded to, there are various deployments that can be used to
implement a 5G network. For example, in a non stand-alone (NSA) deployment mode, LTE
plus NR with an evolved packet core (EPC) may be employed. In contrast, there is a stand-
alone (SA) deployment mode that involves NR with the 5G core (5GC). In addition, there are
5G deployments where cellular network providers can have an existing 4G LTE network, and
a 5G network is deployed alongside of the legacy network. In this way, 5G NR serves as a
secondary cell and the core technology remains the EPC. The disclosed techniques, for
example the voice call flow handler 111 on the mobile computing device 110, can be
employed for voice calls over a 5G network that has been set-up using any of the
aforementioned deployment modes. FIG. 1 shows a communications network environment
100 for a 5G network having an example deployment that includes: the mobile computing

device 110 (or UE); a gNodeB (gNB) 115; a 5GC 120; and an IMS 130.
-5
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[0018] In the example of FIG. 1, the mobile computing device 110 may be employed
by a user that is subscribed to a cellular provide that supports 5G. Thus, the mobile computing
device 110 may comprise hardware, software applications, and the like, which allows the
mobile computing device 110 to be configured for 5G capability. Accordingly, a user can
employ their mobile computer device 110 for multimedia telephone services including audio,
video, and text, and particularly to voice calls over the 5G network in environment 100. The
mobile device 110 can include an operating system that provides an interface between the
mobile computing device’s 110 hardware (e.g., the input/output mechanisms and a processor
executing instructions retrieved from computer-readable medium) and software. Example
operating systems include ANDROID, CHROME, I0S, MAC OS X, WINDOWS 7, WINDOWS
PHONE 7, SYMBIAN, BLACKBERRY, WEBOS—a variety of UNIX operating systems; or a
proprietary operating system for computerized devices. The operating system may provide a
platform for the execution of application programs that facilitate interaction between the
computing device and a user.

[0019] The mobile computing device 110 may include other applications, computing
sub-systems, and hardware. The voice call flow handler 111 can be implemented on the
mobile computing device 110 as hardware, a stand-alone processor, firmware, a software
application, or any combination thereof. According to the disclosed embodiments, the voice
call flow handler 111 may receive an indication of a user initiating an outgoing voice call
and/or receiving an incoming voice call, where there voice calls are intended to be supported
over 5G. The voice call flow handler 111 is configured to dynamically adjust a flow for handling
voice calls over 5G in a manner that is deemed most efficient and reliable for completing the
voice call based on an identified status of the UE’s registration to IMS. An example function
of the voice call flow handler 111 to enhance the user’s experience regarding voice services
in 5G network is described below in detail.

[0020] Also, FIG. 1 shows that the communications network environment 100
includes a gNG 115. The gNB 115 is a 5G Base Station that uses New Radio (NR) technology.

The NR access technology for 5G can be generally described as a replacement for LTE, and
-6 -
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thus the new base station for NR is the gNB 115. The gNB 115, acting as a 5G wireless base
station, is illustrated in FIG. 1 as transmitting and/or receiving communications between the
mobile device 110 (or UE) and the mobile network. FIG. 1 illustrates the gNB providing a cell
within the 5G network coverage which can be used for transmission of voice, data, and other
types of content via the 5GC 120.

[0021] The 5GC 120 can be described as the part of the 5G network deployment that
provides 5G services to mobile subscribers, such as the user of mobile computing device 110,
through the radio access network (RAN), for instance the 5G NR RAN. The 5GC 120 can also
serve as a gateway to other networks, such as the public switched telephone network, public
cloud, and the IMS 130. In the example, the 5GC 120 connects to IMS 130 supporting voice
services. The IMS 130 is a standardized architectural framework for delivering IP multimedia
services. Furthermore, the IMS 130 provides connection management for voice services in
5G, like in legacy LTE networks. IMS 130 utilizes IP-based Session Initiation Protocol (SIP),
which enables the system to be leveraged to support voice services over an IP packet-
switched network.

[0022] [Insome 5G deployments, the NR does not support voice services. Thus FIG. 1
illustrates an example where the 5GC 120 offers a connection to IMS 130 to support voice
over 5G. In order for the mobile computer device 110 to conduct a voice call over 5G, it may
be a requirement for the device 110 to first register with IMS 130 that is supporting voice
services prior to connecting the voice call. From a high-level perspective, voice services that
run over the 5G, such as VoNR, are voice over IP using the IMS 130 infrastructure. This
requirement to register to IMS 130 can cause a number of issues in supporting voice over 5G
that may degrade the user’s experience, as previously described, including increasing the risk
of a large number of call drops.

[0023] In accordance with the embodiments, the mobile computing device 110 can
include the voice call flow handler 111, which enables the UE, namely mobile computer device
110, to execute several procedures that adjusts the flow for handling the voice call over 5G

particularly based on the status of the UE’s registration to IMS 130 in order to prevent
i
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negative impacts, such as delays and rejected calls. FIG. 1 illustrates an example of one such
procedure that is implemented by the voice call flow handler 111, according to the disclosed
techniques.

[0024] In operation, a user can initiate a voice call using their 5G-enabled mobile
computing device 110. For example, the user can press a displayed icon 155 from the device’s
110 user interface to start a voice call, which initiates a call flow for establishing a UE
originated voice session over 5G NR. Prior to connecting the call, the mobile computing device
110 must begin a procedure to register with the IMS 130. The registration procedure involves
the UE, shown as mobile computing device 100, and the network exchanging the parameters
and capabilities of both entities. The registration procedure can start with the UE, namely
mobile computing device 110, establishing an IMS data network name (DNN) packet data
unit (PDU) session in 5GC 120 which allows the UE to register in IMS 130 as a prerequisite for
voice session setup. As depicted in FIG. 1, the mobile computing device 110 can transmit a
registration request message 112. In a registration request message 112, a UE can indicate its
usage setting to the network. The usage setting can be data centric or voice centric. As the
mobile computing device 110 has initiated a voice call, the UE usage setting in the registration
request message 112 will indicate voice centric mode. Also, the registration request 112 can
indicate the mobile computing device’s 110 IMS-related parameters. Common IMS
parameters the UE may support are, for example, the indication of voice over E-UTRA support,
voice over secondary cell group (SCG) bearer support and an indication of voice fallback into
EPS. The 5GC 120 receives the registration request 112, and will provide a proper response
depending on the network capabilities or offerings. Not all steps that are involved in the
procedure for the mobile computer device’s 110 registration in IMS is described for brevity.
Generally, the objective is to register the UE primarily in the 5G network, even if voice services
are not supported (and a handover to LTE would be required). Nonetheless, there may be
circumstances, such as the mobile computing device 110 currently being in an area that has
poor 5G coverage, that may stall the exchange of communication between the entities in the

registration procedure. Since the registration procedure is not completed, the mobile
-8 -
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computer device 110 is not yet fully registered in IMS 130. As a result, the 5GC 120 may send,
in response to the IMS registration request 112, an IMS registration status message 113 that
indicates the IMS registration is currently not completed (e.g., IMS registration is still in
progress).

[0025] After receiving the IMS registration status message 113 from the 5GC 120, the
mobile computer device 110 has data that enables the voice call flow handler 111 to become
aware that it is not successfully registered to IMS 130. In some existing UEs, the response to
not being registered to IMS 130 (and thus not properly set-up for connections to IMS 130
supporting voice services over 5G) would be to immediately reject the voice call (e.g., NR does
not support voice services over 5G). In contrast, the voice call flow handler 111 does not
immediately reject the voice call in the case where the IMS registration status is “in progress”
(e.g., not registered), and is configured to initiate a wait procedure which allows for an
additional amount of time for the IMS registration procedure to successfully complete
(mobile computing device 110 registered to IMS 130). In an embodiment, the voice call flow
handler 111 can start a wait timer that is set to a defined time period, for instance 30 seconds,
prior to taking action. Thus, for example, the 5G coverage may improve (e.g., stronger signal)
during this wait period and the voice call flow handler 111 can identify that the device 110 is
able to register to IMS 130 prior to the wait timer expiring. The voice call flow handler 111
can then continue as intended and establish the voice call over 5G NR. Consequently, by
dynamically adjusting the flow for handing a UE originated voice session over NR based on
the IMS registration, such as the aforementioned wait procedure, the voice call flow handler
111 can avoid and/or substantively reduce voice calls being dropped, and thereby enhance
voice services over 5G NR for subscribers. Further details regarding the various procedures
that can be implemented to control the flow for handling voice calls to enhance voice services
in 5G, in accordance with the disclosed embodiments, will now be described in reference to
FIG. 2- FIG. 5.

[0026] Further details of dynamically modifying the flow for a voice call over 5G NR,

according to the disclosed embodiments, are now described with reference to FIG. 2. A
.
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flowchart is shown in FIG. 2, illustrating an example of a process 200 that is performed
according to one embodiment of the systems and methods described herein. As seen in FIG.
2, process 200 is illustrated as a series of executable operations in a machine-readable storage
media 206 performed by a hardware processor 204. The computing component 202 can be a
computer device used for telecommunication functions, such as voice, video, and text, that
are supported over a 5G network. For example, the computing component 202 may be the
5G-enabled mobile computer device (e.g., smartphone) described above in reference to FIG.
1. Generally, process 200 implements a voice call flow handling procedure that is dependent
on an IMS registration status, and further involves waiting for IMS registration completion,
according to some embodiments.

[0027] The process 200 can begin at operation 205, where the user initiates a voice
call. For example, the user can dial a 5G-enabled mobile computing device (i.e., UE) for an
outgoing voice call, which initiates a call flow for establishing a UE originated voice session
over 5G NR. As previously described, a UE is required to first register in IMS in order to utilize
the IMS supported voice services over IP needed to conduct the voice call. Thus, the process
200 continues by performing a conditional check at operation 210 to determine the status of
the IMG registration that is associated with the initiated voice call.

[0028] At operation 210, the process 200 determines whether the IMS registration is
currently “in progress” in 5G NR or 4G LTE. In some embodiments, the status of the IMG
registration is received by the UE as a response from the 5GC core in a procedure that is used
to register a UE in IMS. For example, the IMG registration status may be communicated as a
registration status message or as registration status indication flag within a message that
includes other parameters and data associated with the IMS for coordinating voice call
services provided by IMS. Specifically, the process 200 uses the status of the IMS registration
to determine the appropriate subsequent action that is performed to accordingly handle the
voice call. If it is determined that the status of the IMG registration is not “in progress” it may
be an indication that the IMG registration is complete (shown as “No” in FIG. 2). In this case,

operation 210 can make the determination the UE that initiated the voice call is now
—-10 --
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registered to IMS. As a result, the process 200 can continue to operation 225 where the UE
originated voice session is established and conducted over either 5G NR or 4G LTE, based on
the 5G deployment.

[0029] Referring back to operation 210, if it is determined that the status for IMS
registration is “in progress” (shown as “Yes” in FIG. 2), that can serve as an indication that
there may be conditions temporarily stalling the registration procedure (e.g., poor 5G
coverage in an area). This is in contrast to immediately rejecting the voice call based on the
assumption that there is a permanent failure and the UE cannot be registered to the IMS.
Thus, the process 200 involves a wait period, referred to as wait timer, which allows additional
time for the IMS procedure to complete successfully, for instance if conditions improve.
Accordingly, the process 200 proceeds to operation 215.

[0030] Subsequently, at operation 215, the process 200 can begin the wait procedure
by holding the voice call and starting a wait timer. The wait timer can be a defined time period,
for example t seconds, that is stored or dynamically calculated by an entity in the network,
such as the UE. In some embodiments, the time period for the wait timer can be calculated,
or otherwise defined, based on evaluating the history data of previously completed IMS
registrations associated with voice calls over 5G and/or 4G LTE for the UE. For example, an
average IMS registration completion time for a number of previous 5G and/or 4G LTE voice
calls may be calculated. The waiter timer can be defined based on this average IMS
registration completion time or other associated calculations that may be appropriate, such
as probabilities, maximum, minimum, mean and the like. During the time period associated
with the wait timer, the process 200 can perform operations 220-230. The operations 220-
230 may be considered as a wait procedure, or a sub-process of process 200 that is executed
iteratively during the defined time period, prior to the wait timer expiring.

[0031] Next, at operation 220, a conditional check is performed to determine
whether the IMS registration is complete. Operation 220 can involve receiving one or more
additional IMS registration status messages from the 5GC which indicate the current status

n

of the IMS registration, for instance if the IMS registration is still “in progress”, “completed”
—-11 -
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indicating that the US is register to IMS, or “failed”. If a result of the check shows that IMS
registration is complete (shown as “Yes” in FIG. 2), it can be determined that the UE has
successfully become registered to IMS and can use the IMS-supported voice call over IP
features. Perhaps, during the allotted wait period, a condition in the 5G network has changed
to now allow the IMS registration procedure to continue to completion, although it was
temporary stalled previously. Thus, if the UE’s IMS registration has completed, the process
200 can continue to operation 225 where the UE originated voice session is established and
conducted over either 5G NR or 4G LTE, based on the 5G deployment. This portion of the call
handling flow ensures that the voice call is completed as intended (over 5G or 4G LTE) as soon
as it is recognized that the UE is registered to IMS. Therefore, the process 200 can maintain
the benefits provided by voice communication over newer technologies, such as HD voice for
VoNP, if it is possible. Furthermore, the process 200 can reduce the wait time that is
experienced by the user, by exiting the waiting procedure and continuing the voice call sooner
if is possible (e.g., taking action to handle the voice call before the wait timer expires).

[0032] Alternatively, if operation 220 determines that the IMS registration is not yet
complete (shown as “No” in FIG. 2), the process 200 first checks if it should continue to wait
prior to executing another voice call handling action. For instance, if operation 220
determines that the IMS registration still has a status of “in progress”, the process 200 moves
next to operation 230.

[0033] At operation 230, another conditional check is performed to determine
whether the wait timer has expired. If the wait timer has not expired (shown as “No” in FIG.
2), and a current time associated with the process 200 waiting and holding the voice call is
within the defined time period (e.g., current wait time < wait timer) then the process 200
returns back to operation 220. According to the embodiments, the process 200 can iteratively
perform the sub-process of operations 220-230 to continue the wait procedure for the entire
time period defined by the wait timer, if necessary.

[0034] However, if operation 230 determines that the wait timer has expired (shown

as “Yes” in FIG. 2), and the current time the process 200 has been waiting (and holding the
—-12 -
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voice call) has exceeded the defined time period (e.g., current wait time > wait timer) then
the process 200 proceeds to exits the wait procedure and goes to operation 235.

[0035] Thereafter, at operation 235, it can be assumed that the IMS registration
status has not completed successfully while the process 200 was holding the voice call and
waiting. Referring back to the previous example, the condition that was considered to
temporarily stall the IMS registration may have persisted throughout the wait period set by
the wait timer. In an effort to not hold the voice call for an extended amount of time (e.g.,
greater than the wait timer) which may negatively impact the user’s experience, the process
200 takes an action to handle the voice call upon expiration of the wait timer. Particularly, at
fall back is performed at operation 235, where a legacy system is selected to conduct the
voice call. Operation 235 involves selecting 2G or 3G for the RAT/cell to be used. In some
cases, the RAT and the corresponding voice support is selected, based on the deployment.
Further, operation 235 incudes bringing up circuit switched fallback (CSFB) for the UE
originated voice session to be established and conducted. Also, CSFB can be brought up
without a user retry of the voice call, and thus does not require additional user interaction.
Consequently, even if the IMS registration is not successfully completed over 5G, the
disclosed process 200 ensures that a reliable CSFB is employed for the voice call to still be
completed. The disclosed techniques can realize an improved user experience for voice calls
over the 5G network, by successfully and efficiently completing a voice call in a scenario that
would have otherwise resulted in a dropped call over 5G NR in many conventional voice
services.

[0036] FIG. 3 is a flowchart illustrating an example of another process 300 that can
be performed as a different handling procedure for voice calls over 5G, according to one
embodiment described herein. The process 300 can be generally described as the UE
immediately falling back to a legacy system, namely a CS RAT, based on the IMS registration
status, as oppossed to waiting for a set time period as described above in reference to FIG. 2.
FIG. 3 illustrates this process 300 stored as executable operations in a machine-readable

storage media 306 performed by a hardware processor 304.The computing component 302
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may be the 5G-enabled mobile computer device (e.g., smartphone) described above in
reference to FIG. 1, which is configured to perform the disclosed techniques.

[0037] At operation 305, the process 300 begins. At operation 305, the user initiates
a voice call. For example, the user can employ a 5G-enabled mobile computing device (i.e.,
UE) for an outgoing voice call, which initiates a call flow for establishing a UE originated voice
session over 5G NR. Then, the process 300 continues by performing a conditional check at
operation 310 to determine the status of the IMG registration that is associated with the
initiated voice call.

[0038] At operation 310, the conditional check can determine whether the IMS
registration has a status that is not “complete” (e.g., the UE is not registered to IMS) and the
IMS registration has a status that is not “in-progress” (e.g., the IMS registration procedure is
not executing). For instance, the conditional check 305 may determine that the IMS
registration has experienced some type of failure (rather than a temporary stall), and thus it
may not be advantageous to wait for an additional time period in hopes of the IMS
registration procedure successfully completing. In other words, in this case, operation 310
can ascertain that the UE cannot register in IMS due to an experienced issue. If the check
determines that the IMS registration status is both not “complete” and not “in-progress”
(shown by “Yes” in FIG. 3) during operation 310, then the process 300 proceeds to operation
315 to immediately fall back to a legacy system.

[0039] Thereafter, at operation 315, a RAT/cell selection of 2G or 3G is performed
and the CSFB voice service is brought up. This particular flow for handling the voice call can
avoid dropped calls that may otherwise occur in 5G NR if the IMS registration cannot be
completed, by directing the UE to fall back to the CSFB as soon as an indication of a IMS
registration failure is suggested by the status. The CSFB provides a fallback scheme that
enables a handover during voice connection setup from NR (or LTE) to 2G or 3G circuit
switched voice. CSFB does not require the IMS-based voice support, and thus eliminates the

requirement to register to IMS (as required by voice over 5G NR) to conduct the voice call.

~-14 -



WO 2022/082011 PCT/US2021/055233

[0040] Referring back to operation 310, in the case where the check determines that
the IMS registration status is “complete” or “in-progress”, the process 300 can go to operation
325. At operation 325, call handling actions are performed that will ultimately conduct the
voice call over 5G NR or 4G LTE. Operation 525 can include performing other call handling
procedures of the embodiments, for example the wait procedure as described in reference
to FIG. 2, if the IMS registration status is “in-progress”.

[0041] After the UE initiated voice call is complete, the process 300 can continue to
operation 320. Operation 320 involves disconnecting the call over CSFB, and returning the
handover from CS RAT back to 5G NR. As a result, when the UE returns back to 5G NR (or 4G
LTE), it can subsequently register to IMS. Thus, even if CSFB is needed to establish a single
voice call, the UE does not have to continue to operate using CS RAT. Once the UE is able to
successfully register to IMS, this flow allows the UE to retry its IMS registration procedure
over 5G and to then conduct any subsequent voice calls over 5G NR which provides enhanced
voice services, such as HD voice, for the user.

[0042] Handling a voice call over 5G, such as VoNR, needs to adapt to the existing
network deployment, for example whether the network uses NSA mode or SA mode.
Furthermore, the type of voice support in 5G depends on the available radio access
technology (RAT). Some deployments may use an all PS domain architecture, where CS RAT
is not available. Accordingly, 2G and 3G CS voice service may be removed in this deployment.
Therefore, in deployments where voice services are only available in the PS domain, such as
voice calls over 5G NR and 4G LTE, ensuring that the UE is successfully and efficiently
registered in IMS is critical. The disclosed embodiments addresses these concerns, by
employing a flow voice call handling that can retry the IMS registration in procedure in 4G LTE
in response to an IMS registration failure in 5G. An example of another process 400 is
illustrated in FIG. 4, that implements the aforementioned handling procedure for voice calls
over 5@, according to one embodiment described herein.

[0043] FIG. 4 illustrates the process 400 stored as executable operations in a

machine-readable storage media 406 performed by a hardware processor 404. The
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computing component 402 may be the 5G-enabled mobile computer device (e.g.,
smartphone) described above in reference to FIG. 1, which is configured to perform the
disclosed techniques.

[0044] The process 400 begins at operation 405, where the user initiates a voice call.
For example, the user can employ a 5G-enabled mobile computing device (i.e., UE) for an
outgoing voice call, which initiates a call flow for establishing a UE originated voice session
over 5G NR. Then, the process 400 continues by performing a conditional check at operation
410 to determine the status of the IMG registration that is associated with the initiated voice
call. After a UE initiates a voice call, the UE attempts to register to the IMS over 5G (e.g.,
transmitting an IMG registration request to the 5GC) before the voice call can be connected.
For example, a UE can register to the IMS over the 5G network via SIP. This requirement for a
UE to be successfully registered to the IMS in order to support voice over 5G has been
previously described in detail. Particularly, operation 410 checks to determine whether the
UE’s initial IMS registration has failed over 5G, due to this requirement for the UE to be
registered to the IMS. Determining the occurrence of an IMS registration failure is even more
critical in deployments where 2G and 3G voice services are unavailable, so falling back to
circuit switch technology is not a viable option.

[0045] The process 400 continues to operation 415, if it is determined that the IMS
registration status (associated with the UE’s initial IMS registration request) is “failed” (shown
as “Yes” in FIG. 4), indicating that there is an IMS registration failure over 5G. In some cases,
operation 410 can determine that an IMS registration status of “not registered” or “not
complete” is an indication of an IMS registration failure.

[0046] Subsequently, at operation 415, the process 400 does not retry the IMS
registration in 5G. Instead, the process 400 immediately, upon determination of the IMS
registration failure over 5G, completes a RAT/cell selection to 4G LTE. The UE can then retry
to register to the IMS over 4G, as opposed to 5G again (where IMS registration has already
failed). Thus, this voice call handling procedure may reduce delays associated with multiple

attempts at IMS registration over 5G when there may be a higher probability of an IMS
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registration failure in 5G than compared to 4G. For example, it may be assumed that IMS
registration on 4G LTE, which is a widely used legacy technology, may be more stable and/or
reliable than 5G NR, as an emerging technology. After the retry in operation 415 is successful,
and the UE is registered to the IMS, the UE originated voice call can still be completed in the
PS domain over 4G LTE. Thus, by performing the IMS registration retry in 4G LTE sooner, the
UE initiated voice call may be setup and established more efficiently to improve the user’s
experience (e.g., improving voice call success rate). Moreover, even if the UE cannot
successfully register to IMS over 5G, this handling procedure may prevent the UE from
completely losing voice service when the deployment does not enable handover to 2G and/or
3G for CS voice service.

[0047] Referring back to operation 410, in the case where the check determines that
the IMS registration status does not indicate a IMS registration failure (e.g., IMS registration
status is “complete”, or “in-progress”, etc.) the process 400 can go to operation 425. At
operation 3425, call handling actions are performed that will ultimately conduct the voice call
over 5G NR or 4G LTE. In some embodiments, operation 525 can include performing other
call handling procedures of the embodiments, for example the wait procedure as described
in reference to FIG. 2, if the IMS registration status is “in-progress”.

[0048] FIG. 5 shows an example of another process 500, which implements yet
another handling procedure for voice calls over 5G, according to one embodiment described
herein. Similar to the procedure described above in reference to FIG. 4, process 500 also
implements a flow that handles a voice call when there are IMS registration failures over 5G
NR.

[0049] FIG. 5 illustrates the process 500 stored as executable operations in a
machine-readable storage media 506 performed by a hardware processor 504. The
computing component 502 may be the 5G-enabled mobile computer device (e.g.,
smartphone) described above in reference to FIG. 1, which is configured to perform the

disclosed techniques.
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[0050] The process 500 begins at operation 505, where the user initiates a voice call.
For example, the user can employ a 5G-enabled mobile computing device (i.e., UE) for an
outgoing voice call, which initiates a call flow for establishing a UE originated voice session
over 5G NR. Then, the process 500 continues by performing a conditional check at operation
410 to determine the status of the IMG registration that is associated with the initiated voice
call. Operation 510 checks to determine whether the UE’s IMS registration has failed over 5G.
Alternatively, in some embodiments, process 500 adjusts the flow for handling the voice call
based on the status of the voice call itself, in lieu of (or in addition to) the status of IMS
registration. Accordingly, in this embodiment, operation 510 involves determining whether
the voice call initiated in previous operation 705, failed to connect. This embodiment may be
suitable when the objective is to disable 5G in more extreme cases, for instance when there
are a high volume of voice calls being dropped over 5G.

[0051] The process 500 continues to operation 515, if it is determined that the IMS
registration status (associated with the UE’s initial IMS registration request) is “failed” (shown
as “Yes” in FIG. 4), indicating that there is an IMS registration failure over 5G. This
embodiment may be suitable when the objective is to disable 5G at an earlier indication of
issues over 5G that can impact voice calls. Consequently, by considering the IMS registration
status, as opposed to waiting until there is a full voice call failure, the handling procedure may
substantively reduce the number of voice calls that are dropped over 5G (e.g., improving the
voice call success rate over 5G). In some cases, operation 510 can determine an IMS
registration status of “not registered” or “not complete” as an indication of an IMS
registration failure, and process 500 will continue to operation 515 based on identifying these
IMS registration statuses.

[0052] Thereafter, at operation 515, the process 500 performs another conditional
check to determine whether a 5G disable criteria has been met. A 5G disable criteria is one or
more parameters and/or conditions that are defined and stored by the UE, and will trigger
the 5G to be disabled upon recognizing that a current identified condition associated with the

UE matches a stored condition defining the 5G disable criteria. According the embodiments,
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the 5G disable criteria can be timer-based on location-based. With respect to timer-based
criteria, a 5G disable timer can be implemented. For example, the process 500 can initiate the
5G disable timer upon detecting a first occurrence of a IMS registration failure for the UE. The
5G disable timer continues to run even after the completion of the voice call associated with
the first IMS registration failure. Then, if process 500 encounters one or more subsequent
IMS registration failures for the UE before the 5G disable timer has expired, then operation
515 determines that the 5G disable criteria (timer-based) has been met (shown as “Yes” in
FIG. 5). The 5G disable timer can be set from a plurality of time intervals, for example 10
minutes, 20 minutes, 30 minutes, 60 minutes, as deemed appropriate. In some embodiments,
the 5G disable timer can automatically reset if the time period has expired without detecting
another IMS registration failure of the UE.

[0053] With respect to location-based criteria, one or more 5G failure locations can
be defined. A 5G failure location can be based on historical data associated with IMS
registration failures that have been previously observed for the UE, or other related UEs (e.g.,
same cellular service provider, UEs same user, etc.). For instance, if multiple IMS registration
failures over 5G have been identified in the past for the UE, where the failures have occurred
approximately within the same area (e.g., within a defined radius), that location can be
defined as a known 5G failure location and added to the stored 5G disable criteria. The
location corresponding to an IMS registration failure may be identified using one or a
combination of location tracking mechanisms that may be implement by the UE or 5G
network, including but not limited to: identifying the 5G cell ID; TAC; GPS location data, and
the like. As an example, the process 500 can determine that the UE has had an IMS
registration failure, which triggers the UE to immediately detect its location (using one of the
abovementioned location tracking mechanisms) at the time of the failure. Thus, the GPS
coordinates, for example, indicating the UE’s location can be corresponded to that instance
of an IMS registration failure. Therefore, operation 515 can involve detecting a current
location of the UE, which experienced the IMS registration failure in previous operation 510.

The UE’s current location can be compared to the 5G failures locations in the defined 5G
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failure criteria. If it is determined that the UE’s current location is approximately in the same
area as one of the know 5G failures locations (e.g., within a defined radius) then operation
515 considers the UE to be in a 5G failure location, and further that the 5G disable criteria
(location-based) has been met (shown as “Yes” in FIG. 5).

[0054] In some embodiments, if at least one 5G disable criteria has been met in
operation 515, then the process 500 considers it as an indication that the UE is experiencing
a condition (e.g., in a location, within an outage time, within a configuration issue time, etc.)
where there is a high likelihood that issues over 5G will persist. For instance, the UE may be
currently in a location where there is poor 5G coverage, and thus voice call failures, are known
to be persistent based on historical data. Therefore, this handling procedure endeavors to
temporarily disable 5G on the UE, when the recent failure over 5G may be linked to an issue
that is, by and large, continuously problematic. Accordingly, operation 520 can reconfigure
the UE such that 5G is disabled. Subsequently, while 5G is disabled, the UE can utilize voice
services via legacy systems, for example 4G LTE, 3G CS RAT, as deemed appropriate.

[0055] The process 500 performs operation 525 in cases when operation 510
determines that the IMS registration has not failed, or when operation 515 has determined
that an 5G disable criteria has not been met. As a result, process 500 can handle the voice call
without disabling 5G. At operation 525, call handling actions are performed that will
ultimately conduct the voice call over 5G NR or 4G LTE. Operation 525 can include performing
other call handling procedures of the embodiments, for example the wait procedure as
described in reference to FIG. 2, if the IMS registration status is “in-progress”.

[0056] FIG. 6 depicts a block diagram of an example computer system 600 in which
various features described herein may be implemented. The computer system 600 includes a
bus 602 or other communication mechanism for communicating information, one or more
hardware processors 904 coupled with bus 602 for processing information. Hardware
processor(s) 604 may be, for example, one or more general purpose microprocessors.

[0057] The computer system 600 also includes a main memory 606, such as a

random-access memory (RAM), cache and/or other dynamic storage devices, coupled to bus
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602 for storing information and instructions to be executed by processor 604. Main memory
606 also may be used for storing temporary variables or other intermediate information
during execution of instructions to be executed by processor 604. Such instructions, when
stored in storage media accessible to processor 604, render computer system 600 into a
special-purpose machine that is customized to perform the operations specified in the
instructions.

[0058] The computer system 600 further includes a read only memory (ROM) 608 or
other static storage device coupled to bus 602 for storing static information and instructions
for processor 604. A storage device 610, such as a magnetic disk, optical disk, or USB thumb
drive (Flash drive), etc., is provided and coupled to bus 602 for storing information and
instructions.

[0059] The computer system 600 may be coupled via bus 602 to a display 612, such
as a liquid crystal display (LCD) (or touch screen), for displaying information to a computer
user. An input device 614, including alphanumeric and other keys, is coupled to bus 602 for
communicating information and command selections to processor 604. Another type of user
input device is cursor control 616, such as a mouse, a trackball, or cursor direction keys for
communicating direction information and command selections to processor 604 and for
controlling cursor movement on display 612. In some embodiments, the same direction
information and command selections as cursor control may be implemented via receiving
touches on a touch screen without a cursor.

[0060] The computing system 600 may include a user interface module to implement
a GUI that may be stored in a mass storage device as executable software codes that are
executed by the computing device(s). This and other modules may include, by way of
example, components, such as software components, object-oriented software components,
class components and task components, processes, functions, attributes, procedures,
subroutines, segments of program code, drivers, firmware, microcode, circuitry, data,

databases, data structures, tables, arrays, and variables.
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[0061] In general, the word “component,” “engine,” “system,” “database,” data
store,” and the like, as used herein, can refer to logic embodied in hardware or firmware, or
to a collection of software instructions, possibly having entry and exit points, written in a
programming language, such as, for example, Java, C or C++. A software component may be
compiled and linked into an executable program, installed in a dynamic link library, or may be
written in an interpreted programming language such as, for example, BASIC, Perl, or Python.
It will be appreciated that software components may be callable from other components or
from themselves, and/or may be invoked in response to detected events or interrupts.
Software components configured for execution on computing devices may be provided on a
computer readable medium, such as a compact disc, digital video disc, flash drive, magnetic
disc, or any other tangible medium, or as a digital download (and may be originally stored in
a compressed or installable format that requires installation, decompression or decryption
prior to execution). Such software code may be stored, partially or fully, on a memory device
of the executing computing device, for execution by the computing device. Software
instructions may be embedded in firmware, such as an EPROM. It will be further appreciated
that hardware components may be comprised of connected logic units, such as gates and flip-
flops, and/or may be comprised of programmable units, such as programmable gate arrays
Or processors.

[0062] The computer system 600 may implement the techniques described herein
using customized hard-wired logic, one or more ASICs or FPGAs, firmware and/or program
logic which in combination with the computer system causes or programs computer system
600 to be a special-purpose machine. According to one embodiment, the techniques herein
are performed by computer system 600 in response to processor(s) 604 executing one or
more sequences of one or more instructions contained in main memory 606. Such
instructions may be read into main memory 906 from another storage medium, such as

storage device 610. Execution of the sequences of instructions contained in main memory

606 causes processor(s) 604 to perform the process steps described herein. In alternative
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embodiments, hard-wired circuitry may be used in place of or in combination with software
instructions.

[0063] The term “non-transitory media,” and similar terms, as used herein refers to
any media that store data and/or instructions that cause a machine to operate in a specific
fashion. Such non-transitory media may comprise non-volatile media and/or volatile media.
Non-volatile media includes, for example, optical or magnetic disks, such as storage device
910. Volatile media includes dynamic memory, such as main memory 906. Common forms
of non-transitory media include, for example, a floppy disk, a flexible disk, hard disk, solid
state drive, magnetic tape, or any other magnetic data storage medium, a CD-ROM, any other
optical data storage medium, any physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, NVRAM, any other memory chip or cartridge, and networked
versions of the same.

[0064] Non-transitory media is distinct from but may be used in conjunction with
transmission media. Transmission media participates in transferring information between
non-transitory media. For example, transmission media includes coaxial cables, copper wire
and fiber optics, including the wires that comprise bus 902. Transmission media can also take
the form of acoustic or light waves, such as those generated during radio-wave and infra-red
data communications.

[0065] The computer system 600 also includes a communication interface 618
coupled to bus 602. Communication interface 618 provides a two-way data communication
coupling to one or more network links that are connected to one or more local networks. For
example, communication interface 618 may be an integrated services digital network (ISDN)
card, cable modem, satellite modem, or a modem to provide a data communication
connection to a corresponding type of telephone line. As another example, communication
interface 618 may be a local area network (LAN) card to provide a data communication
connection to a compatible LAN (or WAN component to communicated with a WAN).

Wireless links may also be implemented. In any such implementation, communication
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interface 618 sends and receives electrical, electromagnetic or optical signals that carry digital
data streams representing various types of information.

[0066] A network link typically provides data communication through one or more
networks to other data devices. For example, a network link may provide a connection
through local network to a host computer or to data equipment operated by an Internet
Service Provider (ISP). The ISP in turn provides data communication services through the
world wide packet data communication network now commonly referred to as the “Internet.”
Local network and Internet both use electrical, electromagnetic or optical signals that carry
digital data streams. The signals through the various networks and the signals on network link
and through communication interface 618, which carry the digital data to and from computer
system 900, are example forms of transmission media.

[0067] The computer system 600 can send messages and receive data, including
program code, through the network(s), network link and communication interface 918. In the
Internet example, a server might transmit a requested code for an application program
through the Internet, the ISP, the local network and the communication interface 618.

[0068] The received code may be executed by processor 604 as it is received, and/or
stored in storage device 610, or other non-volatile storage for later execution.

[0069] Each of the processes, methods, and algorithms described in the preceding
sections may be embodied in, and fully or partially automated by, code components executed
by one or more computer systems or computer processors comprising computer hardware.
The one or more computer systems or computer processors may also operate to support
performance of the relevant operations in a “cloud computing” environment or as a “software
as a service” (SaaS). The processes and algorithms may be implemented partially or wholly in
application-specific circuitry. The various features and processes described above may be
used independently of one another or may be combined in various ways. Different
combinations and sub-combinations are intended to fall within the scope of this disclosure,
and certain method or process blocks may be omitted in some implementations. The methods

and processes described herein are also not limited to any particular sequence, and the blocks
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or states relating thereto can be performed in other sequences that are appropriate, or may
be performed in parallel, or in some other manner. Blocks or states may be added to or
removed from the disclosed example embodiments. The performance of certain of the
operations or processes may be distributed among computer systems or computers
processors, not only residing within a single machine, but deployed across a number of
machines.

[0070] Asused herein, a circuit might be implemented utilizing any form of hardware,
software, or a combination thereof. For example, one or more processors, controllers, ASICs,
PLAs, PALs, CPLDs, FPGAs, logical components, software routines or other mechanisms might
be implemented to make up a circuit. In implementation, the various circuits described
herein might be implemented as discrete circuits or the functions and features described can
be shared in part or in total among one or more circuits. Even though various features or
elements of functionality may be individually described or claimed as separate circuits, these
features and functionality can be shared among one or more common circuits, and such
description shall not require or imply that separate circuits are required to implement such
features or functionality. Where a circuit is implemented in whole or in part using software,
such software can be implemented to operate with a computing or processing system capable
of carrying out the functionality described with respect thereto, such as computer system
800.

[0071] As used herein, the term “or” may be construed in either an inclusive or
exclusive sense. Moreover, the description of resources, operations, or structures in the
singular shall not be read to exclude the plural. Conditional language, such as, among others,
“can,” “could,” “might,” or “may,” unless specifically stated otherwise, or otherwise
understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features, elements
and/or steps.

[0072] Terms and phrases used in this document, and variations thereof, unless

otherwise expressly stated, should be construed as open ended as opposed to limiting.
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Adjectives such as “conventional,” “traditional,” “normal,” “standard,” “known,” and terms
of similar meaning should not be construed as limiting the item described to a given time
period or to an item available as of a given time, but instead should be read to encompass
conventional, traditional, normal, or standard technologies that may be available or known
now or at any time in the future. The presence of broadening words and phrases such as “one

n u

or more,” “at least,” “but not limited to” or other like phrases in some instances shall not be
read to mean that the narrower case is intended or required in instances where such

broadening phrases may be absent.
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Claims

What is claimed is:

1. A computer-implemented method comprising:

initiating a voice call, wherein the voice call comprises a voice session over 5G new
radio (NR) initiated via a user equipment (UE);

determining a status of registration to an IP Multimedia Subsystem (IMS) for the UE;

in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is in-progress, holding the voice call and
initiating a wait timer; and

prior to the wait timer expiring, in response to determining that the status of
registration to the IMS for the UE indicates that the registration to the IMS for the UE is
complete, conducting the voice call as the voice session over 5G NR or 4G Long-term

Evolution (LTE).

2. The computer-implemented method of claim 1, further comprising:
determining whether the wait timer has expired; and
in response to determining that the wait timer has expired,
completing a radio access technology (RAT) selection of 2G or 3G for the UE,
bring up circuit switched fallback (CSFB), and

conducting the voice call using circuit switch voice services.

3. The computer-implemented method of claim 2, wherein the CSFB comprises a
handover during voice connection setup for the voice call from 5G NR to 2G or 3G circuit

switched voice services.

4, The computer-implemented method of claim 1, wherein the wait timer comprises a

time period in seconds to hold the voice call.
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5. The computer-implemented method of claim 4, wherein the wait timer is defined
based on evaluating history data of completed IMS registrations associated with voice calls

over 5G NR or 4G LTE for the UE.

6. The computer-implemented method of claim 4, wherein the registration to the IMS

for the UE is performed over 5G NR or 4G LTE.

7. The computer-implemented method of claim 1, wherein determining the status of
registration to the IMS for the UE comprises:
receiving a registration status message or a registration status indication flag within

a message associated with the IMS for coordinating voice call services provided by IMS.

8. A computer-implemented method, comprising:
initiating a voice call, wherein the voice call comprises a voice session over 5G new
radio (NR) initiated via a user equipment (UE);
determining a status of registration to an IP Multimedia Subsystem (IMS) for the UE;
and
in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is not in-progress and not registered,
completing a radio access technology (RAT) selection of 2G or 3G for the UE,
bringing up circuit switched fallback (CSFB),

and conducting the voice call using circuit switch voice services.
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9. The computer-implemented method of claim 8, further comprising returning the RAT

for the UE to 5G NR.

10. A computer-implemented method, comprising:
initiating a voice call, wherein the voice call comprises a voice session over 5G new
radio (NR) initiated via a user equipment (UE);
determining a status of an initial registration to an IP Multimedia Subsystem (IMS)
for the UE;
in response to determining that the status of the initial registration to the IMS for
the UE indicates that the initial registration to the IMS for the UE has failed,
completing a radio access technology (RAT) selection of 4G Long-term
Evolution (LTE) for the UE, and
retrying a registration to the IMS for the UE, wherein retyring the registration

is performed over 4G LTE .

11. The computer-implemented method of claim 10, wherein the initial registration to

the IMS for the UE is performed over 5G NR.

12. The computer-implemented method of claim 10, further comprising:
in response to retrying the registration to the IMS being completed, conducting the

voice call over as a voice session over 4G LTE.

13. A computer-implemented method, comprising:

initiating a voice call, wherein the voice call comprises a voice session over 5G new
radio (NR) initiated via a user equipment (UE);

determining a status of a registration to an IP Multimedia Subsystem (IMS) for the

UE;
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in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE has failed,
determining whether a 5G disable criteria has been met by the UE; and
in response to determining that the 5G disable criteria has been met by the UE,

disabling 5G on the UE.

14. The computer-implemented method of claim 13, wherein the 5G disable criteria

comprises a timer-based 5G disable criteria.

15. The computer-implemented method of claim 14, further comprising:

initiating a 5G disable timer upon detecting a first occurrence of an IMS registration
failure for the UE; and

prior to the 5G disable timer expiring, detecting a subsequent occurrence of an IMS
registration failure for the UE and determining that the timer-based 5G disable criteria has

been met by the UE.

16. The computer-implemented method of claim 13, wherein the 5G disable criteria

comprises a location-based 5G disable criteria.

17. The computer-implemented method of claim 16, further comprising:

in response determining that the status of registration to the IMS for the UE is failed,
detecting a current location of the UE at the time of the registration failure;

comparing the current location of the UE to 5G failures locations defined by the
location-based 5G disable criteria; and

upon determining that the current location of the UE is approximately in the same
area as one or more of the 5G failures locations, determining that the location-based 5G

disable criteria has been met by the UE.
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18. The computer-implemented method of claim 13, further comprising:
in response to disabling 5G on the UE, conducting the voice call as a voice session

over 4G Long-term Evolution (LTE).

19. A computer system, comprising:

one or more processors; and

a memory having instructions stored thereon, which when executed by the one or
more processors cause the processors to perform:

initiating a voice call, wherein the voice call comprises a voice session over 5G new
radio (NR) initiated via a user equipment (UE);

determining a status of registration to an IP Multimedia Subsystem (IMS) for the UE;

in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is in-progress, holding the voice call and
initiating a wait timer; and

prior to the wait timer expiring,

in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is complete, conducting the voice call as

the voice session over 5G NR or 4G Long-term Evolution (LTE).

20. The computer system of claim 19, wherein the computer system is a 5G-enabled

mobile computing device.

~-31--



PCT/US2021/055233

WO 2022/082011

1/6

I "Old

Sl
snjejs
uonesnsibas S

ZlL
}senbaeu

uonelisibas S|

uone|dwoo

T,

\s\‘ e,
pae— e,

™,

i

5,

|80 82loA
sjeniy|

T
Jo|pueH
Mol
[1ED SJI0A




WO 2022/082011 PCT/US2021/055233

2/6

COMPUTING COMPONENT
202

HARDWARE PROCESSORS 204

20\0/\ MACHINE-READABLE STORAGE MEDIA 206

205\)/\ USER INITIATES VOICE CALL
210
NO IMS REGISTRATION
IN PROGRESS ON
4G LTE of 5G NR
215
‘f’ HOLD VOICE CALL & START WAIT TIMER

220

IMS REGISTRATION
COMPLETE

CONDUCT VOICE CALL
OVER 4G LTE OR 5G NR

230

WAIT TIMER
EXPIRED

235
(Ve

COMPLETE RAT/CELL SELECTION TO 2G or 3G &
BRING UP CSFB VOICE

FIG. 2




WO 2022/082011 PCT/US2021/055233

3/6

COMPUTING COMPONENT
302

HARDWARE PROCESSORS 304

30\0/\ MACHINE-READABLE STORAGE MEDIA 306

309 USER INITIATES VOICE CALL
310
MS REGISTRATIO
NO NOT IN PROGRESS
& NOT
REGISTERED
323
PERFORM ACTIONS
TO CONDUCT VOICE
CALL OVER 4G LTE OR
5G NR
315

COMPLETE RAT/CELL SELECTION TO 2G or 3G
AND BRING UP CSFB VOICE

320 l
N

RETURNING TO 5G NR

FIG. 3




WO 2022/082011 PCT/US2021/055233

4/6

COMPUTING COMPONENT
402

HARDWARE PROCESSORS 404

40\0/\ MACHINE-READABLE STORAGE MEDIA 406

409 USER INITIATES VOICE CALL

INITIAL IMS
REGISTRATION
FAILED OVER 5G
425

A

PERFORM ACTIONS

TO CONDUCT VOICE YES

CALL OVER 4G LTE
OR 5G NR

415 Y

COMPLETE RAT/CELL SELECTION TO 4G LTE AND
RETRY IMS REGISTRATION

FIG. 4




WO 2022/082011

PCT/US2021/055233

5/6

COMPUTING COMPONENT
202

HARDWARE PROCESSORS 504

500 MACHINE-READABLE STORAGE MEDIA 506
™\
505
A USER INITIATES VOICE CALL
IMS REGISTRATION
NO FAILED OVER 5G
5G DISABLE
CRITERIA MET
(e.g.,timer-based or
location based)
525
“ ¥
PERFORM ACTIONS
TO CONDUCT VOICE
CALL OVER 4G LTE YES
OR 5G NR
520
A\l
DISABLE 5G

FIG. 5




WO 2022/082011

PCT/US2021/055233

FIG. 6

6/6
- 600
' Processor(s) Network
I 604 Interface(s)
| — 618
I
I
I
I
I Bus
| 602
I
I
I
I Vg
| ain
| Memory ROM Storage
| 606 @ m
I ol
I

. _ e |

I , Input Cursor |
Displa : I

4>: 6|102 y Device(s) Control |
| 614 616 .

L e



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 21/55233

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  HOA4L 12/66; HO4W 48/18; HO4W 36/14 (2022.
CPC - HO04L 12/66; HO4W 48/18; HO4W 36/14; HO4L

01)
65/10; HO4L 65/1016

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2018/0132141 A1 (MEDIATEK INC.) 10 May 2018 (10.05.2018), para [0022), [0032], [0037],{1-7, 19-20
[0039]
A US 2020/0112887 A1 (T-Mobile USA, Inc.) 09 April 2020 (09.04.2020), para [0023], [0070}- 1-7, 19-20
[0071]
A US 2020/0053134 A1 (MediaTek Inc.) 13 February 2020 (13.02.2020), para [0021], [0026], 1-7,18-20
[0031] '
A US 2020/0314702 A1 (T-Mobile USA, Inc.) 01 October 2020 (01.10.2020), entire document 1-7, 19-20
A US 2016/0150497 A1 (NOKIA SOLUTIONS AND NETWORKS OY) 26 May 2016 (26.05.2016), | 1-7. 19-20

D Further documents are listed in the continuation of Box C.

L—_J See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance :

“D” document cited by the applicant in the international application

“E" earlier application or patent but published on or after the international
filing date

“L"  document which maK throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“0” documentreferringto anoral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the apﬁhcauon but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

01 February 2022

Date of mailing of the international search report

MAR 03 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: §71-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/55233

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:
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Group | Claims 1-7, 19 and 20, drawn to a method for initiating a voice call over 5G, initiating a wait timer, and conducting the voice call
over 5G or 4G.

Group Il Claims 8 and 9, drawn to a method for initiating a voice call over 5G, selecting a RAT of 2G or 3G, and conducting the voice
call over CSFB.

Group IlI: Claims 10-12, drawn to a method for initiating a voice call over 6G, determining the registration has failed, selecting a RAT of
4G, and retrying the registration.
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only those claims for which fees were paid, specifically claims Nos.:

4 No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
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Box No. Il (Observations where unity of invention is lacking):

Group IV: Claims 13-18, drawn to a method for initiating a voice call over 5G, determining the registration has failed, and disabling 5G
on the UE.

The inventions listed as Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Group | includes the special technical features of: in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is in-progress, holding the voice call and initiating a wait timer; and prior to the wait
timer expiring, in response to determining that the status of registration to the IMS for the UE indicates that the registration to the IMS for
the UE is complete, conducting the voice call as the voice session over 5G NR or 4G Long-term Evolution (LTE), not required by Groups
N-Iv.

Group lf includes the special technical features of: and in response to determining that the status of registration to the IMS for the UE
indicates that the registration to the IMS for the UE is not in-progress and not registered, completing a radio access technology (RAT)
selection of 2G or 3G for the UE, bringing up circuit swilched fallback (CSFB), and conducting the voice call using circuit switch voice
services, not required by Groups |, lll and IV,

Group lll requires the special technical features of: completing a radio access technology (RAT) selection of 4G Long-term Evolution
(LTE) for the UE, and retrying a registration to the IMS for the UE, wherein retyring the registration is performed over 4G LTE, not
required by Groups |, Il and IV.

Group 1V requires the special technical features of: determining whether a 5G disable criteria has been met by the UE; and in response
to determining that the 5G disable criteria has been met by the UE, disabling 5G on the UE, not required by Groups I-lil.

Common Technical Features:

Groups I-IV share the technical features of: initiating a voice call, wherein the voice call comprises a voice session over 5G new radio
(NR) initiated via a user equipment (UE); determining a status of registration to an IP Multimedia Subsystem (IMS) for the UE; in
response to determining that the status of registration to the IMS for the UE indicates that the registration to the IMS.

However, these shared technical features do not represent a contribution over US 2020/0053134 A1 to Mediatek Inc. (hereinafter
"Mediatek") 13 February 2020 (13.02.2020).

Mediatek discloses

initiating a voice call, wherein the voice call comprises a voice session over 5G new radio (NR) initiated via a user equipment (UE) (call
setup, 5GS, UE, para [0007] "A solution of supporting IP multimedia subsystem (IMS) call setup in a next generation system (5GS) is
proposed. During a registration procedure, the network sends indications to a UE indicating whether IMS voice over PS session (VoPS)
over 3GPP access and over non-3GPP access is supported or not.");

determining a status of registration to an IP Multimedia Subsystem (IMS) for the UE (initia! registration and mobility and periodic
registration update, para {0021] "In accordance with one novel aspect, a method for handling IMS VoPS indication and supporting IMS
call setup in a next generation NG/5G system is proposed. In the example of FIG. 1, during an attach or registration procedure (including
initial registration, and mobility and periodic registration update), UE 101 receives indications from the network indicating whether IMS
VoPS over 3GPP access and non-3GPP access is supported or not. The indications can have two bits for two independent indicators,
one bit indicates whether IMS VoPS is supported over 3GPP access, another bit indicates whether IMS VoPS is supported over non-
3GPP access. UE 101 sends the registration request either via 3GPP access (e.g., a serving gNB), or via non-3GPP access (e.g., a
WiFi AP). UE 101 then receives the registration accept with the IMS VoPS indication. Based on the indications, UE 101 can decide
whether it should stay in the original RAT or register to another RAT for voice service. In one example, the registration accept message
provided by AMF 110 comprises a network feature support |E 130, which comprises multiple independent indicators indicating whether
IMS VoPS is supported over different radio access technologies (RATs), e.g., 3GPP and non-3GPP access."),

—~-Continued on next page--—
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in response to determining that the status of registration to the IMS for the UE indicates that the registration to the IMS (initial registration
and mobility and periodic registration update, para [0021] "In accordance with one novel aspect, a method for handling IMS VoPS
indication and supporting IMS call setup in a next generation NG/5G system is proposed. In the example of FIG. 1, during an attach or
registration procedure (including initial registration, and mobility and periodic registration update), UE 101 receives indications from the
network indicating whether IMS VoPS over 3GPP access and non-3GPP access is supported or not. The indications can have two bits
for two independent indicators, one bit indicates whether IMS VoPS is supported over 3GPP access, another bit indicates whether IMS
VoPS is supported over non-3GPP access. UE 101 sends the registration request either via 3GPP access (e.g., a serving gNB), or via
non-3GPP access (e.g., a WiFi AP). UE 101 then receives the registration accept with the IMS VoPS indication. Based on the
indications, UE 101 can decide whether it should stay in the original RAT or register to another RAT for voice service. In one example,
the registration accept message provided by AMF 110 comprises a network feature support [E 130, which comprises multiple
independent indicators indicating whether IMS VoPS is supported over different radio access technologies (RATs), e.g., 3GPP and non-
3GPP access.").

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
lhat would otherwise unifly the groups.

Groups |-il share the technical features of conducting the voice call.
However, these shared technical features do not represent a contribution over Mediatek.

Mediatek discloses conducting the voice call (para [0032] "FIG. 6 is a flow chart of a method of handiing IMS VoPS indication and
supporting IMS VoPS service accordance with a novet aspect.”).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups li-lll share the technical features of completing a radio access technology (RAT) selection for the UE.
However, these shared technical features do not represent a contribution over Mediatek.

Mediatek discloses completing a radio access technology (RAT) selection for the UE (perform voice domain selection for IMS VoPS
service, para [0031] "In another embodiment, the network can use a three-bit indication for separately indicating whether IMS VoPS is
supported over different RATS. Under this embodiment, the AMF can indicate whether IMS VoPS is supported over NR, LTE, and non-
3GPP access independently via the 5GS network feature support |E having a three-bit indication. For example, a first bit used to indicate
whether IMS VoPS is supported over 5G NR, a second bit is used to indicate whether IMS VoPS is supported over 4G LTE, and a third
bit used to indicate whether IMS VoPS is supported over non-3GPP access. At reception of the indicators, UE can stay with the current
RAT for IMS VoPS service if IMS VoPS is supported in the current RAT, UE can register to another RAT or perform voice domain
selection for IMS VoPS service if IMS VoPS is not supported in the current RAT but is supported in another RAT, or ignore incorrect
infarmation carried by the indication.").

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups lII-IV share the technical features of determining that the status of registration to the IMS for the UE indicates that the
registration to the IMS for the UE has failed.

However, these shared technical features do not represent a contribution over Mediatek.

Mediatek discloses

determining that the status of registration to the IMS for the UE indicates that the registration to the IMS for the UE has failed (if the
selection fails, para [0026] "In a first option, in step 331, UE 301 can perform Voice Domain Selection procedures as defined in the
3GPP specification. If UE 301 is set to "voice centric” for 5GS, then UE 301 should always try to ensure that voice service is possible. A
voice centric 5GC capable and EPC capable UE unable to obtain voice service in 5GS should not select a cell connected only to 5GS.
By disabling capabilities to access 5GS, the UE re-selects to E-UTRAN connected to EPC first. When the UE selects E-UTRAN
connected to EPC, the UE performs Voice Domain Selection procedures. After registration to EPS, the UE decides whether VoLTE,
CSFB, CS call will be applied by checking the IMS VoPS indication, success of combined attached, indication of "SMS only", etc. In a
second option, in step 332, UE 301 can stay in the current 5G 3GPP RAT, but also try to register with the network over non-3GPP
access for IMS VoPS service if the indication indicates that IMS VoPS is supported over non-3GPP access. If the selection fails,
including the case when, during the registration performed over either 3GPP or non-3GPP access, the UE receives the IMS Voice over
PS session Not Supported over Non-3GPP Access indication, the UE should attempt selecting the other access types in the selected
PLMN, if any. If that selection fails too, or it is not possible, then the UE may select another PLMN."),

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Therefore, Groups |-V lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/55233

Continuation of extra sheet:

Groups lI-1ll share the technical features of

completing a radio access technology (RAT) selection for the UE.

However, these shared technical features do not represent a contribution over Mediatek.
Mediatek discloses

completing a radio access technology (RAT) selection for the UE (perform voice domain selection for IMS VoPS service, para [0031] "In
another embodiment, the network can use a three-bit indication for separately indicating whether IMS VoPS is supported over different
RATS. Under this embodiment, the AMF can indicate whether IMS VoPS is supported over NR, LTE, and non-3GPP access
independently via the 5GS network feature support IE having a three-bit indication. For example, a first bit used to indicate whether IMS
VoPS is supported over 5G NR, a second bit is used to indicate whether IMS VoPS is supported over 4G LTE, and a third bit used to
indicate whether IMS VoPS is supported over non-3GPP access. At reception of the indicators, UE can stay with the current RAT for
IMS VoPS service if IMS VoPS is supported in the current RAT, UE can register to another RAT or perform voice domain selection for
IMS VoPS service if IMS VoPS is not supported in the current RAT but is supported in another RAT, or ignore incorrect information
carried by the indication.").

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Groups llI-IV share the technical features of

determining that the status of registration to the IMS for the UE indicates that the registration to the IMS for the UE has failed.
However, these shared technical features do not represent a contribution over Mediatek.

Mediatek discloses

determining that the status of registration to the IMS for the' UE indicates that the registration to the IMS for the UE has failed (if the
selection fails, para [0026] "In a first option, in step 331, UE 301 can perform Voice Domain Selection procedures as defined in the
3GPP specification. If UE 301 is set to “voice centric® for 5GS, then UE 301 should always try to ensure that voice service is possible. A
voice centric 5GC capable and EPC capable UE unable to obtain voice service in 5GS should not select a cell connected only to 5GS.
By disabling capabilities to access 5GS, the UE re-selects to E-UTRAN connected to EPC first. When the UE selects E-UTRAN
connected to EPC, the UE performs Voice Domain Selection procedures. After registration to EPS, the UE decides whether VoLTE,
CSFB, CS call will be applied by checking the IMS VoPS indication, success of combined attached, indication of "SMS only", etc. In a
second option, in step 332, UE 301 can stay in the current 5G 3GPP RAT, but also try to register with the network over non-3GPP
access for IMS VoPS service if the indication indicates that IMS VoPS is supported over non-3GPP access. If the selection fails,
including the case when, during the registration performed over either 3GPP or non-3GPP access, the UE receives the IMS Voice over
PS session Not Supported over Non-3GPP Access indication, the UE should attempt selecting the other access types in the selected
PLMN, if any. If that selection fails too, or it is not possible, then the UE may select another PLMN.").

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups.

Therefore, Groups |-V lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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