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METHOD AND APPARATUS FOR EFFICIENT SYGNALING
AND USAGE OF RESOURCES FOR WIRELESS GOMMUNICATIONS
SUPPORTING CIRCUIT SWITCHED AND PACKEY SWITCHED SESSIONS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit ¢f Provisional Application Nos.
61/320,027, filed April 1, 2010; 61/303,761, filed Febyuary 12, 2010; 61/293,084, filed
January 7, 2010; 61/265,917, filed December 2, 2009; and 61/256,421, filed October
30, 2009, the contents of which are hereby incorpprated by reference herein.
BACKGROUND

[0002] It has .been a goal in wireless communications to devise a
mechanism to enable a wireless transmit/reCeive unit (WTRU) to place or receive a
communication during an ongoing sessfon without service interruption. For
example, in a Third Generation Partneyship Project (3GPP) Long Term Evolution
(LTE) scenario, a goal has been to devjse a mechanism to enable a WTRU, while it
1s connected to a packet switched (P domain of an Evolved Universal Terre_strial
Radio Access Network (E-UTRA?T ‘,, to place (i.e., originating) or receive (i.e.,
terminating) circuit switched (CSY services or vice versa. Examples of CS services
may include at least such services as a CS voice call, a short message service (SMS),
location services, or supplementary services. The initiation of a CS séssion during

an ongoing PS session by a W, RU is referred to as CS fallback (CSFB).

SUMMARY
[0003] Method and apparatus for efficient signaling and usage of
resources for wireless gommunications supporting circuit switched (CS) and packet
switched (PS) sessiorfs are disclosed. The behaviors of various wireless network
entities, including /a Mobility Management Entity (MME), a Visitor Location
Register ’(VLR), apd Base Stations (BSs), and the wireless transmit/receive units

(WTRUs) that cdmmunicate with the network, are defined in order to deal with
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issues that arise by implementing circuit switched fall batk (CSFB) in a Packet
Switched (PS) system.

[0004] A VLR may decide to abort a CSFJ procedure for a mobile
terminating (MT) CSFB call to a wireless transmit/recgive unit (WTRU), and send
.an abort message to an MME, in order to avoid an int¢r-system change for a WTRU.
‘The MME may send a Service Reject message to thg WTRU indicating that the CS
call is aborted, and ignore incoming messages pertaining to the cancelled call.
Bearer contexts may be synchronized between g/ transmitter entity and a receiver
entity by including bearer context status infoymation in any Non-Access Stratum

(NAS) message transmitted to the receiver enfity.

BRIEF DESCRIPTION/OF THE DRAWINGS
[0005] A more detailed undeystanding may be had from the following
description, givén by way of example in conjunction with the accompanying
drawings wherein: |
[0006] FIG. 1A 1s a sy_'.em diagram of an example communications
system in which one or more disclofed embodiments may be implemented,;
[0007] FIG. 1B 1is fa system diagram of an example wireless
transmit/receive unit (WTRU) | at may be used within the communicétions system
illustrated in FIG. 1A;
[0008] FIG. 1C 1g/a system diagram of an example radio access network
and an example core netwprk that may be used within the communications system
1llustrated in FIG. 1A;
[0009] - Figurg 2 is a block diagram of a tracking area update (TAU)

Information Element (IE);
[0010] igure 3 1s a flow diagram of a method for including the EPS

bearer context status in any NAS message;
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[0011] Figure 4A is a flow diagram for a procedurg between a WIRU and
an MME where there is an SGs Interface between the MME and an MSC/VLR;
[0012] Figure 4B is a flow diagram for a procedure performed by a
WTRU when if is informed that the CS domain is unavaflable;

[0013] Figure 5A is a flow diagram of a progedure in response to a WIRU
‘placing an emergency call;

[0014] Figure 5B shows a flow diagram ff a procedure for reducing delay
in the CSFB procedure for emergency calls; _
[0015] Figure 6 1s a flow diagram/ of a procedure when the WTRU
performs an inter—system-change when a locatfon area has changed,; _
[0016] Figure 7 is a flow diagram/of procedure for a TAU being triggered
in response to a CSFB failure; ‘

[0017] Figures 8A and 8B shopv example CSFB procedures for two CSFB
calls with and without enhancements, spectively;

[0018] Figure 9 is a flow diagram of a proéedure for avoiding an iriter;" ]
system change for a WTRU when a iS that triggered a MT CSFB is cancelled; and
[0019] ‘Figures 10A a 10B are flow diagrams of examples of two

Handover.

- PETAILED DESCRIPTION
[0020] The teachings described herein may be applicable to any access
technology that méy support circuit switched (CS) or packet switched (PS) sessions.
Examples include, but/are not limited to, Long Term Evolution (LTE), Wideband
Code Division Muyftiple Access (WCDMA), Global System for Mobile
communications (GHM), General Packet Radio Service (GPRS), Enhanced Data
rates for'y Global Hvolution (EDGE), Code Division Multiple Access (CDMAZ2000),
IEEE 802 techndlogies such as 802.11, 802.16 and Worldwide Interoperability for
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Microwave Access (WiMAX), Universal Mobile Telecofmmunications System
(UMTS), or any future technology. For purposes of ¢xplanation, the various
embodiments are described 1in an LTE context, but the vafious embodiments may be
1implemented using any technology that may support C¥and/or PS sessions.

[0021] FIG. 1A is a diagram of an exampl¢ communications system 100
in which one or more disclosed embodiments /may be implemented. " The
communications system 100 may be a multiple accgss system that provides content,
such as voice, data, video, messaging, broadcasf, etc., to multiple wireless users.
The communications system 100 may enable Itiple wireless users to access such
content through the sharing of system resourcgs, including wireless bandwidth. For
example, the communications systems 100 rhay employ one or more channel access
methods, such as code division multiple /access (CDMA), timé division multiple
access (TDMA), frequency division muftiple access (FDMA), orthogonal FDMA
(OFDMA), single;carrier FDMA (SC-FDMA), and the like.

[0022] | As shown 1in F IG.. 1A, the commﬁnications system 100 may
include wireless transmit/receive uplits (WTRUs) 102a, 102b, 102¢, 102d, a radio
access network (RAN) 104, a core etwork 106, a public switched telephone network
(PSTN) 108, the Internet 110, ang other networks 112, though it will be appreciated
that the disclosed embodiments/contemplate any number of WTRUs, base stations,
hetworks, aﬁd/or network elefnents. Each of the WTRUs 102a, 102b, 102¢, 102d
may be a.ny type of device cpnfigured to operate and/or communicafe n é wireless
environment. By way off example, the WTRUs 102a, 102b, 102¢, 102d may be
configured to transmit And/or receive wireless signals and may include user
equipment (UE), a mopile station, a fixed or mobile subscriber unit, a pager, a
cellular telephone, a personal digital assistant (PDA), a smartphone, a laptop, a
netbook, a personal gomputer, a wireless sensor, consumer electronics, and the like.

[0023] e communications systems 100 may also include a base station

114a and a base gtation 114b. Each of the base stations 114a, 114b may be any type
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of device configured to wirelessly interface with at least oyle of the WTRUs 102a,
102b, 102¢, 1024 to facilitate access to one or more commfinication networks, such
as the core network 106, the Internet 110, and/or the Aetworks 112. By way of
example, the base stations 114a, 114b may be a base Aransceiver station (BTS), a
Node-B, an eNode B, a Home Node B, a Home eNode/B, a site controller, an access
point (AP), a wireless router, and the like. While the base stations 114a, 114b are
each depicted as a single element, it will be apprecfated that the base stations 114a,
114b may include any number of interconnecfed base stations and/or network
elements. _

[0024] The baée station 114a may/be part of the RAN 104, which may
also include other base stations and/or nejwork elements (not shown), such as a
base station controller (BSC), a radio netfvork controller (RNC), relay nodes, etc.
The base station 114a and/or the base sfation 114b may be configured to transmit
and/or receive wireless signals within g/ particular geographic region, which may be
referred to as a cell (not shown). Thg cell may furthef be divided into cell sectors.
For example, the cell associated wfth the base station 114a may be divided into
three sectors. Thus, in one embogliment, the base station 114a may include three
transcelvers, i.e., one for each sgtctor of the-cell. In another embodiment, the base
.station 114a may employ mulfiple-input multiple output (MIMO) tec.hnology and,
therefore, méy utilize multipl¢ transceivers for each sector of the cell.

[0025] | The base gtations 114a, 114b may communicate with one or more
of the WTRUs 102a, 102b/ 102c, 102d over an air interface 116, which may be any
suitable wireless commfunication link (e.g.', radio frequency (RF), microwave,
infrared (IR), ultraviolgt (UV), visible light, etc.). The air interface 116 may be
established using any/suitable radio access technology (RAT). -

[0026] , Mygre specifically, as noted above; the communications system 100
may be a multiplé access system and may employ one or more channel access

schemes, such ag CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
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example, the base station 114a in the RAN 104 and the WI'RUs 102a, 102b, 102¢c
may implement a radio technology such as Universal Mgbile Telecommunications
System (UMTS) Terrestrial Radio Access (UTRA), which may establish the air
interface 116 wusing wideband CDMA (WCDMA) WCDMA may include
communication protocols such as High-Speed Packet Access (HSPA) and/or Evolved
- HSPA (HSPA+). HSPA may include High-Speed D¢wnlink Packet Access (HSDPA)
and/or High-Speed Uplink Packet Access (HSUPAY.

[0027] In another embodiment, the Wase station 114a and the WTRUs
102a, 102b, 102¢c may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), Which mgy establish the air interface 116 using
Long Term Evolution (LTE) and/or LTE-Adyanced (LTE-A).

[0028] In other embodiments, Ahe base station 114a and the WTRUs
102a, 102b, 102¢ may implement radi technologies such as IEEE 802.16 (i.e.,
Worldwide Intéroperability for Mjcrowave Access (WiMAX)), CDMA2000,
CDMA2000 1X, CDMAQOOO EV-DQ) Interim- Standérd 2000 (IS-2000), Interim
Standard 95 (IS-95), Interim Sta':dard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

[0029] . The base stab on 114b in FIG. 1A may be a wireless fouter, Home
Node B, Hofne eNode B, or gfcess point, for example, and may utilize any suitable
RAT for facilitating wirelegs connectivity in a localized area, such as a place of
business, a home, a vehicfe, a campus, and the li_ke. In one embodiment, the base
station 114b and the WHRUs 102¢, 102d may implement a radio technology such as
IEEE 802.11 to establish a wireless local area network (WLAN). In another
embodiment, the basg station 114b and the WTRUs 102¢, 102d may implement a
radio technology su¢gh as IEEE 802.15 to establish-a wireless personal- area network
(WPAN)'.. In yet ahother embodiment, the base station 114b and the WTRUs 102c,
102d may utilizé a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE,
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LTE-A, etc.) to establish a picocell or femtocell. As showp in FIG. 1A, the base
station 114b may have a direct connection to the Interyet 110. Thus, the base
station 114b may not be required to access the Interneyf 110 via the core network
106.

.[0030] The RAN 104 may be in communifation with the core network
-106, which may be any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VgIP) services to one or more of the
WTRUs 102a, 102b, 102¢, 102d. For example, fhe core network 106 may provide
call control, billing services, mobile location-based services, pre-paid calling,
Internet connectivity, video distribution, etgl, and/or perform high-level security
functions, such as user authentication. Al hough not shown in FIG. 1A, it will be
appreciated that the RAN 104 and/or thé core hetwork 106 may be in direct or
indirect communication with other RANs that employ the same RAT as the RAN
104 or a different RAT. For example/in addition to being connected to the RAN
104, which may be utilizing an E-UT A-radio technology, the core network 106 may
also be in communication with ang Iher RAN (not shown) employing a GSM radio
technology. '

[0031] The core netwgrk 106 may also serve as a gateway for the WTRUs
102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110, and/or other
networks 11'2. The PSTN 10§ may include circuit-switched telephone networks that
provide plain old telephoneservice (POTS). The Internet 110 may include a global
systérn of interconnected computer networks and devices that use common
communication protocolg, such as the transmission control protocol (T'CP), user
datagram protocol (UPP) and the internet protocol (IP) inr the TCP/IP internet
protocol suite. The petworks 112 may include wired or wireless communications
networks owned ayd/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANS,

which may emplgy the same RAT as the RAN 104 or a different RAT.
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[0032] Some or all of the WTRUs 102a, 102p, 102c¢, 102d in the
communications system 100 may include multi-mode capgpilities, i.e., the WTRUs
102a, 102b, 102¢, 102d may include multiple transceiveys for communicating with
different wireless networks over different wireless linkg. For example, the WTRU
102¢ shown in FIG. 1A may be configured to commyhnicate with the base station
‘114a, which may employ a cellular-based radio tfchnology, and with the base
station 114b, which may employ an IEEE 802 radig/technology.

[0033] FIG. 1B is a system diagram of An example WTRU 102. As shown
in FIG. 1B, the WITRU 102 may include a processor 118, a transceiver 120, a
transmit/receive elemenf 122, a speaker/mnicrophone 124, a keypad 126, a
display/touchpad 128,__..n0n-removable memoyy 106, removable memory 132, a power
source 134, a global positioning system (fPS) chipset 136, and other peripherals
138. It will be appreciated that the WI'BU 102 may include any sub-combination of
the foregoing elements while remaining/consistent with an embodiment.

[0034] The procéssor 118 nhay be a general purpose processor, a special-
purpose processor, a conventional_‘irocessor, a digital signal processor (DSP), a
plurality of microprocessors, one of more microprocessors in association with a DSP
core, a controller, a microconfroller, Application Specific Integrated Circuits
(ASICs), Field Programmable/Gate Array (FPGAs) circuits, any other type of
integrated éircuit (IC), a stgte machine, and the like. The processor 118 may
perform signal coding, dath processing, power control, input/output processing,
and/or any other function ity that enables the WTRU 102 to operate in a wireless
environment. The procegsor 118 may be coupled to the transceiver 120, which may
be coupled to the trghsmit/receive  element 122. While FIG. 1B depicts the
processor 118 and fhe transceiver 120 as separate components, it will be
appreciated that thle processor 118 and the transceiver 120 may be integrated

together in an electronic package or chip.
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[0035] The transmit/receive element 122 may be/configured to transmit
signals to, or receive signals from, a base station (e.g., th¢ base station 114a) over
the air interface 116. For example, in one embodinfent, the transmit/receive
element 122 may be an antenna configured to transmif and/or receive RF signals.
In another embodiment, the transmit/receive glement 122 may be an
emitter/detector configured to transmit and/or refeive IR, UV, or visible light
signals, for example. In yet another embodiment, £he transmit/receive element 122
may be configured to transmit and receive botly RF and light signals. It will be
appreciated that the transmit/receive element /122 may be configured to transmit
and/or receive any combination of wireless sigpals. A
[0036] In addition, although the tfansmit/receive element 122 is depicted
in FIG. 1B as a single element, the WIRU 102 may include any number of
transmit/receive elements 122. More pecifically, the WIRU 102 may employ
MIMO technology. Thus, in one embofliment, the WT'RU 102 may include two or
more tfansmit/receive elements 122 (£.g., multiple anfennas) for transmitting and
receiving wireless signals over the ait interface 116.

1 [0037] The transceiver A20 may be configured to modulate the signals
that are to be transmitted by thg transmit/receive element 122 and to demodulate
the signals that are received by the transmit/receive element 122. As noted above,
-the WTRU 102 may have mufti-mode capabilities. Thus, the transceiver 120 may
" include fnultiple transceivefrs for enabling the WTRU 102 to communicate via
multiple RATSs, such as UTRA and IEEE 802.11, for example.

[0038] The prgcessor 118 of the WTRU 102 may be coupled to, and may
recelve user input data/from, the speaker/microphone 124, the keypad 126, and/or
the display/touchpad 728 (e.g., a liquid crystal display (LLCD) display unit or organic
light-emitting diode (OLED) display unit). The processor 118 may also output user
data to ﬁhe speak¢r/microphone 124, the keypad 126, and/or the display/touchpad

128. In addition/the processor 118 may access information from, and store data in,
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any type of suitable memory, such as the non-removable yhemory 106 and/or the
removable memory 132. The non-removable memory 1¢6 may include random-
access memory (RAM), read-only memory (ROM), a hard/disk, or any other type of
memory storage device. The removable memory 137 may include a subscriber
identity module (SIM) card, a memory stick, a secure gdligital (SD) memory card, and
-the like. In other embodiments, the processor 11§ may access information from,
and store data in, memory that is not physically lgcated on the WIRU 102, such as
on a server or a home computer (not shown).

[0039] The processor 118 may receive power from the power source 134,
and may be configured to distribﬁte andjor control the power to the other
components in the WTRU 102. The power fsource 134 may be any suitable device
for powering the WTRU 102. For example /the power source 134 may include one or
more dry cell batteries (e.g., nickel-cadmi im (N1Cd), nickel-zinc (NiZn), nickel metal
hydride (NiMH), lithium-ion (Li-ion), etf.), solar cells, fuel cells, and the like.

[0040] | The processor 118 yhay also be coupied to the GPS chipset 136,
which may be configured to provide locafion information (e.g., longitude and
latitude) regarding the current locAtion of the WITRU 102. In addition to, or in lieu
of, the information from the GPY chipset 136, the WTRU 102 may receive location
information over the air interfgce 116 from a base station (e.g., base stations 114a,
V114b) and/or determine its lochtion based on the timing of the signals being received
from two or more nearby bgke stations. It will be appreciated that the WTRU 102
may acquire location infofmation by way of any suitable location-determination
method while remaining fonsistent with an embodiment. _

[0041] - The processor 118 may further be coupled to other peripherals
138, which may inclugde one or more software and/or hardware modules that provide
additional features/ functionality and/or wired -or wireless connectivity. For
example',' the perypherals 138 may include an accelerometer, an e-compass, a

satellite transceifer, a digital camera (for photographs or video), a universal serial
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bus (USB) port, a vibration device, a television transceiver,/a hands free headset, a
Bluetooth® module, a frequency modulated (FM) radio unft, a digital music player,
a media player, a video game player module, an Internet browser, and the like.
[0042] FIG. 1C is a system diagram of fhe RAN 104 and the core
network 106 according to an embodiment. As noteéd above, the RAN 104 may
employ an E-UTRA radio technology to communicafe with the WTRUs 102a, 102b,
102c over the air interface 116. The RAN 104 mgy also be in communication with
the core network 106.

[0043] The RAN 104 may_include eNode-Bs 140a, 140b, 140c, though it
will be appreciated that fhe RAN 104 may ipiclude any number of eNode-Bs while
remaining consistent with an embodiment/ The eNode-Bs 140a, 140b, 140c may
each include one or more transceivers fof communicating with the WTRUs 102a,
102b, 102¢ over the air interface 116. Infone embodiment, the eNode-Bs 140a, 140D,
140c may implement MIMO technology. Thus, the eNode-B 140a, for example, may
use multiple antennas to transmat W'reless’ signals to; and receive Wire_less signals
from, the WTRU 102a. /

[0044] Each of the eNofle-Bs 140a, 140b, 140c may be associated with a
particulaf cell (not shown) apd may be configured to handle radio resource
management decisions, hando{z r decisions, scheduling of users in the ﬁplink and/or
downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b, 140c may
communicate with one anotjier over an X2 interface.

[0045] The corg/ network 106 shown in FIG. 1C may include a mobility
management gateway ME) 142, a serving gateway 144, and a packet data
network (PDN) gatewag 146. While each of the foregoing elements are depicted as
part of the core netwgrk 106, it will be appreciated that any one of these elements
may be owned and/gf operated by an entity other than the core network operator.
[0046] he MME 142 may be connected to each of the eNode-Bs 142a,
142b, 142¢ in the/RAN 104 via an S1 interface and may serve as a control node. For
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example, the MME 142 may be responsible for authenticatifg users of the WTRUs
102a, 102b, 102c, bearer activation/deactivation, selectihg a particular serving
gateway during an initial attach of the WT'RUs 102a, 109b, 102¢, and the like. The
MME 142 may also provide a control plane function for/switching between the RAN
104 and other RANs (not shown) that employ other raflio technologies, such as GSM
or WCDMA.

[0047] The serving gateway 144 may b¢ connected to each of the eNode
Bs 140a, 140b, 140c¢ in the RAN 104 via the S1 ifiterface. The serving gateway 144
may generally route and forward user data packets to/from the WIRUs 1023, 102b,
102c. The serving gatewéy 144 may also perfgrm other functions, such as anchoring
user planes during inter-eNode B handovergf triggering paging when downlink data
is available for the WTRUs 102a, 102b, 102¢, managing and storing contexts of the
WTRUs 102a, 102b, 102c, and the like. / |

[0048] " The serving gateway 144 may also be connected to the PDN
gateway 146, which may bprovide tile WTRUs 102a, 102b, 102c with access to
packet-switched networks, such as‘ﬁ he Internet 110, to facilitate communications
between the WTRUs 102a, 102b, 192¢ and IP-enabled devices.

[0049] The core netwgrk 106 may facilitate communications with other
networks. For example, the co‘ e network 106 may provide the WTRUs 102a, 102b,
102¢ with aécess to circuit-switched networks, such as the PSTN 108, to facilitate
communications between tle WTRUs 102a, 102b, 102¢ and traditional land-line
communications vdevices. or example, the core network 106 may include, or may
communicate with, an Il gateway (e.g., an IP multimedia subsystem (IMS) server)
that serves as an inteyface between the core network 106 and the PSTN 108. In
addition, the core n Work 106 may provide the WTRUs 102a, 102b, 102c with
access to the netwotks 112, which may include other wired or wireless networks

that are owned ang/or operated by other service providers.
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[0050] A problem that may occur in wireless cofnmunications systems
supporting CS and PS sessions, 1s that a Service Requgst (SR) procedure may
establish radio bearers when there is no pending user/data, thus unnecessarily
wasting radio resources. In the context of LTE systems/the Evolved Packet System
(EPS) 1s a combination of the Evolved-UTRAN (E-UTRAN) access network and the
Evolved Packet Core (EPC) network. For example, yeferring to Figure 1C, the EPS
1s a combination of RAN 104 and Core Network 10¢.

[0051] The EPS may be an all IP tyfe of network. The higher layer
signaling between the WTRU and Core Network entity (i.e. the MME 142 in Figure
1C) may be recognized as the an Aécess Stratum (NAS) layer. At the NAS layer,
the EPS may introdgce two new protocol epatities; the EPS Mobility Management
(EMM) as well as the EPS Session Management (ESM). The signaling connection
between the WIRU and the MME is refeyred to as an EMM connection. The WTRU
is in EMM-IDLE Mode if it is registerfd with the network, but there is no EMM
connecﬁion.' Similarly, the WI'RU if in EMM-Connected Mode when the (NAS) -
EMM connection exists. An EPS B':_arer Context is a collection of parameters and
network resources that are allocgfed by the network upon a WTRU’s request for
various services requiring differepit quality of service (QoS).

[0052] One purpose' f the service request (SR) procedure 1s to transfer
the EMM from EMM-IDLE tf EMM-CONNECTED and establish the radio and S1
bearers When uplink user data or signaling is to be sent. Another purpose of this
procedure 1s to invoke nhobile originated (MO)/mobile terminated (MT) circuit
switched (CS) fallback (QSFB) procedures. A SR procedure, regardless of its trigger
(e.g., short message sefvice (SMS) or user data), may cause the establishment of
radio and S1 beayers for all active EPS bearer contexts in a wireless
transmit/receive unyt (WTRU). Thus, even if some triggering mechanism needs the

signaling radio behrers, the mobile management entity (MME) may still establish
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the radio and S1 bearers for all active EPS bearer contexts/if the WTRU sends an
SR which 1s accepted by the MME.

[0053] Another way for the WIRU to request the establishment of radio
and S1 bearers is by setting a one-bit position (called ghe “Active Flag” bit) in the
Tracking Area Update (TAU) request that 1s sent to thie MME. This may happen if
user data is pending when the TAU procedure is triggered. Setting this bit informs
the MME that the non-access stratum (NAS)Y signaling connection may be
maintained and the radio and S1 bearers may be getup for all active EPS contexts.
[0054] When a WTRU sends a SR mfessage, it starts timer T3417. This
timer is then stopped norfnally (i.e., the procedure completed normally) if the access
stratum (AS) indicate_s the establishment of pearers for the user plane. However, ba
WTRU may need to establish a NAS conngttion for sending/receiving SMS, sending
or recelving location service information,/or other information. Thié 1s carried over
signalling radio bearers and there may be no need to establish radio and Slvbearers
for all EPS bearer contexts when the ]WTRU sent the SR for SMS or other non-user-
plane related services. In this case, ‘ esources may be wasted and may be difficult to
avoid. |

[00565] According to a first embodiment, when a WTRU transi_tions from
evolved packet system (EPS) cbnnection management mode (EMM) -Idle mode to
AEMM-Connécted mode, radiofresources may be setup when the reason service is
' requeéted is for user data. This embodiment is described in further detail below.
[0056] When thfe WTRU transitions from EMM-Idle mode to EMM-
Connected mode, the radfo and S1 bearers may be setup if the reason that service is
requested is related tofuser data, and may not be setup otherwise. Thus, 1if the
WTRU is in Idle yhode and is requesting non-EPS services (e.g., SMS or
supplementary services (SS)), location service, or positioning services, the service
request ﬁrocedure oes not cause the establishment of radio and S1 bearers related

to the active S bearers. One way to achieve this is to use a different
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establishment cause for the case when user data is pending pr when the reason for
the SR is not related to pending user data, such as SMS,/SS, location services, or
other user data.

[0057] Additionally, the WTRU may initiate/fthe SR procedure in EMM-
Connected mode, to indicate the need for radio and $1 bearers for all active EPS
‘bearer contexts. The WITRU may send an SR mesgage or an Extended SR (ESR)
message indicating a new type, for example “user ¢ata pending.” The network then
may initiate the setup of radio and S1 bearers for all active EPS bearer contexts.
Because the SR message may not have a servife type informatidn element (IE); a
new IE may be included in the SR (or ESR) jhessage to indicate the pending user
data status which may then trigger the estgblishment of radio and S1 bearers for
the WTRU’s contexts. The IE may be a cofiditional or optional IE since the current
SR is four octets long. Thus, if the SR mgksage is to be used as indicated above, this
new IE may be included. Otherwise, the SR may not include this IE, (e.g., if 1t was
sent tovtransition from Idle to Connegted mode). This embodiment also applies to
the ESR message. -

[0058] Alternatively, thle WTRU may send a new NAS message in
Connected mode to indicate that/the network must setup the radio and S1 bearers
for all active EPS bearer contexts. _ |

[0059] | For any of the above options (SR, ESR, or new NAS message), the
WTRU rhay either specify the EPS bearer context for which it needs radio and S1
bearers be set up, or the petwork may establish radio and 51 bearers for all active
EPS bearer contexts. Thg former may re-use the EPS bearer context status IE (or a
new IE) to indicate what EPS bearer contexts are concerned by the procedure.
[0060] Anofher problem that may occur in wireless communications
systems supporting/CS and PS sessions, is that there may be a lack of means for
illformilig a WTRUY to maintain a NAS signaling connection during a Tracking Area

Update (TAU) prpcedure.
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[0061] When a WTRU is powered on, it may regigter in the EPS domain
by performing an “Attach” procedure. After the WITRU haf attached to the EPS, it
may have to inform the MME about its position using a /AU procedure. A WTRU
performing a TAU procedure may indicate to the ngtwork that there is more
signaling to be done and/or there 1s user data pendifg by setting a bit, called the
“Active Flag” bit, in the TAU Request message. If the bit is set by the WTRU, the
network may then establish radio and S1 bearers fpr all active EPS bearer contexts.
But there is no current mechanism for the netwprk to indicate to the WIRU that
there is more mobile terminating (MT) signaling to be done even if the bit is not set
in the TAU Request. 'Thus, 1t is possible t at the MME receives SMS or other
signaling that it needs to send to the WTRU pvithout being able to do so.

[0062] In ohe embodiment, the fetwork indicates to a WI'RU to maintain
NAS signaling during tracking area date (TAU) Accept signéling. A TAU
response may be sent to the WTRU from the,» network with the update result.
Figure 2 is a block diagram of a tracking area update (TAIJ) response message 200
including an Evolved Packet Syste :_(EPS) Update result Information Element (IE)
210. TAU response message 200 jncludes a first octet 208 and a second octet 210,
where the second octet 210 1s the EPS Update result IE 210. The EPS Update
result IE 210 includes an IE ifentifier 202, a spare bit 204, and an EPS update
result value 206. The EPS Update result value 206 may inform the WTRU whether
its updating attempt has peen successful for Tracking Area only or for both
Tracking Area and Locatign Area. The fields of message 200 are shown with bit
position labels, for exanfple the spare bit 204 i1s in bit position 4, however any
arrangement of the fields may be used. |

[0063] The/spare bit 204 may be set to “zero”. The network may indicate
to the WTRU that/the NAS connection may be maintained for more p'ending
signaling; For exafnple, when a TAU request 1is sent to the MME, an MT SMS may
also arrive at th¢ MME. Thus, to keep the NAS signaling connection for the SMS
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transfer, the MME sends a TAU Accept and sets the spare/bit 204 to value “one”.
Upon reception, the WI'RU maintains its NAS signaling gnd RRC connection with
the MME and eNB, respectively, for a configured time fluring which the network
may continue with more signaling. The WTRU may release the connection if the
time elapses without receiving signaling from the neywork. The network may use
the maintained NAS signaling connection fo send SMS, SS, location, or positioning
services, or to trigger ESM procedures, (for exgmple, activation of a dedicated
bearer context which may be followed by an RRC/message to establish radio and S1
bearers for all active EPS bearer contexts). Th¢ MME may also use the maintained
signaling to inform the WTRU about a MT CSEB request.

[0064] Alternatively, the WTRU /may expect some MT signaling before
receiving the RRC Connection Release mebsage from the eNB. If this is the case,
then the WT'RU may process the signali | accordingly and may not consider this as
an error case.

[0065] Another problem ,t at may occur in wireless communications
systems supporting CS and PS sess":_ns, is that EPS bearer context synchronization
may be limited within the TAU prgcedure. An EPS Bearer Context is a collection of
parameters and network resoufces that are allocated by the network upon a
WTRU’s request for various seyvices requiring different qualities of service. Every
EPS bearer éontext that 1s acfive in one entity (WTRU or MME/network) may have
an active counterpart in thle other entity (MME/network or WTRU). Thus, the
WTRU and the network trf to maintain their EPS bearer contexts as synchronized
as possible. In sdme caseh, in the MME, for example, an EPS bearer context may be
locally deactivated becguse 1t has not been in use for some time. The MME may
update the WTRU whth the latest EPS bearer context status by including an
information element (IE) called the EPS bearer context status IE in certain

signaling messaged, such as the TAU Accept message.
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[0066] Upon receipt of this IE by the WTRU, it mfay deactivate all those
EPS bearer contexts locally (without peer-to-peer signaling/between the WTRU and
the MME) which are active in the WTRU, but are indicgted by the MME as being
mactive. The same applies to the case if the WTRU hgk included the IE in certain
messages such as TAU Request. If so, then the MME /may deactivate all those EPS
bearer contexts locally (without peer-to-peer signalyng between the MME and the
WTRU) which are active on the network side, buf are indicated by the WTRU as
being inactive. |

[0067] The WTRU may perform a pgriodic TAU when its periodic tirnér
eﬁcpire’s. If the WTRU has deactivated a conflext before the next TAU takes place,
then it may have to wait for the TAU inifiation before synchronization with thé
MME/metwork. It rhay also be possiblg’ that other requests arrive before the
initiation of the periodic TAU; (e.g., CJFB for which it is importént to take the
latest EPS bearer context status into yse as the‘procedure leads to the resérvation
of corresponding resources in the tar t- RAT). Thus, the synchronization process is-
not efficient because it is currently 1"Ilr_nited to TAU signaling.

[0068] ‘In one embodi ént, the EPS bearer context status IE may be
included in any NAS messages. For example, the EPS bearer context status IE may
be included in any or all NAS essages, (except where it may not be possible, for
example in‘a Service Request message), even if the procedure is not the TAU
procedufe. Thus, every tfme there i1s an update of the context’s status, the
WTRU/MME/network may include the bearer context status IE in the next NAS
message that 1s éeAnt to the receiver, in order to promptly provide the latest context
status.

[0069] Accgrding to an embodiment, the WTRU may include the IE in
the Extended Servige Requést (ESR) message. If the WTRU is in Cohnected mode
when it ‘sends the/ESR message and it includes the EPS bearer context status IE,
then the MME yhen executing the handover to a CS RAT may take the included
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status of the context into account when, for example, perfofming packet switched
(PS) handover (HO) or establishing resources in the target RAT.

[0070] The MME/network may include the EPS bearer context status IE
in all messages, even the reject messages. For example, a Service Reject may have
the EPS bearer context status IE included and the WARU may update its contexts
accordingly when it receives this IE in such a mesgage. This applies to both the
connected mode and/or the Idle mode, and to the WIRU or the network.

[0071] Upon the receipt of the bearek context status IE, the receiver
entity (WTRU or MME/network) deactivates #ll the EPS bearer contexts localiy
(without peer-to-peer signaling between the WTRU and the MME) which are active
in the receiver entity, but are indicated by the transmitter entity as being inactive.
[0072] ~ Figure 3 is a flow diagrafm 300 of a method for including the EPS
bearer context status in any NAS messgge. Steps 305-315 occur ih a transmitter
entity, and steps 320-325 occur in a rgceiver eﬁtity, where the transmittef entity
and receiver entity may be on the WIRU side and the network side, respectively, or
vice versa. In step 305, the trans .,tter entity detects én update in a status of an
EPS bearer context in the transmftter entity. In step 310, the transmitter entity
includes an EPS bearer context/ status information element (IE) in a next Non-
Access Stratum (NAS) messag¢ to the receiver entity reflecting the bearer context
status updafe. The next NA¥ message may be, for example, an ESR message. In
step 3'15,‘ the transmitter enfity sends the next NAS message to the receiver entity.
In step 320, the receiver ¢ntity receives the next NAS message. In step 325, the
receiver entity deactivatgs all the EPS bearer contexts locally which are active in
the receiver entity, bulf are indicated by the transmitter entity in the EPS bearer
context status IE as bging inactive.

[0073] _ Other issues may arise in wireless communicaﬁions systems
supportiﬁg CS and/PS sessions when the CS domain is temporarily unavailable. In

the context of L systems, the concept of CSFB was introduced to allow a WTRU
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to get CS (or non-EPS) service over E-UTRAN, (i.e., MO/MT CS calls and SMS).
The mobile switching center (MSC)/visitor location registey (VLR) 1s a combina_tion
of a switch and a database that was introduced in the 2(} and 3G systems in order
to provide the Circuit Switched (CS) services, and is lochted in the same operator’s
network as the MME. CSFB was enabled by the infroduction of a new interface
Dbetween the MME and the MSC/VLR known as the Sfss interface.

[0074] For a WTRU to get non-EPS serfices, (e.g., SMS), a registration
may be performed on both the E-UTRAN and domains known as a combined
attach procedure. This combined registration freates an SGs association for the
WTRU at the MME and the MSC/VLR. As su , an SMS message may be sent with
LTE signaling to the MME using native LTI NAS messages. If the WIRU has an
SGs association at the MME, the latter /may then forward the message to the
MSC/VLR without its verification. Similhrly, for MT SMS, the MME may forward
the message to the WTRU after receiving the r_équest from the MSC/VLR via the
SGs interface. |

[0075] Similarly, if there s an MT CS call for é WTRU in E-UTRAN, the
MSC/VLR may create a paging megsage towards the MME using the SGs interface.
The latter may then attempt to sotify the WTRU about the MT call. The WTRU
may maintain an update stajus related to its EPS and non}-EPS' registration
outcomes, as follows.

[0076] The WT may maintain an EPS status of its current
registration with the netwpbrk, where the EPS status may be any of the following:
EU1: UPDATED, meanyng the last Attach or TAU was successful, EU2: NOT
UPDATED, meaning tHe last Attach, Service Request (SR), or TAU attempt failed
procedurally, i.e., no fesponse or a rejection was received from the MME; or EU3:
ROAMING NOT AILOWED, meaning the last Attach, SR, or TAU was correctly
performéd but thle reply from MME was negative (because of roaming or

subscription restyictions).
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[0077] The WTRU may maintain a mobility manggement (MM) status of
its current registration with the network (3G), where the YIM status may be any of
the following: Ul: UPDATED, meaning the last locatiof area update (LAU) was
successful; U2: NOT UPDATED, meaning the last I/AU failed procedurally (no
significant answer was received from the network, ingfuding the cases of failures or
congestion inside the network); U3: ROAMING NO7 ALLOWED, meaning the last
LAU ran correctly but the answer from the hetwork was negative; or U4:
UPDATING DISABLED, meaning the LAU has heen disabled.

[0078] For the MM status, the subscriber 1identity module
(SIM)/universal subscriber identity module AUSIM) may not contain any valid
location area identity (LAI), temporary mqgbile subscriber identity (TMSI), global
system for mobile -communications (GAEM) ciphering key, universal mobile
telecommunications system (UMTS) iategrity key, UMTS ciphering key, or
ciphering key sequence number. For ¢ mpatibility reasons, all these fields may be
set to the “deleted” value at the mophent the status is set to eCALL INACTIVE.
However, the presence of other valu ‘_s may not be considered an error by the mobile
station. Furthermore, if the mo ﬂe equipment (ME) supports any A5 ciphering
algorithm that requires a 128-biff ciphering key and a USIM is in use, then the ME
may delete the GSM Kcizs sffored at the moment the status is set to eCALL
INACTIVE. The “location update status” stored on the SIM/USIM may be “not
updated.”

[0079] Thus, a WTRU may maintain both EPS and non-EPS statuses
whenever 1t 1s performin/g combined registration.v In addition, whenever a WTRU
performs combined regystration (combined Attach or combined TAU), the VLR may
provide a new TMSJ/ and location area identity (LAI) to the WTRU which are
ipcluded in the TAY Accept message. The WTRU uses the TMSI when it goes to
the targét radio afcess technology (RAT) if the list of LAI, provided to it did not
change. A locatjon update is triggered between the MME and the VLR when the
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MME receives certain messages from the WTRU, (e.g., a cofmbined TAU). But the
periodic TAU which is governed by timer T3412 does not/cause a location update
over the SGs interface.

[0080] It may be possible that the CS dgmain becomes temporarily
unavailable, for example, if the MME resets and thus/loses all the SGs associations
it had for the combined-registered WIRU. The sande may occur if the VLR resets
and then loses its SGs associations for the WTRUY that were previously combined-
registered.

[0081] If the WTRU receives a Servige Reject message (for example, With
cause “‘#39 — CS domain témporarily not avai ble”), then the following actions may
be taken. The WTRI'J:_, may start a timer (foy example time T3442) and set the EPS
update status to “EU? NOT UPDATED”, fand store the status. Then, the WTRU
may enter the “EMM-REGISTERED. NGRMAL-SERVICE state”. The WTRU may
not try to send an extended service reqgfiest meséage for mobile originating services
to the network until the timer T344% expires or the WIRU sends a TAU request
message. Timer T3442, which 1s in ._uded in the Service Reject message, may have
a value that ranges from seconds, V minutes, or hours, or it may be deactivated.
[0082] With the existiflg WT'RU behavior after receiving reject cause #39,
as described hereinbefore, it is ‘possible that the WTRU does not receive non-EPS
services because of delayed cgmbined registration. The following problems may be
1dentified. If cause #39 1s dye to a VLR reset, then there may be no need to change
the EPS update status as the MME still has the latest WTRU profile and context.
Moreover, the MME maf initiate a location update towards the VLR when the
WTRU sends a periodic/TAU message. In this case, the VLR may in turn provide a
TMSI and location arga identities in response, which are normally included in the
TAU Accept messagg. But the WTRU may not expect these IEs in the TAU Accept
message'When 1t 1y performing a periodic TAU message. Thus, the WTRU behavior

1t receives these 1Es during a periodic TAU procedure. As a
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result, the combined registration may be delayed, and /there may be delays
associated with the non-EPS services. This delay is explairfed further by Figure 4A.
[0083] Figure 4A is a flow diagram for a pfocedure 400A between a
WTRU and an MME, including “Attach”, “Service Refquest” and “Tracking Area
Update (TAU)” procedures, where there is an SGs Intérface between the MME and
an MSC/VLR. Steps 412, 430, 435, 440, 450 and 460 occur in the WTRU, and step
415 occurs in the MSC/VLR.

[0084] As shown in Figure 4A, in sfep 405, the WIRU may send a
combined Attach message to the MME to r¢gister for both EPS and non-EPS
services. In step 410, ‘the MME niay respgdnd with an Attach Accept message,
causing the WTRU’A.S_:AV_EPS Update (EU) stgtus and MM status to be set to EU.1
(UPDATED) and U1l (UPDATED), respectively, in step 412. The WTRU may have
been assigned a TMSI and LAT TE as paxf of the Attach Accept message that it may
use for CSFB, supplementary services (6S), and LCS services. |

[0085] In step 415, the VLIX may restart and then inform the MME about- -
the loss of all SGs associations fof :Aall the WTRUs. A MO CSFB request in the
WTRU may trigger an extended s brvice request (ESR) message towards the MME,
420, and the MME may reply wifh a Service Reject message, 425, due to temporary
unavailability of the CS domai ‘. The timer T'3442 set to “deactivate” or N minutes,
‘may also be included in the Fervice Reject message. In step ’430, the WTRU may
- change its EU status to NO UPDATED, it may not modify the MM status, (which
is set to UPDATED despit¢ the contrary), and it may start timer T3442 as indicated
in the Service Reject megbage. The timer may also have a value “deactivate”, which
implies that the timer vhay not be started.

[0086] In step 435, when the WTRU goes to EMM-Idle mode, the WTRU
may start its perioghc TAU timer (T3412) running. In step 440, the timer T3412
may exp"i're'before imer T3442. If that is the case, then its expiry may trigger the
periodic TAU pirocedure by the WTRU sending a TAU message and setting the
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update type to periodic update, in step 445. After sending thg TAU message, in step
450, the WTRU may stop timer T3442 (amongst other tinfers) if 1t 1s running. In
step 455, the MME may respond with a TAU Accept megsage, and in step 460 the
WTRU may set its EU status to UPDATED. | |
[0087] If the MME does not autonomouslf perform a location update
towards the VLR when it receives the TAU with ypdate type set to periodic, the
WTRU’s combined registration may not be performgd and the WTRU may not know
that there 1s a problem with the SGs interfgce, since the MM status 1s Ul
(UPDATED). There is no existing standard prgcedure and no action is specified to
be taken by the WTRU when T3442 expires.

[0088] If the CS domain 1s not agailable, other procedures may also be
affected, (e.g., the MO SMS procedure wifich 1s performed by sending the uplink
(UL) TRANSPORT NAS message). Byt in the current WTRU behavior when
receiving cause #39, it 1s specified thalf the WTRU may not attempt an ESR until
the .combined registration is performgd. But this does not stop other procedures,
(e.g., MO SMS) which may not succegd.

[0089] In addition, if thg SGs interface is down and the WI'RU attempts
to send an SMS message withl the UL NAS TRANSPORT message, there is
currently no message back frony/the network to indicate the success or failure of the
procedure. This is because the behavior of the MME is such that it removes the
~ NAS header and forwards/the encapsulated SMS message to the VLR. Any
retransmission and errors/are handled by the SMS layAer. As suéh, if the WTRU
sends an SMS message which does not arrive at its destination due to the SGs being
faulty, the WTRU’s S entity may refransmit without success sinceba combined
registration may be n¢leded to solve the problem. _

[0090] _ The following embodiments define new WTRU and MME behavior
to handlé the varighs situations that arise when the SGs Interface, or CS domain, 1s

unavailable.
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[0091] One embodiment is illustrated in Figure 4)5. Figure 4B is a flow
diagram for a procedure 400B performed by a WTRU whep 1if 1s informed that the
CS domain 1s unavailable. In step 470, the WTRU is infofmed that the CS domain
is either unavailable or temporarily unavailable. For fexample, when the WTRU
tries to contact the MME for service, it may receive a Jervice Reject message with a
cause value equal to “CS Domain not available” of “CS domain temporarily not
available”.

[0092] In step 472, the WIRU determfines if the problem with the SGs
Interface is due to the MSC/VLR and not the MYIE. This determination 1s based on
the notification from the MME. If the causef/value i1s “CS Domain not available”,
then that means there is a problem with #he SGs interface and the MME can’t
connect. If the cause value is “CS Domain, emporarily not available”, then the SGs
Interface 1s finev but there may be a probl¢gm with the MSC/VLR.

[0093] If the problem 1s not fMue to thé MSC/VLR, then in step 474 the
WTRU changes its mobility managenfent (MM) update status to indicate that the.
registration to CS domain was unsufcessful. For example, the WTRU may change
1its MM update status to U2: NOT YPDATED.

[0094] The WTRU’s EJ status may be unchanged (i.e., it remains set to
EU1: UPDATED) if the probleb with the SGs is due to the MSC/VLR and not the
'MME, proceeding to step 476/ In step 476, upon the next occurrence of an event
that triggers a TAU, or for/every TAU procedure, the WIRU may check its MM
update status. In step 4/8, if the WTRU is registered in combination, (or not,
depending if the previoug TAI did not have non-EPS services), then the WTRU may
perform a combined registration, (e.g., combined TAU), procedure. The combined
registration proceduye involves setting the update type to “combined TA/LA
updating With mterpational mobile subscriber identity (IMSI) .attach” or “combined

TA/LA updating”, depending on the scenario.
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[0095] According to another embodiment, if the ynavailability of the CS
domain is due to problems in the MSC/VLR, then the WTRU may consider any
allocated temporary mobile subscriber identity (TMSI) anfl LAI as invalid.

[0096] According to another embodiment, if fhe Service Reject is due to
the WTRU sending an ESR for an emergéncy call, thgn the WTRU may change its
RAT to a CS RAT where it may place an emergency call. The WTRU may reselect
to a CS RAT if a mobile originated (MO) CS ¢all is requested that is not for
emergency purposes. This may always be done fegardless of the WIRU’s mode of
operation, or it may be done if the WTRU 1is operating in a mode for which the CS
domain 1s preferred or fhe WTRU 1is voice fcentric, and there is no support for
internet protocol (IP) multimedia subsystefm (IMS) voice calls (or other forms of
voice over IP). The unavailability of IMY voice calls may also mean unsuccessful
registration to the IMS network. ‘

[0097] According to another/embodiment, if the WTRU receives a reject
message with cause #18 — “CS domaij not available”, then the WTRU may perform
a combined TAU whenever a TA'.A, procedure 1s initiated for any reason. The
WTRU’s behavior, (.e., with reggrd to performing combined registrations), may
return to the expected behaviof upon the first successful combined registration
procedure. :

[0098] | According another embodiment, the WTRU may perform a
combined registration upory the expiration of timer T3442 (i.e., expiration of this
timer will trigger a combined registration). Th_is may occur if the WTRU 1s 1n
connected or 1dle mode.

[0099] © Accoyding to another embodiment, when the WTRU receives
cause #39, it may notfsend ESR until timer T3442 expires or a TAU Request 1s sent.
The WTRU may nof send the ESR before a combined TAU. Thus, the WTRU may
trigger the combinged TAU upon expiry of T3442 and then decide if ESR and/or other

- non-EPS serviceg may be requested based on the result of the update. Moreover, if
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the timer T3442 1s deactivated, (or has a value set to ‘deac ivated’), then the next
TAU may be a combined TAU. Based on the results, the WTRU may decide if ESR

or other procedures related to non-EPS servides may be initiated.

10100] According to another embodiment, the JEMM may inform the SMS
entity, (and/or otherb entities that are affected by/the unavailability of the CS
domain), about the unavailability of the CS domain/ Thus, the affected entities may
not initiate any procedure that requires the /SGs interface until a combined
registration 1s successfﬁlly performed. Moreover, the EMM entity may not initiéte
the UL NAS TRANSPORT procedure when it knows about the unavailability of the
CS domain. For example, if the WTRU wantg to send an SMS message when it is in
Idle mode, the WTRU. first sends a Servicg Request (SR) procedure and then sends
the UL NAS TRANSPORT which encappulates the SMS message. Thus, the SR
procedure may not be initiated due to/SMS if fhe EMM, (and/or SMS and other
entities), know about the unavailabilitf of the CS domain.

[0101] This embodiment may:_also apply to other services, (e.g., location
services). That 1s, the EMM may 1 form all affected entities in the WTRU about the
unavailability of an interface betfveen the MME and a peer entity in the network.
No NAS procedures may be ] gered to access that service until the interface in
question 1is restored. For e mple, the WTRU may not send a SR message to
transport information relattd to location services via an UPLINK RELIABLE
TRANSPORT message and an UPLINK RELIABLE TRANSPORT RESPONSE
message which aré used for location services. Moreover, procedures such as CSFB
procedures may have A higher priority over any ongoing procedure related to
location services. Thys, the WI'RU may choose to ignore an ongoing transport of
location service info; atioh and continue with a pending CSFB request.

[0102] " Accor ing to another embodiment, the EMM entity may inform the
MM entity, (andjbr other entities that are affected by the unavailability of the CS

-97 -




WO 2011/053824 PELT/US2010/054800

domain, e.g., SMS, etc.), that the CS domain is now availaple. At this point, the
WTRU may start sending ESR or may initiate the UL NAS TRANPSORT
procedure. _
[0103] According to another embodiment, if thie MME receives a reset
indication from the MSC/VLR, then the MME may initiate a location update on the
SGs interface when it receives any type of TAU, (i.¢f, regardless of the update type
that 1s set by the WTRU), from a WTRU which wag previously combined registered.
In addition, if the location update over the SGs 1¢/successful, the MME may include
any allocated TMSI and/or LAI in the TAU Acce/pt message regardless of the updafe
result type set by the MME. The MME mgy also set the update result type to
something different. from what 1s expected/ by the WITRU. For example, if the
WTRU successfully p'erforms a periodic JAU, it expects a TAU Accept from the
MME with the update result set to “T'A updated.”

[0104] - The MME may set the upfate resuit to “combined TA/LA updated” if
the MME initiated the location updaté towards the MSC/VLR on the SGs interface.-
When the WTRU receives the TAU -A_ccept, 1t may use either the update result type
to learn about the status of its co »bined registration, or it may conclude about its
combined registration based on tife presence (or absence) of an LAI IE.

[0105] ~If the update res dt is set to “combined TA/LA” then the WTRU may
conclude thaf 1t 1s successfully registered for both EPS and non-EPS services. The
WTRU may change its MM gtatus to Ul updated and may handle the allocated LAI
and possibly the TMSI As previously described when the WTRU’s combined
registration is successful/with these I1Es included. If a TMSI is not included in the
TAU Accept, the WTRY’s behavior may be the same as previously specified when
the registration is sucfessful without a new TMSI being included.

[0106] Accordihg to a.nother embodiment, if the update result is “TA updated”
and the TAU Acc vt contains an LAI, then the WITRU may consider its combined
registration as spiccessful. The WTRU may change its MM status to Ul updated
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and may handle the allocated LAI and possibly the TMSI As previously described
when the WTRU’s combined registration is successful witly/'these IEs included. If a
TMSI is not included in the TAU Accept, the WIRU’s bejiavior may be the same as
previously specified when the registration i1s successful without a new TMSI being
mcluded.

[0107] According to another embodiment, mor¢ details may be provided in the
reject causes to indicate the source of the probleny for the unavailability of the CS
domain, (i.e., whether it is the MME that has r¢started or the MSC/VLR). A new
reject cause may be introduced to explicitly indfcate the cause of the problem so the
WTRU may take specificvactions. For example, if the MME 1s the entity that has
restarted, then provid_ing this information tg the WTRU may cause a change to thé
EU update status and not the MM status./Moreover, the WTRU may later perform
a combined registration and may set the fipdate type to “TA/LA updéting” since 1t 18
already registered to the CS domain. |

[0108] According to another em odimént, the value of the timer T3442 may be
used to indicate the source of the problem. For example, setting the value of the
timer to “deactivated” may be used/to inform the WTRU that the MME is the source
of the problem, and the WTRU nfay perform a combined registration. Other values
for the timer may be used to sjygnal this scenario or other scenarios. For example,
other Valueé may be used indicate that the MSC/VLR 1s the cause for the
' unavailabﬂity of the CS domfain. The WTRU may then behave as explained earlier.

[0109] According to Another embodiment, a new message may be defined to
inform the WTRU about/the unavailability of a certain domain or interface when
the procedure is not SFB. For example, the WIRU may send an UL NAS
TRANSPORT messagg for MO SMS. If the CS domain is not available (or the SGs
interface is not funftional due to errors at either MME or MSC/VLR) then the

WTRU vrﬁ‘ay be infokmed about the problem using the new message.
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[0110] A new generic message may be defined to signgl such problems for all
interfaces depending on the values of certain IEs. Fof example, a new NAS
message called SERVICE UNAVAILABLE NOTIFICAZTION may be defined to
indicate to the WTRU the unavailability of a domain/or interface. An IE, (e.g.,
Notification Type), may be included in this message afd depending on 1ts value, the
WTRU may be notified about unavailability of the CS domain, (or the SGs
interface), or the unavailability of the interface b¢tween the MME and a network
node such as that for location services. The M may send this message when it
receives a NAS message from the WTRU that/requires forwarding over a certain
interface. Upon reception by the WTRU, the tf1iggering entity may be notified about
the error and the procedure may not be re-aftempted until the interface is restored,
(e.g., by some sort of registration or a notife from the network). Moreover, a timer
may be included to indicate when the/WTRU may re-attempt the unsuccessful
procedure or re-attempt a registration yhich if successful may allow initiation of the
procedﬁre. |

[0111] Another way of achie bng this procedure is to use an existing NAS
message to indicate the problem. /For example, the EMM INFORMATION may be
used to achieve this. The EMM/ entity may also inform all other affected entities
when a vparticular message inflicating an error in an interface is received. For
example, if fhe WTRU is infofmed about unavailability of the CS domain when the
MME receives UL NAS TRANSPORT, then the EMM may inform the MM entity so
that ESR may not be initighted until a successful combined registration is performed.
[0112] In any of the above embodiments, the combined registration may take
any of the conventionglly specified types of combined registrations. The following
are provided as exarhples: combined attach with attach type set to “EPS/IMSI
attach; combined PAU with update type set to-“combined TA/LA updating; or
combined TAU with update set to “combined TA/LA updating with IMSI attach.
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[0113] Moreover, the above embodiments also apply to WIRUs that are
registering for the first time for both EPS and non-EPS se¢frvices. Alternatively, in
this case, the regular behavior for unsuccessful registrgtion for non-EPS services
only may be followed by the WTRU, (e.g., the registyation attempt counter or a
similar counter is incremented up to a maximum value after which other actions
may be taken by the WTRU). In addition, there mgy be a time limit between each
attempt. This may also be applied to WTRUs that have been previously
successfully registered for both EPS and non-EP services and later receive a reject
message with cause #39, (CS domain tempoyarily not available), or #16, (MSC
temporarily not reachablé), or #18, (CS domaip not available).

[0114] All of thg above embodiments afid examples apply to the case when the
CS RAT is both 3GPP or non-38GPP, and the same embodiments and examples apply
for non-EPS services, (CSFB, SMS, SS, Atc.), to the case when thefe 1s a different
interface between the MME and a nof-3GPP ﬁetwork, e.g., CDMA2000 (1xRTT).
The above examples may be used in ajiy.combination. |

[0115] A problem that may:_ occur 1n wireless communications systems
supporting CS and PS sessiong, is that significant delays may occur when
performing CSFB for emergency £alls.

[0116] Figure H5A 1s a fl w diagram of a procedure 500A 1n response to a
WTRU placing aﬁ emergency, call. Some steps of the procedure are omitted. If the
WTRU 1s attached for bot, _ EPS and non-EPS services and wants to place an
emergency call, in step 504 the WTRU may send an ESR message. The WIRU may
set the service type to Jmobile originating CS féllback emergency call” or “1xCS
fallback emergéncy cal) depending on the CS domain type supported by the WTRU.
If PS HO 1s supported in the target RAT, then in step 510 the WTRU performs a PS
HO before continuiglg with placing the CS emergency call. In step 515, the CS call
establishvment progedure is initiated in order to place the CS emergency call. As can

be seen from Fighre 5A, the CS call can only be initiated after the PS HO completes.
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However, since the call requested is an emergency call, it is ihportant to reduce any
delays to a minimal level.

[0117] Another scenario in which CSFB may be delgdyed occurs when a WTRU
requests a service from a closed subscriber group (CSG)/ell that it is not allowed to
be on. This can happen, for example, when the WIHU’s subscription has expired
but the WTRU 1s ndt yet updated with the subscription information, or when a
WTRU 1s on a hybrid CSG cell and priority is given/to subscribers.

[0118] In this case, the WI'RU’s ESR may bg rejected with cause code #25 and
the WTRU’s behavior .is such that it has to lpok for a suitable cell as it entérs
hmited mode. Thus, the WTRU, after finding suitable cell, will need to re-start the
procedure for CSFB again. Thus, this causey delay because the CSFB has not been
processed yet. Reducing the delay 1s espeghally important if the CSFB is triggered
due to an emergency call.

[0119] If the WTRU knows, bas¢gd on its.fingerprint, that it i1s near a 3G
HNB/CSG cell, then it Wﬂl'sen'_d a prokimity indication to the current serving-eNB
(E-UTRAN) which might configure e WTRU with measurement gaps in order to
read the system information mes .ages in. UTRAN 1in order to acquire the CSG
1dentity. Since reading the systenf information blocks (SIBs) on UTRAN system will
require some time, existing sojutions proposed to reduce the delay to a minimal
level include: 1) The WTRVY doesn’t send a proximity indication when. it is
performihg CSFB requests, Af it knows that there is at least one other macro cell
available in the legacy RAI' where it can place its CS call; 2) the WTRU sends its
proximity indicatién and the network doesn’t request the WIRU to read system
information messages fyom any HNB, if the network knows about availability about
at least one macro cgll of the legacy RAT; or 3) both WTRU and the network
consider any HNB jn the farget RAT as thé least priority cell in order to avoid |

possible system information reading and access check.
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[0120] According to an embodiment, the delays for (/SFB Emergency calls
may be reduced by not performing a PS HO and redirecting/the WTRU to the target
system. In order to reduce the delays related to CSFB/procedure for emergency
calls, the LTE network may not perform PS HO, (¢ien if the target network
supports it), and redirect the WTRU to the target sysjfem. This may be achieved in
many different ways, as described in the following engbodiments.

[0121] Figure 5B shows a flow diagram of /a procedure 500B for reducing
delay in the CSFB procedure for emergency callg/ In step 530, the WTRU sends a
ESR for an emergency call. The ESR messagf may have the service type set ‘to
“mobile originating CS fallback émergency cafl”
In response, the MME does not perform PS A0 for the WTRU. Instead, the MME
sends a WTRU_'Contéxt Modification Reqgpest to the eNB in step 535 in order to

redirect the WTRU directly to the CS doynain. This is accomplished in step 540 by

or “1xCS fallback emergency call”.

the eNB sending to the WTRU either a/etwork assisted cell change order message
or an RRC connection release messagg¢, where the message includes the redirection- -
information for the CS domain. Th v_ TRU then attempts to access the CS domain
and continue first with establishm iit of the CS call for emergency services.

[0122] The WTRU may ingdicate to the MME that PS HO 1is not preferred.
This can be done by including an EPS bearer context status IE in the ESR and
setting the values for all cofltexts to indicate that they have been deactivated.
Alternatively, the WTRU cAn include a new IE to indicate that PS HO 1s not
preferred. . |
[0123] Othér scenafios in which delay can be seen include \ivhen a WTRU is
on a CSG cell for whicld the subscription has expired. In this case, an ESR can be
rejected with cause #¢5 and the WTRU would need to find a suitable cell and then
send the ESR agaiy/. In oirder to reduce the CSFB delay in such a scenario, (for
normal CS calls oy/for an emergency CS call request, which is identified by having

the request type fn the ESR set to mobile originating CS fallback emergency call or
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1xCS fallback emergency call), the following embodiment mAy be used as means to
reduce call setup delay.

[0124] According to one embodiment, the MME mgy ignore the expiry of the
subscription for the exceptional case of CSFB requestd and accept the ESR. The
WTRU can later be updated with the latest subscripfion information, for example.,
upon subsequent access retries on the CSG cell. Thyls, it is proposed that the reject
cause #25 may not be applied to CSFB related procgdure or signaling.

[0125] According to another embodiment, the WTRU may also be handed over
to another allowed/suitable LTE cell from whigh the CSFB procedure is continuéd.
In this case, the ESR 1s not rejected and the WTRU does not have to go through cell
reselection, hence avoiding potential delayg/ The network then continues the ESR
procedure from the térget cell on which #he WTRU has completed the intra-LTE
handover.

[0126] According to another e odimenﬁ, the network may conditionally
reject, (or accept), the ESR pro_cedu'e. That 1s, the network may allow the ESR
procedure to go through while indigating to the WTRU that the CSG subscription
has expired. This can be achieved/in RRC or NAS signaling or a combination. For
example, the network can end the inter-system change ‘message, (e.g.
mobilityFromEUTRACommand), and include an indication of the WTRU’s
‘subscription; (e.g. expired). THus the WTRU may continue the CSFB procedure but
" also use the provided indichtion to update the list of allowed CSGs. If provided
within RRC messaging, th¢ RRC layer can provide the NAS with such indications so
that the appropriate upddte is performed on the allowed CSG list. This can be done,
for example, with oneg bit in which a specific value indicates expiration of a
subscription for the CHG cell. Additionally, the MME can provide such an indication
over an interface, (fuch as the S1-AP interface), to the eNB which can use such
indicatioh to take fertain actions such as including a one bit indication in the RRC

messages.
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[0127] The WTRU and the network may reduce any pgtential delays that are
related to falling back to a target cell which 1s a CSG g¢ell. To accomplish this,
according to another embodiment, the WTRU may priorifize GERAN since CSG 1s
not supported there. As such, any preliminary access fcheck that is needed to be
performed by the WTRU 1s automatically avoided.

[0128] The WTRU may not send a proximity ifdication to the eNB to indicate
that 1t 1s close to a target CSG cell of UTRAN, or ajiy other system. By doing so, the
network will not schedule the WTRU for meagiirement and system information
reading on a target UTRAN CSG cell. Avoiding/this will eliminate potential delays
if a UTRAN CSG cell needs to be verified for ghcess eligibility by the WTRU and the
network. The WTRU. may take such an agtion if it knows that there are other
neighboring inter-RAT macro cells. Altefnatively, even if the WIRU sends a
proximity indication to inform the netwoyk that it is near a CSG cell, it 1s proposed
that the network should not act upon/this indiéation and therefore not schedule
gaps for the WTRU to go and read sygtem informationvmessage in order to perform:
preliminary CSG access check. Si ilarly, this can be done if the network knows
that there are other UTRAN macr bcells around the WTRU.

[0129] According to anothef embodiment, if CSFB is performed with network
assisted cell change order or/by releasing the RRC connection, (may be with
Aredirection information), and system information of at least one target cell is
' providedAto the WTRU, then/the following may be performed.

[0130] In this case, fhe WTRU may prioritize cells that may not require a
change in location area igdentity (LAI), (e.g. the WTRU may have one in LTE). This
may be done by checking the LAI that the WTRU has against the LAI of each
potential target cell /fwhich may be derived from the provided SIBs or system
information. Moregver, the WIRU may give priority to macro cells within the
desired 'LAI in ofder to avoid possible access reject due to CSG subscription
invalidity. This yvhay be done even if the WTRU has the associated CSG ID in its
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lists, and regardless of the signal power and/or quality received from CSG cells or
cells that fall out of the desired LLAI. Thus, the cell selectigh rules may be overruled
in this case. Alternatively, there may be a minimal thfeshold beyond which the
WTRU may not apply, for example, preconfigured thresholds in the WTRU or
signaled using RRC or NAS messages. Cells that fall within a desired LAI, provided
over LTE, may avoid delay due to possible location afea update (LAU) requests.
[0131] If the WTRU receives signals from tlfe macro cells within the desired
LAI which are weak or fall below a certain threghold, the WIRU may give priority
to a CSG cell within the LAI This prioritizatlon is based on the criteria of CSG
permission (based CSG ID cheék, of otherwyse signaled to the WTRU during the
inter-system change).

[0132] The 1astApriority may be giveh to cells utilizing CSFB that belong to a
different LATI in which macro cells may shave higher priority than CSG cells. The
above examples and embodiments for/CSFB pfioritization described hereinbefore
may be applied in any combination. : |

[0133] Figure 6 1s a flow d gram of a procedure 600 when the WTRU
performs an inter-system change . hen a location area has changed. In step 602,
the MSC/VLR sends a Paging Request to the MME (e.g. SGsAP-Paging-Request
message). In step 604, the M ‘ E sends a Paging Request to the eNB and in step
606, the eNB sends a Paging message to the WTRU. In steps 608, the WTRU
responds to the Paging me sage by sending a ESR message to the MME. In step
610, the MME sends a WYRU Context Modification Request (with CSFB indicator)
to the WTRU. In step 612, the WTRU sends measburement reports to the eNB.
[0134] If the WTRU performs an inter-system change, possibly with PS HO,
and finds out that fthe location area has changed, the location area update
procedure is perfornied in step 615. In step 620, the CS MO voice call 1s initiated by
the WTRU toward/the MSC. As can be seen from Figure 6, the location area update

procedure 1s perfprmed before a CS voice call can be performed.
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[0135] In order to avoid this problem, according to anbther embodiment, the
WTRU may use ,(in the target CS cell/RAT/system whenevgr performing CSFB), its
IMSI in its initial message, (e.g. Paging response in MT cfse or CM Service Request
i MO case), for both mobile originating and mobile t¢rminating cases. As such,
even if the MSC/VLR has changed, the IMSI in thie CM Service Request will
uniquely i1dentify the WTRU in the new MSC/VLR And hence a location update 1s
not necessary before the call 1s set up.

[0136] According to another embodiment,/a TAU may be triggered when
CSFB fails. Figure 7 is a flow diagram of a procgdure 700 for a TAU being triggered
in response to a CSFB .faﬂure; In step 7(65, the WTRU detects that a CSFB
procedure failed. Forjexample, the NAS may use indications from the RRC that the
CSFB procedure has failed to send the TAY request. In step 710, the WTRU sends
a TAU request, possibly with the type heing a combined TAU, in response to the |
CSFB procedure failure. This procedufe may ailow the WTRU to resume in LTE
with all its contexts it previously had pefore the CSFB ‘procedure mitiation. In step
715, the MME receives the TAU rdquest. In step 720, the MME uses the TAU
request as an indication of the fai A re and may take additional actions such as re-
mnitiating another CSFB request pr informing other network nodes about the failure
e.g. (the SGSN or MSC/VLR).

[0137] Another problem/that may occur in wireless communications systems
supportihg CS and PS sessighs, is that delays may occur when performing CSFB for
a CS call that terminates gt another CFB capable WTRU. |
[0138] It 1s possib that a WTRU that 1s éombined attached, (for EPS and
non-EPS services), originates a CSFB proceduré mn order to place a CS voice call
whereby the called party is another CSFB capable WTRU that i1s also in LTE
coverage. Thus, forfhe voi'ce data to be exchanged between calling WTRU, (known
as WTRU 1), and the WTRU that is being called, (known as WTRU 2), there is need
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to perform two CSFB procedures, one mobile originating (M()) CSFB procedure that
triggers a mobile terminated (MT) CSFB procedure.

[0139] The MO CSFB includes signaling associated awith WTRU 1’s request to
place CSFB, which includes some optional procedures, fOr example, a PS handover
may occur if WIRU 1 and the network support PS hay/dover. Also, if the MSC/VLR
that receives the CM Service Request 1s different, thfen the CM Service Request by
WTRU 1 may be rejected and the WTRU 1 may perform a LAU before it can
continue with the CS call. At this point, the WTRU 1 may send the Call Setup
message to the MSC/V LR, which contains the address of the called party, WTRU 2
[0140] The MSC/V LR verifies the calle party address and sees that there is
an SGs association for WIRU 2, (i.e. the E has triggered non-PS registratioh
over the SGs interfacé due to the receptionfof a combined registration from WTRU 2
in LTE coverage). Accordingly, a MT CYFB procedure is triggered towards WTRU
9. In the mean time, WTRU 1 is waitinfz since WTRU 2 is still in LTE coverage. Tt
s only after WTRU 2 completes the/inter-system change that voice data can be-
exchange over the CS domain. :

[0141] The signaling descri .ed above creates delays associated with this
scenario and prolongs the waiti time for WTRU 1. This waiting time/delay may
be reduced if the CSFB procedfire for WTRU 2 is initiated earlier and with fewer
unnecessary delays.

[0142] | According to ogfe embodiment, the delays for CSFB to CSFB calls are
reduced by initiating the gecond CSFB call sooner. For a mobile originated (MO)
CSFB request that triggfrs a mobile terminated (MT) CSFB procedure, the delay
may be reduced if the CSFB procedure for WI'RU 2 is started earlier than usual,
before WTRU 1 compjetes its CSFB procedure. To perform such a procedure, when

Service Request SR) to the MME), the WITRU may include all the hecessary
information regafding the called party in the ESR. The MME, after receiving an
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ESR, may forward this addressing information to the MS¢/VLR. The MSC/VLR
checks the address of the called party to see if there is an $Gs Interface association
at the MSC/VLR, or if the called party is a fixed line nufnber or an emergency call
center.

[0143] If the called party 1s another WTRU with a valid SGs association, the
MSC/VLR may start a MT CSFB procedure for this WTRU by sending the necessary
message, the SGsAP-Paging-Request, over the SGs interface. The MSC/VLR may
indicate to the MME that the call is triggered Py another CSFB procedure. The
MME may use this information to take any negessary action that can speed up the
MT CSFB procedure. Moreover, the MME fay inform the WTRU that the MT
CSFB is from another. CSFB capable WTRU/ The WTRU may use this indication to
speed up the procedufe e.g. start taking nfeasurements and sending reports. This
functionality may be achieved by using ayy of the following embodirﬁents.
[0144] In another embodiment, WTRU 1 sending an ESR may inciude the
necessary information that may be uged to i1dentify the destination. For example,
some or all of the Call Setup message can be included 1in the ESR 1n the form of a
new IE or a new container. Alternatively, the WTRU 1 may not include this
" information if it knows that the destination is not CSFB capable, (for example, the
destination has a fixed line nunfber or an emergency call center). In some countries
inobile subscribers and fixed gubscribers have distinct numbers series that may be
~used to détermine whether the B number series refers to fixed or mobile subscriber.
[0145] In another ¢mbodiment, a new message (e.g. SGsAP-MO-CSFB-
Indication) may be needefl to carry this information from the MME to the MSC/VLR
over the SGs interface. /The MME may remove all the addressing information from
the ESR and may inseft it in this new message that is to be sent over the SGs to the
MSC/VLR. Alternatively, the MME may send this message as an indication that a
MO CSFB procedufe has been triggered and the MSC/VLR is to expect a WTRU for
a CS voice call./The MSC/VLR may use thi‘s indication to take statistics, (e.g.
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number of call failure, setup time, etc). The MME may gstart a timer upon the
sending of this message.

[0146] In another embodiment, the MSC/VLR upon/reception of this message,
may verify if the destination called party is another WTRU with SGs association
(this might involve interaction with other nodes e.g,/HLR). If not, the MSC/VLR
may take no further actions. The MCS/VLR may #Acknowledge the receipt of the
indication from the MME by sending another mefsage, (for example SGsAP-MO-
CSFB-ACK). The MME may use this acknow}edgement to take any necessary
action, (e.g. stop any timer that it might have gtarted). If the MSC/VLR has a SGs
association for the called party, the MSC/VLR may trigger the SGsAP-Paging-
Request towards the MME. The MSC/VLE/ may include aﬁ acknowledgement for
the previous message Vsent by the MME, fof example by including a one bit position
n the SGs-AP-Paging-Request message.

[0147] ~ In another embodiment, tile MME fnay then stop any timer based on
the acknowledgement received. In gddition, the MME may start the MT CSFB
procedure by requesting the E-UTR V,N to page the WIRU, (if it 1s in 1dle mode), or
by sending the CS Service Notificafion to the WTRU, (if it 1s in connected mode). In
either case, the MME may indicAte that this CSFB 1s triggered by another CSFB
procedure. '

‘[0148] In another emb diment, if the WTRU 1 has completed its CSFB
' proceduré and is in the ¢!S domain, the MSC/VLR may start sending some
information, (e.g. ringing tbne), to indicate that the call request 1s being processed.
The MSC/VLR may chooge whether a ringing tone. or any other call in progress tone
1s used based on whethfr or not the WI'RU 2 1s a CSFB subscriber waiting for the
CSFB procedure to befcompleted. )

[0149] Figures/8A and 8B show example CSFB procedures for two CSFB calls
with enhancemen 5, 800A, and without enhancements, 800B, respectively. In

Figure 8A, WTRY 1 initiates a CSFB call back by sending an ESR for CSFB 802,
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providing measurement reporting 804, initiating a PS KO 806, performing a
location update 808, and setting up a CS call 810. The C/VLR 1nitiates paging
over the SGs interface, 812. Then, the MME may inform/WTRU 2 about the MT CS
voice call, 814. Subsequently, WTRU 2 initiates its ajl inter-system change while
WTRU 1 waits. WTRU 2 accepts the CSFB 816, proivides measurement reporting
818, initiates a PS HO 820, performs a location upddte 822, and responds to paging
824.

[0150] According to an embodiment, the defays experienced by WT'RU 1 while
WTRU 2 initiates an inter-system change may be reduced using the procedure ‘in
Figure 8B. Referring to Figure 8B, WTRU 1/nitiates a CSFB call back by sending
an ESR for CSFB and includes the address of the called party (WTRU 2) 826. The
MME forwards addressing information tf the MSC/VLR 828, and the MSC/VLR
initiates paging for WTRU 2 over the SGb interface, 830. In 832, th‘e MME informs
the WTRU about the MT CS voice call./In paraliel,- WTRU 1 provides measurement
reporting 804, initiates a PS HO 806,/performs a location update 808, and setsup-a
CS call 810. WTRU 2 accepts the . : FB 816, provides measurement reporﬁng 818,
initiates a PS HO 820, performs aflocation update 822, and re'sponds to paging 824.
In contrast to the scenario in Flgure 8A, the procedure in Figure' 8B reduces the
waiting time for WTRU 1 for the CS voice exchange. |

[0151] .Another problend that may occur in wireless communications systems
supporting CS and PS sesgions, is that a WIRU may be made to fallback to CS
when the MT call is cancdlled. It may be possible that a mobile terminating (MT)
CSFB request is cancelfed by the caller. In this case, the MSC/VLR receives a
request for a CS call frpm WTRU 1, the MSC/VLR initiates an MT CSFB procedure
towards WTRU 2, anfl the MSC/VLR then receives a request by WIRU 1 to abort
the CS voice call request. Thus, if the MT CSFB procedure continues, WI'RU 2 may
perform 'én inter-sfystem change to GERAN/UTRAN, possibly with PS HO, but may

not receive any ¢S call as it may have been aborted by WITRU 1. This inter-system
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change 1s unnecessary and should be avoided. It may cause ¢egradation of service if
PS HO is not supported, or if it is supported but the Qo provided by the target
system does not match the source system. Recall that thle MSC/VLR may start an
MT CSFB procedure for a WIRU by sending the SGs/AP-Paging-Request the over
the SGs interface to the MME.

[0152] According to one embodiment, inter-system change is avoided for a
WTRU when a CS paging or call request that triggered a MT CSFB is cancelled. If
a CS call request that triggers a MT CSFB cgll is cancelled, the called WTRU
(which is CSFB capable and assumed to possifly be in LTE) may not be made to
perform an inter-system. change even 1if it has been notified of the MT CSFB
procedure. In order to do so, the procedure shown in Figure 9 may be used.

[0153] Figure 9- is a flow diagram of a procedure 900 for avoiding an inter-
system change for a WIRU when a CS gall request that triggered a MT CSFB 1s
cancelled. In step 905, the MSC/VLR/decides ﬁo abort a MT CSFB call that has
been placed to a WTRU. The MSC LR may make the decision to abort the MT
CSFB call because it receives a req 7 :,st from the WTRU to abort the MT CSFB call.
Alternatively, the MSC/VLR ma / have started a timer when it sent a paging
message to the WIRU to establigh the MT CSFB call, énd may decide to abort the
MT CSFB call when the timgk times out before receliving a response from the
WTRU.

[0154] V In step 908, the MSC/VLR determines if a paging procedure to start
the CSFB procedure has Jeen triggered. For example, it determines if a SGsAP-
Paging-Request has beerysent. If the paging request has not been sent, then in step
915, the MSC/VLR abgrts the paging request (SGsAP-Paging-Request) procedure.
Otherwise, if the paging procedure has been triggered, in step 910, the MSC/VLR
sends an abort mes age, (e..g. SGsAP-MT-CSFB-Cancel) to the MME to request the
MME to the canc 1 the MT CSFB call. The MSC/VLR may start a timer after

sending this mespage.
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[0155] In step 920, the MME receives the cancellatfon message from the
MSC/VLR. Subsequently, the MME may take certain acfions to abort the inter-
system change for the WTRU under consideration. In sjep 925, if the WTRU has
already sent the ESR (1.e. the MT CSFB has been accepted) but the MME has not
executed the inter-system change yet, the MME may gend a Service Reject with a
new cause, for exampie, indicating “CS Call Aborted”

[0156] Additionally, the MME may send an/abort request to other network
nodes such as the SGSN that are possibly part ¢f the procedure. In addition, the
MME may send an acknowledgement to the MSL/VLR to acknowledge the receptien
of the abort message (e.g. SGSAP-MT-CSFB- ancel) and may also include a status
IE to indicate the result of the request (e.f. “MT CSFB Cancel Success” or “MT
CSFB Cancel Failure”—).

[0157] In step 930, if the WTRU hgs been made to perform the inter-system
change, the MME may not send any furfher messages to the MSC or the WTRU. By
taking no further action, the MME peymits the WTRU to fall back to the other RAT. - -
Alternatively, the MME may sen ._an acknowledgement to the MSC/VL.R and
indicate that the cancel request / not successful. The MSC/VLR may use this
indieation to take further actiQ s, for example, to stop any timer that has been
started. , |

>[0158] -Upon reception of the Service Reject with cause “CS Call Aborted”, the
WTRU rhay take any necesgary action, (e.g. the EMM entity may inform the MM
entity about the abortion gf the procedure). The WTRU may resume operation in
LTE. |

[0159] ~If the M had not yet informed the WTRU about the MT CS voice
request, then upon tife reception of the cancel indication from the MSC/VLR, the
MME may 1gnore tife initiel request and not inform the WTRU about the MT CS
call. Alfernativel , if the MME has requested E-UTRAN to page the WTRU for
CSFEB request, the MME may request E-UTRAN to abort the paging procedure.
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The E-UTRAN may acknowledge the request and infor/n the MME about a
successful paging as described above.

[0160] A problem that may occur in wireless /communications systems |
supporting CS and PS sessions, is that there may be fundefined behavior for MT
CSFB in Connected Mode.

[0161] A WTRU in Connected mode may bg notified about a MT CSFB
request using the CS Service Notification that is seit by the MME. The WTRU may
request upper layers’ input to accept or reject CSF'B before responding with an ESR
message. The response may be indicated in the CSFB response IE in the ESR
message 1n both EMM-IDLE and EMM-CONNECTED modes. The problem
identified with this is that it may be possible that a WTRU is in connected mode
actively downloading a file but the user is jiot necessarily next to the WI'RU. Thus,
if the WTRU receives a CS Service Notification message and requésts mput from
upper layers to accept or reject a call, sych input hlight not be provided if thé user 1s
away frbm the WTRU. Therefore, the/ expected behavior is undefined (for example,
1t 1s unknown if an ESR message w 11 be sent to the network/MME and if so then
the CSFB response information element). Moreover, it 1s not efficient that the
WTRU takes a decision on behalf/of the user and accepts the call since PS HO might
not be supported in the target RAT and service disruption may occur. At the same
itime, not prdviding any feedbgck to the MME may prevent other actions from being
~ taken, such as the VLR mag forward the call to the voice messaging centre. The
following embodiment may/be used independently or in any combination to address
this problem.

[0162] - According £o another embodiment, the WTRU and MME behavior 1s
defined for MT CSFB fn connected mode when user input is requested but without a
user response. The/MME may start a timer after, or at the time, it sends the CS
Service.Notificatio message. The timer may be set to any value that is deemed

appropriate for tie scenario. For example, the value may be set to 5 seconds. If the
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timer expires before receiving any response from the WTRY (1.e. ESR), the MME
may send a message (e.g. over the SGs) to the MSC/VLR to indicate that no
response was received from the WITRU even though the MME is in contact with the
WTRU. A new message may be defined or an existing fnessage of the SGs protocol
"~ may be used with a new cause value to clearly identify/the scenario. The MME may
not retransmit the CS Service Notification to th¢ WTRU if a response is not
received.

[0163] The MSC/VLR may take certain/ actions when it receives such
indication from the MME. For example, th¢ MSC/VLR may trigger the User
Determined User Busy .procedure, or the fLall Forwarding on Not Reachable
procedure. _

[0164] Upon reception of a CS Servicg Notification (with or without a call line
identification (CLI)), the WTRU may stayt a timer. If no user interirention 1s made
while the timer runs, the WIRU upgn expiry> of the timer may send an ESR
message to indicate that no user interfention was received. The WTRU may decide
to accept or reject the call based o network or user configurations. If the uéer
accepts or rejects the call, the WTBU may stop the timer and send the ESR with the
appropriate user selection; (accep or reject)..

[0165] Alternatively, aftef the timer expires, the user may not be given the
loption to acéept or reject a cgll and thus an ESR may not be sent after that point
- (and/or the WTRU may fsend the ESR as explained above without user
intervention). However, if fhe network side considers the MT CSFB as unsuccessful
or being aborted, the netfvork may ignore or rejecf any ESR that might be received
from the WTRU, such As due to delayed user intervention. Thus, the MME may
ignore the message. , |
[0166] Alterngfively, vthe MME may reject the ESR with a Service Request
message"that may include a new reject cause to indicate that the network has

aborted the CSFJ procedure. For the case where the WITRU may respond with an
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ESR (possibly with new type set to no response as proposgd above) even without

user intervention, the WTRU may not start any timey and may consider the

procedure to be successfully completed and/ then enter EMM-
REGISTERED.NORMAL state.
[0167] Alternatively, if the WTRU starts a fimer when the CS Service

Notification is received (as explained above) and fhe timer expires without any
response from the user, the WTRU may ignore fhe CS Service Notification and
therefore not send any ESR.

[0168] The described embodiments may We used in any combination and may
apply to cases where user input is requesyed or not. Moreover, the described
embodiments may be applied to idle modeif the WTRU 1is in idle mode, by first
informing the user about the call before a/decision is made to accept/reject the call.
If no response is received, the discussed/embodiments may be applied in that case
as well. |

[0169] Another problem that mfy occur in wireless communications systems
supporting CS and PS sessions, is t et race conditions may exist between CSFB and
intra-system HO. In the context of LTE systems, it is possible that there may be an
occurrence of a CSFB and an intfa-LTE HO event at around the same time causing
potential conflicts to arise. Thefe are several scenarios that may be possible for this
to occur. Figures 10A and /10B are flow diagrams of examples of two possible
scenarios, 1000A and 1000, where race conditions may occur between CSEFB and
intra-LTE Handover. Figyre 10A shows the scenario where the eNB 1s unaware of
an ongoing CSFB requegt, and Figure 10B shoWs the scenario where the eNB 1s
aware of an existing CYFB request.

[0170] Figure JOA describes the case when the eNB is not aware of an
ongoing CSFB requyest. As is shown in Figure 10A, the WTRU sends an RRC
message'With a asurement Report to the Source eNB, 1002. Based on the RRC
message, the Sofirce eNB makes a HO decision, 1004, and sends a (X2AP) HO
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Request to the Target eNB, 1006. After performing admigkion control, 1008, the
Target eNB sends a (X2AP) HO ACK to the Source eNB, £010. Before the WTRU
receives an RRC HO Command from the Source eNB, £014, to perform a HO to
another eNB (intra-LTE handover), the WI'RU sends ay ESR message to the MME,
1012, in order to perform CSFB. This creates a racefcondition between the CSFB
request and the intra-LTE handover.

[0171] The ESR triggers a WTRU Context/ Modification Request message,
(with the CSFB indicator), 1016, from the MME/to the source eNB, which in turn
mitiates a UE Contexf Modification Failure mgssage from the Source eNB to the
MME, 1018. At that point, the soufce eNB /may not be able to initiate an inter-
system change, (possibly with PS handover), as the WTRU is no longer under ifs
control. Even though-this problem is expfained with the assumption of X2-based
HO, it 1s possible that the problem occurg with the S1-based HO, or any other type
of HO. | |

A [0172] The Source eNB provided the Target eNB with information for the HO:
by sending a SN Status transfer'hlessage, 1020, and an UP data forwarding
message, 1022, to the Target e V . The WTRU sends an RRC HO Complete
message to the Target eNB, 1024, once the HO 1s complete. The Target eNB sends
a Path Switch Request to tle MME, 1026, which informs the MME of the
completion of the intra-HO, ghd the MME informs the Source eNB by sending an
UP End Markers Packets essages, 1028. The Source eNB stops data forwarding
to the WTRU, 1030. The/MME responds to the Target eNB with a Path Switch
Request ACK, 1032, andfthe Target eNB sends a Context release message, 1034, to
the Source eNB.

[01.7 3] Figur‘e 1¢B shpws a similar problem occurring when the eNB 1s aware
that there 1s an ongoing CSFB request for a given WIRU. The WTRU sends an
ESR meésage to the MME, 1040, in order to perform CSKFB. The ESR triggers a
WTRU Context Modification Request message with the CSFB indicator, 1042, from
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the MME to the Source eNB, which in turn imitiates a Ul Context Modification
Response message from the Source eNB to the MME, 1044/ The Source eNB sends
a configuration message, 1046, to the WTRU that configlires the WTRU for inter-
RAT measurements. The WTRU responds to the Souyce eNB with an RRC LTE
Measurement Report, 1048, and an RRC I-RAT Measufement Report, 1050.

[0174] The Source eNB makes an Intra-LTE decision, 1052, and sends an
(X2AP) HO Request, 1054, to the Target eNB. The/Target eNB performs admission
control, 1056, and responds to the Source eNB with a (X2AP) HO ACK, 1058. The
Source eNB sends a HO Command to the WTRU, 1060, and the WTRU sends én
RRC HO Complete message to the Target eNF, 1062. The Target eNB sends a Path
Switch Request to the MME, 1064, which informs the MME of the completion of thé
intra-HO, and the MME informs the Souyte eNB by sending an UP End Markers
Packets messages, 1066. The Source eNB stops data forwarding to the WTRU,
1068. The MME responds to the Target eNB vﬁth a Path Switch Requeét ACK,
1070, ahd the Target eNB sends a (ontext release rhessage, 1072, to the Source - -
eNB. '_ .

[0175] In the scenario show ».in Figure 10B, the Source eNB, even though it is
aware that there is an ongoing CHFB request for the WIRU (because it has received
the WTRU Context Modificafion Request with the CSFB indicator and has
‘responded vﬁth a WTRU Coptext Modification Response), may decide to perform
intra-LTE handover based the measurement event and reports, 1048 and 1050,
from the. WTRU. If this/did not happen, the Source eNB would have sent the |
Handover Required mesgage to the MME 1n order to start the inter-system change
to UTRAN.- v

[0176] In the scgnario shown in Figure 10B, the CSFB cannot be continued by
the Source eNB, apd the MME is not informed about it. The MME becomes
informed- about tle completion of the intra-HO with the Path Switch Request
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message from the target eNB, 1064, which 1s transmitted/to the MME from the
Target eNB after the handover 1s complete.

[0177] The following embodiments address the pfoblem of race conditions
between CSFB and an intra-system HO. The embodiménts apply to both X2-based
HOs, S1-based HOs, or any other HO scenarios. Mofeover, they also apply to the
case when the source eNB is either aware or not ayare of any ongoing request for
CSFB.

[0178] - In one embodiment, the source eNB may include an indication to the
Target eNB about the CSFB request for a WI'HU that is ongoing in the source cell.
The effect of this is equivalent to the target eNB receiving the WITRU Context
Modification request__._from the MME. The/ Target eNB may start the -necessafy
CSFB-related procedure and solicit the WTRU for inter-RAT measurements, or
send the Handover Required message to/the MME Referring back to Figure 10A,
the indication from the Source to the T#rget eNB may be included in the SN Status
Transfér, 1020, and may be included fn both S1AP or X2AP messages. The Source -
eNB may include any measurementfreport it might have collected from a WTRU in
the messaging sent to the Target £NB, such as in the Handover Request message,
1006. The Target eNB may yse these measurements without configuring the
WTRU again for inter-RAT meg/surements. |

.[017 9] In another embo iment, the MME may include the CSFB indicator in
the Path. Switch Request ACK that 1s sent from the MME to the Térget eNB. For
example, referring back Jo Figures 10A and 1QB, the CSFB indicator may be
included 1n the Path Swftch Request ACK, 1032 and 1070, respectively. As such,
the Target eNB may/ directly start any CSFB related procedures, such as
configuring the WT for inter-RAT measurements or sending the Handover
Required message t¢ the MME.

[0180] Accorfling to another embodiment, the Source eNB may ihform the

MME when it defides to perform, or when it actually performs, intra-system (intra-
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LTE) handover, given there is signaling already started foy a CSFB request after
the Source eNB sends the WTRU a Context Modification Response message. The
Source eNB may inform the MME, for example, using ah S1-AP message such as
the “Handover Required” message. As such, the MME nhay know ahead of time and
may send the Context Modification Request message tb the Target eNB. The MME
may inform other nodes, such as the SGW or PDN W, to buffer the packets until
the intra-LTE or CSFB handover is completed.

[0181] The following embodiments describe MME-eNB interactions in order to
realize CSFB. _
[0182] In one embodiment, the MME mgly send a WTRU Context Modification

request, (e.g. an S1AP message), or any/other message with the purpose of
providing information. for performing CSFB for a specific WI'RU. With this “CSFB
information” message, the MME may jaform the eNB communicating with the
WTRU how the CSFB may be performgd, WhiCh- may be accomplished via PS HO,
network assisted cell change order, ce)l change order, or via RRC connection release
with redirection information. The >ME may‘inform the eNB communicating with
" the WTRU whether at least one JIB of potential CS cells may be provided to the
WTRU, and/or how the CSFB mAy be performed with the inclusion of new IEs in
the message sent to the eNB. 7

[0183] AUpon receiving t, e CSFB information message, the eNB may execute
" the CSFB according to th¢ information from the MME Thus, for CSFB for
emergency calls, the MME/ may inform the eNB in the CSFB information message
that the CSFB 1s of higif priority, and perform the CSFB via one of the signaled
methods. Referring bagk to Figures 10A and 10B, the CSFB information from the
MME to the eNB mgy be included in the WTRU Context Modification Request
message, 1016 and 042, respectively, or in any other message from the MME to the
eNB.
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[0184] Alternatively, in another embodiment, if no ney IE may be included in

the WTRU Context Modification Request message, the high priority value of the

CSFB indicator IE in the WTRU Context Modification/Request message may be

used as an indication to perform CSFB via RRC conpfection release, (or network

assisted cell change, or cell change order), and /may be used with System

Information Blocks (SIBs) provision to the WTRU. Zhus, when the CSFB indicator

IE 1s set to “CSFB required” by the MME, the eNB/may perform CSFB with PS HO.

Otherwise, a value of ‘CSFB high priority’ may cAuse the eNB to perform CSFB via
RRC connection release, (or network assisted c¢ll change, or cell change order), and

may be used with SIBs provision to the WTRU/.

[0185] If the MME receives a requesf from the WIRU or the MSC/VLR to

cancel an ongoing CSFB procedure, there fnay be options by the MME to abort the

CSFEB procedure. If the MME received 'handover request message from the eNB,

(which started a guard timer.for this fessage), the MME may not send a response

message (i.e. HO command) to the eNB. Thus, the _timér at the eNB may ultimately

expire and thereby the eNB may ...ot autonomously decide to continue with the

CSFB procedure.

[0186] Alternatively, the MME may send an explicit message to the eNB to

inform it to abort the CSFB prgcedure. This may be done with an existing message

such as WTRU Context Modification Request (1016 and 1042 in Figures 10A, and

10B respéctively). In any offthese cases, the MME may include a new IE to indicate

the cause of the request fo cancel the CSFB procedure. Thus, the eNB when it

receives this message mgy abort the CSFB procedure. The eNB may be configured

to perform CSFB in a dertain way regardless of the type ESR. This configuration

may be done for a spegific time period or via explicit signaling by the MME.

[0187]
[0188]
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[0189] 2. The method of embodiment 1 comprisipg deciding to abort a
mobile terminating (MT) circuit switched fallback (CSFB) b the WTRU.
[0190] 3. The method as in any of the preceding embodiments further

comprising determining if a paging request to start the MT CSFB call has been
sent. |

[0191] 4, The method as in any of the preceding embodiments further
comprising on a condition that the paging request/has been sent, sending an abort
message to an MME requesting the MME to cancgl the MT CSFB call.

[0192] 5. The method as in any of epAbodiments 2-4 wherein deciding to
abort the MT CSFB call is based on feceivin a request to abort the MT CSFB call
from the WTRU. - '

-[0193] 6.  The method as in any of the preceding embodiments fﬁrther
comprising starting a timer when the paging request to the WTRU to establish the
MT CSFB call is sent. |

[0194] | 7. The method of empodiment 6 wherein the deciding to abort the
MT CSFB call is based on the time expiring before receiving a response from the
WTRU. |

[0195] 8. The method #s in any of embodiments 3-7 further comprising
wherein the paging request is é GsAP-Paging-Request message.

[0196] .9. The method as in any of embodiments 3-7 further comprising on
a condition that the paging yequest has not been sent, aborting the MT CSFB call.
[0197] 10. The mgthod as in any of the preceding embodiments performed
by a visitor location regisfer (VLR).

[0198] ~11.  The/method of embodiment 1 further comprising receiving an
abort message from g visitor location register (VLR) indicating to cancel a mobile
terminating (MT) ciycuit switched fallback (CSFB) call to the WTRU.

[0199] | 12. he method of embodiment 11 further comprising on a condition

that an extendedfservice request (ESR) from the WTRU has already been received,
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sending a service reject message to the WTRU indicating that the MT CSFB call is
aborted.

[0200] 13.  The method as any of embodiments/11-12 further comprising
sending no further messages to the WTRU.

[0201] 14. The method as any of embodimehts 11-13 further comprising
-sending no further messages pertaining to the MT (JSFB call to a Mobile Switching
Center (MSC).

[0202] 15. The method as any of embofliments 11-14 further comprising
sending an acknowledgment message to the VLR.

[0203] 16. The vrhethod of embodimeAt 15 further comprising including a
status information element (IE) in the ackngwledgment message indicating a result
of the MT CSFB call being canceled.

[0204] 17.  The method as any pf embodiments 11-16 furﬁher comprising
sending an abort request to other netwgrk nodes.

[0205] 18. The method as apy of embodiments 11-16 further comprising-
sending a request to a Evolved U, Aiversal Terrestrial Radio Access Network (E-
UTRAN) to abort a pagirig procedyfre.

[0206] 19. The method/as any of embodiments 11-18 performed by a
Mobility Management Entity (YIME). |

[0207] | 20. A methofl for synchronizing bearer contexts between a
transmitfer entity and a recgiver entity in wireless communications.

[0208] 21. Them thod of embodiment 20 further comprising detecting an
update in a status of a bgarer context in a transmitter entity.

[0209] - 22.  The¢/method as in any of embodiments 20-21 further comprising
including a bearer cgntext status information element (IE) in a next Non-Access
Stratum (NAS) mespage to the receiver entity.

[0210] - 23. /The method of embodiment 22 wherein the bearer context status

IE is based on the update in the status of the bearer context.
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[0211] 24.  The method as in any of embodiments 2¢-23 further comprising
sending the next NAS message to the receiver entity. '
[0212] 25.  The method as in any of embodimentg 20-24 wherein the bearer
context is an Evolved Packet System (EPS) bearer contekt.

- [0213] 26. The method as in any of embodinfents 22-25 wherein the next
NAS message 1s an Extended Service Request (ESR)/message.

[0214] 27. The as 1in any of embodiments/21-26 wherein the status of the
bearer context indicates if the bearer context is agtive or mactive. _
[0215] 28. The method as in any of embodiments 20-27 wherein the
transmitter entity is a Wireless transmit/regeive unit (WTRU) and the receiver
entity 1s a mobility management entity (MMAS)/network.

[0216] 29. The method as in a y of embodiments 20-27 wherein the
transmitter entity is a mobility manggement entity (MME)/network and the
receiver entity is a wireless transmit/refeive unit (WTRU).

[0217] Although features and flements are déscribed above in particular
combinations, one of ordinary skill Ain the art will appreciate that each feature or
element can be used alone or inf any combination with the other features and
elements. In addition, the methods described herein may be irriplemented n a
computer program, software, for firmware incorporated in a compﬁter-readable
medium for execution by a cgmputer or processor. Examples of computer-readable
' mediabinAclude electronic signals (transmitted over wired or wireless connections)
and computer-readable stfrage media. Examples of computer-readable storage
media include, but are npt limited to, a read only memory (ROM), a random access
memory (RAM), a regisfer, cache memory, semiconductor memory devices, magnetic
media such as interngl hard disks and removable disks, magneto-optical media, and
optical media suchf/as CD-ROM disks, and digital versatile disks (DVDs). A

processor in assocjation with software may be used to implement a radio frequency
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transceiver for use in a WTRU, UE, terminal, base statipfn, RNC, or any host

computer.




What is claimed is:

1. A method performed by a visitor location fregister (VLR) for avoiding
- an inter-system change for a wireless transmit/receive unit (WTRU) comprising:
deciding to abort a mobile terminating (MT) cjrcuit switched fallback (CSFB)
to the WTRU;
determining if a paging request to start the/MT CSFB call has been sent; and
on a condition that the paging requesy has been sent, sending an abort
message to a mobility mahagement_ entity (MME) requesting the MME to cancel the
MT CSFB call. : ’

2. The method of claim 1 wheygin deciding to abort the MT CSFB call is
based on receiving a request to abort thg MT CSFB call from the WTRU.

3. The method of claim 1

starting a timer when the phging request to the WTRU to establish the MT
CSFB call is sent, wherein the d¢ciding to abort the MT CSFB call is based on the
A response from the WTRU. ’ |

.:_rther comprising:

timer expiring before receiving

4, The method off claim 1 wherein the paging request is an SGsAP-

Paging-Request message.

5. The methofl of claim 1 further comprising:

on a condition

CSFB call.

at the paging request has not been sent, aborting the MT
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6. A visitor location register (VLR) configured to gvoid én inter-system
change for a wireless transmit/receive unit (WTRU) comprisifig:

the VLR configured to decide to abort a mobile terminating (MT) circuit
switched fallback (CSFB) to the WTRU;

the VLR configured to determine if a paging regliest to start the MT CSFB
call has been sent; and

on a condition that the paging request has begn sent, the VLR configured to
send an abort message to a mobility managemept entity (MME) requesting the

MME to cancel the MT CSFB call.

1. The VLR of claim 6 wherein:
the VLR is configured to decide to aboyt the MT CSFB call based on receiving
‘a request to abort the MT CSFB call from the WTRU.

8. The VLR of claim 6 whereij:
the VLR is configured to start a/timer when the paging request to the WTRU ..
to establish the MT CSFB call‘is sef t, wherein the VLR is configured to decide to
abort the MT CSFB call based on/the timer expiring before receiving a response

from the WTRU.

9. " The VLR of claind 6 wherein the paging request is an SGsAP-Paging-

Request message.
10. The VLR of flaim 6 wherein:

on a condition that the paging request has not been sent, the VLR is

configured to abort thg MT ‘CS.FB call.
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11. A method performed by a Mobility Managemept Entity (MME) for
avoiding an inter-system change for a wireless transmiff/receive unit (WTRU)
comprising:

receiving an abort message from a visitor location/register (VLR) indicating
to the MME to cancel a mobile terminating (MT) circult switched fallback (CSFB)
- call to the WTRU;

on a condition that the MME has already/received an extended service
request (ESR) from the WTRU, sending a servige reject message to the WTRU
indicating that the MT CSFB call is aborted; and

sending no further»messages to the WTRY.

12.  The method of claim 11 further Lomprising:
sending no further messages pertajning to the MT CSFB call to a mobile
switching center (MSC).

13. = The method of claim 11 fyfrther comprising:
sending an acknowledgmen message to the VLR including a status

information element (IE) indicating a result of the MT CSFB call being canceled.

14. The method of clai. 11 further comprising:

sending an abort requegt to other network nodes.

15.  The method of claim 11 further comprising:

sending a request fo a Evolved Universal Terrestrial Radio Access Network

(E-UTRAN) to abort a paging procedure.
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SIGNAILING AND USAGE OF RESOURCES
FOR WIRELIESS COMMUNICATIONS
SUPPORTING CIRCUIT SWITCHEID AND
PACKIET SWITCHED SESSIONS

CROSS REFERENCE TO RELATEIDD
APPLICATIONS

This application claims the benefit of Provisional Applica-
tion Nos. 61/320,027, filed Apr. 1, 2010; 61/303,761, filed
Feb. 12, 2010; 61/293,084, filed Jan. 7, 2010; 61/265,917,
filed Dec. 2, 2009; and 61/256,421, filed Oct. 30, 2009, the
contents of which are hereby incorporated by reference
herein.

BACKGROUND

It has been a goal in wireless communications to devise a
mechanism to enable a wireless transmit/receive unit
(WTRU) to place or receive a communication during an
ongoing session without service interruption. For example, in
a Third Generation Partnership Project (3GPP) Long Term
Evolution (LTE) scenario, a goal has been to devise a mecha-
nism to enable a WTRU, while it is connected to a packet
switched (PS) domain of an Evolved Universal Terrestrial
Radio Access Network (E-UTRAN), to place (i.e., originat-
ing) or receive (i.e., terminating) circuit switched (CS) ser-
vices or vice versa. Examples of CS services may include at
least such services as a CS voice call, a short message service
(SMS), location services, or supplementary services. The
initiation of a CS session during an ongoing PS session by a
WTRLU is referred to as CS fallback (CSFDB).

SUMMARY

Method and apparatus for eflicient signaling and usage of
resources for wireless communications supporting circuit
switched (CS) and packet switched (PS) sessions are dis-
closed. The behaviors of various wireless network entities,
including a Mobility Management Entity (MME), a Visitor
TL.ocation Register (VILR), and Base Stations (BSs), and the
wireless transmit/receive units (WTRUs) that comumunicate
with the network, are defined in order to deal with issues that
arise by implementing circuit switched fall back (CSFI) in a
Packet Switched (PPS) system.

A VLR may decide to abort a CSFB procedure for a mobile
terminating (MT) CSFB call to a wireless transmit/receive
unit (WTRU), and send an abort message to ann MIME., in order
to avoid an inter-system change for a WITRU. The MM may
send a Service Reject message 1o the WTRU indicating that
the CS call is aborted, and ignore incoming messages pertain-
ing to the cancelled call. Bearer contexts may be synchro-
nized between a transmitter entity and a receiver entity by
including bearer context status information in any Non-Ac-
cess Stratum (NAS) message transmitted to the receiver
entity.

BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed understanding may be had from the fol-
lowing description, given by way of example 1n conjunction
with the accompanying drawings wherein:

FIG. 1.A is a system diagram of an example communica-
tions system in which one or more disclosed embodiments
may be implemented;



FIG. 1B is a system diagram ol an example wireless trans-
mit/receive unit (WTRU) that may be used within the com-
munications system illustrated in FI1G. 1.A;

FI1G. 1C is a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1.A;

F1G. 2 is a block diagram of a tracking area update (T.ALUT)
response message including an Evolved Packet System (EPS)
Update result Information Element (I1E);

FIG. 3 is a flow diagram of a method for including the EPS
bearer context status in any INAS message;

FI1G. 4A is a flow diagram for a procedure between a
WTRU and an MME where there is an SGs Interface between
the MME and an MSC/VILR;

FIG. 4B is a flow diagram for a procedure performed by a
WTRU when ifis informed that the CS domain is unavailable;

FI1G. 5A is a flow diagram of a procedure in response to a
WTRU placing an emergency call;

FIG. 5 shows a flow diagram of a procedure for reducing
delay in the CSFB procedure for emergency calls;

FI1G. 6 is a flow diagram of a procedure when the WTRU
performs an inter-system change when a location area has
changed;

FIG. 7 is a flow diagram of procedure for a TAU being
triggered in response to a CSFB ftailure;

FI1IGS. 8A and 8B show example CSFB procedures for two
CSFBRB calls with and without enhancements, respectively;

FI1G. 9 is a flow diagram of a procedure for avoiding an
inter-system change for a WITIRU when a CS that triggered a
MT CSFB is cancelled; and

FIGS. 10A and 108 are flow diagrams of examples of two
possible scenarios where race conditions may occur between
CSFB and intra-L.TE Handover.

DETAILED DESCRIPTION

The teachings described herein may be applicable to any
access technology that may support circuit switched (CS) or
packet switched (PS) sessions. Examples include, but are not
limited to, Long Term Ewvolution (L'TE), Wideband Code
Division Multiple Access (WCIDOMA), Global System for
Mobile communications ((GSM). General Packet Radio Ser-
vice (GPRS), Enhanced IData rates for Global Evolution
(EDGE), Code Division Multiple Access (CIDMA2000),
IEEE 802 technologies such as 802.11, 802.16 and World-
wide Interoperability for Microwave Access (WilM.AX), Uni-
versal Mobile Telecommunications System (UMTS), or any
future techmnology. For purposes of explanation, the various
embodiments are described in an L TE context, but the various
embodiments may be implemented using any techmnology that
may support CS and/or PS sessions.

FIG. 1A is a diagram of an example communications sys-
ten: 100 in which one or more disclosed embodiments may be
implemented. The communications system 100 may be a
multiple access system that provides content, such as voice,
data, video, messaging, broadcast, etc., to multiple wireless
users. The communications system 100 may enable multiple
wireless users to access such content through the sharing of
system resources, including wireless bandwidth. For
example, the communications systems 100 may employ one
or more channel access methods., such as code division maul-
tiple access (CIDMA), time division muluple access
(TIDM.A), frequency division muluple access (FIDMA),
orthogonal FIDMA (OFIDMA), single-carrier FIDMA (SC-
FIOMA)., and the like.

As shownin FIG. 1 A, the communications system 100 may
include wireless transmait/receive units (WTRUs) 102a, 1025,
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1020, 1024, a radio access network (RAN) 104, a core net-
work 106, a public switched telephone network (PSTIN) 108,
the Intermet 110, and other networks 112, though it will be
appreciated that the disclosed embodiments contemplate any
number of WTRUSs, base stations, networks, and/or network
elements. FEach ofthe WTRUs 102a, 1025, 102, 1024 may be
any type of device configured to operate and/or commmunicate
in a wireless environment. By way of example, the WTRUs
102a, 1025, 102c, 1024 may be configured to transmit and/or
receive wireless signals and may include user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a
pager, a cellular telephone, a personal digital assistant (PID.A),
a smartphone, a laptop, a netboolk, a personal computer, a
wireless sensor, consumer electronics, and the like.

The comumunications systems 100 may also include a base
station 114a and a base station 11456. Fach of the base stations
114a, 1145 may be any type of device configured to wire-
lessly interface witlhh at least one of the WITRUs 102a, 1025,
102c, 1024 to facilitate access tO one Oor more commounication
networks, such as the core network 106, the Internet 110,
and/or the networks 112. By way of example, the base sta-
tions 114a, 1145 may be a base transceiver station (BTS), a
Node-B, an eNode B, a Home Node B, a Home elNode B, a
site controller, an access point (AP), a wireless router, and the
like. While the base stations 114a, 1145 are each depicted as
a single element, it will be appreciated that the base stations
114da, 1145 may include any number of interconnected base
stations and/or network elements.

The base station 114a may be part of the RAN 104, which
may also include other base stations and/or network elements
(not shown), such as a base station controller (BSC), a radio
network controller (RINC), relay nodes, etc. The base station
11d4a and/or the base station 1145 may be configured to trans-
mit and/or receive wireless signals within a particular geo-
graphic region, which may be referred to as a cell (not shown).
The cell may further be divided into cell sectors. For example,
the cell associated with the base station 114a may be divided
into three sectors. Thus, in one embodiment, the base station
114a may include three transceivers, i.e., one for each sector
ofthe cell. In another embodiment, the base station 114a may
employ multiple-input multiple output (IMIMO) technology
and, therefore, may utilize multiple transceivers for each sec-
tor of the cell. '

The base stations 114a, 114, may communicate with one
or more of the WTRUs 102a, 1025, 102c, 102d over an air
interface 116, which may be any suitable wireless conumuni-
cation link (e.g., radio frequency (RF), microwave, infrared
(IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access tech-
nology (RAT).

More specifically, as noted above, the communications
system 100 may be a multiple access system and may employ
one or more channel access schemes, such as CIDMA,
TIDMA, FDMA, OFIDMA, SC-FIDMA., and the like. For
example, the base station 114a in the RAN 104 and the
WTRUs 102a, 1025, 102 may implement a radio technology
such as Universal Mobile Telecommmunications System
(UMTS) Terrestrial Radio Access (UTRA), which may estab-
lish the air interface 116 using wideband CIDMA (WCIDMA).
WCIDODMA may include communication protocols such as
High-Speed Packel Access (HSPA) and/or Evolved HSPA
(FISPA+). HSPA may include High-Speed IDownlink Packet
Access (HSIDPA) and/or High-Speed Uplink Packet Access
(HSTUUPA).

In another embodiment, the base station 114a and the
WTRUs 102a, 1026, 102« may implement a radio technology
such as Evolved UUMTS Terrestrial Radio Access (FE-UTRA),
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which may establish the air interface 116 using L.ong Term
Evolution (LTE) and/or LTE-Advanced (CTE-A).

In other embodiments, the base station 114ag and the
WITRUs 102a, 10256, 102 may implement radio technologies
such as IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WilMAX)), CIDMA2000, CIOMA2000
1X, CIDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (IS-8506),
Global Systemma  for Mobile communications (GSM),
Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

The base station 1145 in FIG. 1 A may be a wireless router,
Home WNode B, Home eNode B, or access point, for example,
and may utilize any suitable RAT for facilitating wireless
connectivity in a localized area, such as a place of business, a
home, a vehicle, a campus, and the like. In one embodiment,
the base station 1145 and the WTRUs 102c, 1024 may imple-
ment a radio technology such as TEEE 802.11 to establish a
wireless local area network (WILAN). In another embodi-
ment, the base station 11456 and the WTRUs 102¢, 1024 may
implement a radio technology such as ITEEE 802.15 to estab-
lish a wireless personal area network (WPAN). In yvet another
embodiment, the base station 114/, and the WTRUs 102¢,
1024 may utilize a cellular-based RAT (e.g., WCIDMA,
CIDMAZ2000, GSM, L.TE, LTE-A, etc.) to establish a picocell
or femtocell. As shown in FIG. 1A, the base station 114/H may
have a direct connection to the Internet 110. Thus, the base
station 1145 may not be required to access the Internet 110 via
the core networlk 106.

The RAN 104 may be in communication with the core
network 106, which may be any type of network configured to
provide voice, data, applications, and/or voice over internet
protocol (VolIP) services to one or more of the WTRUs 102,
1025, 102c, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based
services, pre-paid calling, Internet connectivity, video distri-
bution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A
it will be appreciated that the RAN 104 and/or the core net-
work 106 may be in direct or indirect communication with
other RANSs that employ the same RAT as the RAN 104 or a
different RAT. For example, in addition to being connected to
the RAN 104, which may be utilizing an E-UTRA radio
techmnology, the core network 106 may also be in conumnuni-
cation with another RAN (not shown) employing a GSM
radio technology.

The core network 106 may also serve as a gateway for the
WTRUs 102a, 1025, 102c, 102d to access the PSTN 108, the
Internet 110, and/or other networks 112. The PSTN 108 may
include circuit-switched telephone networks that provide
plain old telephone service (POTS). The Internet 110 may
include a global system of interconnected computer networks
and devices that use common commuunication protocols, such
as the transmission control protocol (TCP), user datagram
protocol (UDP) and the internet protocol (IP) in the TCP/IP
internet protocol suite. The networks 112 may include wired
or wireless communications networks owned and/or operated
by other service providers. For example, the networks 112
may include another core network connected to one or more
RANs, which may employ the same RAT as the RAN 104 or
a different RAT.

Some or all of the WTRUs 102a, 1025, 102¢c, 1024 in the
communications system 100 may include multi-mode capa-
bilities, 1.e., the WTRUs 102a, 10254, 102, 1024 may include
multiple transceivers for communicating with different wire-
less networks over different wireless links. For example. the
WITRU 102¢ shown in FIG. 1.A may be configured to com-
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municate with the base station 114q«. which may employ a
cellular-based radio techmnology, and with the base station

FI1G. 1B is a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may include a processor
118, a transceiver 120, a transmit/receive element 122, a
speaker/microphone 124, a keypad 126, a display/touchpad

128, non-~-removable memory 106, removable memory 132, a
power source 134, a global positioning system (GPS) chipset
136, and other peripherals 138. It will be appreciated that the
WTRU 102 may include any sub-combination of the forego-
ing elements while remaining consistent with an embodi-
ment.

The processor 118 may be a general purpose processor, a
special purpose processor, a conventional processor, a digital
signal processor (IDSP), a plurality of microprocessors, one or
more microprocessors in association with a IDSI? core, a con-
troller, a microcontroller, Application Specific Integrated Cir-
cuits (ASICs), Field Programmable Gate Array (IFPGAs) cir-
cuits, any other type of integrated circuit (IC), a state
machine, and the like. The processor 118 may perform signal
coding, data processing, power control, input/output process-
ing, and/or any other functionality that enables the WTRU
102 to operate in a wireless environment. The processor 118
may be coupled to the transceiver 120, which may be coupled
to the transmit/receive element 122. While FIG. 1B depicts
the processor 118 and the transceiver 120 as separate compo-
nents, it will be appreciated that the processor 118 and the
transceiver 120 may be integrated together in an electronic
package or chip. '

The transmit/receive element 122 may be configured to
transmit signals to, or receive signals from, a base station
(e.g., the base station 114a) over the air interface 116. For
example, in one embodiment, the transmit/receive element
122 may be an antenna configured to transmit and/or receive
RF signals. In another embodiment, the transmit/receive ele-
ment 122 may be an emitter/detector configured to transmiit
and/or receive IR, UV, or visible light signals, for example. In
vet another embodiment, the transmit/receive element 122
may be configured to transmit and receive both RF and light
signals. It will be appreciated that the transmit/receive ele-
ment 122 may be configured to transmit and/or receive any
combination of wireless signals.

In addition, although the transmit/receive element 122 is
depicted in FIG. 1B as a single element, the WITRU 102 may
include any number of transmit/receive elements 122. More
specifically, the WTRU 102 may employ MIMO technology.
Thus, in one embodiment, the WTRU 102 may include two or
more transmit/receive elements 122 (e.g., multiple antennas)
for transmitting and receiving wireless signals over the air
interface 116.

The transceiver 120 may be configured to modulate the
signals that are to be transmitted by the transmit/receive ele-
ment 122 and to demodulate the signals that are received by
the transmit/receive element 122. As noted above, the WTRU
102 may have multi-mode capabilities. Thus, the transceiver
120 may include multiple transceirvers for enabling the
WTRU 102 to communicate via multiple RATs, such as
TUTRA and IEEE 802.11, for example.

The processor 118 of the WTRU 102 may be coupled to,
and may receive user input data from. the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128
(e.g., a liguid crystal display (LLCID) display unit or organic
light-emitting, diode (OILLEIDD) display unit). The processor 118
may also output user data to the speaker/microphone 124, the
keyvpad 126, and/or the display/touchpad 128. In addition, the
processor 118 may access information from, and store data in,
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any type of suitable memory, such as the non-removable
memory 106 and/or the removable memory 132. The non-
removable memory 106 may include random-access memory
(RAND), read-only memory (ROM), a hard disk, or any other
type of memory storage device. The removable memory 132
may include a subscriber identity module (SIM) card, a
memory stick, a secure digital (SID) memory card, and the
like. In other embodiments, the processor 118 may access
information from, and store data in, memory that is not physi-
cally located on the WTRU 102, such as on a server or a home
computer (not shown).

The processor 118 may receive power from the power
source 134, and may be configured to distribute and/or con-
trol the power to the other components in the WTRU 102. The
power source 134 may be any suitable device for powering
the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium
(NiCad), nickel-zinc (NiZn)., nickel metal hydride (INiMH),
lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like.

The processor 118 may also be coupled to the GPS chipset

136, which may be configured to provide location informa-
tion (e.g., longitude and latitude) regarding the current loca-
tion of the WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WITRU 102 may
receive location information over the air interface 116 from a
base station (e.g., base stations 114a, 1145) and/or determine
its location based on the timing of the signals being received
from two or more nearby base stations. It will be appreciated
that the WTRU 102 may acquire location information by way
of any suitable location-determination method while remain-
ing consistent withh an embodiment.

The processor 118 may further be coupled to other periph-
erals 138, which may include one or more software and/or
hardware modules that provide additional features, function-
ality and/or wired or wireless connectivity. For example, the
peripherals 138 may include an accelerometer, an e-compass,
a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device,
a television transceiver, a hands free headset, a Bluetooth®
module, a frequency modulated (FIM) radio unit, a digital
music player, a media player, a video game player module, an
Internet browser, and the like.

FIG. 1C is a system diagram of the RAIN 104 and the core
network 106 according to an embodiment. As noted above,
the RAN 104 may employ an E-UTRA radio technology to
communicate with the WITRUs 102a, 1025, 102« over the air
interface 116. The RAN 104 may also be in comununication
with the‘core networlk 106.

The RAN 104 may include eNode-Bs 140a, 1405, 140c¢,
though it will be appreciated that the RAN 104 may include
any number ot eNode-Bs while remaining consistent with an
embodiment. The eNode-IBs 140a, 1405, 140c may each
include one or more transceivers for communicating with the
WTRUs 102a, 1025, 102c over the air interface 116. In one
embodiment, the eNode-13s 140a, 1405, 140c may implement
MIMO technology. Thus, the eNode-B 140a, for example,
may use multiple antennas to transmit wireless signals to, and
receive wireless signals from, the WTRU 102a.

Each of the eNode-Bs 140a, 14056, 140 may be associated
with a particular cell (not shown) and may be configured to
handle radic resource management decisions, handover deci-
sions, scheduling of users in the uplink and/or downlink, and
the like. As shown in F1G. 1C, the elNode-13s 140a, 14056, 140«
may communicate with one another over an X2 interface.

The core network 106 shown in FIG. 2C may include a
mobility management gateway (MME) 142, a serving, gate-
way 144, and a packet data network (PIDIN) gateway 146.
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While each of the foregoing elements are depicted as part of
the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.

The MME 142 may be connected to each of the eNode-Bs
142a, 142FH,142¢c inthe RAN 104 via an S1 interface and may
serve as a control node. For example, the MME 142 may be
responsible for authenticating users of the WITRUs 102a,
1025, 102c, bearer activation/deactivation, selecting a par-
ticular serving gateway during an initial attach of the WITRUs
102a, 1025, 102¢, and the like. The MME 142 may also
provide a control plane function for switching between the
RAN 104 and other RANs (not shown) that employ other
radio technologies, such as GSM or WCIDMLA.

The serving gateway 144 may be connected to each of the
eNode Bs 140a, 1405, 140c in the RAN 104 via the Si
interface. The serving gateway 144 may generally route and
forward user data packets to/from the WTRUs 102a, 10256,
102¢. The serving gateway 144 may also perform other func-
tions, such as anchoring user planes during inter-eNode B
handovers, triggering paging when downlink data is available
for the WTRUs 102a, 1025, 102, managing and storing
contexts of the WTRUs 102a, 10256, 102, and the like.

The serving gateway 144 may also be connected to the
PIDN gateway 146, which may provide the WTRUs 102a,
1025, 102c with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUs 102a, 1025, 102¢c and IP-enabled devices.

The core network 106 may facilitate communications witlh
other networks. For example, the core network 106 may pro-
vide the WTRUs 102a, 1025, 102¢c with access to circuit-
switched networks, such as the PSTIN 108, to facilitate cona-
munications between the WITRUs 102a, 1025, 102c¢ and
traditional land-line communications devices. For example,
the core network 106 may include, or may communicate with,
an 1P gateway (e.g., an IP multimedia subsystem (IMS)
server) that serves as an interface between the core network
106 and the PSTIN 108. In addition, the core network 106 may
provide the WTRUs 102a, 1025, 102c with access to the
networks 112, which may include other wired or wireless
networls that are owned and/or operated by other service
providers.

A problem that may occur in wireless comumunications
systems supporting CS and PS sessiomns, is that a Service
Request (SR) procedure may establish radio bearers when
~there is no pending user data, thus unnecessarily wasting
radio resources. In the context of LTE systems, the Evolved
Packet System (EPS) is a combination of the DEvolved-UT-
RAN (E-UTRAN) access network and the Evolved Packet
Core (EPC) network. For example, referring to FI1G. 1C, the
EPS is a combination of RAN 104 and Core Network 106.

The EPS may be an all IP type ofnetwork. The higher layer
signaling between the WTRU and Core Network entity (i.e.
the MMIE 142 in FI1G. 1C) may be recognized as the Non
Access Stratum (NAS) layer. At the NAS layer, the EPS may
introduce two new protocol entities; the EPS Mobility Man-
agement (EMM) as well as the EPS Session Management
(ES™M). The signaling connection between the WITRU and the
MME is referred to as an EMM connection. The WTRU is in
EMM-IDIL.E Mode if it is registered with the network, but
there is no EMM connection. Similarly, the WTRU is in
EMM-Connected Mode when the (INAS) EMM connection
exists. An EPS Bearer Context 1s a collection of parameters
and network resources that are allocated by the network upon
a WITRU s request for various services requiring different
quality of service (QoS).



One purpose of the service request (SR) procedure is to
transfer the EMM from EMM-IDLE to EMM-CON-
NECTED and establish the radio and S1 bearers when uplink
user data or signaling is to be sent. Another purpose of this
procedure is to invoke mobile originated (MO)/mobile termi-
nated (MT) circuit switched (CS) fallback (CSFB) proce-
dures. A SR procedure, regardless of its trigger (e.g.. short
message service (SMS) or user data), may cause the estab-
lishment of radio and S1 bearers for all active EPS bearer
contexts in a wireless transmit/receive unit (WTRU). Thus,
even if some triggering mechanism needs the signaling radio
bearers, the mobile management entity (MME) may still
establish the radio and S1 bearers for all active EPS bearer
contexts if the WTRU sends an SR which is accepted by the
MME.

Another way for the WTRU to request the establishment of
radio and S1 bearers is by setting a one-bit position (called the
“Active Flag” bit) in the Tracking Area Update (TAU) reqguest
that is sent to the MME. This may happen il user data is
pending when the TAU procedure is triggered. Setting this bit
informs the MME that the non-access stratum (NAS) signal-
ing connection may be maintained and the radio and Sl
bearers may be setup for all active EPS contexts.

When a WTRU sends a SR message, it starts timer 13417,
This timer is then stopped normally (i.e., the procedure com-
pleted normally) if the access stratum (AS) indicates the
establishment of bearers for the user plane. However, a
WTRU may need to establish a NAS connection for sending/
receiving SMS, sending or receiving location service infor-
mation, or other information. This is carried over signalling
radio bearers and there may be no need to establish radio and
S1 bearers for all EPS bearer contexts when the WTRU sent
the SR for SMS or other non-user plane related services. In
this case, resources may be wasted and may be difficult to
avoid.

According to a first embodiment, when a WTRU transi-
tions from evolved packet system (EPS) connection manage-
ment mode (EMMD)-Idle mode to EMM-Comnected mode,
radio resources may be setup when the reason service is
requested is for user data. This embodiment is described in
Turther detail below.

When the WTRU transitions from EMM-Idle mode to
EMM-Connected mode, the radio and S1 bearers may be
setup if the reason that service 1s requested is related to user
data, and may not be setup otherwise. Thus, ifthe WTRU is in
Idle mode and is requesting non-EPS services (e.g., SMS or
supplementary services (SS)), location service, or positioning
services, the service request procedure does not cause the
establishment of radio and S1 bearers related to the active
EPS bearers. One way to achieve this is to use a different
establishment cause for the case when user data is pending or
when the reason for the SR is not related to pending user data,
such as SMS, SS, location services, or other user data.

Additionally, the WTRU may initiate the SR procedure in
EFMM-Connected mode, to indicate the need ftor radio and S1
bearers for all active EPS bearer contexts. The WTRU may
send an SR message or an Extended SR (ESR) message
indicating a new type, for example “user data pending.”” The
network then may initiate the setup ofradio and S1 bearers for
all active EPS bearer contexts. Because the SIR message may
not have a service type information element (IE), a new T1E
may be included in the SR (or ESR) message to indicate the
pending user data status which may then trigger the establish-
ment ofradio and S1 bearers forthe WITRUI s contexts. The IE
may be a conditional or optional 1IZ since the current SR is
four octets long. Thus, if the SRR message is to be used as
indicated above, this new 1E may be included. Otherwise, the
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SR may not include this 1E, (e.g., if it was sent to transition
from Idle to Comnnected mode). This embodiment also applies
to the ESR message.

Altermatively, the WTRU may send a new INAS message in
Connected mode to indicate that the network must setup the
radio and S1 bearers for all active EPS bearer contexts.

For any of the above options (SR, ESR, or new NAS mes-
sage), the WTRU may either specify the EPS bearer context
for which it needs radio and S1 bearers be set up, or the
networlk may establish radio and S1 bearers for all active EPS
bearer contexts. The former may re-use the EPS bearer con-
text status IFE (or a new IE) to indicate what EPS bearer
contexts are concerned by the procedure.

Another problem that may occur in wireless communica-
tions systems supporting CS and PS sessions, is that there
may be a lack of means for informing a WTRU to maintain a
NAS signaling connection during a Tracking Area Update
(LA procedure.

When a WTRU is powered on, it may register in the EPS
domain by performing an “Attach’ procedure. After the
WTRU has attached to the EPS, it may have to inform the
MME about its position using a TAU procedure. A WTRU
performing a TAU procedure may indicate to the network that
there is more signaling to be done and/or there is user data
pending by setting a bit, called the ““Active Flag’ bit, in the
TAU Request message. If the bit is set by the WTRU, the
network may then establish radio and S1 bearers for all active
EPS bearer contexts. But there is no current mechanism for
the network to indicate to the WTRU that there is more mobile
terminating (M) signaling to be done even if the bitis not set
in the TAU Request. Thus, it is possible that the MME
receives SMS or other signaling that it needs to send to the
WTRU without being able to do so.

In one embodiment, the network indicates to a WTRU to
maintain NAS signaling during tracking area update (LAU)
Accept signaling. A TAU response may be sent to the WTRU
from the network with the update result. FIG. 2 is a block
diagram of a tracking area update (T.AU) response message
200 including an Evolved Packet System (EPS) Update result
Information Element (IE) 210. TAU response message 200
includes a first octet 208 and a second octet 210, where the
second octet 210 is the EPS Update result TE 210. The EPS
Update result IE 210 includes an IE identifier 202, a spare bit
204, and an EPS update result value 206. The EPS Update
result value 206 may inform the WTRU whether its updating
attempt has been successful for Tracking Area only or for both
Tracking Area and L.ocation Area. The fields of message 200
are shown with bit position labels, for example the spare bit
204 is in bit position 4, however any arrangement of the fields
may be used.

The spare bit 204 may be set to ““zero”™. The network may
indicate to the WTRU that the NAS connection may be main-
tained for more pending signaling. For example, when a TAU
reguest is sent to the MM, an MT SIMS may also arrive at the
MMIE. Thus, to keep the WNAS signaling connection for the
SMS transfer, the MME sends a T'AU Accept and sets the
spare bit 204 to value ““one”. Upon reception, the WTRU
maintains its NAS signaling and RRC connection with the
MMIE and eNI3, respectively, for a configured time during
which the network may continue with more signaling. The
WTRU may release the connection if the time elapses without
receiving signaling from the network. The network may use
the maintained NLAS signaling connection to send SMS, SS,
location, or positioning services, or to trigger ESM proce-
dures, (for example, activation of a dedicated bearer context
which may be followed by an RRC message to establish radio
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and S1 bearers for all active EPS bearer contexts). The MMIE
may also use the maintained signaling to inform the WTRU
about a MT CSFB request. '

Aldternatively, the WTRU may expect some MT signaling,
before receiving the RRC Connection Release message from
the eINI3. If this is the case, then the WTRU may process the
signaling accordingly and may not consider this as an error
case.

Another problem that may occur in wireless comimunica-
tions systems supporting CS and PS sessions, i1s that EPS
bearer context synchronization may be limited within the
TAU procedure. An EPS Bearer Context is a collection of
parameters and network resources that are allocated by the
network upon a WTRU?’s request for various services requir-
ing different gualities of service. Every EPS bearer context
that is active in one entity (WTRU or MME/network) may
have an active counterpart in the other entity (MME/networlk
or WTRUD. Thus, the WTRU and the network try to maintain
their EPS bearer contexts as synchronized as possible. In
some cases, in the MME, for example, an EPS bearer context
may be locally deactivated because it has not been in use for
some time. The MMIZ may update the WTRU with the latest
EPS bearer context status by including an information ele-
ment (IF) called the EPS bearer context status IE in certain
signaling messages, such as the TAU Accept message.

Upon receipt of this IE by the WTRU, it may deactivate all
those EPS bearer contexts locally (without peer-to-peer sig-
naling between the WTRU and the MME) which are active in
the WTRU, but are indicated by the MIME as being inactive.
The same applies to the case ifthe W/TRU has included the IE
in certain messages such as TAU Request. If so, then the
MME may deactivate all those EPS bearer contexts locally
(without peer-to-peer signaling between the MME and the
WTRU) which are active on the network side, but are indi-
cated by the WTRU as being inactive.

The WTRU may perform a periodic TAU when its periodic
timer expires. If the WTRU has deactivated a context before
the next TAU takes place, then it may have to wait for the TAU
initiation before synchronization with the MME/network. It
may also be possible that other requests arrive before the
initiation of the periodic TALJ; (e.g.. CSFB for which it i1s
important to take the latest EPS bearer context status into use
as the procedure leads to the reservation of corresponding
resources in the target RAT). Thus, the synchronization pro-
cess is not eflficient because it is currently limited to TAUJ
signaling.

In one embodiment, the EPS bearer context status 1E may
be included in any INAS messages. For example, the EPS
bearer context status IE may be included in any or all NAS
messages., (except where it may not be possible, for example
in a Service Request message), even if the procedure is notthe
TAU procedure. Thus, every time there is an update of the
context’s status, the WTRU/MME/network may incluade the
bearer context status IE in the next NAS message that is sent
1o the receiver, in order to promptly provide the latest context
status.

According to an embodiment, the WTRU may include the
I1IZ in the Extended Service Reguest (ESR) message. It the
WTRU 1s 1in Connected mode when it sends the ESIR message
and it includes the EPS bearer context status 12, then the
MME when executing the handoverto a CS RAT may take the
included status of the context into account when, for example,
performing packet switched (PS) handover (I10) or establish-
ing resources in the target RAT.

The MME/network may include the EPS bearer context
status IIZ in all messages, even the reject messages. For
example, a Service Reject may have the EPS bearer context
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status IE included and the WTRU may update its contexts
accordingly when it receives this 112 in such a message. Tlhis
applies to both the connected mode and/or the Idle mode, and
to the WTRU or the networlk.

Upon the receipt of the bearer context status IE, the
receiver entity (WTRU or MME/network) deactivates all the
EPS bearer contexts locally (without peer-to-peer signaling
between the WTRU and the MIME) which are active in the
receiver entity, but are indicated by the transmitter entity as
being inactive.

FI1G. 3 is a flow diagram 300 of a method for including the
EPS bearer context status in any INAS message. Steps 305-
315 occur in a transmitter entity, and steps 320-325 occur in
a receiver entity, where the transmitter entity and receiver
entity may be on the WTRU side and the network side, respec-
tively, or vice versa. In step 305, the transmitter entity detects
an update in a status ofan EPS bearer context in the transmait-
ter entity. In step 310, the transmitter entity includes an EPS
bearer context status information element (1E) in a next Non-
Access Stratum (NAS) message to the receiver entity reflect-
ing the bearer context status update. The next NAS message
may be, for example, an ESR message. In step 315, the
transmitter entity sends the next NAS message to the receiver
entity. In step 320, the receiver entity receives the next NAS
message. In step 325, the receiver entity deactivates all the
EPS bearer contexts locally which are active in the receiver
entity, but are indicated by the transmitter entity in the EPS
bearer context status TE as being inactive.

Other issues may arise in wireless comumunications sys-
tems supporting CS and PS sessions when the CS domain is
temporarily unavailable. In the context of L'TE systems, the
concept of CSFB was introduced to allow a WTRU to get CS
(or non-EPS) service over E-UTRAN, (1.e.. MO/MT CS calls
and SMS). The mobile switching center (MSC)/visitor loca-
tion register (VILLR) is a combination of a switch and a data-
base that was introduced in the 2G and 3G systems in order to
provide the Circuit Switched (CS) services, and is located in
the same operator’s network as the MME. CSTFB was enabled
by the introduction of a new interface between the MME and
the MSC/VLR known as the SGs interface.

For a WTRU to get non-EPS services, (e.g., SMS), a reg-
istration may be performed on botlhh the E-UTRAN and CS
domains known as a combined attach procedure. This com-
bined registration creates an SGs association forthe WITI'RU at
the MME and the MSC/VILR. As such, an SIMS message may
be sent with L TE signaling to the MME using native LTE
NAS messages. If the WTRU has an SGs association at the
MME, the latter may then forward the message to the MSC/
VLR without its verification. Similarly, for MT SMS, the
MME may forward the message 1o the WTRU after receiving
the request from the MSC/VILR via the SGs interface.

Similarly, if there is an MT CS call fora WTRU in E-UT-
RAN, the MSC/VLR may create a paging message towards
the MME using the SGs interface. The latter may then attempt
to notify the WTRU about the MT call. The WTRU may
maintain an update status related to 1ts EPS and non-EPS
registration outcomes, as ftollows.

The WTRU may maintain an KPS status of i1ts current
registration with the network, where the EPS status may be
any of the following: EUl: UPIDATEID, meaning the last
Attach or TALT was successful; EUZ2: NOT UPIDATEID, mean-
ing the last Attach, Service Request (SR)., or TAU attempt
failed procedurally. i.e., no response or a rgjection was
received from the MMIE: or EU3: ROAMING NOT
ALILOWEID, meaning the last Attach, SR, or TAU was cor-
rectly performed but the reply from MME was negative (be-
cause of roaming or subscription restrictions).
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The WTRU may maintain a mobility management (IMIM)
status of its current registration with the networlk (3G), where
the MM status may be any of the following: Ul: UPDATEID,
meaning the last location area update (LLAU) was successtiul;
U2: NOT UPDATED, meaning the last I AU failed procedur-
ally (no significant answer was received from the network,
including the cases of failures or congestion inside the net-
work); UU3: ROAMING NOT ALIT.OWED, meaning the last
LAU ran correctly but the answer from the network was
negative; or U4: UPDATING DISABLED, meaning the LAUS
has been disabled.

For the MM status, the subscriber identity module (SIM)/
universal subscriber identity module (USIM) may not contain
any valid location area identity (LLAI), temporary mobile sub-
scriber identity (TIMSTI), global system for mobile comumuni-
cations (GSM) ciphering key, universal mobile telecommu-
nications system (UMTS) integrity key, UMTS ciphering
key, or ciphering key seguence number. For compatibility
reasons, all these fields may be set to the ““deleted” value at the
moment the status is set to eCALL TNACTIVE. However, the
presence of other values may not be considered an error by the
mobile station. Furthermore, if the mobile equipment (ME)
supports any A5 ciphering algorithim that requires a 128-bit
ciphering key and a USIM is in use, then the ME may delete
the GSM Kc,,s stored at the moment the status is set to
eCALL INACTIVE. The ““location update status™ stored on
the SIM/USIM may be ““‘not updated.””

Thus, a WITRU may maintain both EPS and non-EPS sta-
tuses whenever it is performing combined registration. In
addition, whenever a WTRU performs combined registration
(combined Attach or combined TAU), the VLR may provide
a new TIMSI and location area identity (LLAT) to the WTRU
which are included in the TATUJ Accept message. The WTRIUJS
uses the TMSI when it goes to the target radio access tech-
nology (RAT) ifthe list of LAI, provided to it did not change.
A locationupdate is triggered between the MME and the VLR
when the MM receives certain messages from the WI'RU,
(e.g., a combined T.AT). But the periodic TAU which is gov-
ermed by timer T3412 does not cause a location update over
the SGs interface.

It mmay be possible that the CS domain becomes tempo-
rarily unavailable, for example, if the MME resets and thus
loses all the SGs associations it had for the combined-regis-
tered WTRU. The same may occur if the VILLR resets and then
loses its SGs associations for the WTRUs that were previ-
ously combined-registered.

If the WTRU receives a Service Reject message (for
example, with cause “#39—CS domain temporarily not
available™)., then the following actions may be taken. The
WTRU may start a timer (for example time T3442) and set the
EPS update status to “EFEU2 NOT UPDATEID, and store the
status. Then., the WITRU may enter the “EMM-REGIS-
TEREID. NORMAI -SERVICE state”. The WTRU may not
try to send an extended service regquest message for mobile
originating services to the network until the timer T3442
expires or the WTRU sends a TAU request message. Timer
T3442, which is included in the Service Reject message, may
have a value that ranges from seconds, to minutes, or hours, or
it may be deactivated.

Withh the existing WTRU behavior after receiving reject
cause #39. as described hereinbefore, it 1s possible that the
WTRU does not receive non-EPS services because of delayed
combined registration. The following problems may be iden-
tified. Ifcause #39 is due to a VILR reset, then there may be no
need to change the EPS update status as the MME still has the
latest WTRU profile and context. Moreover, the MMIE may
initiate a location update towards the VIR when the WTRUJ
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sends a periodic TAU message. In this case, the VLR may in
turn provide a TMSIT and location area identities in response,
which are normally included in the TAU Accept message. But
the WTRU may not expect these TEs in the TAU Accept
message when it is performing a periodic TAU message.
Thus, the WTRU behavior is unknown when it receives these
IEs during a periodic TAU procedure. As a result, the com-
bined registration may be delayed, and there may be delays
associated with the non-EPS services. This delay is explained
further by F1G. 4A.

FI1G. 4A is a flow diagram for a procedure 400A between a
WTRU and an MME, including ““Attach”’, ““Service Request™
and “Tracking Area Update (TAU)” procedures, where there

Cis an SGs Interface between the MME and an MSC/VLR.
Steps 412, 430, 435, 440, 450 and 460 occur in the WTRU,
and step 415 occurs in the MSC/VILR.

As shown in FIG. 4A, in step 405, the WTRU may send a
combined Attach message to the MME to register for both
EPS and non-EPS services. In step 410, the MME may
respond with an Attach Acceptmessage, causing the WTRU s
EPS Update (EU) status and MM status to be set to EU1
(UPDATEID) and Ul (UPDATED), respectively, in step 412.
The WTRU may have been assigned a TIMSI and LLAT 1IE as
part of the Attach Accept message that it may use for CSEFB,
supplementary services (SS), and LLCS services.

In step 415, the VILLIR may restart and then inform the MME
about the loss of all SGs associations for all the WTRUs. A
MO CSFB reguest in the WTRU may tngger an extended
service request (ESR) message towards the MME, 420, and
the MIME may reply with a Service Reject message, 425, due
to temporary unavailability of the CS domain. The timer
T3442 set to “deactivate’ or N minutes, may also be included
in the Service Reject message. In step 430, the WTRU may
change its EU status to NWOT UPDATED, it may not modify
the MM status, (which is set to UPDATEID despite the con-
trary), and it may start timer 13442 as indicated in the Service
Reject message. The timer may also have a value ““deacti-
vate™, which implies that the timer may not be started.

In step 435, when the WIRU goes to EMM-Idle mode, the
WTRU may start its periodic TAU timer (1T3412) running. In
step 440, the timer T3412 may expire before timer T3442. 1If
that is the case, then its expiry may trigger the periodic T AU
procedure by the WTRU sending a TAU message and setting
the update type to periodic update, in step 445. After sending
the T AU message, 1n step 450, the WTRU may stop timer
T3442 (amongst other timers) if it is runming. In step 455, the
MMIE may respond withh a TAU Accept message, and in step
460 the WTRU may set its EUJ status to UPIDATEID.

If the MME does not autonomously perform a location
update towards the VLR when it receives the TAU with update
type set to periodic, the WTRU’s combined registration may
not be performed and the WTRU may not know that there is
a problem with the SGs interface, since the MM status is Ul
(UPIDATEI). There is no existing standard procedure and no
action is specified to be taken by the WTRU when 13442
expires.

If the CS domain is not available, other procedures may
also be affected, (e.g., the MO SMS procedure which is
performed by sending the uplink (UL) TRANSPORT NAS
message). But in the current WTRU behavior when receiving,
cause #39, 1t is specified that the WITRU may not attempt an
CSIR until the combined registration is performed. But this
does not stop other procedures, (e.g., MO SMS) which may
not succeed.

In addition, if the SGs interface is down and the WTRU
attempts 1o send an SMS message with the UL NAS TRANS-
PORT message, there is currently no message back from the
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network to indicate the success or ftailure of the procedure.
This is because the behavior of the MME is such that it
removes the NAS header and forwards the encapsulated SMS
message to the VILR. Any retransmission and errors are
handled by the SMS laver. As suclh, if the WTRU sends an
SMS message which does not arrive at its destination due to
the SGs being faulty, the WTRU s SMS entity may retransmit
without success since a combined registration may be needed
to solve the problem.

The following embodiments define new WTRU and MME
behavior to handle the various situations that arise when the
SGs Interface, or CS domain, is unavailable.

One embodiment is illustrated in FIG. 4B. FIG. 4B is a flow
diagram for a procedure 4008 performed by a WTRU when it
is informed that the CS domain is unavailable. In step 470, the
WTRU is informed that the CS domain is either unavailable
or temporarily unavailable. For example, when the WTRU
tries to contact the MIME for service, it may receive a Service
Reject message with a cause value equal to “*CS IDomain not
available® or ““CS domain temporarily not available™.

In step 472, the WTRU determines if the problem with the
SGs Interface is due to the MSC/VILR and not the MME. This
determination is based on the notification from the MME. If
the cause value is ““CS Domain not available”’, then that means
there is a problem with the SGs interface and the MME can’t
connect. If the cause value is ““CS Domain temporarily not
available’, then the SGs Interface is fine but there may be a
problem with the MSC/VILR.

i If the problem is not due to the MSC/VILR, then in step 474
the WTRU changes its mobility management (IMM) update
status to indicate that the registration to CS domain was
unsuccessful. For example, the WTRU may change its MM
update status to U2: NOT UPIDATEID.

The WTRU?s EU status may be unchanged (i.e., it remains
set to E1UJ1: UPIDATED) ifthe problem with the SGs is due to
the MSC/VILR and not the MME, proceeding to step 476. In
step 476, upon the next occurrence of an event that triggers a
TALT, or for every TAU procedure, the WTRU may check its
MM update status. In step 478, it the WTRU is registered in
combination, (or not, depending il the previous TAI did not
have non-EPS services), then the WTRU may perform a
combined registration, (e.g., combined TAUT), procedure. The
combined registration procedure involves setting the update
type to “‘combined TA/T A updating with intermational mobile
subscriber identity (IMSI) attaclhh’ or ““combined TA/T A
updating’, depending on the scenario.

According to another embodiment, if the unavailability of
the CS domain is due to problems in the MSC/VILR, then the
WTRU may consider any allocated temporary mobile sub-
scriber identity (ITMSI) and ILAI as invalid.

According to another embodiment, if the Service Reject is
due to the WTRU sending an ESR for an emergency call, then
the WTRU may change its RAT to a CS RAT where it may
place an emergency call. The WTRU may reselect to a CS
RAT if a mobile originated (MO) CS call is requested that is
not for emergency purposes. This may always be done regard-
less of the WTRU’s mode of operation, or it may be done il
the WTRU is operating in a mode for which the CS domain is
preferred or the WTRU i1s voice centric, and there is no sup-
port for internet protocol (IP) multimedia subsystem (IMS)
voice calls (or other forms of voice over 11?). The unavailabil-
ity of IMS voice calls may also mean unsuccessful registra-
tion to the IMS network.

According to another embodiment, 1f the WTRU receives a
reject message with cause #1 8- CS domain not available™,
then the WTRU may perforim a combined TAU whenever a
TAU procedure is initiated for any reason. The WTRU’s
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behavior, (i.e., with regard to performing combined registra-
tions), may returm to the expected behavior upon the first
successiul combined registration procedure.

According to another embodiment, the WTRU may per-
form a combined registration upon the expiration of timer
T3442 (i.e., expiration of this timer will trigger a combined
registration). This may occur it the WTRU is in connected or
idle mode.

According to another embodiment, when the WTRU
receives cause #39, it may not send ESR until timer T3442
expires or a TATJ Request is sent. The WTRU may not send
the ESR before a combined TAU. Thus, the WTRU may
trigger the combined TAU upon expiry of T3442 and then
decide if ESR and/or other non-EPS services may be
requested based on the result of the update. Moreover, it the
timer 13442 is deactivated, (or has a value set to ‘deacti-
vated?), then the next TAU may be a combined TAU . Based on
the results, the WTRU may decide if ESR or other procedures
related to non-EPS services may be initiated.

According to another embodiment, the EMM may inform
the SMS entity, (and/or other entities that are affected by the
unavailability of the CS domain), about the unavailability of
the CS domain. Thus, the affected entities may notinitiate any
procedure that requires the SGs interface until a combined
registration is successfully performed. Moreover, the EMM
entity may not initiate the UL NAS TRANSPORT procedure
when it knows about the unavailability ofthe CS domain. For
example, if the WTRU wants to send an SMS message when
it is in Idle mode, the WTRU first sends a Service Request
(SR) procedure and then sends the UL NAS TRANSPORT
which encapsulates the SMS message. Thus, the SR proce-
dure may not be initiated due to SMS if the EMM, (and/or
SMS and other entities), know about the unavailability of the
CS domain.

This embodiment may also apply to other services, (e.g.,
location services). That is, the EMM may inform all atffected
entities in the WTRU about the unavailability of an interface
between the MME and a peer entity in the network. No NAS
procedures may be triggered to access that service until the
interface in question is restored. For example, the WTRU may
not send a SR message to transport information related to
location services via an UPLINK RELIABLE TRANSPORT
message and an UPLINK RELIABLE TRANSPORT
RESPONSE message which are used for location services.
Moreover, procedures such as CSFB procedures may have a
higher priority over any ongoing procedure related to location
services. Thus, the WTRU may choose to ignore an ongoing,
transport of location service information and continue with a
pending CSEFI3 request.

According to another embodiment, the EMM entity may
inform the MM entity, (and/or other entities that are aftfected
by the unavailability of the CS domain, e.g., SMS, etc.), that
the CS domain is now available. At this point, the WTRU may
start sending ISR or may initiate the UL NAS TRANPSORT
procedure.

According to another embodiment, if the MME receives a
reset indication from the MSC/VILR, then the MME may
initiate a location update on the SGs interface when it receives
any type o TAU, (i.e., regardless of the update type that is set
by the WTRU)), from a WTRU which was previously com-
bined registered. In addition, if the location update over the
SGs is successiul, the MME may include any allocated TIMSI
and/or ILAI1 in the TAU Accept message regardless ot the
update result type set by the MMIE. The MME may also set the
update result type to something different from what is
expected by the WIT'RU. For example, if the WTRU success-
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tully performs a periodic TAU, it expects a TAU Accept Trom
the MME with the update result set to ““ITA updated.””

The MME may set the update result to ““combined TA/LA
updated’ if the MME initiated the location update towards the
MSC/VIR on the SGs interface. When the WTRU receives
the TAU Accept, it may use either the update result type to
learn about the status of its combined registration., or it may
conclude about its combined registration based on the pres-
ence (or absence) of an L. AT IE.

If the update result is set to “‘combined TA/L. then the
WTRU may conclude that it is successftully registered for
both EPS and non-EPS services. The WTRU may change its
MM status to Ul updated and may handle the allocated 1Al
and possibly the TMSI as previously described when the
WTRUs combined registration is successtul with these TEs
included. If a TMSI is not included in the TAU Accept, the
WTRU s behavior may be the same as previously specified
when the registration is successful without a new TIMST being,
included.

According to another embodiment, if the update result is
“TA updated” and the TAU Accept contains an L AT, then the
WTRU may consider its combined registration as successtul.
The WTRU may change its MM status to Ul updated and may
handle the allocated I.AT and possibly the TMSI as previously
described when the WTRU’s combined registration is suc-
cesstul with these ITEs included. If a TMSIT is not included in
the TAU Accept, the WTRU’s behavior may be the same as
previously specified when the registration is successtul with-
out a new TMSI being included.

According to another embodiment, more details may be
provided in the reject causes to indicate the source of the
problem for the unawvailability of the CS domain, G.e.,
whether it is the MME that has restarted or the MSC/VIR). A
new reject cause may be introduced to explicitly indicate the
cause of the problem so the WTRU may take specific actions.
For example, if the MME is the entity that has restarted, then
providing this information to the WTRU may cause a change
to the EU update status and not the MM status. Moreover, the
WTRU may later perform a combined registration and may
set the update type to ““ITA/LA updating’™ since it is already
registered to the CS domain.

According to another embodiment, the value of the timer
T3442 may be used to indicate the source of the problem. For
example, setting the value of the timer to ““deactivated”™ may
be used to inform the WTRU that the MME is the source of the
problem, and the WTRU may perforim a combined registra-
tion. Other values for the timer may be used to signal thas
scenario or other scenarios. For example, other values may be
used to indicate that the MSC/VILR is the cause for the
unavailability of the CS domain. The WTRU may then behave
as explained earlier.

A ccording to another embodiment, a new message may be
defined to inform the WTRU about the unavailability of a
certain domain or interface when the procedure is not CSIFE.
Forexample, the WTRU may send an UL NAS TRANSPORT
message for MO SMS. If the CS domain i1s not available (or
the SGs interface is not functional due to errors at either MMYES
or MSC/VILR) then the WTRU may be informed about the
problem using the new message.

A new generic message may be defined to signal such
problems for all interfaces depending on the values of certain
IEs. For example, a new NAS message called SERVICE
UNAVAIL ABLE NOTIFICATION may be defined to indi-
cate to the WTRU the unavailability of a domain or interface.
An 112, (e.g., Notification Type), may be included in this
message and depending on its value, the WTRU may be
notified about unavailability of the CS domain, (or the SGs
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interface), or the unavailability of the interface between the
MME and a network node such as that for location services.
The MME may send this message when it receives a NAS
message from the WTRU that requires forwarding over a
certain interface. Upon reception by the WTRU, the trigger-
ing entity may be notified about the error and the procedure
may not be re-attempted until the interface is restored, (e.g.,
by some sort of registration or a notice from the networlk).
Moreover, a timer may be included to indicate when the
WTRU may re-attempt the unsuccessful procedure or re-
attempt a registration which ifsuccesstul may allow initiation
of the procedure.

Another way of achieving this procedure i1s to use an exist-
ing NAS message to indicate the problem. For example, the
EMM INFORMATION may be used to achieve this. The
EMM entity may also inform all other affected entities when
a particular message indicating an error in an interface is
received. For example, if the WTRU is informed about
unavailability of the CS domain when the MME receives UL,
NAS TRANSPORT, then the EMM may inform the MM
entity so that ESR may not be initiated until a successful
combined registration is performed.

In any of the above embodiments, the combined registra-
tion may take any of the conventionally specified types of
combined registrations. The following are provided as
examples: combined attach with attach type set to “EPS/IMSI
attach; combined TAU with update type set to “‘combined
TA/ILA updating; or combined TALT with update set to ““‘com-
bined TA/IL A updating with IMSI attach.

Moreover, the above embodiments also apply to WITIRUs
that are registering for the first time for both EPS and non-
EPS services. Alternatively, in this case, the regular behavior
for unsuccessful registration for non-EPS services only may
be followed by the WTRU, (e.g.. the registration attempt
counter or a similar counter i1s incremented up to a maximum
value after which other actions may be taken by the WTRU).
In addition, there may be a time limit between each attempt.
This may also be applied to WTRUs that have been previously
successfully registered for both EPS and non-EPS services
and later receive areject message with cause #39, (CS domain
temporarily not available), or #16, (MSC temporarily not
reachable), or #18, (CS domain not available).

All of the above embodiments and examples apply to the
case when the CS RAT is both 3GPP or non-3GPP, and the
same embodiments and examples apply for non-EPS ser-
vices, (CSFB, SMS, SS. etc.), to the case when there is a
different interface between the MME and a non-3GPP net-
work, e.g., CIDMA2000 (1xRTT). The above examples may
be used in any combination.

A problem that may occur in wireless comumnunications
systems supporting CS and PS sessions, is that significant
delays may occur when performing CSFB for emergency
calls.

FI1G. SA is a flow diagram of a procedure SO0A in response
to a WTRU placing an emergency call. Some steps ol the
procedure are omitted. If the WTRU is attached for both EPS
and non-EPS services and wants to place an emergency call,
in step 505 the WTRU may send an ESR message. The
WTRU may set the service type to “‘mobile originating CS
Tfallback emergency call” or <1 xCS ftallback emergency call™
depending on the CS domain type supported by the WTRU. I
PS HO is supported in the target RAT, then in step 510 the
WTRU performs a PPS HO before continuing, with placing the
CS emergency call. In step 515, the CS call establishment
procedure is initiated in order to place the CS emergency call.
As can be seen trom Fl1G. 5A  the CS call can only be mitiated
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after the PS HO completes. However, since the call reguested
is an emergency call, it is 1important to reduce any delays to a
miainimal level.

Another scenario in which CSFB may be delayed occurs
when a WTRU requests a service from a closed subscriber
group (CSG) cell that it 1s not allowed to be on. This can
happen, for example, when the WTRU?’s subscription has
expired but the WTRU is not yet updated with the subscrip-
tion information, or when a WTRU is on a hybrid CSG cell
and priority is given to subscribers.

In this case, the WTRU’s ESR may be rejected with cause
code #25 and the WTRU’s behavior is such that it has to look
for a suitable cell as it enters limited mode. Thus, the WTRU,
after finding a suitable cell, will need to re-start the procedure
for CSFB again. Thus, this causes delay because the CSFIB
has not been processed yet. Reducing the delay is especially
important if the CSFDB is triggered due to an emergency call.

If the WTRU knows, based on its fingerprint, that it is near
a 3G HFNB/CSG cell, then it will send a proximity indication
to the current serving eNB (E-UTRAN) which might config-
ure the WTRU with measurement gaps in order to read the
system information messages in U TR AN in order to acquire
the CSG identity. Since reading the system information
blocks (SIBs) on UTRAN system will require some time,
existing solutions proposed to reduce the delay to a minimal
level include: 1) The WTRU doesn’t send a proximity indi-
cation when it is performing CSFB requests, if it knows that
there is at least one other macro cell available in the legacy
RAT where it can place its CS call; 2) the WTRU sends its
proximity indication and the network doesn’t request the
WTRU to read system information messages from any HINEB,
if the network knows about availability about at least one
macro cell of the legacy RAT: or 3) both WITIRU and the
networlk consider any HINB in the target RAT as the least
priority cell in order to avoid possible system information
reading and access check.

According to an embodiment, the delays for CSFB Emer-
gency calls may be reduced by not performing a PS HO and
redirecting the WTRU to the target system. In order to reduce
the delays related to CSEFB procedure for emergency calls, the
LTE network may not perform PS HO, (even if the target
network supports it), and redirect the WTRU to the target
system. This may be achieved in many different ways, as
described in the following embodiments.

F1G. 513 shows a flow diagram of a procedure 5S500B for
reducing delay in the CSFB procedure for emergency calls. In
step 530, the WTRU sends a ESR for an emergency call. The
ESR message may have the service type set to “‘mobile origi-
nating CS fallback emergency call” or ““1xCS fallback emer-
gency call””. In response, the MME does not perform PS HO
for the WTRU. Instead, the MIMFE sends a WITRU Context
Modification Request to the elNB in step 535 in order to
redirect the WTRU directly to the CS domain. This is accom-
plished in step 540 by the elNB sending to the WTRU either a
network assisted cell change order message or an RRC con-
nection release message, where the message includes the
redirection information for the CS domain. The WTRUJ then
attempts to access the CS domain and continue first with
establislunent of the CS call for emergency services.

The WTRU may indicate to the MIME that PS HO i1is not
preferred. This can be done by including an EPS bearer con-
text status I in the ESR and setting the values for all contexts
1o indicate that they have been deactivated. Altermatively, the
WTRU can include a new IE to indicate that PS HO is not
preferred.

Other scenarios in which delay can be seen include when a
WTRU is on a CSG cell for which the subscription has
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expired. In this case, an ESR can be rejected with cause #25
and the WTRU would need to find a suitable cell and then
send the ESR again. In order to reduce the CSFB delay in such
a scenario, (for normal CS calls or for an emergency CS call
request, which i1s identified by having the request type in the
ESR set to mobile originating CS fallbaclk emergency call or
1xCS ftallback emergency call), the following embodiment
may be used as means to reduce call setup delay.

According to one embodiment, the MME may ignore the
expiry of the subscription for the exceptional case of CSFB
requests and accept the ESR. The WTRU can later be updated
with the latest subscription information, for example, upon
subsequent access retries on the CSG cell. Thus, itis proposed
that the reject cause #25 may not be applied to CSFB related
procedure or signaling.

According to another embodiment, the WTRU may also be
handed over to another allowed/suitable I TE cell from which
the CSFB procedure is continued. In this case, the ESR is not
rejected and the WTRU does not have to go through cell
reselection, hence avoiding potential delays. The network
then continues the ESR procedure from the target cell on
which the WTRU has completed the intra-I. TE handover.

According to another embodiment, the network may con-
ditionally reject, (or accept), the ESR procedure. That i1s, the
network may allow the ESR procedure to go througlh while
indicating to the WITRU that the CSGG subscription has
expired. This can be achieved in RRC or NAS signaling or a
combination. For example, the network can send the inter-
system change message, (e.g. mobilityFromEUTRACoOom-
mand), and include an indication of the WTRU?’s subscrip-
tion, (e.g. expired). Thus the WTRU may continue the CSFB
procedure but also use the provided indication to update the
list of allowed CSGs. If provided within RRC messaging,, the
RRC layer can provide the NAS with such indications so that
the appropriate update is performed on the allowed CSG list.
This can be done, for example, with one bitin which a specific
value indicates expiration of a subscription for the CSG cell.
Additionally, the MME can provide such an immdication over
an interface, (such as the S1-AP interface), to the eINB which
can use such indication to take certain actions such as includ-
ing a one bit indication in the RRC messages.

The WTRU and the network may reduce any potential
delays that are related to falling back to a target cell which is
a CSG cell. To accomplish this, according to another embodi-
ment, the WTRU may prioritize GERAN since CSG is not
supported there. As such, any preliminary access check that is
needed to be performed by the WTRU 1s automatically
avoided.

The WTRU may not send a proximity indication to the eNB
to indicate that it is close to a target CSG cell of UTR AN, or
any other system. By doing so, the network will not schedule
the WTRU for measurement and system information reading
on a target UTRAN CSG cell. Avoiding thais will eliminate
potential delays ifa UTRAN CSG cell needs to be verified for
access eligibility by the WTRIUJ and the network. The WTRU
may take such an action if it knows that there are other
neighboring inter-RAT macro cells. Alternatively, even it the
WTRU sends a proximity indication to inform the networlk
that it is near a CSG cell, it i1s proposed that the network
should not act upon this indication and thereftore not schedule
caps for the WTRU to go and read system information mes-
sage in order to perform preliminary CSG access check.
Similarly, this can be done if the network knows that there are
other UTRAN macro cells around the WTRIUJ.

According to another embodiment, 1if CSFB i1s performmed
withh network assisted cell change order or by releasing the
RRC connection, (may be with redirection information). and
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system information of at least one target cell is provided to the
WTRU, then the following may be performed.

In this case, the WTRU may prioritize cells that may not
require a change in location area identity (I.AT), (e.g. the
WTRU may have one in L'TE). This may be done by checking
the T_AI that the WTRU has against the I_AI of each potential
target cell which may be derived from the provided SIBs or
system information. Moreover, the WTRU may give priority
to macro cells within the desired I.AI in order to avoid pos-
sible access reject due to CSG subscription invalidity. This
may be done even if the WTRU has the associated CSG ID in
its lists, and regardless of the signal power and/or quality
received from CSG cells or cells that fall out of the desired
I_AJ. Thus, the cell selection rules may be overruled in this
case. Alternatively, there may be a minimal threshold beyond
which the WTRU may not apply, for example, preconfigured
thresholds in the WTRU or signaled using RRC or INAS
messages. Cells that fall within a desired L. AI, provided over
LTE, may avoid delay due to possible location area update
(L AL requests.

If the WTRU receives signals from the macro cells within
the desired I_AI which are wealk or fall below a certain thresh-
old, the WTRU may give priority to a CSG cell within the
LAI. This prioritization is based on the criteria of CSG per-
mission (based CSG 1D check, or otherwise signaled to the
WTRU during the inter-systena change).

The last priority may be given to cells utilizing CSFB that
belong to a different T.AI in which macro cells may have
higher priority than CSG cells. The above examples and
embodiments for CSTF B prioritization described hereinbefore
may be applied in any combination.

FIG. 6 is a flow diagram of a procedure 600 when the
WTRU performs an inter-system change when a location area
has changed. In step 602, the MSC/VLR sends a Paging
Reqguest to the MME (e.g. SGsAP-Paging-Request message).
In step 604, the MME sends a Paging Request to the elNB and
in step 606, the eINB sends a Paging message to the WITRU. In
steps 608, the WTRU responds to the Paging message by
sending a ESR message to the MME. In step 610, the MME
sends a WTRU Context Modification Request (with CSFB
indicator) to the WTRU. In step 612, the WTRU sends mea-
surement reports to the elNIB3.

If the WTRU performs an inter-system change, possibly
with PS HO, and finds out that the location area has changed,
the location area update procedure is performed in step 615.
In step 620, the CS MO voice call is initiated by the WTRU
toward the MSC. As can be seen from FIG. 6, the location area
update procedure is performed before a CS voice call can be
performed.

In order to avoid this problem, according to another
embodiment, the WTRU may use, (In the target CS cell/RAT/
system whenever performing CSFI3), its IMSI in its initial
message, (e.g. Paging response in MT case or CM Service
Request in MO case), for both mobile originating and mobile
terminating cases. As such., even it the MSC/VIR has
changed, the IMSIT in the CM Service Reqguest will unigquely
identify the WTRU in the new MSC/VI.R and hence a loca-
tion update is not necessary before the call is set up.

According to another embodiment, a TAU may be trig-
gered when CSFB ftails. FIG. 7 is a flow diagram of a proce-
dure 700 for a TAU being triggered in response to a CSFB
failure. In step 705, the WTRU detects that a CSFB procedure
failed. For example, the NAS may use indications from the
RRC that the CSTFB procedure has failed to send the TALJ
request. In step 710, the WTRIUJ sends a TAU request, possibly
with the type being a combined T AU, in response to the CSFB
procedure failure. This procedure may allow the WTRU to
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resume in L TE with all its contexts it previously had before
the CSFDB procedure initiation. In step 715, the MME receives
the TAU request. In step 720, the MME uses the TAU reqguest
as an indication of the failure and may take additional actions
such as re-initiating another CSFB request or informing other
network nodes about the failure e.g. (the SGSN or MSC/
VILR).

Another problem that may occur in wireless communica-
tions systems supporting CS and PS sessions, is that delays
may occur when performing CSFB for a CS call that termi-
nates at another CFI3 capable WITRU.

It is possible that a WTRU that is combined attached, (for
EPS and non-EPS services), originates a CSFB procedure in
order to place a CS voice call whereby the called party is
another CSFB capable WTRU that is also in L TE coverage.
Thus, for the voice data to be exchanged between calling
WTRU, (known as WTRU 1), and the WTRU that is being
called, (known as WTRU 2), there is need to perform two
CSFB procedures, one mobile originating (MO) CSFB pro-
cedure that triggers a mobile terminated (MT) CSFB proce-
dure.

The MO CSFB includes signaling associated with WTRU
1’s request to place CSFB,. which includes some optional
procedures, for example, a PS handover may occur it WTRU
1 and the network support PS handover. Also, if the MSC/
VIR that receives the CM Service Request is different, then
the CM Service Reqguest by WTRU 1 may be rejected and the
WTRU 1 may perform a AU before it can continue with the
CS call. At this point, the WTRU 1 may send the Call Setup
message to the MSC/VI R, which contains the address of the
called party, WTRU 2.

The MSC/VILR verifies the called party address and sees
that there is an SGs association for WTRU 2, (A.e. the MME
has triggered non-PS registration over the SGs interface due
to the reception of a combined registration from WTRU 2 in
LTE coverage). Accordingly, a MT CSFB procedure is trig-
gered towards WTRU 2. In the mean time, WTRU 1 is waiting
since WTRU 2 is still in ITE coverage. It only after WTRU 2
completes the inter-system change that voice data can be
exchange over the CS domain.

The signaling described above creates delays associated
with this scenario and prolongs the waiting time for WTRU 1.
This waiting time/delay may be reduced if the CSFB proce-
dure for WTRU 2 is initiated earlier and with fewer nunneces-
sary delays.

According to one embodiment, the delays for CSFB to
CSTIFEB calls are reduced by initiating the second CSFB call
sooner. For a mobile originated (MO) CSFB request that
triggers a mobile terminated (MT) CSFB procedure, the delay
may be reduced it the CSFB procedure for WIRU 2 is started
earlier than usual, before WTRU 1 completes its CSFB pro-
cedure. To perform such a procedure, when WTRU 1 is per-
forming an MO CSFRB procedure, (.e. by sending an
Extended Service Reqgquest (ESR) to the MME), the WTRU
may include all the necessary information regarding the
called party in the ESR. The MME, after receiving an ESIR,
may forward this addressing information to the MSC/VILR.
The MSC/VILR checks the address of the called party to see 1t
there is an SGs Interface association at the MSC/VILR, or if
the called party is a fixed line number or an emergency call
center.

If the called party is another WTRU with a valid SGs
association, the MSC/VILR may start a MI' CSFI3 procedure
for this WTRU by sending the necessary message, the
SGsAP-Paging-Request, over the SGs imterface. The MSC/
VLR may indicate to the MME that the call is triggered by
another CSITI3 procedure. The MMIEE may use this informa-
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tion to take any necessary action that can speed up the M
CSFRB procedure. Moreover, the MME may inform the
WTRU that the MT CSFB is from another CSFB capable
WTRU. The WTRU may use this indication to speed up the
procedure e.g. start taking measurements and sending
reports. This functionality may be achieved by using any of
the following embodiments.

In another embodiment, WTRU 1 sending an ESR may
include the necessary information that maay be used to iden-
1ty the destination. For example, some or all of the Call Setup
message can be included in the ESR in the form of a new 1E
or a new container. Alternatively, the WTRU 1 may not
include this information if it knows that the destination is not
CSFB capable, (for example, the destination has a fixed line
number or an emergency call center). In some countries
mobile subscribers and fixed subscribers have distinct nuin-
bers series that may be used to determine whether the B
number series refers to fixed or mobile subscriber.

In another embodiment, a new message (e.g. SGsAP-MO-
CSFB-Indication) may be needed to carry this immformation
from the MIME to the MSC/VI.R over the SGs interface. The
MME may remove all the addressing information from the
ESR and may insert it in this new message that is to be sent
over the SGs to the MSC/VILR. Alternatively, the MME may
send this message as an indication that a MO CSFB procedure
has been triggered and the MSC/VLR 1s to expect a WTRU
for a CS voice call. The MSC/VIL.R may use this indication to
take statistics, (e.g. mnumber of call failure, setup time, etc).
The MME may start a timer upon the sending ofthis message.

In another embodiment, the MSC/VI.R upon reception of
this message, may verify if the destination called party is
another WTRU with SGs association (this might involve
interaction with other nodes e.g. HL.R). If not, the MSC/VI.LR
may take no further actions. The MCS/VILR may acknowl-
edge the receipt of the indication from the MME by sending
another message, (for example SGsAP-MO-CSFB-ACK).
The MME may use this acknowledgement to take any neces-
sary action, (e.g. stop any timer that it might have started). 1f
the MSC/VIR has a SGs association for the called party, the
MSC/VILR may trigger the SGsAP-Paging-Request towards
the MME. The MSC/VILR may include an acknowledgement
for the previous message sent by the MME, for example by
including a one bit position in the SGs-AP-Paging-Request
message.

In another embodiment, the MME may then stop any timer
based on the acknowledgement received. In addition., the
MME may start the MT CSFRB procedure by requesting the
E-UTRAN to page the WTRU, (if it is in idle mode), or by
sending the CS Service Notification to the WTRU, (af it is in
connected mode). In either case, the MMIE may indicate that
this CSFB is triggered by another CSTFI3 procedure.

In another embodiment, if the WTRU 1 has completed its
CSFB procedure and is in the CS domain, the MSC/VLR may
start sending some information, (e.g. ringing, tone), to indi-
cate that the call reguest is being processed. The MSC/VILR
may choose whether a ringing tone or any other call in
progress tone is used based on whether or not the WITRU 2 is
a CSFBRB subscriber waiting for the CSFB procedure to be
completed.

FIGS. 8A and 8B show example CSFI3 procedures for two
CSFIB calls with enhancements, 800A , and without enhance-
ments, 8008, respectively. In FIG. 8A, WTRU 1 initiates a
CSIFB call back by sending an FESR for CSFI 802, providing,
measurement reporting, 804, initiating a PS FIO 806, perforim-
ing a location update 808, and setting up a CS call 810. The
MSC/VILR indtiates paging over the SGs interface. 812. Then,
the MME may inform WTRU 2 about the MT S voice call,
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814. Subsequently, WTRU 2 initgates its an inter-system
change while WTRUI 1 waits. WTRU 2 accepts the CSFB
81 6, provides measurement reporting 818, initiates a PS HO
820, performs a location update 822, and responds to paging
824.

According to an embodiment, the delays experienced by
WTRU 1 while WTRU 2 initiates an inter-system change may
be reduced using the procedure 111 FI1G. 8B . Referring to FIG.
8B, WTRU 1 initiates a CSFB call back by sending an ESR
for CSFB and includes the address of the called party (WTRU
2) 826. The MME forwards addressing information to the
MSC/VILLR 828, and the MSC/VIR initiates paging for
WTRU 2 over the SGs mmterface, 830. In 832, the MME
informs the WTRU about the MT CS voice call. In parallel,
WTRU 1 provides measurement reporting 804, initiates a PS
HO 806, performs a location update 808, and sets up a CS call
810. WTRU 2 accepts the CSEFB 816, provides measurement
reporting 818, initiates a PS HO 820, performs a location
update 822, and responds to paging 824. In contrast to the
scenario in FIG. 8 A, the procedure in FIG. 8B reduces the
waiting time for WTRU 1 for the CS voice exchange.

Another problem that may occur in wireless communica-
tions systems supporting CS and PS sessions, 1s thata WITIRU
may be made to fallback to CS when the MT call is cancelled.
It may be possible that a mobile terminating (MT) CSFB
request is cancelled by the caller. In this case, the MSC/VLR
receives a request fora CS call from WTRU 1, the MSC/VILLR
initiates an MT CSFB procedure towards WTRU 2, and the
MSC/VILR thenreceives arequestby WTRU 1 to abortthe CS
voice call request. Thus, if the MT CSFB procedure contin-
ues, WTRU 2 may perform an inter-system change to
GERAN/UTRAN, possibly with PS HO, but may not receive
any CS call as it may have been aborted by WTRU 1. This
inter-system change is unnecessary and should be avoided. It
may cause degradation of service it PS HO is not supported,
or if it is supported but the QoS provided by the target system
does not match the source system. Recall that the MSC/VILR
may start an MT CSFB procedure fora WTRU by sending the
SGsAP-Paging-Request the over the SGs interface to the
MME.

According to one embodiment, inter-system change is
avoided for a WTRU when a CS paging or call reguest that
triggered a MT CSFB 1s cancelled. It a CS call request that
triggers a MT CSFB call is cancelled, the called WTRU
(which is CSFB capable and assumed 1o possibly be in L'TE)
may not be made to perform an inter-system change even ifit
has been notified of the MT CSFB procedure. In order to do
so. the procedure shown in FIG. 9 may be used.

FIG. 9is a flow diagram of a procedure 900 for avoiding an
inter-system change for a WTRU when a CS call request that
triggered a MT CSFB is cancelled. In step 905, the MSC/VILR
decides to abort a MT CSFB call that lhas been placed to a
WTRU. The MSC/VILR may make the decision to abort the
MT CSFB call because 1t receives a request Trom the WITI'RUT
1o abort the MT CSFB call. Alternatively, the MSC/VI.R may
have started a timer when it sent a paging message to the
WTRU to establish the M'TT CSFI3 call., and may decide to
abort the MT CSFRB call when the timer times out before
receiving a response from the WTRUJ.

In step 908, the MSC/VI.R determines it a paging proce-
dure to start the CSFI3 procedure has been triggered. For
example, it determines it a SGsAP-Paging-Request has been
sent. It the paging request has not been sent, then in step 915,
the MSC/VILR aborts the paging request (SGsAP-Paging-
Request) procedure. Otherwise, i1f the paging procedure has
been triggered, in step 910, the MSC/VILR sends an abort
message, (e.g. SGsAP-MT-CSTFFB-Cancel) to the MME to
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request the MME to the cancel the MT CSFB call. The MSC/
VIR may start a timer after sending this message.

In step 920, the MME receives the cancellation message
from the MSC/VIR. Subseqguently, the MME may take cer-
tain actions to abort the inter-system change for the WITRU
under consideration. In step 925, if the WTRU has already
sent the ESR (G.e. the MT CSFB has been accepted) but the
MME has not executed the inter-system change yet, the MMIE
may send a Service Reject with a new cause, for example,
indicating, <“CS Call Aborted”.

Additionally, the MIME may send an abort request to other
network nodes such as the SGSN that are possibly part of the
procedure. In addition, the MME may send an acknowledge-
ment to the MSC/VLR to acknowledge the reception of the
abort message (e.g. SGsAP-MT-CSFB-Cancel) and may also
include a status 1E to indicate the result of the request (e.g.
“MT CSFIB Cancel Success™ or “MT CSFB Cancel Failure™).

In step 930, if the WTRU has been made to perform the
inter-system change, the MME may not send any further
messages to the MSC or the WTRU. By taking no further
action, the MME permits the WTRU to fall back to the other
R AT. Alternatively, the MME may send an acknowledgement
to the MSC/VILR and indicate that the cancel request is not
successtul. The MSC/VLR may use this indication to take
further actions, for example, to stop any timer that has been
started.

Upon reception of the Service Reject with cause ““CS Call
Aborted”, the WTRU may take any necessary action, (e.g. the
EMM entity may inform the MM entity about the abortion of
the procedure). The WTRU may resume operation in LTE.

Ifthe MME had not yet informed the WTRU about the MT
CS voice request, then upon the reception of the cancel indi-
cation from the MSC/VILR, the MME may ignore the initial
request and not inform the WTRU about the MT CS call.
Alternatively, if the MIME has requested E-UTRAN to page
the WTRU for CSFB request, the MME may request E-UUT-
RAN to abort the paging procedure. The E-UTRAN may
acknowledge the request and inform the MME about a suc-
cesstul paging as described above.

A problem that may occur in wireless communications
systems supporting CS and PS sessions, is that there may be
undefined behavior for MT CSFB in Connected Mode.

A WTRU in Connected mode may be notified about a M1
CSIFBrequestusing the CS Service Notification that is sent by
the MME. The WTRU may reqguest upper layers’ input to
accept or reject CSFI before responding withh an ESR mes-
sage. The response may be indicated in the CSFB response IE
in the ESR message in both EMM-1IDILE and EMM-CON-
NECTEID modes. The problem identified with this is that it
may be possible that a WTRU is in connected mode actively
downloading a file but the vser is not necessarily next to the
WTRU. Thus, if the WTRU receives a CS Service Notifica-
tion message and requests input from upper layers to accept or
reject a call, such input might not be provided if the user is
away rom the WTRU. Therefore, the expected behavior is
undefined (for example, it is unknown ifan ESR message will
be sent to the network/MME and if so then the CSEFI3 response
information element). Moreover, it is not efficient that the
WITRU takes a decision on behalf of the user and accepts the
call since PS HO might not be supported in the target RAT and
service disruption may occur. At the same time, not providing,
any feedback to the MM may prevent other actions from
being taken, such as the VIR may forward the call to the voice
messaging centre. The following embodiment may be used
independently or in any combination to address this problem.

According to another embodiment, the WITRU and MMIE
behavior is defined for M1 CSFEFR in connected mode when
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user input is requested but without a user response. The MME
may start a timer after, or at the time, it sends the CS Service
Notification message. The timer may be set to any value that
is deemed appropriate for the scemnario. For example, the
value may be set to 5 seconds. If the timer expires before
receiving any response from the WTRU (i.e. ESR), the MM
may send a message (e.g. over the SGs) to the MSC/VILR to
indicate that no response was received from the WTRU even
though the MME is in contact with the WTRU. A new mes-
sage may be defined or an existing message of the SGs pro-
tocol may be used with a new cause value to clearly identify
the scenario. The MME may not retransmit the CS Service
Notification to the WTRU if a response is not received.

The MSC/VI.R may take certain actions when it receives
such indication from the MMF. For example, the MSC/VILLR
may trigger the User Determined User Busy procedure, or the
Call Forwarding on Not Reachable procedure.

Upon reception of a CS Service Notification (with or with-
out a call line identification (CIL.1)), the WTRU may start a
timer. Ifno user intervention is made while the timer runs, the
WTRU upon expiry of the timer may send an ESR message to
indicate that no user intervention was received. The WTRU
may decide to accept or reject the call based on network or
user configurations. If the user accepts or rejects the call, the
WTRU may stop the timer and send the ESR with the appro-
priate user selection; (accept or reject).

Alternatively, after the timer expires, the user may not be
given the option to accept orreject a call and thus an ESR may
not be sent after that point (and/or the WTRU may send the
ESR as explained above without user intervention). However,
ifthe network side considers the MT CSFB as unsuccessful or
being aborted, the network may ignore or reject any ESR that
might be received from the WTRU, such as due to delayed
user intervention. Thus, the MME may ignore the message.

Alternatively, the MME may reject the ESR with a Service
Request message that may include a new regject cause to
indicate that the network has aborted the CSFIB procedure.
For the case where the WTRU may respond with an ESR
(possibly with new type set to no response as proposed above)
even without user intervention, the WTRU may not start any
timer and may consider the procedure to be successfully
completed and then enter EMM-REGISTERED NORMAIL
state.

Alternatively, if the WTRU starts a timer when the CS
Service Notification is received (as explained above) and the
timer expires without any response from the user, the WTRU
may ignore the CS Service Notification and therefore not
send any ESR.

The described embodiments may be used in any combina-
tion and may apply to cases where user input is requested or
not. Moreover, the described embodiments may be applied to
idle mode ifthe WTRU is in idle mode, by first informing the
user about the call before a decision is made to accept/reject
the call. I no response is received, the discussed embodi-
ments may be applied in that case as well.

Another problem that may occur in wireless communica-
tions systems supporting CS and PS sessions, is that race
conditions may exist between CSFB and intra-system HO. In
the context of L TE systems, it is possible that there may be an
occurrence of a CSFIB and an intra-LTE HO event at around
the same time causing potential conflicts to arise. There are
several scenarios that may be possible for this to occur. FIGS.
10A and 10B are flow diagrams ol examples of two possible
scenarios, 1000A and 1000B, where race conditions may
occur between CSFRB and intra-ITE Handover. FI1G. 10A
shows the scenario where the eINNB3 is unaware of an ongoing
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CSFB request, and FIG. 1013 shows the scenario where the
eNDB is aware of an existing CSFB reguest.

FI1G. 10A describes the case when the elNB is not aware of
an ongoing CSFB request. As 1s shown in FIG. 10A, the
WTRU sends an RRC message with a Measurement Report to
the Source elNEB, 1002. Based on the RRC message, the
Source elNEB makes a HO decision, 1004, and sends a (X2AP)
HO Request to the Target elNB, 1006. After performing
admission control, 1008, the Target eIlNB sends a (X2AP) HO
ACK to the Source elNB, 1010. Before the WTRU receives an
RRC HO Command from the Source elNB, 1014, to perform
a HO to another elNB (intra-L.TE handover), the WTRU sends
an ESR message to the MME, 1012, in order to perform
CSFB. This creates a race condition between the CSFB
request and the intra-IT TE handover.

The ESR triggers a WTRU Context Modification Request
message, (with the CSFB indicator), 1016, from the MME to
the source elNB, which in turn initiates a UE Context Modi-
fication Failure message from the Source elNB to the MME,
101 8. At that point, the source eINNB may not be able to initiate
an inter-system change, (possibly with PS handover), as the
WTRU is no longer under its control. Even though this prob-
lem is explained with the assumption of X2-based HQ, it is
possible that the problem occurs with the Sl-based HO, or
any other type of HHO.

The Source elNI3 provides the Target eNB with information
for the HO by sending a SN Status transfer message, 1020,
and an UP data forwarding message, 1022, to the Target elNNB.
The WTRU sends an RRC HO Complete message to the
Target eNB, 1024, once the HO i1s complete. The Target elNNB
sends a Pathh Switch Request to the MME, 1026, which
informs the MME of the completion of the intra-FHO, and the
MME informs the Source elNNB by sending an UP End Mark-
ers Packets messages, 1028. The Source elNB stops data for-
warding to the WTRU, 1030. The MME responds to the
Target eINB with a Path Switch Request ACK, 1032, and the
Target eINNB sends a Context release message, 1034, to the
Source elNB.

FI1G. 10 shows a similar problem occurring when the elNNB
is aware that there is an ongoing CSFB request for a given
WTRU. The WTRU sends an ESR message to the MME,
10490, in order to perforni CSFB. The ESR triggers a W TRU
Context Modification Request message with the CSFB indi-
cator, 1042, from the MME to the Source elNNB, which in turn
initiates a UE Context Modification Response message from
the Source elNBE to the MIME, 1044 The Source elNB sends a
configuration message, 1046, to the WTRU that configures
the WTRU for inter-RAT measurements. The WITRU
responds to the Source eNB with an RRC LTE Measurement
Report, 1048, and an RRC I[-RAT Measurement Report,
1050.

The Source elNEB makes an Intra-I.TE HO decision, 1052,
and sends an (X2AP) 1O Request, 1054, to the Target elNB.
The Target eNEB performs admission control, 1056, and
responds to the Source eNB with a (X2AP) HO ACK, 1058.
The Source elNI3 sends a HO Command to the WTRU, 1060,
and the WTRU sends an RRC IO Complete message to the
Target elNB, 1062. The Target eNBE sends a Pathh Switch
Request to the MME, 1064, which informs the MME of the
completion ofthe intra-I1O, and the MME informs the Source
eNDB by sending an UP End Markers Packets messages., 1066.
The Source elNE stops data forwarding to the WTRU, 1068.
The MME responds to the Target eNB with a Path Switch
Request ACK, 1070, and the Target elNIB sends a Context
release message, 1072, to the Source eNB.

In the scenario shown in F1G. 108, the Source elNB3, even
though it is aware that there 1s an ongoing CSFB request for
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the WTRU (because it has received the WTRU Context Modi-
fication Request with the CSFB indicator and has responded
with a WTRU Context Modification Response), may decide
to perform intra-I TE handover based on the measurement
event and reports, 1048 and 1050, from the WTRU. Ifthis dad
not happen, the Source elNB would have sent the Handover
Reqguired message to the MME in order to start the inter-
system change to UTRAIN.

In the scenario shown in FIG. 108, the CSFB cannot be
continued by the Source eNB, and the MME is not informed
about it. The MME becomes informed about the completion
of the intra-HHO with the Path Switch Request message from
the target eINB, 1064, which is transmitted to the MME from
the Target elNI3 after the handover is complete.

The following embodiments address the problem of race
conditions between CSFB and an intra-system HO. The
embodiments apply to both X2-based HOs, S1-based HOs, or
any other HO scenarios. Moreover, they also apply to the case
when the source eNB is either aware or not aware of any
ongoing request for CSFB.

In one embodiment, the source elNB may include an indi-
cation to the Target elNB about the CSFB reguest for a WTRU
that is ongoing in the source cell. The effect of this is equiva-
lent to the target elNB receiving the WTRU Context Modifi-
cation request from the MME. The Target elNIB may start the
necessary CSIFB-related procedure and solicit the WTRU for
inter-RAT measurements, or send the Handover Required
message to the MME. Referring back to FIG. 10A, the indi-
cation from the Source to the Target eINB may be included in
the SN Status Transfer, 1020, and may be included in both
S1AP or X2AP messages. The Source elNB may include any
measurement report it might have collected from a WTRU in
the messaging sent to the Target elNB, such as in the Handover
Request message, 1006. The Target elNB may use these mea-
surements without configuring the WTRU again for inter-
RAT measurements.

In another embodiment, the MME may include the CSFB
indicator in the Path Switch Request ACK that is sent from the
MME to the Target elNB. For example, referring back to
FIGS. 10A and 1013, the CSFB indicator may be included in
the Path Switch Request ACK, 1032 and 1070, respectively.
As such, the Target eINB may directly start any CSFB related
procedures, such as configuring the WTRU for inter-RAT
measurements or sending the Handover Required message to
the MIIME.

According to another embodiment, the Source eNIB may
inform the MME when it decides to perform, or when it
actually performs, intra-system (ntra-I TE) handover, given
there is signaling already started for a CSFB request after the
Source eNI2 sends the WITRU a Context Modification
Response message. The Source elNB may inform the MMIZ,
for example, using an S1-AP message such as the ““Handover
Required”™ message. As such, the MME may know ahead of
time and may send the Context Modification Request mes-
sage to the Target elNB. The MME may inform other nodes,
such as the SGW or PDIN GW, to buffer the packets until the
intra-LTLE or CSFRB handover is completed.

The following embodiments describe MME-eNB interac-
t1ons 1in order to realize CSEFDB.

In one embodiment, the MME may send a WITRU Context
Modification request, (e.g. an S1AP message), or any other
message with the purpose of providing information for per-
forming CSIB for a specific WTRU. With this “CSFB infor-
mation” message, the MME may inform the elNE communi-
cating with the WTRU how the CSFB may be performed,
which may be accomplished via PS HO, network assisted cell
change order, cell change order, or via RRC connection
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release with redirection information. The MMIE may inform
the eNB communicating with the WTRU whether at least one
SIB of potential CS cells may be provided to the WTRU,
and/or how the CSFB may be performed with the inclusion of
new IEs in the message sent to the elNI3.

Upon receiving the CSFB information message, the eNB
may execute the CSIFB according to the information from the
MME. Thus, for CSFB for emergency calls, the MME may
inform the eNB in the CSFRB information message that the
CSFB is ofhigh priority, and perform the CSFIB via one of the
signaled methods. Referring back to FIGS. 10A and 108, the
CSFBRB information from the MME to the eNBEB may be
included in the WTRU Context Modification Request mes-
sage, 1016 and 1042, respectively, or in any other message
from the MIIME to the elNB.

Altermatively, in another embodiment, ifno new IE may be
included in the WTRU Context Modification Request mes-
sage, the high priority value of the CSFB indicator IE in the
WTRU Context Modification Request message may be used
as an indication to perform CSFB via RRC connection
release, (or network assisted cell change, or cell change
order), and may be used with System Information Blocks
(SIBs) provision to the WTRU. Thus, when the CSFB indi-
cator IE is set to “CSIFB required” by the MME, the eINNIB may
perform CSFB with PS HO. Otherwise, a value of “CSFB
high priority” may cause the elNB to perfornm CSFB via RRC
connection release, (or network assisted cell change., or cell
change order), and may be used with SIBs provision to the
WTRU.

If the MME receives a request from the WTRU or the
MSC/VILR to cancel an ongoing CSFB procedure, there may
be options by the MME to abort the CSFB procedure. If the
MME received a handover reguest message from the elNI3,
(which started a guard timer for this message), the MME may
not send a response message (i.e. HO command) to the eNDB.
Thus, the timer at the eINB may ultimately expire and thereby
the elNBP may not autonomously decide to continue with the
CSFB procedure.

Altermatively, the MME may send an explicit message to
the eNB to inform it to abort the CSTFI procedure. This may
be done with an existing message such as WTRU Context
Modification Request (1016 and 1042 in FIGS. 10A, and 1013
respectively). In any of these cases, the MME may include a
new IE to indicate the cause of the request to cancel the CSFB
procedure. Thus, the eNB when it receives this message may
abort the CSFB procedure. The elNIB may be configured to
perform CSFB in a certain way regardless of the type ESR.
This configuration may be done for a specific time period or
via explicit signaling by the MMIE.

Although features and elements are described above in
particular combinations, one of ordinary skill in the art will
appreciate that each feature or element can be used alone or in
any combination with the other features and elements. In
addition. the methods described herein may be implemented
in a computer program, software, or firmware incorporated in
a computer-readable mediunm for execution by a computer or
processor. Examples of computer-readable media include
electronic signals (transmitted over wired or wireless connec-
tions) and computer-readable storage media. Examples of
computer-readable storage media include, but are not limited
1o, a read only memory (ROM). a random access memory
(RADM), a register, cache memory. semiconductor memaory
devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media
such as CID-ROM disks, and digital versatile disks (IDVIDs). A
processor in association with software may be used to imple-
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ment a radio frequency transceiver for use in a WTRU, UE,
terminal, base station, RNC, or any host computer.
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What is claimed is:

1. A method, performed by a visitor location register
(VLR), for avoiding an inter-system change for a wireless
transmit/receive unit (WI1TRU), the method comprising:

deciding to abort a mobile terminating (MT) circuit

switched fallback (CSFB) to the WTRUJ;

determining if a paging request to start the MT CSFB call

has been sent; and

on a condition that the paging request has been sent, send-

ing an abort message to a mobility management entity
(MME) requesting the MME to cancel the MT CSFB
call.

2. The method of claim 1 wherein deciding to abort the M'T
CSFB call is based on receiving a request to abort the M
CSFB call from the WTRU.

3. The method of claim 1, further comprising;:

starting a timer when the paging request to the WTRU to

establish the M'T CSFB call is sent, wherein the deciding
to abort the MT CSFB call is based on the timer expiring
before receiving a response from the WTRU.

4. The method of claim 1 wherein the paging request is an
SGsAP-Paging-Request message.

. The method of claim 1, further comprising:

on a condition that the paging request has not been sent,

aborting the MT CSFB call. :

6. A visitor location register (VILLR) for avoiding an inter-
system change for a wireless transmit/receive unit (WTRU),
the VLR comprising:

circuitry configured to decide to abort a mobile terminating

(M'T) circuit switched fallback (CSFB) to the WTRU;
circuitry configured to determine if a paging request to start
the MT CSFB call has been sent; and

on a condition that the paging request has been sent, the

VLR further comprises circuitry configured to send an
abort message to a mobility management entity (MME)
requesting, the MME to cancel the MT CSFB call.

7. The VILR of claim 6, further comprising:

circuitry configured to decide to abort the MT CSFB call

based on receiving a request to abort the M'T CSFIB call
from the WTRU.

8. The VLR of claim 6, further comprising:

circuitry configured to start a timer when the paging

request to the WTRU to establish the MT CSIFB call is
sent, and circuitry configured to decide to abort the M1’
CSFB call based on the timer expiring before receiving
a response from the WTRU.

9. The VLR of claima 6 wherein the p'101110 request is an
SGsAP-Paging-Request message.

10. The VILLR of claim 6 th,rc,ln on a condition that the
paging request has not been sent, the VILR further comprises
circuitry configured to abort the MT CSIFB call.
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11. A method, performed by a Mobility Management
Entity (MME), for avoiding an inter-system change for a
wireless transmit/receive unit (WTRU), the method compris-
ing:
receiving an abort message from a visitor location register
(VLR) indicating to the MME to cancel a mobile termi-
nating (MT) circuit switched fallback (CSFB) call to the
WTRU;

on a condition that the MME has already received an
extended service request (ESR) from the WTRU, send-
ing a service reject message to the WTRU indicating that
the MT CSFB call is aborted; and

sending no further messages to the WTRU.

12. The method of claim 11, turther comprising:

sending no further messages pertaining to the MT CSFIB3

call to a mobile switching center (MSC).

13. The method of claim 11, further comprising:

sending an acknowledgment message to the VLR includ-

ing a status information element (IE) indicating a result
of the MT CSFB call being canceled.

14. The method of claim 11, further comprising:

sending an abort request to other network nodes.

15. The method of claim 11, tfurther comprising:

sending a request to a Evolved Universal Terrestrial Radio

Access Network (E-UTRAN) to abort a paging proce-
dure.

16. A mobility management entity (MME) for avoiding an
inter-system change for a wireless transmit/receive. unit
(WTRU), the MME comprising:

circuitry configured to receive an abort message from a

visitor location register (VLR) indicating to the MME to
cancel a mobile terminating (M) circuit switched fall-
back (CSFB) call to the WITRU;
on a condition that the MME has already received an
extended service request (ESR) from the WTRU, cir-
cuitry configured to send a service reject message to the
WTRU indicating that the MT CSFB call is aborted; and

circuitry configured to send no further messages to the
WTRU.

17. The MME of claim 16, further comprising:

circuitry configured to send no further messages pertaining
to the MT CSFB call to a mobile switching center
(MSC).

18. The MME of claim 16, further comprising:

circuitry configured to send an acknowledgment message
to the VLR including a status information element (I1E)
indicating a result of the MT CSFB call being canceled.

19. The MMIE of claim 16, further comprising:

circuitry configured to send an abort request to other net-

work nodes.

20. The MME of claim 16, further comprising:

circuitry configured to send a request to a Evolved Univer-

sal Terrestrial Radio Access Network (E-UTRAN) to
abort a paging procedure.
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