wo 2017/151259 A1 [N 00000 O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

8 September 2017 (08.09.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/151259 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HO4W 36/00 (2009.01) HO4W 76/02 (2009.01)
HO4W 36/14 (2009.01) HO4W 60/00 (2009.01)

International Application Number:
PCT/US2017/015788

International Filing Date:

31 January 2017 (31.01.2017)
Filing Language: English
Publication Language: English
Priority Data:
62/304,027 4 March 2016 (04.03.2016) US

Applicant: INTEL IP CORPORATION [US/US]; 2200
Mission College Boulevard, Santa Clara, California 95054

(US).

Inventors: DASH, Deepak; Madhusudan Nagar, Khordha-
2, Khordha 752056 (IN). GOWDA BASAVARAJAPPA,
Nitin; 444 Saratoga Ave. Apt. 4H, Santa Clara, California
95050 (US). SOBHAN MADUPU, Anuroop; B-505, SV
Heights, Channasandra Main Road, Hopefarm Junction,
Bangalore 560066 (IN).

Agent: ESCHWEILER, Thomas G.; ESCHWEILER &
POTASHNIK, LLC, 629 Euclid Avenue, Suite 1000, Clev-
eland, Ohio 44114 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: CIRCUIT SWITCHED FALL BACK (CSFB) IMPROVED STATE HANDLING

FIG. 4a

[402 [404

400
re

[406

[405

| User/AP | | UE NAS |

| UE AS |

| Network

| UE is in a failure state

410

Non-EPS$ service
request

412
Non-Lé;eH camp

request

| UE camps en te a nen-LTE RAT cell

414

Non-LTE cell camp
confirm

Initiate non-LTE registration if required, followed by processing CM sublayer
request

(57) Abstract: An apparatus for a user equipment (UE) in a circuit-switched fall back (CSFB) enabled long term evolution (LTE)
network is disclosed. The apparatus comprises one or more processors to determine that a circuit-switched (CS) communication ses -
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CIRCUIT SWITCHED FALL BACK (CSFB) IMPROVED STATE HANDLING

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of provisional Application No. 62/304,027,
filed March 4, 2016, entitled “NAS STATE HANDLING FOR CIRCUIT SWITCHED

FALLBACK?”, the contents of which are herein incorporated by reference in their entirety.

FIELD

[0002] The present disclosure relates to circuit switched fall back (CSFB) enabled
long term evolution (LTE) networks and in particular, to a method for improved state
handling for CSFB procedure in CSFB enabled LTE networks.

BACKGROUND

[0003] A mobile network may support communication with mobile devices. In some
cases, a mobile device may experience degradation in performance for any number of
reasons. As an example, the mobile device may be out of coverage of base stations in
the network. As another example, the network may experience congestion or other
issues. In these and other scenarios, a performance of the device and/or a user
experience may suffer. Accordingly, there is a general need for methods and systems

for improving performance in these and other scenarios.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Some examples of circuits, apparatuses and/or methods will be described in
the following by way of example only. In this context, reference will be made to the

accompanying Figures.

[0005] Fig. 1 illustrates a simplified block diagram of a circuit switched fall back
(CSFB) enabled packet switched (PS) network, according to one embodiment of the

disclosure.
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[0006] Fig. 2 illustrates a simplified block diagram of a circuit switched fall back
(CSFB) enabled long term evolution (LTE) network, according to one embodiment of the

disclosure.

[0007] Fig. 3 illustrates a block diagram of an apparatus for use in a user equipment
(UE) in a GSFB enabled PS network, according to various embodiments described

herein.

[0008] Fig. 4a illustrates the events that may occur and/or the operations that may
be performed related to a reception of a non-EPS service request for initiating a mobile
originating (MO) CS voice call, from the connection management (CM) sub-layer within
a user equipment (UE) while the UE operates in a failure state, according to an

embodiment of the disclosure.

[0009] Fig. 4b illustrates the events that may occur and/or the operations that may
be performed related to a reception of a CS domain paging for initiating a mobile
terminating (MT) CS voice call at a user equipment (UE) while the UE operates in EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, according to an embodiment of

the disclosure.

[0010] Fig. 5 illustrates a flow chart of a method for a UE in a CSFB enabled PS

network, according to one embodiment of the disclosure.

[0011] Fig. 6 illustrates, example components of a User Equipment (UE) device, for

the various embodiments described herein.

[0012] FIG. 7 is a functional diagram of a 3GPP long term evolution (LTE) network,

in accordance with some embodiments.
DETAILED DESCRIPTION

[0013] In one embodiment of the disclosure, an apparatus for a user equipment
(UE) in a circuit-switched fall back (CSFB) enabled long term evolution (LTE) network is
disclosed. The apparatus comprises one or more processors; and a memory including
instructions comprising operations, for execution via the one or more processors, to

determine that a circuit-switched (CS) communication session comprising a mobile
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originating (MO) CS call or a mobile terminating (MT) CS call is to be established for the
UE and determine whether the UE is in a failure state comprising an evolved packet
system mobility management (EMM)-REGISTERED.ATTEMPTING-TO-UPDATE-MM
or an EMM-REGISTERED.PLMN-SEARCH or an EMM-REGISTERED.LIMITED-
SERVICE. The instructions comprise further operations to attempt to select an available
non-LTE network that supports CS services, when the UE is in the failure state, by
providing, via the one or more processors, one or more service related messages to a
base station of the available non-LTE network as part of an establishment of a CS

communication session comprising the MO CS call.

[0014] In one embodiment of the disclosure, an apparatus for a user equipment
(UE) in a circuit-switched fall back (CSFB) enabled packet-switched (PS) network is
disclosed. The apparatus comprises one or more processors; and a memory including
instructions comprising operations, for execution via the one or more processors, to
determine that a circuit-switched (CS) communication session comprising a mobile
originating (MO) CS call or a mobile terminating (MT) CS call is to be established for the
UE and determine whether the UE is in a failure state comprising a first state wherein
the UE is successfully registered for a PS communication session with a PS-domain
associated with the CSFB enabled PS network, and wherein the UE is not registered for
a GS-communication session with a CS-domain associated with the CSFB enabled PS
network, at least partly due to a temporary issue associated with the CS-domain; or a
second state wherein the UE is searching for public land mobile networks (PLMNSs); or a
third state wherein a cell selected by the UE is known not to be able to provide normal
service and wherein the UE is searching for a suitable cell. The instructions comprise
further operations to attempt to select an available CS network, when the UE is in the
failure state, by providing, via the one or more processors, one or more service related
messages to a CS base station of the available CS network as part of an establishment

of the CS communication session comprising the MO CS call.

[0015] In one embodiment of the disclosure, a method for a user equipment (UE) in
a circuit-switched fall back (CSFB) enabled packet-switched (PS) network is disclosed.
The method comprises determining that a circuit-switched (CS) communication session
comprising a mobile originating (MO) CS call or a mobile terminating (MT) CS call is to

be established for the UE, at a processing circuit and determining, at the processing

3
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circuit, whether the UE is in a failure state comprising a first state wherein the UE is
successfully registered for a PS communication session with a PS-domain associated
with the CSFB enabled PS network, and wherein the UE is not registered for a CS-
communication session with a CS-domain associated with the CSFB enabled PS
network, at least partly due to a temporary issue associated with the CS-domain; or a
second state wherein the UE is searching for public land mobile networks (PLMNSs); or a
third state wherein a cell selected by the UE is known not to be able to provide normal
service and wherein the UE is searching for a suitable cell. The method further
comprises attempting to select an available CS network, by providing , by the
processing circuit, one or more service related messages to a CS base station of the
available CS network as part of an establishment of the CS communication session

comprising the MO GCS call, when the UE is in the failure state.

[0016] The present disclosure will now be described with reference to the attached
drawing figures, wherein like reference numerals are used to refer to like elements

throughout, and wherein the illustrated structures and devices are not necessarily drawn

interface,

to scale. As utilized herein, terms “component,” “system, circuit” and the
like are intended to refer to a computer-related entity, hardware, software (e.g., in
execution), and/or firmware. For example, a component can be a processor (e.g., a
microprocessor, a controller, or other processing device), a process running on a
processor, a controller, an object, an executable, a program, a storage device, a
computer, a tablet PC and/or a user equipment (e.g., mobile phone, etc.) with a
processing device. By way of illustration, an application running on a server and the
server can also be a component. One or more components can reside within a process,
and a component can be localized on one computer and/or distributed between two or
more computers. A set of elements or a set of other components can be described

herein, in which the term “set” can be interpreted as “one or more.”

[0017] Further, these components can execute from various computer readable
storage media having various data structures stored thereon such as with a module, for
example. The components can communicate via local and/or remote processes such as
in accordance with a signal having one or more data packets (e.g., data from one

component interacting with another component in a local system, distributed system,
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and/or across a network, such as, the Internet, a local area network, a wide area

network, or similar network with other systems via the signal).

[0018] As another example, a component can be an apparatus with specific
functionality provided by mechanical parts operated by electric or electronic circuitry, in
which the electric or electronic circuitry can be operated by a software application or a
firmware application executed by one or more processors. The one or more processors
can be internal or external to the apparatus and can execute at least a part of the
software or firmware application. As yet another example, a component can be an
apparatus that provides specific functionality through electronic components without
mechanical parts; the electronic components can include one or more processors
therein to execute software and/or firmware that confer(s), at least in part, the

functionality of the electronic components.

[0019] Use of the word exemplary is intended to present concepts in a concrete
fashion. As used in this application, the term “or” is intended to mean an inclusive “or”
rather than an exclusive “or”. That is, unless specified otherwise, or clear from context,
“X employs A or B” is intended to mean any of the natural inclusive permutations. That
is, if X employs A; X employs B; or X employs both A and B, then “X employs A or B” is
satisfied under any of the foregoing instances. In addition, the articles “a” and “an” as
used in this application and the appended claims should generally be construed to
mean “one or more” unless specified otherwise or clear from context to be directed to a
singular form. Furthermore, to the extent that the terms "including”, "includes”, "having",
"has", "with", or variants thereof are used in either the detailed description and the
claims, such terms are intended to be inclusive in a manner similar to the term

"comprising."

[0020] The following detailed description refers to the accompanying drawings. The
same reference numbers may be used in different drawings to identify the same or
similar elements. In the following description, for purposes of explanation and not
limitation, specific details are set forth such as particular structures, architectures,
interfaces, techniques, etc. in order to provide a thorough understanding of the various
aspects of various embodiments. However, it will be apparent to those skilled in the art

having the benefit of the present disclosure that the various aspects of the various
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embodiments may be practiced in other examples that depart from these specific
details. In certain instances, descriptions of well-known devices, circuits, and methods
are omitted so as not to obscure the description of the various embodiments with

unnecessary detail.

[0021] As indicated above, a mobile device may experience degradation in
performance for any number of reasons. For instance, in a circuit switched fall back
(CSFB) enabled packet switched (PS) network such as a CSFB enabled 3GPP long
term evolution (LTE) network, the network comprises a PS-portion (or PS-domain) that
handles PS communication sessions or PS services (i.e., data services) associated with
the network and a circuit-switched (CS) portion (or CS-domain) that handles CS
communication sessions or CS services (i.e., voice calls) associated with the network.
A typical PS network supports only PS services. When a voice call (also referred to as
CS call or a CS voice call throughout the disclosure) is initiated in a CSFB enabled PS
network, the network may cause the voice call to be transferred from the PS portion of
the network to the CS portion of the network. Transferring a voice call in this manner is
referred to as the CSFB. In some embodiments, a core network associated with the
CSFB enabled PS network allows different radio access technologies (RATs) to work
together in an integrated manner, in order to support both PS services and CS services
associated with the network. For example, in the CSFB enabled 3GPP long term
evolution (LTE) network, the PS-domain can include a 3GPP LTE network that supports
only PS services and the CS-domain can include universal mobile telecommunications
system (UMTS), global system for mobile communications (GSM) etc. that supports CS
services. Alternately, in other embodiments, the PS-domain and the CS domain can
include other RATs. In some embodiments, in order to facilitate the CSFB procedure,
the LTE coverage should be overlapped by either the GSM or the UMTS coverage, in
the CSFB enabled 3GPP LTE network.

[0022] A user equipment (UE) that is camped on to the CSFB enabled PS network
may support multiple RATs and is known as a multi-mode UE. In further discussions
below, all instances of UEs include multi-mode UEs and will be referred to hereinafter
as a “UE”. A CSFB enabled multi-mode UE has the capability to switch from the PS
portion to the CS portion of the CSFB enabled PS network in order to send/receive CS

voice calls using the CSFB procedure. In some embodiments, in order to facilitate a
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voice call for the UE using the CSFB procedure, the CSFB enabled PS network
redirects the multi-mode UE from the PS portion of the network to the CS portion of the
network. However, mobile originated (MO) CS calls and mobile terminated (MT) CS
calls in CFSB enabled PS networks through CSFB procedure are not always
successful. There are some conditions in which the UE in the CSFB enabled PS
network is unable to successfully perform a voice call through CSFB procedure. In
some embodiments, these conditions include states or sub-states associated with the
UE, referred to herein as failure states. In some embodiments, for example, the states
include EPS mobility management (EMM) states associated with the UE, as defined in
the 3GPP standard for LTE networks and the failure states includes one or more
specific EMM states associated with the UE. When the UE is in a failure state, a MO
CS voice call (e.g., user triggered voice call) or a MT CS voice call at the UE will be
rejected or delayed due to additional signaling overhead between the UE and the
network to first recover from the failure state before the CS call request can be
processed, thus resulting in a dropped phone call. That is, in typical CSFB enabled PS
network, for example, the CSFB enabled 3GPP LTE network, a CS voice call through
CSFB procedure will be successful only when the UE is in a non-failure state associated

therewith.

[0023] In some embodiments, the failure states associated with the UE does not
indicate unavailability of CS-domain services for UE in served CSFB enabled PS
network or a served LTE cell. Rather these states indicate, in some embodiments, a
temporary failure due to race condition with other non-access stratum (NAS) procedure
or temporary failure at access stratum (AS) due to bad radio conditions of the serving
CSFB enabled PS network or the serving LTE cell. Therefore, in such embodiments,
there is a high possibility to make mobile originated CS calls and mobile terminated CS
calls successful, even when the UE is in a failure state. Therefore, in order to improve
the success rate of mobile originated (MO) CS calls and mobile terminated (MT) CS
calls in CFSB enabled PS networks, a method for improved state handling of the multi-
mode UEs, is proposed in this disclosure. In some embodiments, the proposed method
enables to handle MO CS calls or MT CS calls in CSFB enabled PS networks, even
when the UE is in a failure state, the details of which are given in various embodiments

described herein.
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[0024] Fig. 1 illustrates a simplified block diagram of a circuit switched fall back
(CSFB) enabled packet switched (PS) network 100, according to one embodiment of
the disclosure. The CSFB enabled PS network 100 comprises a UE 102, a PS base
station 104 and a core network 112. In some embodiments, the core network 112
comprises a PS core 106 configured to handle PS communication sessions or services
(data services) associated with the CSFB enabled PS network 100 and a CS core 108
configured to handle circuit switched (CS) communication sessions or services (i.e.,
voice call) associated with the CSFB enabled PS network 100. In some embodiments,
the CSFB enabled PS network 100 further comprises a CS base station 110 associated
with the CS core 108 and configured to facilitate CS services associated with the CSFB
enabled PS network 100. In some embodiments, CS base station referred to herein

comprises base stations supporting CS services and in some instances, PS services.

[0025] In some embodiments, the PS base station 104 and the PS core 106
comprises a PS portion 116 of the CSFB enabled PS network 100, and the CS base
station 110 and the CS core 108 comprises a CS portion 118 of the CSFB enabled PS
network 100. In some embodiments, the CS base station 110 and the CS core 108 can
handle both the CS services and PS services. As a non-limiting example, the PS
portion 116 may support a packet service such as Evolved Packet Service (EPS) and
the PS communication session may include an EPS communication session. Similarly,
the CS portion 118 may support both EPS services and non-EPS services and the CS
communication session may include a non-EPS communication session. In some
embodiments, the CS portion 118 may comprise one or more CS networks that support
both CS and in some instances, PS services. In some embodiments, the CSFB
enabled PS network 100 further comprises an interface 114 that couples the PS core
106 and the CS core 108. In some embodiments, the interface 114 facilitates the PS
portion 116 of the network 100 and the CS portion 118 of the network 100 to work in an
integrated manner to provide both PS services and CS services to the UE 102. In some
embodiments, the UE 102, when camped on to the PS portion 116 of the CSFB enabled
PS network 100, is configured to be registered to both the PS core 106 and the CS core
108.

[0026] In some embodiments, the CSFB enabled PS network 100 allows different

radio access technologies (RATs) to work together in an integrated manner, in order to
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support both PS services and CS services associated with the network. As a non-
limiting example, in some embodiments, the CSFB enabled PS network 100 can
comprise a CSFB enabled 3GPP long term evolution (LTE) network. In some
embodiments, the CSFB enabled LTE network can comprise a 3GPP LTE network as
the PS portion and a non-LTE RAT as the CS portion. In some embodiments, the non-
LTE RAT can comprise universal terrestrial radio access network (UTRAN) or 3G
network. In other embodiments, the non-LTE RAT can comprise a GSM EDGE radio
access network (GERAN) or 2G network. Further, in other embodiments, the non-LTE
RAT can comprise other RATs that supports CS services and in some instances, PS

services.

[0027] In some embodiments, when the UE 102 is camped on to the PS portion 116
of the CSFB enabled PS network 100, the UE 102 is configured to establish a PS
communication session or a CS communication session or both, based on a state or
sub-state associated with the UE 102. In some embodiments, for example, in 3SGPP
LTE networks, these states correspond to the EPS mobility management (EMM) states
associated with a UE. In some embodiments, the EMM states of the UE result from
mobility management (MM) procedures associated with the UE, e.g., attach and
tracking area update (TAU) procedures. In some embodiments, the state associated
with the UE 102 comprises a failure state and a normal state (which may be a non-

failure state in some cases).

[0028] In some embodiments, the UE 102 is configured to determine a state
associated with the UE 102, prior to establishing a CS communication (i.e., an mobile
originated (MO) voice call or a mobile terminated (MT) voice call) for the UE 102. As an
example, it may be determined whether the UE 102 is to operate in the failure state
and/or normal state based at least partly on a network condition of the PS portion 116,
such as network congestion and/or other condition. As another example, it may be
determined that the UE 102 is to operate in the failure state and/or normal state based
at least partly on issues related to an air interface between the UE 102 and the PS base
station 104, network coverage of the UE 102 and/or other performance measurement
related to a wireless link between the UE 102 and the PS base station 104. As another
example, it may be determined that the UE 102 is to operate in the failure state and/or

normal state based at least partly on a temporary issue of the interface 114 between the

9
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PS core 106 and the CS core 108. These examples are not limiting, however, as other
factors may be used to determine whether the UE 102 is to operate in the failure state

and/or normal state.

[0029] In some embodiments, the failure state associated with the UE 102 can
comprises one or more failure states. In some embodiments, a first failure state
comprises a state in which the UE 102 is successfully registered for a PS
communication session with the PS core 106 associated with the CSFB enabled PS
network 100, and wherein the UE is not registered for a CS-communication session with
the CS core 108 associated with the CSFB enabled PS network 100. In some
embodiments, the UE 102 may enter the first failure state due to temporary issue of the
interface 114 between the PS core 106 and the CS core 108. However, in other
embodiments, other factors can also cause the UE 102 to operate in the first failure
state. As a non-limiting example, for example, in the case of 3GPP LTE networks, the
first failure state can comprise an EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM
state of the UE.

[0030] In some embodiments, a second failure state of the UE 102 comprises a
state in which the UE 102 is searching for public land mobile networks (PLMNs). In
some embodiments, the UE 102 may enter the second failure state due to a network
coverage issue of the UE 102 (with the PS portion 116) or due to a rejection from a
current PLMN the UE 102 is associated with. However, in other embodiments, other
factors can also cause the UE 102 to operate in the second failure state. As a non-
limiting example, for example, in the case of 3GPP LTE networks, the second failure
state can comprise an EMM-REGISTERED.PLMN-SEARCH state of the UE. In some
embodiments, a third failure state of the UE 102 comprises a state in which the UE 102
is searching for a suitable cell. In some embodiments, the UE 102 may enter the third
failure state when a cell selected by the UE is known not to be able to provide normal
service due to a high-load situation or other factors associated with the network (e.g.,
the PS portion 116). As a non-limiting example, for example, in the case of 3GPP LTE
networks, the third failure state can comprise an EMM-REGISTERED.LIMITED-
SERVICE state of the UE. In some embodiments, a normal state (or non-failure state)
associated with the UE 102 comprises a state in which the UE 102 is successfully

registered for a PS communication session with the PS core 106 associated with the

10
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CSFB enabled PS network 100, and for a CS-communication session with the CS core
108 associated with the CSFB enabled PS network 100 and has no other network
related issues. As a non-limiting example, for example, in the case of 3GPP LTE
networks, the normal state can comprise an EMM-REGISTERED.NORMAL-SERVICE
state of the UE.

[0031] In some embodiments, in order to establish a CS communication session
comprising a MO GCS voice call or an MT CS voice call for the UE 102 that is camped on
to the PS portion 116, the UE 102 is configured to determine that a CS communication
session (i.e., the MO CS voice call or the MT CS voice call) is to be established. As a
non-limiting example, the determination that the CS communication session (i.e., mobile
originated (MO) voice call) is to be established may be based at least partly on a service
request generated, at the UE 102, by a connection management (CM) sub-layer of the
UE 102. Further, in some embodiments, the determination that the CS communication
session comprising the MT CS call is to be established may be based on a CS domain
paging indicating that an MT CS call is to be established for the UE 102, received from
the core network 112 associated with the CSFB enabled PS network 100. In some
embodiments, the CS communication session may include a non-EPS communication
session, although embodiments are not limited as such, and any suitable CS
communication session may be used. Upon determining that the CS communication
session is to be established, the UE 102 is configured to determine a state (e.g., the
EMM state in 3GPP) associated with the UE. For example, the UE 102 is configured to
determine if the UE 102 is operating in the first failure state, the second failure state, the

third failure state or the normal state.

[0032] In some embodiments, if it is determined that the UE 102 is operating in the
normal state (or the non-failure state), the UE 102 is configured to transmit a message,
for example, an extended service request message, to the PS base station 104, in order
to establish the CS communication session (i.e., the MO CS voice call or the MT CS
voice call). In some embodiments, the extended service request message may include
status information for a PS communication session and may further include an indicator
that the CS communication session is to be established. In such embodiments, the CS
communication session is established by switching the UE 102 from the PS portion 116

of the network 100 to the CS portion 118 of the network 100. In such embodiments, the
11
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switching the UE 102 from the PS portion 116 to the CS portion 118 is initiated by the
network (e.g., the PS core 106). As a non-limiting example, in 3GPP enabled LTE
networks, when the UE is in the EMM-REGISTERED.NORMAL-SERVICE (i.e., the
normal state), the CS communication session (i.e., the MO CS voice call or the MT CS
voice call) is established through the CSFB procedure. In some embodiments, the
CSFB procedure comprises switching the UE from an LTE network to a non-LTE RAT
(e.g., UTRAN or GERAN), in order to establish the CS communication session. In such
embodiments, the switching of the UE from an LTE network to the non-LTE RAT is
initiated by the LTE network, for example, by a mobility management entity (MME)

associated with the LTE network.

[0033] However, in some embodiments, if it is determined that UE 102 is operating
in the first failure state, the second failure state or the third failure state, and it is
determined that the UE 102 is configured to establish a CS communication session
comprising an MO GS voice call, the UE 102 is configured to attempt to select an
available CS network (e.g., a non-LTE RAT) in order to establish the CS communication
session (i.e., the MO voice call). For example, in some embodiments, the UE 102 is
configured to transmit one or more service related messages to a CS base station of the
CS network that facilitates standard mobility management (MM) procedures, in order to
establish the CS communication session. In some embodiments, where the UE 102 is
not registered with the available CS network, the one or more service related messages
can include a CS registration message to establish registration with the CS network, in
order to establish the CS communication session comprising the MO CS voice call. In
some embodiments, the UE 102 may transmit, when it is determined that a group of one
or more CS base stations is available, a service related message for the CS connection
to at least one of the CS base stations in the group. In some embodiments, the
available CS base stations may be part of the CS portion 118 of the CSFB enabled PS
network 100. However, in other embodiments, the available CS base stations may not
be inclusive to the CS portion 118 of the CSFB enabled PS network 100.

[0034] In such embodiments, the UE 102 is further configured to refrain from
transmission of messages (e.g., the extended service request message to initiate the
CSFB procedure) to the PS base station 104 for the establishment of the CS

communication session (i.e., the MO CS voice call). In such embodiments, the network
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(e.g., the PS core 106) is not involved in initiating the CS communication session and is
initiated by the UE 102 itself. As a non-limiting example, in 3GPP enabled LTE
networks, when the UE is in a failure state comprising the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM or the EMM-REGISTERED.PLMN-
SEARCH or the EMM-REGISTERED.LIMITED-SERVICE, the UE is configured to select
an available UTRAN or a GERAN network (i.e., legacy networks), in order to establish

the CS communication session (i.e., the MO CS voice call).

[0035] In some embodiments, the UE 102 is configured to determine an availability
of one or more CS networks, prior to selecting a CS network for the CS communication
session. Non-limiting examples of such CS networks may include UMTS, GERAN
and/or other CS network which may or may not operate in accordance with the 3GPP
standard. In some embodiments, the determination of the availability of the CS
network(s) may be based at least partly on a monitoring for transmissions by CS
networks. For instance, the UE 102 may monitor for such transmissions by attempting
to receive a signal (such as a beacon signal or other) from a CS network. Accordingly,
the UE 102 may attempt to detect a presence of one or more CS base stations based at
least partly on a monitoring, by the UE 102, for CS network signals. In some
embodiments, the UE 102 may attempt to determine an availability of at least one CS

base station to support the CS communication session.

[0036] Further, as indicated above, the UE 202 may enter the first failure state due
to temporary issue of the interface 114 between the PS core 106 and the CS core 108.
In such embodiments, the CS core 108 may not be able to provide an MT CS paging
message to the UE 102, in order to establish a CS communication session comprising
the MT CS voice call. However, in some embodiments, when the temporary issue of
the interface 114 is resolved and an MT voice call has to be established for the UE 102,
the CS core 108 is configured to provide a paging message (e.g., the MT CS paging) to
the UE 102 via the PS core 106, with the IMSI identifier that identifies the UE 102, in
order to initiate a re-registration of the UE 102 with the CS core 108. In such
embodiments, the UE 202 can receive the MT CS paging message that indicates that
an MT voice call is to be established for the UE 102, even when the UE 102 is in the
first failure state. In some embodiments, upon receiving the MT CS paging, when the

UE 102 is in the first failure state, the UE 102 is configured to provide/receive one or
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more registration related messages to the core network 112, in order to register (or re-
register) the UE 102 with the PS core 106 and the CS core 108. Upon completion of
the re-registration or registration procedure, the UE 102 is establish the MT voice call
through appropriate CSFB procedure. In some embodiments, the UE 102 is configured
to provide an extended service request message comprising an indicator that the CS
communication session comprising the MT CS voice call is to be established, in order to

initiate the CSFB procedure.

[0037] Fig. 2 illustrates a simplified block diagram of a circuit switched fall back
(CSFB) enabled long term evolution (LTE) network 200, according to one embodiment
of the disclosure. In some embodiments, the CSFB enabled LTE network 200 depicts
one possible way of implementation of the CSFB enabled PS network 100 in Fig. 1.
However, other possible ways of implementation of the CSFB enabled LTE network 100
are also contemplated to be within the scope of this disclosure. The CSFB enabled LTE
network 200 comprises a UE 202, an EUTRAN (or eNodeB) 204 and a core network
212. In some embodiments, the core network 212 comprises a mobility management
entity (MME) 206 configured to handle PS communication sessions or services (data
services) associated with the CSFB enabled LTE network 200 and a non-LTE core 207
configured to handle circuit switched (CS) communication sessions or services (i.e.,
voice call) associated with the CSFB enabled LTE network 200. In some embodiments,
the CSFB enabled LTE network 200 further comprises a non-LTE base station 210
associated with the non-LTE core 207 and configured to facilitate CS services
associated with the CSFB enabled PS network 200. In some embodiments, the non-
LTE core 207 and the non-LTE base station 210 facilitates both PS services and CS

services.

[0038] In some embodiments, the EUTRAN 204 and the MME 206 comprises an
LTE network 216 which forms a PS portion of the CSFB enabled LTE network 200, and
the non-LTE base station 210 and the non-LTE core 207 comprises a legacy network
218, which forms a CS portion of the CSFB enabled LTE network 200. In some
embodiments, the legacy network 218 can comprise one or more legacy networks or
CS networks, for example, UTRAN (i.e., 3G), GERAN (i.e., 2G) etc. However, other CS
networks can also be part of the legacy network 218, in other embodiments. In some

embodiments, the non-LTE base station 210 can comprise one or more base stations
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associated with the one or more legacy networks, for example, GERAN, UTRAN etc. In
some embodiments, the non-LTE core 207 comprises an MSC server 208 configured to
handle CS services associated with the legacy network 218 and a serving GPRS
support node (SGSN) 209 configured to handle PS services associated with the legacy
network 218. In some embodiments, the CSFB enabled LTE network 200 further
comprises an SGs interface 214 that couples the MME 206 and the MSC server 208. In
some embodiments, the SG interface 214 facilitates the LTE network 216 and the
legacy network 218 of the CSFB enabled LTE network 200 to work in an integrated
manner to provide both PS services and CS services to the UE 202. In some
embodiments, the UE 202, when camped on to the LTE network 216 of the CSFB
enabled LTE network 200, is configured to be registered to both the MME 206 and the
MSC server 208.

[0039] In some embodiments, when the UE 202 is camped on to the LTE network
216 of the CSFB enabled LTE network 200, the UE 202 is configured to establish a PS
communication session or a CS communication session or both, based on a state or
sub-state associated with the UE 202. In some embodiments, these states correspond
to the EPS mobility management (EMM) states associated with the UE 202. In some
embodiments, the EMM states of the UE 202 result from mobility management (MM)
procedures associated with the UE 202, e.g., attach and tracking area update (TAU)
procedures. In some embodiments, the state associated with the UE 202 comprises a
failure state and a normal state (which may be a non-failure state in some cases). In
some embodiments, the UE 202 is configured to determine a state associated with the
UE 202, prior to establishing a CS communication (i.e., a mobile originating (MO) CS
voice call or mobile terminating (MT) CS voice call) for the UE 202. In some
embodiments, the failure state associated with the UE 202 comprises one or more
failure states, for example, a first failure state, a second failure state and a third failure

state.

[0040] In some embodiments, the first failure state can comprise an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state of the UE 202. In some
embodiments, in the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state, the
UE 202 is successfully registered for a PS communication session with the MME 206

not registered for a CS-communication session with the MSC server 208. In some
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embodiments, the UE 202 may enter the EMM-REGISTERED.ATTEMPTING-TO-
UPDATE-MM state due to temporary issue of the SG interface 214 between the MME
206 and the MSC server 208. As a non-limiting example, in some embodiments, the
UE 202 can enter the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state when
a combined attach procedure or a combined tracking area update (TAU) procedure for
the UE 202 in the CSFB enabled LTE network 200 is successful for EPS services only,
as indicated in the 3GPP technical specification (TS) 24.301. In such embodiments, the
UE 202 enters the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state when an
attach accept message associated with the combined attach procedure or a TAU accept
message associated with the combined TAU procedure, returns EMM cause values #16
(MSC temporarily not reachable), #17 (Network failure) or # 22 (Congestion), as
indicated in the 3GPP TS 24.301. However, in other embodiments, other factors can
also cause the UE 202 to operate in the EMM-REGISTERED.ATTEMPTING-TO-
UPDATE-MM state.

[0041] In some embodiments, the second failure state of the UE 202 can comprise
an EMM-REGISTERED.PLMN-SEARCH state of the UE 202. In some embodiments,
in the EMM-REGISTERED.PLMN-SEARCH state, the UE 202 is searching for public
land mobile networks (PLMNs). In some embodiments, the UE 202 may enter the
EMM-REGISTERED.PLMN-SEARCH state due to a network coverage issue of the UE
202 or due to a rejection from a current PLMN the UE 202 is associated with. As a non-
limiting example, in some embodiments, the UE 202 can enter the EMM-
REGISTERED.PLMN-SEARCH state if tracking area updating/combined tracking area
updating of the UE 202 cannot be accepted by the network 216 and the MME 206
sends a TRACKING AREA UPDATE REJECT message to the UE 202 including an
appropriate EMM cause value, for example, #13 (roaming not allowed in this tracking
area), as indicated in the3GPP TS 24.301. As another non-limiting example, in some
embodiments, the UE 202 can enter the EMM-REGISTERED.PLMN-SEARCH state, if
a service request from the UE 202 cannot be accepted by the network 216 and the
MME 206 shall return a SERVICE REJECT message to the UE 202 including an
appropriate EMM cause value, for example, #13 (roaming not allowed in this tracking
area), as indicated in the3GPP TS 24.301. However, in other embodiments, other
factors can also cause the UE 202 to operate in the EMM-REGISTERED.PLMN-

SEARCH state.
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[0042] In some embodiments, the third failure state of the UE 202 can comprise an
EMM-REGISTERED.LIMITED-SERVICE state. In some embodiments, in the EMM-
REGISTERED.LIMITED-SERVICE state, the UE 202 is searching for a suitable cell. In
some embodiments, the UE 202 may enter the EMM-REGISTERED.LIMITED-
SERVICE state when a cell selected by the UE is known not to be able to provide
normal service due to a high-load situation or other factors associated with the LTE
network 216. As a non-limiting example, in some embodiments, the UE 202 can enter
the EMM-REGISTERED.LIMITED-SERVICE state if tracking area updating/combined
tracking area updating of the UE 202 cannot be accepted by the network 216 and the
MME 206 sends a TRACKING AREA UPDATE REJECT message to the UE 202
including an appropriate EMM cause value, for example, #15 (no suitable cells in the
tracking area), #25 (not authorized for this CSG), as indicated in the3GPP TS 24.301.
As another non-limiting example, in some embodiments, the UE 202 can enter the
EMM-REGISTERED.LIMITED-SERVICE state, if a service request from the UE 202
cannot be accepted by the network 216 and the MME 206 shall return a SERVICE
REJECT message to the UE 202 including an appropriate EMM cause value, for
example, #15 (no suitable cells in the tracking area), #25 (not authorized for this CSG),
as indicated in the3GPP TS 24.301. However, in other embodiments, other factors can
also cause the UE 202 to operate in the EMM-REGISTERED.LIMITED-SERVICE state.
In some embodiments, a normal state (or non-failure state) associated with the UE 202
can comprise an EMM-REGISTERED.NORMAL-SERVICE state.

[0043] In some embodiments, the UE 202 is configured to determine that a CS
communication session is to be established, in order to establish a mobile originated
(MO) CS voice call or an MT CS voice call for the UE 202 that is camped on to the LTE
network 216. As a non-limiting example, the determination that the CS communication
session (i.e., the MO CS voice call) is to be established may be based at least partly on
a service request generated, at the UE 202, by a connection management (CM) sub-
layer of the UE 202. Further, in some embodiments, the determination that the CS
communication session comprising the MT CS call is to be established may be based
on a GS domain paging indicating that an MT CS call is to be established for the UE
202, received from the core network 212 associated with the CSFB enabled LTE
network 200. In some embodiments, the CS communication session may include a

non-EPS communication session, although embodiments are not limited as such, and
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any suitable CS communication session may be used. Upon determining that a CS
communication session (i.e., the MO CS voice call or the MT CS voice call) is to be
established, the UE 202 is configured to determine the EMM state associated with the
UE 202. For example, the UE 202 is configured to determine if the UE 102 is operating
in the first failure state, the second failure state, the third failure state or the normal

state.

[0044] In some embodiments, if it is determined that the UE 202 is operating in the
EMM-REGISTERED.NORMAL-SERVICE, the UE 202 is configured to establish the CS
communication session (i.e., an MO voice call or a mobile terminating (MT) voice call)
through the CSFB procedure. In some embodiments, the CSFB procedure comprises
switching the UE 202 from the LTE network 216 to the non-LTE network 218. In some
embodiments, the switching the UE 202 from the LTE network 216 to the non-LTE
network 218 is initiated by the LTE network 216 (e.g., the MME 206). In such
embodiments, in order to establish the MO CS voice call or the MT CS through the
CSFB procedure, the UE 202 is configured to transmit a message, for example, an
extended service request message to the eNodeB 204. In some embodiments, the
extended service request message may include status information for a PS
communication session and may further include an indicator that the CS communication
session (i.e., the MO CS voice call or the MT CS voice call) is to be established. In
some embodiments, the determination that the MT CS voice call is established for the

UE 202 is made, based on a paging message from the MME.

[0045] However, in some embodiments, if it is determined that UE 202 is operating
in the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state or the EMM-
REGISTERED.PLMN-SEARCH state or the EMM-REGISTERED.LIMITED-SERVICE
state, and it is determined that the UE 202 is configured to establish a CS
communication session comprising a MO CS voice call, UE 202 is configured to
transmit one or more service related messages to a non-LTE base station (e.g., the
non-LTE base station 210) that facilitates standard mobility management (MM)
procedures, as part of an establishment of the CS communication session (i.e., the MO
CS voice call). In some embodiments, the UE 202 may transmit, when it is determined
that a group of one or more non-LTE base stations (e.g., GERAN, UTRAN etc.) is

available, one or more service related messages for the CS connection to at least one
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of the non-LTE base stations in the group. In some embodiments, the available non-
LTE base stations may be part of the non-LTE base stations 210 of the non-LTE
network 218. However, in other embodiments, the available non-LTE base stations
may not be inclusive to the non-LTE network 218 of the CSFB enabled LTE network
200.

[0046] In such embodiments, the MME 206 is not involved in initiating the CS
communication session and is initiated by the UE 202 itself. In such embodiments, the
UE 202 is further configured to refrain from transmission of messages (e.g., the
extended service request message) to the MME 206 for the establishment of the CS
communication session through the CSFB procedure. In some embodiments, the UE
202 is configured to determine an availability of one or more non-LTE networks, prior to
transmitting the one or more service related messages message to the non-LTE base
stations of the one or more non-LTE networks. In some embodiments, the
determination of the availability of the non-LTE network(s) may be based at least partly
on a monitoring for transmissions by the non-LTE networks. For instance, the UE 202
may monitor for such transmissions by attempting to receive a signal (such as a beacon

signal or other) from a non-LTE network.

[0047] Further, as indicated above, the UE 202 may enter the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state due to temporary issue of the SG
interface 214 between the MME 206 and the MSC server 208. In some embodiments,
when the temporary issue of the SG interface 214 is resolved and an MT CS voice call
has to be established for the UE 202, the MSC server 208 is configured to provide a
paging message (i.e., an MT CS paging) to the UE 202 via the MME 206, with the IMSI
identifier that identifies the UE 202, in order to initiate a re-registration of the UE 202
with the MSC server 208. In such embodiments, the UE 202 is configured to receive
the MT CS paging message that indicates that an MT voice call is to be established for
the UE 202, even when the UE 202 is in the EMM-REGISTERED.ATTEMPTING-TO-
UPDATE-MM state. In some embodiments, upon receiving the MT CS paging, when
the UE 202 is in the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state, the
UE 202 is configured to provide/receive one or more registration related messages to
the core network 212, in order to register (or re-register) the UE 202 with the MME 206

and the MSC server 208. Upon completion of the re-registration or registration
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procedure, the UE 202 is configured to establish the MT CS voice call through
appropriate CSFB procedure. In some embodiments, the UE 202 is configured to
provide a service request message, for example, an extended service request message
comprising an indicator that the CS communication session comprising the MT CS
voice call is to be established, in order to initiate the CSFB procedure, upon completion

of the re-registration procedure.

[0048] Fig. 3 illustrates a block diagram of an apparatus 300 for use in a user
equipment (UE) in a CSFB enabled PS network, according to various embodiments
described herein. In some embodiments, the apparatus 300 can be included within the
UE 102 in Fig. 1 or the UE 202 in Fig. 2. The apparatus 300 is described herein with
reference to the UE 102 in Fig. 1 and the UE 202 in Fig. 2. The apparatus 300 includes
a receiver circuit 310, a processing circuit 330, and a transmitter circuit 320. Further, in
some embodiments, the apparatus 300 comprises a memory circuit 340 coupled to the
processing circuit 330. In some embodiments, the memory circuit 340 comprises a
computer readable storage device that includes instructions to be executed by the
processor 330. In some embodiments, the memory circuit 340 can be an independent
circuit and in other embodiments, the memory circuit 340 can be integrated on chip with
the processor 330. Alternately, in other embodiments, the instructions to be executed
by the processor 330 can be stored on a non-transitory storage medium like CR-ROM,
flash drive etc., and can be downloaded to the memory circuit 340 for execution. Each
of the receiver circuit 310 and the transmitter circuit 320 are configured to be coupled to
one or more antennas, which can be the same or different antenna(s). In some
embodiments, the receiver circuit 310 and transmitter circuit 320 can have one or more
components in common, and both can be included within a transceiver circuit, while in
other aspects they are not. In various embodiments, the apparatus 300 can be included
within a UE, for example, with apparatus 300 (or portions thereof) within a receiver and

transmitter or a transceiver circuit of a UE.

[0049] In some embodiments, when a CS communication session comprising a
mobile originating (MO) voice call or a mobile terminating (MT) voice call is to be
established for the UE (e.g., the UE 102 in Fig. 1 or the UE 202 in Fig. 2), the
processing circuit 330 is configured to determine that a CS communication session

comprising the MO voice call or the MT voice call is to be established for the UE. In
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some embodiments, the determination that the CS communication session comprising
the MO CS voce call is to be established at the processing circuit 330, may be based at
least partly on a service request generated, at the processing circuit 330, by a
connection management (CM) sub-layer of the UE. Further, in some embodiments, the
determination that the CS communication session comprising the MT CS call is to be
established at the processing circuit 330, may be based on a CS domain paging
indicating that an MT CS call is to be established for the UE, received from the core
network associated with the CSFB enabled PS network. Upon determining that the CS
communication session is to be established, the processing circuit 330 is further
configured to determine a state (e.g., the EMM state in 3GPP) associated with the UE.
In some embodiments, the processing circuit 330 is configured to determine the state
associated with the UE, based on instructions stored in the memory circuit 340. In
some embodiments, the state associated with the UE can comprise a failure state or a
non-failure state. In some embodiments, the failure state comprises a first failure state,
a second failure state or a third failure state, as explained above with respect to Fig. 1
and Fig. 2. In particular, according the 3GPP standard, the UE is determined to be in a
failure state, if the EMM state associated with the UE comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state or an EMM-
REGISTERED.PLMN-SEARCH state or an EMM-REGISTERED.LIMITED-SERVICE
state. Further, a UE is determined to be in a non-failure state (i.e., a normal state), if
the EMM state associated with the UE comprises an EMM-REGISTERED.NORMAL-
SERVICE state.

[0050] In some embodiments, if the state associated with the UE is determined to be
a failure state, and it is determined that the CS communication session to be
established comprises an MO CS voice call, the processing circuit 330 is configured to
transmit one or more service request messages to establish standard mobility
management (MM) procedures, via the transmitter circuit 320, to a CS base station
(e.g., the CS base station 110 or the non-LTE base station 210) of an available CS
network (or a non-LTE network), as part of the establishment of the CS communication
session comprising the MO CS voice call. In some embodiments, the processing circuit
330 is further configured to process one or more messages (e.g., communication
signals) received from the CS base station, via the receive circuit 310, in response to

the one or more service request messages, in order to complete the CS communication
21



WO 2017/151259 PCT/US2017/015788

session. In some embodiments, the processing circuit 330 is configured to determine
an availability of one or more CS networks (or non-LTE networks), prior to transmitting
the one or more service request messages to the CS base station of the one or more
CS networks. In some embodiments, the determination of the availability of the CS
network(s) at the processing circuit 330 may be based at least partly on a monitoring for
transmissions by the CS networks, received at the processing circuit 330, via the

receive circuit 310.

[0051] In some embodiments, if the state associated with the UE is determined to be
a failure state comprising the EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM
state, and it is determined that the CS communication session comprising an MT CS
voice call is to be established based on an MT CS paging message from the core
network (e.g., the core network 112 in Fig. 1 or the core network 212 in Fig. 2), the
processing circuit 330 is configured to transmit a message (e.g., an extended service
request message) comprising an indicator that the CS communication session is to be
established, via the transmit circuit 320, to the PS base station (e.g., the eNodeB 204 in
Fig. 2), in order to establish the CS communication session comprising the MT CS voice

call through the CSFB procedure.

[0052] In other embodiments, if the state associated with the UE is determined to be
a non-failure state (or normal state), the processing circuit 330 is configured to establish
the CS communication session comprising the MO CS voice call or the MT CS voice
call through the standard 3GPP circuit switched fall back (CSFB) procedure. As a non-
limiting example, in some embodiments, the processing circuit 330 is configured to
transmit a message (e.g., an extended service request message) comprising an
indicator that the CS communication session is to be established, via the transmit circuit
320, to the PS base station (e.g., the eNodeB 204 in Fig. 2), in order to establish the CS
communication session comprising the MO CS voice call and the MT CS voice call
through the CSFB procedure.

[0053] Fig. 4a illustrates the events that may occur and/or the operations that may
be performed related to a reception of a non-EPS service request for initiating a mobile
originating (MO) CS voice call, from the connection management (CM) sub-layer within

a user equipment (UE) 400 while the UE operates in a failure state, according to an
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embodiment of the disclosure. In some embodiments, the UE 400 is assumed to be
camped onto a CSFB enabled LTE cell or a CSFB enabled PS network. In some
embodiments, the UE 400 described herein can comprise the UE 102 of Fig. 1 or the
UE 202 of Fig. 2. In some embodiments, the UE 400 comprises a non-access stratum
(NAS) layer and/or module 404, an access stratum (AS) layer and/or module 406 and a
user/application layer 402 (which may include and/or be part of a connection
management (CM) layer and/or module in some cases). In some embodiments, the UE
400 may include other modules and/or layers. In some embodiments, the UE 102 of Fig.

1 or the UE 202 of Fig. 2 may also include same or similar modules/layers.

[0054] In some embodiments, the user/application layer 402 of the UE 400 is
configured to initiate a non-EPS service request 410 (e.g., a voice call). In some
embodiments, the non-EPS service request 410 is provided by the user/application
layer 402 to the NAS layer 404 of the UE 400. The UE 400 is assumed to be in a failure
state in this embodiment. In some embodiments, the failure state of the UE 400 can
comprise the first failure state, the second failure state or the third failure state, as
explained above with respect to Fig. 1. According to the 3GPP standard, in some
embodiments, the failure state of the UE 400 can comprise the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state or the EMM-
REGISTERED.PLMN-SEARCH state or the EMM-REGISTERED.LIMITED-SERVICE,

as explained above with respect to Fig. 2.

[0055] Upon receiving the non-EPS service request 410 from the user/application
layer 402 and upon determining that the UE 400 is in the failure state, the NAS layer
404 is configured to generate a non-LTE camp request 412 and provide the non-LTE
camp request 412 to the AS layer 406 of the UE 400, in order to complete the voice call
through the non-LTE cell. Upon receiving the non-LTE camp request 412, the AS layer
406 is configured to camp on to an available non-LTE RAT. In some embodiments,
camping on to a suitable non-LTE cell comprises identifying a non-LTE cell in the
vicinity of the UE 400. Once the UE 400 is camped on to the non-LTE cell, the AS layer
406 is further configured to generate and provide a non-LTE cell camp confirm message
414 to the NAS layer 404. Upon receiving the non-LTE cell camp confirm message
414, in some embodiments, the UE 400 or the NAS layer 404 is configured to provide

one or more messages (e.g., the service related messages in Fig. 1 and Fig. 2) to a
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non-LTE base station associated with the non-LTE RAT, in order to initiate the non-LTE
registration. Upon registration in the non-LTE RAT, the NAS layer 404 is further
configured to process the CM sub-layer request (i.e., the MO voice call) using standard
mobility management (MM) procedures. However, in some embodiments, where the
UE 400 does not require non-LTE registration (for example, if UE 400 is already
registered in the non-LTE RAT), the NAS layer 404 is configured to directly process the
CM sub-layer request (i.e., the voice call), via the one or more service related
messages, using standard mobility management (MM) procedures, upon receiving the

non-LTE camp confirm message 414.

[0056] Fig. 4b illustrates the events that may occur and/or the operations that may
be performed related to a reception of a CS domain paging for initiating a mobile
terminating (MT) CS voice call at a user equipment (UE) 450 while the UE operates in
EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM state, according to an
embodiment of the disclosure. In some embodiments, the UE 450 is assumed to be
camped onto a CSFB enabled LTE cell or a CSFB enabled CS network. In some
embodiments, the UE 450 described herein can comprise the UE 102 of Fig. 1 or the
UE 202 of Fig. 2. In some embodiments, the UE 450 comprises a non-access stratum
(NAS) layer and/or module 454, an access stratum (AS) layer and/or module 456 and a
user/application layer 452 (which may include and/or be part of a connection
management (CM) layer and/or module in some cases). In some embodiments, the UE
450 is camped on to a network 458 (e.g., the CSFB enabled PS network in Fig. 1 or the
CSFB enabled LTE network in Fig. 2). In some embodiments, the UE 450 may include
other modules and/or layers. In some embodiments, the UE 102 of Fig. 1 or the UE 202

of Fig. 2 may also include same or similar modules/layers.

[0057] In some embodiments, an MT CS voice call is initiated at the UE 450 based
on a CS domain paging 460 received from the network 458. In some embodiments, the
AS layer 456 of the UE 450 is configured to receive the CS domain paging 460 from the
network 458. The UE 450 is assumed to be in a failure state in this embodiment. In
some embodiments, the failure state of the UE 450 comprises a state wherein the UE
450 is successfully registered for a PS communication session with a PS-domain
associated with network 458, and wherein the UE 458 is not registered for a CS-

communication session with a CS-domain associated with the network 458, at least
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partly due to a temporary issue associated with the CS-domain. According to the 3GPP
standard, in some embodiments, the failure state of the UE 450 can comprise the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state.

[0058] Upon receiving the CS domain paging 460, the AS layer 450 of the UE 450 is
configured to generate and provide a CS paging notification 462 to the NAS layer 454 of
the UE 450. Upon receiving the CS paging notification 462, the NAS layer 454 is
configured to initiate the CSFB procedure in Fig. 1 and Fig. 2) to the network 458. In
some embodiments, the CSFB procedure is initiated by the NAS layer 454 by
generating and providing a service request message (e.g., an extended service request
message in some embodiments) to the network 458. In some embodiments, the
service request message indicates the network 458 that an MT CS call is to be
established for the UE 450. Upon receiving the extended service request message, the
network 458 is configured to initiate the MT CSFB procedure as per the 3GPP standard.
Alternately, in other embodiments, the NAS layer 454 can initiate the CSFB procedure
differently.

[0059] Fig. 5 illustrates a flow chart of a method 500 for a UE in a CSFB enabled PS
network, according to one embodiment of the disclosure. The UE is explained herein
with reference to the apparatus 300 in Fig. 3. In some embodiments, the UE can
comprise the UE 102 in the CSFB enabled PS network 100 in Fig. 1 and in some
embodiments, the UE can comprise the CSFB enabled LTE network 200 in Fig. 2.
However, in other embodiments, the method 500 can be utilized for any UE in any
CSFB enabled PS network. At 502, a determination that a CS communication session
comprising a mobile originating (MO) CS call or a mobile terminating (MT) CS call is to
be established for the UE (e.g., the UE 102 in Fig. 1 or the UE 202 in Fig. 2) in a CSFB
enabled PS network, is made at the processing circuit 330. In some embodiments, the
determination that the CS communication session comprising the MO CS call is to be
established at the processing circuit 330, may be based at least partly on a service
request generated, at the processing circuit 330, by a connection management (CM)
sub-layer (e.g., the user/application layer 402 in Fig. 4) of the UE. Further, in some
embodiments, the determination that the CS communication session comprising the MT

CS call is to be established at the processing circuit 330, may be based on a CS
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domain paging indicating that an MT CS call is to be established for the UE, received

from a core network associated with the GSFB enabled PS network.

[0060] At 504, a determination whether the UE is in a failure state or a normal state,
is made at the processing circuit 330. In some embodiments, the failure state of the UE
can comprise the first failure state, the second failure state or the third failure state, as
explained above with respect to Fig. 1. According to the 3GPP standard, in some
embodiments, the failure state of the UE can comprise the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state or the EMM-
REGISTERED.PLMN-SEARCH state or the EMM-REGISTERED.LIMITED-SERVICE,
as explained above with respect to Fig. 2. At 506, one or more registration related
messages is provided to a PS base station of the PS network, by the processing circuit,
in order to initiate registration with the core network of the CSFB enabled PS network,
as part of the establishment of the CSFB procedure for establishing the MT CS voice
call, when the UE is in a failure state comprising EMM-REGISTERED.ATTEMPTING-
TO-UPDATE-MM state.. At 508, one or more service related messages is provided to a
CS base station of an available CS network, by the processing circuit, in order to
attempt to select the available CS network, as part of an establishment of a CS
communication session comprising the MO CS voice call, when the UE is in the failure
state. At 510, an extended service request message is provided to a PS base station of
the PS network, by the processing circuit 330, in order to establish a CSFB procedure,
when the UE is in the normal state.

[0061] While the methods are illustrated and described above as a series of acts or
events, it will be appreciated that the illustrated ordering of such acts or events are not
to be interpreted in a limiting sense. For example, some acts may occur in different
orders and/or concurrently with other acts or events apart from those illustrated and/or
described herein. In addition, not all illustrated acts may be required to implement one
or more aspects or embodiments of the disclosure herein. Also, one or more of the acts

depicted herein may be carried out in one or more separate acts and/or phases.

[0062] While the apparatus has been illustrated and described with respect to
one or more implementations, alterations and/or modifications may be made to the

illustrated examples without departing from the spirit and scope of the appended claims.
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In particular regard to the various functions performed by the above described
components or structures (assemblies, devices, circuits, systems, etc.), the terms
(including a reference to a "means") used to describe such components are intended to
correspond, unless otherwise indicated, to any component or structure which performs
the specified function of the described component (e.g., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs the

function in the herein illustrated exemplary implementations of the invention.

[0063] In particular regard to the various functions performed by the above
described components (assemblies, devices, circuits, systems, etc.), the terms
(including a reference to a "means") used to describe such components are intended to
correspond, unless otherwise indicated, to any component or structure which performs
the specified function of the described component (e.g., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs the
function in the herein illustrated exemplary implementations of the disclosure. In
addition, while a particular feature may have been disclosed with respect to only one of
several implementations, such feature may be combined with one or more other
features of the other implementations as may be desired and advantageous for any

given or particular application.

[0064] Embodiments described herein may be implemented into a system using any
suitably configured hardware and/or software. Fig. 6 illustrates, for one embodiment,
example components of a User Equipment (UE) device 600. In some embodiments, the
UE device 600 may include application circuitry 602, baseband circuitry 604, Radio
Frequency (RF) circuitry 606, front-end module (FEM) circuitry 608 and one or more
antennas 610, coupled together at least as shown. In some embodiments, the UE 600
can be a part of the UE 204 in Fig. 2 or the UE 304 in Fig. 3.

[0065] The application circuitry 602 may include one or more application processors.
For example, the application circuitry 602 may include circuitry such as, but not limited
to, one or more single-core or multi-core processors. The processor(s) may include any
combination of general-purpose processors and dedicated processors (e.g., graphics
processors, application processors, etc.). The processors may be coupled with and/or

may include memory/storage and may be configured to execute instructions stored in
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the memory/storage to enable various applications and/or operating systems to run on
the system.

[0066] The baseband circuitry 604 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The baseband circuitry 604 may
include one or more baseband processors and/or control logic to process baseband
signals received from a receive signal path of the RF circuitry 606 and to generate
baseband signals for a transmit signal path of the RF circuitry 606. Baseband
processing circuity 604 may interface with the application circuitry 602 for generation
and processing of the baseband signals and for controlling operations of the RF circuitry
606. For example, in some embodiments, the baseband circuitry 604 may include a
second generation (2G) baseband processor 604a, third generation (3G) baseband
processor 604b, fourth generation (4G) baseband processor 604c¢, and/or other
baseband processor(s) 604d for other existing generations, generations in development
or to be developed in the future (e.g., fifth generation (5G), 6G, etc.). The baseband
circuitry 604 (e.g., one or more of baseband processors 604a-d) may handle various
radio control functions that enable communication with one or more radio networks via
the RF circuitry 606. The radio control functions may include, but are not limited to,
signal modulation/demodulation, encoding/decoding, radio frequency shifting, etc. In
some embodiments, modulation/demodulation circuitry of the baseband circuitry 604
may include Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding circuitry of
the baseband circuitry 604 may include convolution, tail-biting convolution, turbo,
Viterbi, and/or Low Density Parity Check (LDPC) encoder/decoder functionality.
Embodiments of modulation/demodulation and encoder/decoder functionality are not
limited to these examples and may include other suitable functionality in other

embodiments.

[0067] In some embodiments, the baseband circuitry 604 may include elements of a
protocol stack such as, for example, elements of an evolved universal terrestrial

radio access network (EUTRAN) protocol including, for example, physical (PHY), media
access control (MAC), radio link control (RLC), packet data convergence protocol
(PDCP), and/or radio resource control (RRC) elements. A central processing unit (CPU)

604e of the baseband circuitry 604 may be configured to run elements of the protocol
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stack for signaling of the PHY, MAC, RLC, PDCP and/or RRC layers. In some
embodiments, the baseband circuitry may include one or more audio digital signal
processor(s) (DSP) 604f. The audio DSP(s) 604f may be include elements for
compression/decompression and echo cancellation and may include other suitable
processing elements in other embodiments. Components of the baseband circuitry may
be suitably combined in a single chip, a single chipset, or disposed on a same circuit
board in some embodiments. In some embodiments, some or all of the constituent
components of the baseband circuitry 604 and the application circuitry 602 may be

implemented together such as, for example, on a system on a chip (SOC).

[0068] In some embodiments, the baseband circuitry 604 may provide for
communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 604 may support communication with an evolved
universal terrestrial radio access network (EUTRAN) and/or other wireless metropolitan
area networks (WMAN), a wireless local area network (WLAN), a wireless personal
area network (WPAN). Embodiments in which the baseband circuitry 604 is configured
to support radio communications of more than one wireless protocol may be referred to

as multi-mode baseband circuitry.

[0069] RF circuitry 606 may enable communication with wireless networks

using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 606 may include switches, filters, amplifiers, etc. to
facilitate the communication with the wireless network. RF circuitry 606 may include a
receive signal path which may include circuitry to down-convert RF signals received
from the FEM circuitry 608 and provide baseband signals to the baseband circuitry 604.
RF circuitry 606 may also include a transmit signal path which may include circuitry to
up-convert baseband signals provided by the baseband circuitry 604 and provide RF

output signals to the FEM circuitry 608 for transmission.

[0070] In some embodiments, the RF circuitry 606 may include a receive signal path
and a transmit signal path. The receive signal path of the RF circuitry 606 may include

mixer circuitry 606a, amplifier circuitry 606b and filter circuitry 606¢. The transmit signal
path of the RF circuitry 606 may include filter circuitry 606¢ and mixer circuitry 606a. RF

circuitry 606 may also include synthesizer circuitry 606d for synthesizing a frequency for
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use by the mixer circuitry 606a of the receive signal path and the transmit signal path. In
some embodiments, the mixer circuitry 606a of the receive signal path may be
configured to down-convert RF signals received from the FEM circuitry 608 based on
the synthesized frequency provided by synthesizer circuitry 606d. The amplifier circuitry
606b may be configured to amplify the down-converted signals and the filter circuitry
606¢c may be a low-pass filter (LPF) or band-pass filter (BPF) configured to remove
unwanted signals from the down-converted signals to generate output baseband
signals. Output baseband signals may be provided to the baseband circuitry 604 for
further processing. In some embodiments, the output baseband signals may be zero-
frequency baseband signals, although this is not a requirement. In some embodiments,
mixer circuitry 606a of the receive signal path may comprise passive mixers, although

the scope of the embodiments is not limited in this respect.

[0071] In some embodiments, the mixer circuitry 606a of the transmit signal path
may be configured to up-convert input baseband signals based on the synthesized
frequency provided by the synthesizer circuitry 606d to generate RF output signals for
the FEM circuitry 608. The baseband signals may be provided by the baseband circuitry
604 and may be filtered by filter circuitry 606c¢. The filter circuitry 606¢c may include a
low-pass filter (LPF), although the scope of the embodiments is not limited in this

respect.

[0072] In some embodiments, the mixer circuitry 606a of the receive signal path and
the mixer circuitry 606a of the transmit signal path may include two or more mixers and
may be arranged for quadrature downconversion and/or upconversion respectively. In
some embodiments, the mixer circuitry 606a of the receive signal path and the mixer
circuitry 606a of the transmit signal path may include two or more mixers and may be
arranged for image rejection (e.g., Hartley image rejection). In some embodiments, the
mixer circuitry 606a of the receive signal path and the mixer circuitry 606a may be
arranged for direct downconversion and/or direct upconversion, respectively. In some
embodiments, the mixer circuitry 606a of the receive signal path and the mixer circuitry

606a of the transmit signal path may be configured for super-heterodyne operation.

[0073] In some embodiments, the output baseband signals and the input baseband

signals may be analog baseband signals, although the scope of the embodiments is not
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limited in this respect. In some alternate embodiments, the output baseband signals and
the input baseband signals may be digital baseband signals. In these alternate
embodiments, the RF circuitry 606 may include analog-to-digital converter (ADC) and
digital-to-analog converter (DAC) circuitry and the baseband circuitry 604 may include a
digital baseband interface to communicate with the RF circuitry 606.

[0074] In some dual-mode embodiments, a separate radio IC circuitry may be
provided for processing signals for each spectrum, although the scope of the

embodiments is not limited in this respect.

[0075] In some embodiments, the synthesizer circuitry 606d may be a fractional-N
synthesizer or a fractional N/N+1 synthesizer, although the scope of the embodiments is
not limited in this respect as other types of frequency synthesizers may be suitable. For
example, synthesizer circuitry 606d may be a delta-sigma synthesizer, a frequency

multiplier, or a synthesizer comprising a phase-locked loop with a frequency divider.

[0076] The synthesizer circuitry 606d may be configured to synthesize an output
frequency for use by the mixer circuitry 606a of the RF circuitry 606 based on a
frequency input and a divider control input. In some embodiments, the synthesizer

circuitry 606d may be a fractional N/N+1 synthesizer.

[0077] In some embodiments, frequency input may be provided by a voltage
controlled oscillator (VCO), although that is not a requirement. Divider control input may
be provided by either the baseband circuitry 604 or the applications processor 602
depending on the desired output frequency. In some embodiments, a divider control
input (e.g., N) may be determined from a look-up table based on a channel indicated by

the applications processor 602.

[0078] Synthesizer circuitry 606d of the RF circuitry 606 may include a divider, a
delay-locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments,
the divider may be a dual modulus divider (DMD) and the phase accumulator may be a
digital phase accumulator (DPA). In some embodiments, the DMD may be configured to
divide the input signal by either N or N+1 {e.g., based on a carry out) to provide a
fractional division ratio. In some example embodiments, the DLL may include a set of

cascaded, tunable, delay elements, a phase detector, a charge pump and a D-type flip-

31



WO 2017/151259 PCT/US2017/015788

flop. In these embodiments, the delay elements may be configured to break a VCO
period up into Nd equal packets of phase, where Nd is the number of delay elements in
the delay line. In this way, the DLL provides negative feedback to help ensure that the

total delay through the delay line is one VCO cycle.

[0079] In some embodiments, synthesizer circuitry 606d may be configured to
generate a carrier frequency as the output frequency, while in other embodiments, the
output frequency may be a multiple of the carrier frequency (e.g., twice the carrier
frequency, four times the carrier frequency) and used in conjunction with quadrature
generator and divider circuitry to generate multiple signals at the carrier frequency with
multiple different phases with respect to each other. In some embodiments, the output
frequency may be a LO frequency (fLO). In some embodiments, the RF circuitry 606

may include an |Q/polar converter.

[0080] FEM circuitry 608 may include a receive signal path which may include
circuitry configured to operate on RF signals received from one or more antennas 610,
amplify the received signals and provide the amplified versions of the received signals
to the RF circuitry 606 for further processing. FEM circuitry 608 may also include a
transmit signal path which may include circuitry configured to amplify signals for
transmission provided by the RF circuitry 606 for transmission by one or more of the

one or more antennas 610.

[0081] In some embodiments, the FEM circuitry 608 may include a TX/RX switch to
switch between transmit mode and receive mode operation. The FEM circuitry may
include a receive signal path and a transmit signal path. The receive signal path of the
FEM circuitry may include a low-noise amplifier (LNA) to amplify received RF signals
and provide the amplified received RF signals as an output (e.g., to the RF circuitry
606). The transmit signal path of the FEM circuitry 608 may include a power amplifier
(PA) to amplify input RF signals (e.g., provided by RF circuitry 606), and one or more
filters to generate RF signals for subsequent transmission (e.g., by one or more of the

one or more antennas 610.

[0082] In some embodiments, the UE device 600 may include additional elements
such as, for example, memory/storage, display, camera, sensor, and/or input/output
(I/O) interface.
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[0083] FIG. 7 is a functional diagram of a 3GPP network in accordance with some
embodiments. It should be noted that embodiments are not limited to the example
3GPP network shown in FIG. 7, as other networks may be used in some embodiments.
Such networks may or may not include some or all of the components shown in FIG. 7,
and may include additional components and/or alternative components in some cases.
The network comprises a radio access network (RAN) (e.g., as depicted, the E-UTRAN
or evolved universal terrestrial radio access network)701 and the core network 720
(e.g., shown as an evolved packet core (EPC)) coupled together through an S1
interface 715. For convenience and brevity sake, only a portion of the core network 720,

as well as the RAN 701, is shown.

[0084] The core network 720 includes a mobility management entity (MME) 722, a
serving gateway (serving GW) 724, and packet data network gateway (PDN GW) 726.
The RAN 701 includes Evolved Node-B’s (eNBs) 704 (which may operate as base
stations) for communicating with User Equipment (UE) 702. The eNBs 704 may include
macro eNBs and low power (LP) eNBs. In some embodiments, the UE 702 may
exchange data signals, control signals and/or other signals with the eNB 704. The
sighals may be exchanged, in some embodiments, according to one or more packet-
switched (PS) techniques, including but not limited to Evolved Packet System (EPS)
techniques. These embodiments will be described in more detail below.

[0085] The MME 722 is similar in function to the control plane of legacy Serving
GPRS Support Nodes (SGSN). The MME 722 manages mobility aspects in access
such as gateway selection and tracking area list management. The serving GW 724
terminates the interface toward the RAN 701, and routes data packets between the
RAN 701 and the core network 720. In addition, it may be a local mobility anchor point
for inter-eNB handovers and also may provide an anchor for inter-3GPP mobility. Other
responsibilities may include lawful intercept, charging, and some policy enforcement.
The serving GW 724 and the MME 722 may be implemented in one physical node or
separate physical nodes. The PDN GW 726 terminates an SGi interface toward the
packet data network (PDN). The PDN GW 726 routes data packets between the EPC
720 and the external PDN, and 5 may be a key node for policy enforcement and

charging data collection. It may also provide an anchor point for mobility with non-LTE
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accesses. The external PDN can be any kind of IP network, as well as an IP Multimedia
Subsystem (IMS) domain.

[0086] The PDN GW 726 and the serving GW 724 may be implemented in one
physical node or separated physical nodes. The eNBs 704 (macro and micro) terminate
the air interface protocol and may be the first point of contact for a UE 702. In some
embodiments, an eNB 704 may fulfill various logical functions for the RAN 701 including
but not limited to RNC (radio network controller functions) such as radio bearer
management, uplink and downlink dynamic radio resource management and data
packet scheduling, and mobility management. In accordance with embodiments, UEs
702 may be configured to communicate Orthogonal Frequency Division Multiplexing
(OFDM) communication signals with an eNB 704 over a multicarrier communication
channel in accordance with an Orthogonal Frequency Division Multiple Access
(OFDMA) communication technique. The OFDM signals may comprise a plurality of

orthogonal subcarriers.

[0087] The S1 interface 715 is the interface that separates the RAN 701 and the
EPC 720. It is split into two parts: the S1-U, which carries traffic data between the eNBs
704 and the serving GW 724, and the S1-MME, which is a signaling interface between
the eNBs 704 and the MME 722. The X2 interface is the interface between eNBs 704.
The X2 interface comprises two parts, the X2-C and X2-U. The X2-C is the control
plane interface between the eNBs 704, while the X2-U is the user plane interface
between the eNBs 704.

[0088] With cellular networks, LP cells are typically used to extend coverage to
indoor areas where outdoor signals do not reach well, or to add network capacity in
areas with very dense phone usage, such as train stations. As used herein, the term low
power (LP) eNB refers to any suitable relatively low power eNB for implementing a
narrower cell (narrower than a macro cell) such as a femtocell, a picocell, or a micro
cell. Femtocell eNBs are typically provided by a mobile network operator to its
residential or enterprise customers. A femtocell is typically the size of a residential
gateway or smaller and generally connects to the user's broadband line. Once plugged
in, the femtocell connects to the mobile operator's mobile network and provides extra

coverage in a range of typically 30 to 50 meters for residential femtocells. Thus, a LP
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eNB might be a femtocell eNB since it is coupled through the PDN GW 726. Similarly, a
picocell is a wireless communication system typically covering a small area, such as in-
building (offices, shopping malls, train stations, etc.), or more recently in-aircraft. A
picocell eNB can generally connect through the X2 link to another eNB such as a macro
eNB through its base station controller (BSC) functionality. Thus, LP eNB may be
implemented with a picocell eNB since it is coupled to a macro eNB via an X2 interface.
Picocell eNBs or other LP eNBs may incorporate some or all functionality of a macro
eNB. In some cases, this may be referred to as an access point base station or

enterprise femtocell.

[0089] In some embodiments, a downlink resource grid may be used for downlink
transmissions from an eNB 704 to a UE 702, while uplink transmission from the UE 702
to the eNB 704 may utilize similar techniques. The grid may be a time-frequency grid,
called a resource grid or time-frequency resource grid, which is the physical resource in
the downlink in each slot. Such a time-frequency plane representation is a common
practice for OFDM systems, which makes it intuitive for radio resource allocation. Each
column and each row of the resource grid correspond to one OFDM symbol and one
OFDM subcarrier, respectively. The duration of the resource grid in the time domain
corresponds to one slot in a radio frame. The smallest time-frequency unit in a resource
grid is denoted as a resource element (RE). Each resource grid comprises a number of
resource blocks (RBs), which describe the mapping of certain physical channels to
resource elements. Each resource block comprises a collection of resource elements in
the frequency domain and may represent the smallest quanta of resources that
currently can be allocated. There are several different physical downlink channels that

are conveyed using such resource blocks.

[0090] With particular relevance to this disclosure, two of these physical downlink
channels are the physical downlink shared channel and the physical down link control
channel. The physical downlink shared channel (PDSCH) carries user data and higher-
layer signaling to a UE 702 (FIG. 7). The physical downlink control channel (PDCCH)
carries information about the transport format and resource allocations related to the
PDSCH channel, among other things. It also informs the UE 702 about the transport
format, resource allocation, and hybrid automatic repeat request (HARQ) information

related to the uplink shared channel. Typically, downlink scheduling (e.g., assigning
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control and shared channel resource blocks to UEs 702 within a cell) may be performed
at the eNB 704 based on channel quality information fed back from the UEs 702 to the
eNB 704, and then the downlink resource assignment information may be sent to a UE
702 on the control channel (PDCCH) used for (assigned to) the UE 702.

[0091] The PDCCH uses CCEs {control channel elements) to convey the control
information. Before being mapped to resource elements, the PDCCH complex-valued
symbols are first organized into quadruplets, which are then permuted using a sub-block
inter-leaver for rate matching. Each PDCCH is transmitted using one or more of these
control channel elements (CCEs), where each CCE corresponds to nine sets of four
physical resource elements known as resource element groups (REGs). Four QPSK
symbols are mapped to each REG. The PDCCH can be transmitted using one or more
CCEs, depending on the size of DCI and the channel condition. There may be four or
more different PDCCH formats defined in LTE with different numbers of CCEs (e.g.,
aggregation level, L=1, 2, 4, or 8).

[0092] As used herein, the term "circuitry” may refer to, be part of, or include an
Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor {shared,
dedicated, or group), and/or memory (shared, dedicated, or group) that execute one or
more software or firmware programs, a combinational logic circuit, and/or other suitable
hardware components that provide the described functionality. In some embodiments,
the circuitry may be implemented in, or functions associated with the circuitry may be
implemented by, one or more software or firmware modules. In some embodiments,
circuitry may include logic, at least partially operable in hardware. Embodiments
described herein may be implemented into a system using any suitably configured

hardware and/or software.

[0093] While the invention has been illustrated, and described with respect to one or
more implementations, alterations and/or modifications may be made to the illustrated
examples without departing from the spirit and scope of the appended claims. In
particular regard to the various functions performed by the above described
components or structures (assemblies, devices, circuits, systems, etc.), the terms
(including a reference to a "means") used to describe such components are intended to

correspond, unless otherwise indicated, to any component or structure which performs
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the specified function of the described component (e.g., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs the

function in the herein illustrated exemplary implementations of the invention.

[0094] The foregoing description of one or more implementations provides
illustration and description, but is not intended to be exhaustive or to limit the scope of
the example embodiments to the precise form disclosed. Modifications and variations
are possible in light of the above teachings or may be acquired from practice of various

implementations of the example embodiments.

[0095] In the present disclosure like reference numerals are used to refer to like
elements throughout, and wherein the illustrated structures and devices are not

necessarily drawn to scale. As utilized herein, terms “module”, “component,” “system,”

“circuit,” “circuitry,” “element,” “slice,” and the like are intended to refer to a computer-
related entity, hardware, software (e.g., in execution), and/or firmware. For example,
circuitry or a similar term can be a processor, a process running on a processor, a
controller, an object, an executable program, a storage device, and/or a computer with a
processing device. By way of illustration, an application running on a server and the
server can also be circuitry. One or more circuitries can reside within a process, and
circuitry can be localized on one computer and/or distributed between two or more
computers. A set of elements or a set of other circuitry can be described herein, in

which the term “set” can be interpreted as “one or more.”

[0096] As another example, circuitry or similar term can be an apparatus with
specific functionality provided by mechanical parts operated by electric or electronic
circuitry, in which the electric or electronic circuitry can be operated by a software
application or a firmware application executed by one or more processors. The one or
more processors can be internal or external to the apparatus and can execute at least a
part of the software or firmware application. As yet another example, circuitry can be an
apparatus that provides specific functionality through electronic components without
mechanical parts; the electronic components can include one or more processors
therein to execute software and/or firmware that confer(s), at least in part, the

functionality of the electronic components.
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[0097] It will be understood that when an element is referred to as being “electrically
connected” or “electrically coupled” to another element, it can be physically connected
or coupled to the other element such that current and/or electromagnetic radiation can
flow along a conductive path formed by the elements. Intervening conductive, inductive,
or capacitive elements may be present between the element and the other element
when the elements are described as being electrically coupled or connected to one
another. Further, when electrically coupled or connected to one another, one element
may be capable of inducing a voltage or current flow or propagation of an electro-
magnetic wave in the other element without physical contact or intervening components.
Further, when a voltage, current, or signal is referred to as being “applied” to an
element, the voltage, current, or signal may be conducted to the element by way of a
physical connection or by way of capacitive, electro-magnetic, or inductive coupling that

does not involve a physical connection.

[0098] In this regard, while the disclosed subject matter has been described in
connection with various embodiments and corresponding Figures, where applicable, it is
to be understood that other similar embodiments can be used or modifications and
additions can be made to the described embodiments for performing the same, similar,
alternative, or substitute function of the disclosed subject matter without deviating
therefrom. Therefore, the disclosed subject matter should not be limited to any single
embodiment described herein, but rather should be construed in breadth and scope in

accordance with the appended claims below.

[0099] Examples can include subject matter such as a method, means for
performing acts or blocks of the method, at least one machine-readable medium
including instructions that, when performed by a machine cause the machine to perform
acts of the method or of an apparatus or system for concurrent communication using
multiple communication technologies according to embodiments and examples

described herein.

[00100] Example 1 is an apparatus for a user equipment (UE) in a circuit-switched fall
back (CSFB) enabled long term evolution (LTE) network, comprising one or more
processors; and a memory including instructions comprising operations, for execution

via the one or more processors, to determine that a circuit-switched (CS)
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communication session comprising a mobile originating (MO) CS call or a mobile
terminating (MT) CS call is to be established for the UE; determine whether the UE is in
a failure state comprising an evolved packet system mobility management (EMM)-
REGISTERED.ATTEMPTING-TO-UPDATE-MM or an EMM-REGISTERED.PLMN-
SEARCH or an EMM-REGISTERED.LIMITED-SERVICE; and attempt to select an
available non-LTE network that supports CS services, when the UE is in the failure
state, by providing, via the one or more processors, one or more service related
messages to a base station of the available non-LTE network as part of an

establishment of a CS communication session comprising the MO CS call.

[00101] Example 2 is an apparatus including the subject matter of example 1,
wherein the instructions comprise further operations, for execution via the one or more
processors to provide, when the failure state of the UE comprises EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM, one or more registration related
messages to a core network associated with the CSFB enabled LTE network to register
to the core network, as part of an establishment of a CS communication session
comprising the MT CS call.

[00102] Example 3 is an apparatus including the subject matter of examples 1-2,
including or omitting elements, wherein the instructions comprise further operations, for
execution via the one or more processors to determine an availability of the CS network
based at least partly on a monitoring for transmissions by CS networks, prior to
selecting the CS network for establishing the MO CS call.

[00103] Example 4 is an apparatus including the subject matter of examples 1-3,
including or omitting elements, wherein the determination that the CS communication
session comprising the MO CS call is to be established is based at least partly on a
service request generated, at the UE, by a connection management (CM) sublayer of
the UE.

[00104] Example 5 is an apparatus including the subject matter of examples 1-4,
including or omitting elements, wherein the determination that the CS communication
session comprising the MT GS call is to be established is based on a CS domain paging

message received from a core network associated with the LTE network.

39



WO 2017/151259 PCT/US2017/015788

[00105] Example 6 is an apparatus including the subject matter of examples 1-5,
including or omitting elements, wherein the instructions comprise further operations, for
execution via the one or more processors to, when the UE is operating in a non-failure
state comprising an EMM-REGISTERED.NORMAL-SERVICE, establish the CS
communication session comprising the MO CS call or the MT CS call through CSFB

procedure.

[00106] Example 7 is an apparatus including the subject matter of examples 1-6,
including or omitting elements, wherein the instructions comprise further operations, for
execution via the one or more processors to, provide an extended service request
message comprising an indicator that the CS communication session comprising the
MO CS call or the MT CS call is to be established, to an evolved node-B (eNodeB) of
the CSFB enabled LTE network, in order to establish the CS communication session
through the CSFB procedure.

[00107] Example 8 is an apparatus including the subject matter of examples 1-7,
including or omitting elements, wherein the CSFB enabled LTE network includes a

packet-switched (PS) core and a CS core associated therewith.

[00108] Example 9 is an apparatus including the subject matter of examples 1-8,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM of the UE comprises a state in which
the UE is successfully registered for a PS communication session with the PS core, and
wherein the UE is not registered for a CS-communication session with the GS core, at
least partly due to a temporary issue associated with the CS core of the CSFB enabled
LTE network.

[00109] Example 10 is an apparatus including the subject matter of examples 1-9,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.PLMN-SEARCH of the UE comprises a state in which the UE is

searching for public land mobile networks (PLMNSs).

[00110] Example 11 is an apparatus including the subject matter of examples 1-10,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.LIMITED-SERVICE of the UE comprises a state wherein a cell selected
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by the UE is known not to be able to provide normal service and wherein the UE is

searching for a suitable cell.

[00111] Example 12 is an apparatus including the subject matter of examples 1-11,
including or omitting elements, wherein the available CS network comprises a non-LTE

network.

[00112] Example 13 is an apparatus for a user equipment (UE) in a circuit-switched
fall back (CSFB) enabled packet-switched (PS) network, comprising one or more
processors; and a memory including instructions comprising operations, for execution
via the one or more processors, to determine that a circuit-switched (CS)
communication session comprising a mobile originating (MO) CS call or a mobile
terminating (MT) CS call is to be established for the UE; determine whether the UE is in
a failure state comprising a first state wherein the UE is successfully registered for a PS
communication session with a PS-domain associated with the CSFB enabled PS
network, and wherein the UE is not registered for a CS-communication session with a
CS-domain associated with the CSFB enabled PS network, at least partly due to a
temporary issue associated with the CS-domain; or a second state wherein the UE is
searching for public land mobile networks (PLMNs); or a third state wherein a cell
selected by the UE is known not to be able to provide normal service and wherein the
UE is searching for a suitable cell; and attempt to select an available CS network, when
the UE is in the failure state, by providing, via the one or more processors, one or more
service related messages to a CS base station of the available CS network as part of an
establishment of the CS communication session comprising the MO CS call.

[00113] Example 14 is an apparatus including the subject matter of example 13,
wherein the instructions comprise further operations, for execution via the one or more
processors to provide, when the failure state of the UE comprises the first state, one or
more registration related messages to a core network associated with the CSFB
enabled PS network to register to the core network, as part of an establishment of a CS

communication session comprising the MT CS call.

[00114] Example 15 is an apparatus including the subject matter of examples 13-14,

including or omitting elements, wherein the CSFB enabled PS network comprises a
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third-generation partnership project (3GPP) long term evolution (LTE) network that
supports CSFB.

[00115] Example 16 is an apparatus including the subject matter of examples 13-15,
including or omitting elements, wherein the first state comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, wherein the second state
comprises an EMM-REGISTERED.PLMN-SEARCH state and wherein the third state
comprises an EMM-REGISTERED.LIMITED-SERVICE state.

[00116] Example 17 is an apparatus including the subject matter of examples 13-16,
including or omitting elements, wherein the instructions comprise further operations, for
execution via the one or more processors to, when the UE is operating in a non-failure
state comprising an EMM-REGISTERED.NORMAL-SERVICE, establish the CS
communication session comprising the MO CS call or the MT CS call through CSFB

procedure.

[00117] Example 18 is an apparatus including the subject matter of examples 13-17,
including or omitting elements, wherein the instructions comprise further operations, for
execution via the one or more processors to, provide an extended service request
message comprising an indicator that the CS communication session comprising the
MO CS call or the MT CS call is to be established, to an evolved node-B (eNodeB) of
the 3GPP LTE network, in order to establish the CS communication session through the
CSFB procedure.

[00118] Example 19 is an apparatus including the subject matter of examples 13-18,
including or omitting elements, wherein the PS communication session includes an
evolved packet system (EPS) communication session and the CS communication

session includes a non-EPS communication session.

[00119] Example 20 is a method for a user equipment (UE) in a circuit-switched fall
back (CSFB) enabled packet-switched (PS) network, comprising determining that a
circuit-switched (CS) communication session comprising a mobile originating (MO) CS
call or a mobile terminating (MT) CS call is to be established for the UE, at a processing
circuit; determining, at the processing circuit, whether the UE is in a failure state

comprising a first state wherein the UE is successfully registered for a PS
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communication session with a PS-domain associated with the CSFB enabled PS
network, and wherein the UE is not registered for a CS-communication session with a
CS-domain associated with the CSFB enabled PS network, at least partly due to a
temporary issue associated with the CS-domain; or a second state wherein the UE is
searching for public land mobile networks (PLMNs); or a third state wherein a cell
selected by the UE is known not to be able to provide normal service and wherein the
UE is searching for a suitable cell; and attempting to select an available CS network, by
providing, by the processing circuit, one or more service related messages to a CS base
station of the available CS network as part of an establishment of the CS

communication session comprising the MO CS call, when the UE is in the failure state.

[00120] Example 21 is a method including the subject matter of example 20, further
comprising providing, by the processing circuit, one or more registration related
messages to a core network associated with the CSFB enabled PS network to register
to the core network, as part of an establishment of a CS communication session

comprising the MT CS call, when the failure state of the UE comprises the first state.

[00121] Example 22 is a method including the subject matter of examples 20-21,
including or omitting elements, wherein the CSFB enabled PS network comprises a
third-generation partnership project (3GPP) long term evolution (LTE) network that
supports CSFB.

[00122] Example 23 is a method including the subject matter of examples 20-22,
including or omitting elements, wherein the first state comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, wherein the second state
comprises an EMM-REGISTERED.PLMN-SEARCH state and wherein the third state
comprises an EMM-REGISTERED.LIMITED-SERVICE state.

[00123] Example 24 is a method including the subject matter of examples 20-23,
including or omitting elements, further comprising establishing, by the processing circuit,
the CS communication session comprising the MO CS call or the MT CS call through
CSFB procedure, when the UE is operating in a non-failure state comprising an EMM-
REGISTERED.NORMAL-SERVICE.
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[00124] Example 25 is an apparatus for a user equipment (UE) in a circuit-switched fall
back (CSFB) enabled long term evolution (LTE) network, comprising one or more processors to:
determine that a circuit-switched (CS) communication session comprising a mobile originating
(MO) CS call or a mobile terminating (MT) CS call is to be established for the UE; determine
whether the UE is in a failure state comprising an evolved packet system mobility management
(EMM)-REGISTERED.ATTEMPTING-TO-UPDATE-MM or an EMM-REGISTERED.PLMN-
SEARCH or an EMM-REGISTERED.LIMITED-SERVICE; and attempt to select an available
non-LTE network that supports CS services, when the UE is in the failure state, by providing
one or more service related messages to a base station of the available non-LTE network as
part of an establishment of a CS communication session comprising the MO CS call; and a
transceiver circuitry to exchange communication signals with the base station of the available

non-LTE network.

[00125] Example 26 is an apparatus including the subject matter of example 25,
wherein the one or more processors is further configured to provide, when the failure state of
the UE comprises EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM, one or more
registration related messages, via the transceiver circuitry, to a core network associated with the
CSFB enabled LTE network to register to the core network, as part of an establishment of a CS

communication session comprising the MT CS call.

[00126] Example 27 is an apparatus including the subject matter of examples 25-26,
including or omitting elements, wherein the one or more processors is further configured to
determine an availability of the CS network based at least partly on a monitoring for
transmissions by CS networks, prior to selecting the CS network for establishing the MO CS

call.

[00127] Example 28 is an apparatus including the subject matter of examples 25-27,
including or omitting elements, wherein the determination that the CS communication session
comprising the MO CS call is to be established is based at least partly on a service request
generated, at the UE, by a connection management (CM) sublayer of the UE.

[00128] Example 29 is an apparatus including the subject matter of examples 25-28,
including or omitting elements, wherein the determination that the CS communication session

comprising the MT CS call is to be established is based on a CS domain paging message
received from a core network associated with the LTE network.
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[00129] Example 30 is an apparatus including the subject matter of examples 25-29,
including or omitting elements, wherein the one or more processors is further configured to,
when the UE is operating in a non-failure state comprising an EMM-REGISTERED.NORMAL-
SERVICE, establish the CS communication session comprising the MO CS call or the MT CS
call through CSFB procedure.

[00130] Example 31 is an apparatus including the subject matter of examples 25-30,
including or omitting elements, wherein the one or more processors is further configured to,
provide an extended service request message comprising an indicator that the CS
communication session comprising the MO CS call or the MT CS call is to be established, to an
evolved node-B (eNodeB) of the CSFB enabled LTE network, via the transceiver circuitry, in

order to establish the CS communication session through the CSFB procedure.

[00131] Example 32 is an apparatus including the subject matter of examples 25-31,
including or omitting elements, wherein the CSFB enabled LTE network includes a packet-

switched (PS) core and a CS core associated therewith.

[00132] Example 33 is an apparatus including the subject matter of examples 25-32,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM of the UE comprises a state in which the UE is
successfully registered for a PS communication session with the PS core, and wherein the UE
is not registered for a CS-communication session with the CS core, at least partly due to a
temporary issue associated with the CS core of the CSFB enabled LTE network.

[00133] Example 34 is an apparatus including the subject matter of examples 25-33,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.PLMN-SEARCH of the UE comprises a state in which the UE is searching for
public land mobile networks (PLMNSs).

[00134] Example 35 is an apparatus including the subject matter of examples 25-34,
including or omitting elements, wherein the failure state comprising the EMM-
REGISTERED.LIMITED-SERVICE of the UE comprises a state wherein a cell selected by the
UE is known not to be able to provide normal service and wherein the UE is searching for a

suitable cell.
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[00135] Example 36 is an apparatus including the subject matter of examples 25-35,
including or omitting elements, wherein the available CS network comprises a non-LTE

network.

[00136] Example 37 is an apparatus for a user equipment (UE) in a circuit-switched fall back
(CSFB) enabled packet-switched (PS) network, comprising: one or more processors to
determine that a circuit-switched (CS) communication session comprising a mobile originating
(MO) CS call or a mobile terminating (MT) CS call is to be established for the UE; determine
whether the UE is in a failure state comprising: a first state wherein the UE is successfully
registered for a PS communication session with a PS-domain associated with the CSFB
enabled PS network, and wherein the UE is not registered for a CS-communication session with
a CS-domain associated with the CSFB enabled PS network, at least partly due to a temporary
issue associated with the CS-domain; or a second state wherein the UE is searching for public
land mobile networks (PLMNs); or a third state wherein a cell selected by the UE is known not
to be able to provide normal service and wherein the UE is searching for a suitable cell; and
attempt to select an available CS network, when the UE is in the failure state, by providing, via
the one or more processors, one or more service related messages to a CS base station of the
available CS network as part of an establishment of the CS communication session comprising
the MO CS call; and a transceiver circuitry to exchange communication signals with the CS
base station of the available CS network.

[00137] Example 38 is an apparatus including the subject matter of example 37,
wherein the one or more processors is further configured to provide, when the failure state of
the UE comprises the first state, one or more registration related messages, via the transceiver
circuitry, to a core network associated with the CSFB enabled PS network to register to the core
network, as part of an establishment of a CS communication session comprising the MT CS
call.

[00138] Example 39 is an apparatus including the subject matter of examples 37-38,
including or omitting elements, wherein the CSFB enabled PS network comprises a third-

generation partnership project (3GPP) long term evolution (LTE) network that supports CSFB.

[00139] Example 40 is an apparatus including the subject matter of examples 37-39,
including or omitting elements, wherein the first state comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, wherein the second state comprises an
EMM-REGISTERED.PLMN-SEARCH state and wherein the third state comprises an EMM-
REGISTERED.LIMITED-SERVICE state.
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[00140] Example 41 is an apparatus including the subject matter of examples 37-40,
including or omitting elements, wherein the one or more processors is further configured to,
when the UE is operating in a non-failure state comprising an EMM-REGISTERED.NORMAL-
SERVICE, establish the CS communication session comprising the MO CS call or the MT CS
call through CSFB procedure.

[00141] Example 42 is an apparatus including the subject matter of examples 37-41,
including or omitting elements, wherein the one or more processors is further configured to,
provide an extended service request message comprising an indicator that the CS
communication session comprising the MO CS call or the MT CS call is to be established, to an
evolved node-B (eNodeB) of the 3GPP LTE network, via the transceiver circuitry, in order to

establish the CS communication session through the CSFB procedure.

[00142] Example 43 is an apparatus including the subject matter of examples 37-42,
including or omitting elements, wherein the PS communication session includes an evolved
packet system (EPS) communication session and the CS communication session includes a

non-EPS communication session.

[00143] Example 44 is an apparatus comprising, means for executing any of the methods
of examples 20-24.

[00144] Various illustrative logics, logical blocks, modules, and circuits described in
connection with aspects disclosed herein can be implemented or performed with a
general-purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform functions described
herein. A general-purpose processor can be a microprocessor, but, in the alternative,
processor can be any conventional processor, controller, microcontroller, or state

machine.

[00145] The above description of illustrated embodiments of the subject disclosure,
including what is described in the Abstract, is not intended to be exhaustive or to limit
the disclosed embodiments to the precise forms disclosed. While specific embodiments

and examples are described herein for illustrative purposes, various modifications are
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possible that are considered within the scope of such embodiments and examples, as

those skilled in the relevant art can recognize.

[00146] In this regard, while the disclosed subject matter has been described in
connection with various embodiments and corresponding Figures, where applicable, it is
to be understood that other similar embodiments can be used or modifications and
additions can be made to the described embodiments for performing the same, similar,
alternative, or substitute function of the disclosed subject matter without deviating
therefrom. Therefore, the disclosed subject matter should not be limited to any single
embodiment described herein, but rather should be construed in breadth and scope in

accordance with the appended claims below.
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CLAIMS
What is claimed is:

1. An apparatus for a user equipment (UE) in a circuit-switched fall back (CSFB)
enabled long term evolution (LTE) network, comprising:
one or more processors; and
a memory including instructions comprising operations, for execution via the one
Or more processors, to:
determine that a circuit-switched (CS) communication session comprising
a mobile originating (MO) CS call or a mobile terminating (MT) CS call is to be
established for the UE;
determine whether the UE is in a failure state comprising an evolved
packet system mobility management (EMM)-REGISTERED.ATTEMPTING-TO-
UPDATE-MM or an EMM-REGISTERED.PLMN-SEARCH or an EMM-
REGISTERED.LIMITED-SERVICE; and
attempt to select an available non-LTE network that supports CS services,
when the UE is in the failure state, by providing, via the one or more processors,
one or more service related messages to a base station of the available non-LTE
network as part of an establishment of a CS communication session comprising
the MO CS call.

2. The apparatus of claim 1, wherein the instructions comprise further operations,
for execution via the one or more processors to provide, when the failure state of the UE
comprises EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM, one or more
registration related messages to a core network associated with the CSFB enabled LTE
network to register to the core network, as part of an establishment of a CS

communication session comprising the MT CS call.

3. The apparatus of claim 1, wherein the instructions comprise further operations,
for execution via the one or more processors to determine an availability of the CS
network based at least partly on a monitoring for transmissions by CS networks, prior to

selecting the CS network for establishing the MO CS call.
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4. The apparatus of any of the claims 1-3, wherein the determination that the CS
communication session comprising the MO CS call is to be established is based at least
partly on a service request generated, at the UE, by a connection management (CM)

sublayer of the UE.

5. The apparatus of any of the claims 1-3, wherein the determination that the CS
communication session comprising the MT CS call is to be established is based on a
CS domain paging message received from a core network associated with the LTE

network.

6. The apparatus of any of the claims 1-3, wherein the instructions comprise further
operations, for execution via the one or more processors to, when the UE is operating in
a non-failure state comprising an EMM-REGISTERED.NORMAL-SERVICE, establish
the CS communication session comprising the MO CS call or the MT CS call through
CSFB procedure.

7. The apparatus of claim 6, wherein the instructions comprise further operations,
for execution via the one or more processors to, provide an extended service request
message comprising an indicator that the CS communication session comprising the

MO CS call or the MT CS call is to be established, to an evolved node-B (eNodeB) of
the CSFB enabled LTE network, in order to establish the CS communication session

through the CSFB procedure.

8. The apparatus of any of the claims 1-3, wherein the CSFB enabled LTE network

includes a packet-switched (PS) core and a CS core associated therewith.

9. The apparatus of claim 8, wherein the failure state comprising the EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM of the UE comprises a state in which
the UE is successfully registered for a PS communication session with the PS core, and
wherein the UE is not registered for a CS-communication session with the GS core, at
least partly due to a temporary issue associated with the CS core of the CSFB enabled
LTE network.
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10.  The apparatus of any of the claims 1-3, wherein the failure state comprising the
EMM-REGISTERED.PLMN-SEARCH of the UE comprises a state in which the UE is

searching for public land mobile networks (PLMNSs).

11.  The apparatus of any of the claims 1-3, wherein the failure state comprising the
EMM-REGISTERED.LIMITED-SERVICE of the UE comprises a state wherein a cell
selected by the UE is known not to be able to provide normal service and wherein the

UE is searching for a suitable cell.

12.  The apparatus of any of the claims 1-3, wherein the available CS network

comprises a non-LTE network.

13.  An apparatus for a user equipment (UE) in a circuit-switched fall back (CSFB)
enabled packet-switched (PS) network, comprising:
one or more processors; and
a memory including instructions comprising operations, for execution via the one
Or more processors, to:
determine that a circuit-switched (CS) communication session comprising
a mobile originating (MO) CS call or a mobile terminating (MT) CS call is to be
established for the UE;
determine whether the UE is in a failure state comprising:

a first state wherein the UE is successfully registered for a PS
communication session with a PS-domain associated with the CSFB
enabled PS network, and wherein the UE is not registered for a CS-
communication session with a CS-domain associated with the CSFB
enabled PS network, at least partly due to a temporary issue associated
with the CS-domain; or

a second state wherein the UE is searching for public land mobile
networks (PLMNSs); or

a third state wherein a cell selected by the UE is known not to be
able to provide normal service and wherein the UE is searching for a

suitable cell; and
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attempt to select an available CS network, when the UE is in the failure
state, by providing, via the one or more processors, one or more service related
messages to a CS base station of the available CS network as part of an

establishment of the CS communication session comprising the MO CS call.

14.  The apparatus of claim 13, wherein the instructions comprise further operations,
for execution via the one or more processors to provide, when the failure state of the UE
comprises the first state, one or more registration related messages to a core network
associated with the CSFB enabled PS network to register to the core network, as part of

an establishment of a CS communication session comprising the MT CS call.

15.  The apparatus of any of the claims 13-14, wherein the CSFB enabled PS network
comprises a third-generation partnership project (3GPP) long term evolution (LTE)

network that supports CSFB.

16.  The apparatus of claim 15, wherein the first state comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, wherein the second state
comprises an EMM-REGISTERED.PLMN-SEARCH state and wherein the third state
comprises an EMM-REGISTERED.LIMITED-SERVICE state.

17.  The apparatus of claim 15, wherein the instructions comprise further operations,
for execution via the one or more processors to, when the UE is operating in a non-
failure state comprising an EMM-REGISTERED.NORMAL-SERVICE, establish the CS
communication session comprising the MO CS call or the MT CS call through CSFB

procedure.

18.  The apparatus of claim 17, wherein the instructions comprise further operations,
for execution via the one or more processors to, provide an extended service request
message comprising an indicator that the CS communication session comprising the MO
CS call or the MT CS call is to be established, to an evolved node-B (eNodeB) of the
3GPP LTE network, in order to establish the CS communication session through the
CSFB procedure.

52



WO 2017/151259 PCT/US2017/015788

19.  The apparatus of any of the claims 13-14, wherein the PS communication session
includes an evolved packet system (EPS) communication session and the CS

communication session includes a non-EPS communication session.

20. A method for a user equipment (UE) in a circuit-switched fall back (CSFB)
enabled packet-switched (PS) network, comprising:

determining that a circuit-switched (CS) communication session comprising a
mobile originating (MO) CS call or a mobile terminating (MT) CS call is to be established
for the UE, at a processing circuit;

determining, at the processing circuit, whether the UE is in a failure state
comprising:

a first state wherein the UE is successfully registered for a PS
communication session with a PS-domain associated with the CSFB enabled PS
network, and wherein the UE is not registered for a CS-communication session
with a CS-domain associated with the CSFB enabled PS network, at least partly
due to a temporary issue associated with the CS-domain; or

a second state wherein the UE is searching for public land mobile
networks (PLMNSs); or

a third state wherein a cell selected by the UE is known not to be able to
provide normal service and wherein the UE is searching for a suitable cell; and
attempting to select an available CS network, by providing, by the processing

circuit, one or more service related messages to a CS base station of the available CS
network as part of an establishment of the CS communication session comprising the
MO CS call, when the UE is in the failure state.

21.  The method of claim 20, further comprising providing, by the processing circuit,
one or more registration related messages to a core network associated with the CSFB
enabled PS network to register to the core network, as part of an establishment of a CS
communication session comprising the MT CS call, when the failure state of the UE

comprises the first state.
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22.  The method of any of the claims 20-21, wherein the CSFB enabled PS network
comprises a third-generation partnership project (3GPP) long term evolution (LTE)

network that supports CSFB.

23.  The method of any of the claims 20-21, wherein the first state comprises an EMM-
REGISTERED.ATTEMPTING-TO-UPDATE-MM state, wherein the second state
comprises an EMM-REGISTERED.PLMN-SEARCH state and wherein the third state
comprises an EMM-REGISTERED.LIMITED-SERVICE state.

24. The method of any of the claims 20-21, further comprising establishing, by the
processing circuit, the CS communication session comprising the MO CS call or the MT CS
call through CSFB procedure, when the UE is operating in a non-failure state comprising
an EMM-REGISTERED.NORMAL-SERVICE.
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