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METHOD AND APPARATUS FOR EFFICIENT S GNALING 
AND USAGE OF RESOURCES FOR WIRELESS •MMUNICATIONS 

SUPPORTING CIRCUIT SWITCHED AND PACKE ' SWITCHED SESSIONS 

CROSS REFERENCE TO RELATED APd'LICATIONS 

[0001] 	This application claims the benefit 	Provisional Application Nos. 

61/320,027, filed April 1, 2010; 61/303,761, filed Feb uary 12, 2010; 61/293,084, filed 

January 7, 2010; 61/265,917, filed December 2, 2119; and 61/256,421, filed October 

30, 2009, the contents of which are hereby incorp orated by reference herein. 

BACKGROU " D 

[0002] 	It has been a goal in w reless communications to devise a 

mechanism to enable a wireless transmit/r: eive unit (WTRU) to place or receive a 

communication during an ongoing session without service interruption. 	For 

example, in a Third Generation Partne /ship Project (3GPP) Long Term Evolution 

(LTE) scenario, a goal has been to dev' e a mechanism to enable a WTRU, while it 

is connected to a packet switched (P*, domain of an Evolved Universal Terrestrial 

Radio Access Network (E-UTRA 	, to place (i.e., originating) or receive (i.e., 

terminating) circuit switched (CS services or vice versa. 	Examples of CS services 

may include at least such servic: 	as a CS voice call, a short message service (SMS), 

location services, or suppleme 	ary services. The initiation of a CS session during 

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

SUMMARY 

[0003] 	Meth°, 	and apparatus for 	efficient signaling and usage of 

resources for wireless communications supporting circuit switched (CS) and packet 

switched (PS) sessioi s are disclosed. 	The behaviors of various wireless network 

entities, including a Mobility Management Entity (MME), a Visitor Location 

Register (VLR), a d Base Stations (BSs), and the wireless transmit/receive units 

(WTRUs) that c6mmunicate with the network, are defined in order to deal with 
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issues that arise by implementing circuit switched fall b. k (CSFB) in a Packet 

Switched (PS) system. 

[0004] 	 A VLR may decide to abort a CSF r. procedure for a mobile 

terminating (MT) CSFB call to a wireless transmit/rec 'ive unit (WTRU), and send 

an abort message to an MME, in order to avoid an inter-system change for a WTRU. 

The MME may send a Service Reject message to th' WTRU indicating that the CS 

call is aborted, and ignore incoming messages ,A ertaining to the cancelled call. 

Bearer contexts may be synchronized between . transmitter entity and a receiver 

entity by including bearer context status info , 	ation in any Non-Access Stratum 

(NAS) message transmitted to the receiver en,  ty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] 	 A more detailed unde (standing may be had from the following 

description, given by way of examp e in conjunction with the accompanying 

drawings wherein: 

[0006] 	 FIG. 1A is a sy em diagram of an example communications 

system in which one or more disclo.ed embodiments may be implemented; 

[0007] 	 FIG. 	1B 	is 	a 	system 	diagram 	of 	an 	example 	wireless 

transmit/receive unit (WTRU) 	at may be used within the communications system 

illustrated in FIG. 1A; 

[0008] 	 FIG. 1C i a system diagram of an example radio access network 

and an example core netw ark that may be used within the communications system 

illustrated in FIG. 1A; 

[0009] 	 Figur • 2 is a block diagram of a tracking area update (TAU) 

response message i eluding an Evolved Packet System (EPS) Update result 

Information Eleme 	(IE); 

[0010] 	 rigure 3 is a flow diagram of a method for including the EPS 

bearer context st s tus in any NAS message; 
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[0011] 	 Figure 4A is a flow diagram for a procedur' between a WTRU and 

an MME where there is an SGs Interface between the MM r and an MSC/VLR; 

[0012] 	 Figure 4B is a flow diagram for a p ocedure performed by a 

WTRU when if is informed that the CS domain is unay. lable; 

[0013] 	 Figure 5A is a flow diagram of a procedure in response to a WTRU 

placing an emergency call; 

[0014] 	 Figure 5B shows a flow diagram if a procedure for reducing delay 

in the CSFB procedure for emergency calls; 

[0015] 	 Figure 6 is a flow diagra 	of a procedure when the WTRU 

performs an inter-system change when a loca on area has changed; 

[0016] 	 Figure 7 is a flow diagra 	of procedure for a TAU being triggered 

in response to a CSFB failure; 

[0017] 	 Figures 8A and 8B sho , example CSFB procedures for two CSFB 

calls with and without enhancements, r • spectively; 

[0018] 	 Figure 9 is a flow 	iagram of a procedure for avoiding an inter- 

system change for a WTRU when a 9S that triggered a MT CSFB is cancelled; and 

[0019] 	 Figures 10A a 4 	10B are flow diagrams of examples of two 

possible scenarios where race co ditions may occur between CSFB and intra-LTE 

Handover. 

a ETAILED DESCRIPTION 

[0020] 	 The tea , ings described herein may be applicable to any access 

technology that may sup sort circuit switched (CS) or packet switched (PS) sessions. 

Examples include, but are not limited to, Long Term Evolution (LTE), Wideband 

Code 	Division 	M 	tiple 	Access 	(WCDMA), 	Global 	System 	for 	Mobile 

communications (G:M), General Packet Radio Service (GPRS), Enhanced Data 

rates for Global P volution (EDGE), Code Division Multiple Access (CDMA2000), 

IEEE 802 technv ogies such as 802.11, 802.16 and Worldwide Interoperability for 
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Microwave 	Access 	(WiMAX), 	Universal 	Mobile 	Teleco 	munications 	System 

(UMTS), or any future technology. 	For purposes of : planation, the various 

embodiments are described in an LTE context, but the v. ious embodiments may be 

implemented using any technology that may support C 	and/or PS sessions. 

[0021] 	 FIG. 1A is a diagram of an examplf communications system 100 

in which one or more disclosed embodiments may be implemented. 	The 

communications system 100 may be a multiple acc • ss system that provides content, 

such as voice, data, video, messaging, broadcas , etc., to multiple wireless users. 

The communications system 100 may enable 	ltiple wireless users to access such 

content through the sharing of system resour -s, including wireless bandwidth. For 

example, the communications systems 100 	ay employ one or more channel access 

methods, such as code division multiple access (CDMA), time division multiple 

access (TDMA), frequency division mu tiple access (FDMA), orthogonal FDMA 

(OFDMA), single-carrier FDMA (SC-FD 	), and the like. 

[0022] 	 As shown in FIG. 1A, the communications system 100 may 

include wireless transmit/receive u its (WTRUs) 102a, 102b, 102c, 102d, a radio 

access network (RAN) 104, a core 	-twork 106, a public switched telephone network 

(PSTN) 108, the Internet 110, an i other networks 112, though it will be appreciated 

that the disclosed embodiment contemplate any number of WTRUs, base stations, 

networks, and/or network ele 	ents. 	Each of the WTRUs 102a, 102b, 102c, 102d 

may be any type of device configured to operate and/or communicate in a wireless 

environment. 	By way 0 example, the WTRUs 102a, 102b, 102c, 102d may be 

configured to transmit . nd/or receive wireless signals and may include user 

equipment (UE), a mo 4 ile station, a fixed or mobile subscriber unit, a pager, a 

cellular telephone, a ,sersonal digital assistant (PDA), a smartphone, a laptop, a 

netbook, a personal tomputer, a wireless sensor, consumer electronics, and the like. 

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

114a and a base - ation 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 o ►• e of the WTRUs 102a, 

102b, 102c, 102d to facilitate access to one or more comm nication networks, such 

as the core network 106, the Internet 110, and/or the • etworks 112. 	By way of 

example, the base stations 114a, 114b may be a base ransceiver station (BTS), a 

Node-B, an eNode B, a Home Node B, a Home eNode I, a site controller, an access 

point (AP), a wireless router, and the like. While t e base stations 114a, 114b are 

each depicted as a single element, it will be apprec ated that the base stations 114a, 

114b may include any number of interconnec ed base stations and/or network 

elements. 

[0024] 	 The base station 114a may be part of the RAN 104, which may 

also include other base stations and/or ne 	ork elements (not shown), such as a 

base station controller (BSC), a radio ne r 	ork controller (RNC), relay nodes, etc. 

The base station 114a and/or the base s ation 114b may be configured to transmit 

and/or receive wireless signals within . particular geographic region, which may be 

referred to as a cell (not shown). Th' cell may further be divided into cell sectors. 

For example, the cell associated w th the base station 114a may be divided into 

three sectors. 	Thus, in one embo 1 iment, the base station 114a may include three 

transceivers, i.e., one for each srctor of the cell. 	In another embodiment, the base 

station 114a may employ mul ple-input multiple output (MIMO) technology and, 

therefore, may utilize multipl 	transceivers for each sector of the cell. 

[0025] 	 The base tations 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 	corn 	nication link 	(e.g., 	radio frequency 	(RF), 	microwave, 

infrared (IR), ultravio 	t (UV), visible light, etc.). 	The air interface 116 may be 

established using any suitable radio access technology (RAT). 

[0026] 	 Mlre specifically, as noted above, the communications system 100 

may be a multip - access system and may employ one or more channel access 

schemes, such a. 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 W RUs 102a, 102b, 102c 

may implement a radio technology such as Universal Me ile Telecommunications 

System (UMTS) Terrestrial Radio Access (UTRA), w 	ch may establish the air 

interface 	116 using wideband CDMA (WCDMA) 	WCDMA may include 

communication protocols such as High-Speed Packet A ccess (HSPA) and/or Evolved 

HSPA (HSPA+). HSPA may include High-Speed Do nlink Packet Access (HSDPA) 

and/or High-Speed Uplink Packet Access (HSUPA . 

[0027] 	 In another embodiment, the 	ase station 114a and the WTRUs 

102a, 102b, 102c may implement a radio 	- chnology such as Evolved UMTS 

Terrestrial Radio Access (E-UTRA), which m. y establish the air interface 116 using 

Long Term Evolution. (LTE) and/or LTE-Ad anted (LTE-A). 

[0028] 	 In other embodiments, 	he base station 114a and the WTRUs 

102a, 102b, 102c may implement radii technologies such as IEEE 802.16 (i.e., 

Worldwide 	Interoperability 	for 	M rowave 	Access 	(WiMAX)), 	CDMA2000, 

CDMA2000 1X, CDMA2000 EV-D 0 	Interim Standard 2000 (IS-2000), Interim 

Standard 95 (IS-95), Interim Sta ►  dard 856 (IS-856), Global System for Mobile 

communications (GSM), Enhanc -4 Data rates for GSM Evolution (EDGE), GSM 

EDGE (GERAN), and the like. 

[0029] 	 The base sta r on 114b in FIG. 1A may be a wireless router, Home 

Node B, Home eNode B, or . cess point, for example, and may utilize any suitable 

RAT for facilitating wirele s connectivity in a localized area, such as a place of 

business, a home, a vehic e, a campus, and the like. In one embodiment, the base 

station 114b and the W P 'Us 102c, 102d may implement a radio technology such as 

IEEE 802.11 to esta 	ish a wireless local area network (WLAN). 	In another 

embodiment, the bas • station 114b and the WTRUs 102c, 102d may implement a 

radio technology su' 	as IEEE 802.15 to establish a wireless personal area network 

(WPAN). In yet ., other embodiment, the base station 114b and the WTRUs 102c, 

102d may utiliz • a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM, LTE, 
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LTE-A, etc.) to establish a picocell or femtocell. 	As show 	in FIG. 1A, the base 

station 114b may have a direct connection to the Inter vet 110. 	Thus, the base 

station 114b may not be required to access the Interne 	110 via the core network 

106. 

[0030] 	 The RAN 104 may be in commun ation with the core network 

106, which may be any type of network confi ured to provide voice, data, 

applications, and/or voice over internet protocol (V,,IP) services to one or more of the 

WTRUs 102a, 102b, 102c, 102d. 	For example, 	e core network 106 may provide 

call 	control, 	billing 	services, 	mobile 	locatio -based 	services, 	pre-paid 	calling, 

Internet connectivity, video distribution, ete., and/or perform high-level security 

functions, such as user authentication. Al 	ough not shown in FIG. 1A, it will be 

appreciated that the RAN 104 and/or th • core network 106 may be in direct or 

indirect communication with other RA s 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 r A radio technology, the core network 106 may 

also be in communication with ano her RAN (not shown) employing a GSM radio 

technology. 

[0031] 	 The core netw • k 106 may also serve as a gateway for the WTRUs 

102a, 102b, 102c, 102d to ac • ss the PSTN 108, the Internet 110, and/or other 

networks 112. The PSTN 10: may include circuit-switched telephone networks that 

provide plain old telephone 	ervice (POTS). The Internet 110 may include a global 

system of intercon.necte f 	computer networks and devices that use common 

communication protocol•., such as the transmission control protocol (TCP), user 

datagram protocol (U ri P) and the internet protocol (IP) in the TCP/IP internet 

protocol suite. 	The , etworks 112 may include wired or wireless communications 

networks owned a ►, d/or operated by other service providers. 	For example, the 

networks 112 ma 	include another core network connected to one or more RANs, 

which may employ the same RAT as the RAN 104 or a different RAT. 
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[0032] 	 Some or all of the WTRUs 	102a, 	102 $, 	102c, 	102d in the 

communications system 100 may include multi-mode cap. ilities, i.e., the WTRUs 

102a, 102b, 102c, 102d may include multiple transceiver 	for communicating with 

different wireless networks over different wireless link.. For example, the WTRU 

102c shown in FIG. 1A may be configured to comm nicate with the base station 

114a, which may employ a cellular-based radio t •chnology, and with the base 

station 114b, which may employ an IEEE 802 radii technology. 

[0033] 	 FIG. 1B is a system diagram of s n example WTRU 102. As shown 

in FIG. 1B, the WTRU 102 may include a . ocessor 118, a transceiver 120, a 

transmit/receive 	element 	122, 	a 	speaker/ $ icrophone 	124, 	a 	keypad 	126, 	a 

display/touchpad 128, non-removable memo' 	106, removable memory 132, a power 

source 134, a global positioning system (f. PS) chipset 136, and other peripherals 

138. It will be appreciated that the WT' 	102 may include any sub-combination of 

the foregoing elements while remainin: consistent with an embodiment. 

[0034] 	 The processor 118 	ay be a general purpose processor, a special 

purpose processor, a conventional srocessor, a digital signal processor (DSP), a 

plurality of microprocessors, one o more microprocessors in association with a DSP 

core, 	a 	controller, 	a 	microco 	roller, 	Application 	Specific 	Integrated 	Circuits 

(ASICs), Field Programmable Gate Array (FPGAs) circuits, any other type of 

integrated circuit (IC), a st. e machine, and the like. 	The processor 118 may 

perform signal coding, d 	: processing, power control, input/output processing, 

and/or any other function. ity that enables the WTRU 102 to operate in a wireless 

environment. The proce•.sor 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 	he transceiver 	120 	as 	separate 	components, 	it will be 

appreciated that t e processor 118 and the transceiver 120 may be integrated 

together in an ele 	ronic 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 embodi fent, the transmit/receive 

element 122 may be an antenna configured to transm 	and/or receive RF signals. 

In 	another 	embodiment, 	the 	transmit/receive 	•lement 	122 	may 	be 	an 

emitter/detector configured to transmit and/or re,  eive IR, UV, or visible light 

signals, for example. In yet another embodiment, he transmit/receive element 122 

may be configured to transmit and receive bot 	RF and light signals. 	It will be 

appreciated that the transmit/receive element 	22 may be configured to transmit 

and/or receive any combination of wireless sig als. 

[0036] 	 In addition, although the t ansmit/receive element 122 is depicted 

in FIG. 1B as a single element, the W RU 102 may include any number of 

transmit/receive elements 122. 	More •.pecifically, the WTRU 102 may employ 

MIMO technology. Thus, in one embo iiment, the WTRU 102 may include two or 

more transmit/receive elements 122 	• .g., multiple antennas) for transmitting and 

receiving wireless signals over the a 	interface 116. 

[0037] 	 The transceiver 	20 may be configured to modulate the signals 

that are to be transmitted by th 	transmit/receive element 122 and to demodulate 

the signals that are received b 	the transmit/receive element 122. As noted above, 

the WTRU 102 may have m • ti-mode capabilities. Thus, the transceiver 120 may 

include multiple transceiv: s for enabling the WTRU 102 to communicate via 

multiple RATs, such as UT 'A and IEEE 802.11, for example. 

[0038] 	 The processor 118 of the WTRU 102 may be coupled to, and may 

receive user input dat. from, the speaker/microphone 124, the keypad 126, and/or 

the display/touchpad 	28 (e.g., a liquid crystal display (LCD) display unit or organic 

light-emitting diode OLED) display unit). The processor 118 may also output user 

data to the speak. /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 	emory 106 and/or the 

removable memory 132. 	The non-removable memory 1,6 may include random- 

access memory (RAM), read-only memory (ROM), a har o disk, or any other type of 

memory storage device. 	The removable memory 13. may include a subscriber 

identity module (SIM) card, a memory stick, a secure 	igital (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 1• ated on the WTRU 102, such as 

on a server or a home computer (not shown). 

[0039] 	 The processor 118 may receiv • power from the power source 134, 

and may be configured to distribute and/or control the power to the other 

components in the WTRU 102. The power ource 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-cadm 	m (NiCd), nickel-zinc (NiZn), nickel metal 

hydride (NiMH), lithium-ion (Li-ion), et .), solar cells, fuel cells, and the like. 

[0040] 	 The processor 118 , ay also be coupled to the GPS chipset 136, 

which may be configured to prov de location information (e.g., longitude and 

latitude) regarding the current loc tion of the WTRU 102. In addition to, or in lieu 

of, the information from the GP' chipset 136, the WTRU 102 may receive location 

information over the air interf- ce 116 from a base station (e.g., base stations 114a, 

114b) and/or determine its loc$ tion based on the timing of the signals being received 

from two or more nearby b. e stations. It will be appreciated that the WTRU 102 

may acquire location info, mation by way of any suitable location-determination 

method while remaining onsistent with an embodiment. 

[0041] 	 The processor 118 may further be coupled to other peripherals 

138, which may inclu ►  e one or more software and/or hardware modules that provide 

additional features 	functionality and/or wired or wireless connectivity. 	For 

example, the per eherals 138 may include an accelerometer, an e-compass, a 

satellite transce 	er, 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 u ,t, a digital music player, 

a media player, a video game player module, an Internet frowser, and the like. 

[0042] 	 FIG. 1C is a system diagram of 	e RAN 104 and the core 

network 106 according to an embodiment. 	As no • d above, the RAN 104 may 

employ an E-UTRA radio technology to communica e with the WTRUs 102a, 102b, 

102c over the air interface 116. The RAN 104 m, y also be in communication with 

the core network 106. 

[0043] 	 The RAN 104 may include e' ode-Bs 140a, 140b, 140c, though it 

will be appreciated that the RAN 104 may i elude any number of eNode-Bs while 

remaining consistent with an embodiment 	The eNode-Bs 140a, 140b, 140c may 

each include one or more transceivers fo 	communicating with the WTRUs 102a, 

102b, 102c over the air interface 116. In one embodiment, the eNode-Bs 140a, 140b, 

140c may implement MIMO technolog . Thus, the eNode-B 140a, for example, may 

use multiple antennas to transmit wireless signals to, and receive wireless signals 

from, the WTRU 102a. 

[0044] 	 Each of the eNo4e-Bs 140a, 140b, 140c may be associated with a 

particular cell (not shown) a d may be configured to handle radio resource 

management decisions, handov•r decisions, scheduling of users in the uplink and/or 

downlink, and the like. As s own in FIG. 1C, the eNode-Bs 140a, 140b, 140c may 

communicate with one anot' er over an X2 interface. 

[0045] 	 The cor: network 106 shown in FIG. 1C may include a mobility 

management gateway 	ME). 142, a serving gateway 144, and a packet data 

network (PDN) gatew. 	146. While each of the foregoing elements are depicted as 

part of the core netw'irk 106, it will be appreciated that any one of these elements 

may be owned and/: 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, 142c in th. 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 authenticati g users of the WTRUs 

102a, 	102b, 	102c, bearer activation/deactivation, select, g a particular serving 

gateway during an initial attach of the WTRUs 102a, 10. , 102c, 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 ra 4 io 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 i' terface. The serving gateway 144 

may generally route and forward user data pac ets to/from the WTRUs 102a, 102b, 

102c. The serving gateway 144 may also perf, m other functions, such as anchoring 

user planes during inter-eNode B handover , triggering paging when downlink data 

is available for the WTRUs 102a, 102b, 1 1 c, managing and storing contexts of the 

WTRUs 102a, 102b, 102c, and the like. 

[0048] 	 The serving gatewa 	144 may also be connected to the PDN 

gateway 146, which may provide -bre WTRUs 102a, 102b, 102c with access to 

packet-switched networks, such as 	he Internet 110, to facilitate communications 

between the WTRUs 102a, 102b, 1(42c and IP-enabled devices. 

[0049] 	 The core network 106 may facilitate communications with other 

networks. For example, the co e network 106 may provide the WTRUs 102a, 102b, 

102c with access to circuit-s 	itched networks, such as the PSTN 108, to facilitate 

communications between t r, e WTRUs 102a, 102b, 102c and traditional land-line 

communications devices. 	or example, the core network 106 may include, or may 

communicate with, an I: gateway (e.g., an IP multimedia subsystem (IMS) server) 

that serves as an inte r ace 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 netw • ks 112, which may include other wired or wireless networks 

that are owned an' or operated by other service providers. 

-12- 



WO 2011/053824 
	

P T/US2010/054800 

[0050] 	 A problem that may occur in wireless co 	munications systems 

supporting CS and PS sessions, is that a Service Requ st (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 Evolved-UTRAN (E-UT "AN) access network and the 

Evolved Packet Core (EPC) network. For example, /eferring to Figure 1C, the EPS 

is a combination of RAN 104 and Core Network 10:. 

[0051] 	 The EPS may be an all IP ty • e of network. 	The higher layer 

signaling between the WTRU and Core Networ 	entity (i.e. the MME 142 in Figure 

10) may be recognized as the Non Access Stratum (NAS) layer. At the NAS layer, 

the EPS may introduce two new protocol e tities; the EPS Mobility Management 

(EMM) as well as the EPS Session Management (ESM). The signaling connection 

between the WTRU and the MME is refe red to as an EMM connection. The WTRU 

is in EMM-IDLE Mode if it is registe • d with the network, but there is no EMM 

connection. 	Similarly, the WTRU 	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 allot. ed by the network upon a WTRU's request for 

various services requiring differe t quality of service (QoS). 

[0052] 	 One purpose •f the service request (SR) procedure is to transfer 

the EMM from EMM-IDLE to EMM-CONNECTED and establish the radio and S1 

bearers when uplink user “ta or signaling is to be sent. Another purpose of this 

procedure is to invoke 	obile originated (MO)/mobile terminated (MT) circuit 

switched (CS) fallback (IP FB) procedures. A SR procedure, regardless of its trigger 

(e.g., short message s t., vice (SMS) or user data), may cause the establishment of 

radio 	and 	S1 	bears  • 	for 	all 	active 	EPS 	bearer 	contexts 	in 	a 	wireless 

transmit/receive un 	(WTRU). Thus, even if some triggering mechanism needs the 

signaling radio bearers, 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 is accepted by the MME. 

[0053] 	Another way for the WTRU to request he establishment of radio 

and Si bearers is by setting a one-bit position (called 	e "Active Flag" bit) in the 

Tracking Area Update (TAU) request that is sent to t e MME. This may happen if 

user data is pending when the TAU procedure is tri,  gered. Setting this bit informs 

the MME that the non-access stratum (NAS 	signaling connection may be 

maintained and the radio and Si bearers may be .etup for all active EPS contexts. 

[0054] 	 When a WTRU sends a SR 	essage, it starts timer T3417. This 

timer is then stopped normally (i.e., the proce ,, ure completed normally) if the access 

stratum (AS) indicates the establishment of •earers for the user plane. However, a 

WTRU may need to establish a NAS conn: tion for sending/receiving SMS, sending 

or receiving location service information or other information. This is carried over 

signalling radio bearers and there may •e no need to establish radio and S1 bearers 

for all EPS bearer contexts when the / TRU 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. 

[0055] 	According to a irst embodiment, when a WTRU transitions from 

evolved packet system (EPS) 	•nnection management mode (EMM) -Idle mode to 

EMM-Connected mode, radio resources may be setup when the reason service is 

requested is for user data. 	his embodiment is described in further detail below. 

[0056] 	When t e WTRU transitions from EMM-Idle mode to EMM- 

Connected mode, the ra • o and Si bearers may be setup if the reason that service is 

requested is related to user data, and may not be setup otherwise. 	Thus, if the 

WTRU is in Idle 	r, ode and is requesting non-EPS 	services 	(e.g., 	SMS 	or 

supplementary sery ces (SS)), location service, or positioning services, the service 

request procedure •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 .r 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 he SR procedure in EMM- 

Connected mode, to indicate the need for radio and 	1 bearers for all active EPS 

bearer contexts. The WTRU may send an SR mes age or an Extended SR (ESR) 

message indicating a new type, for example "user . . to pending." The network then 

may initiate the setup of radio and S1 bearers 	•r all active EPS bearer contexts. 

Because the SR message may not have a sery e type information element (IE), a 

new IE may be included in the SR (or ESR) 	essage to indicate the pending user 

data status which may then trigger the est blishment of radio and S1 bearers for 

the WTRU's contexts. The IE may be a co ditional or optional IE since the current 

SR is four octets long. Thus, if the SR m: sage is to be used as indicated above, this 

new IE may be included. Otherwise, t • SR may not include this IE, (e.g., if it was 

sent to transition from Idle to Conne ted mode). This embodiment also applies to 

the ESR message. 

[0058] 	Alternatively, t e 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 conte 	s. 

[0059] 	For any oft e above options (SR, ESR, or new NAS message), the 

WTRU may either specify t e EPS bearer context for which it needs radio and S1 

bearers be set up, or the 	•twork may establish radio and Si bearers for all active 

EPS bearer contexts. T 	former may re-use the EPS bearer context status IE (or a 

new IE) to indicate wh. 	EPS bearer contexts are concerned by the procedure. 

[0060] 	Ano her problem that may occur in wireless communications 

systems supporting CS and PS sessions, is that there may be a lack of means for 

informing a WTR 	to maintain a NAS signaling connection during a Tracking Area 

Update (TAU) pr . cedure. 
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[0061] 	 When a WTRU is powered on, it may regp.ter in the EPS domain 

by performing an "Attach" procedure. After the WTRU h. 	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 	twork that there is more 

signaling to be done and/or there is user data pendi ►. g by setting a bit, called the 

"Active Flag" bit, in the TAU Request message. If 	e bit is set by the WTRU, the 

network may then establish radio and S1 bearers far all active EPS bearer contexts. 

But there is no current mechanism for the net 	irk to indicate to the WTRU that 

there is more mobile terminating (MT) signali : to be done even if the bit is not set 

in the TAU Request. 	Thus, it is possible t' at the MME receives SMS or other 

signaling that it needs to send to the WTRU 	ithout being able to do so. 

[0062] 	 In one embodiment, the ►; etwork indicates to a WTRU to maintain 

NAS signaling during tracking area 	.date (TAU) Accept signaling. 	A TAU 

response may be sent to the WTRU 	rom the network with the update result. 

Figure 2 is a block diagram of a trac i ng area update (TAU) response message 200 

including an Evolved Packet Syste 	(EPS) Update result Information Element (IE) 

210. TAU response message 200 	eludes a first octet 208 and a second octet 210, 

where the second octet 210 is t e EPS Update result IE 210. 	The EPS Update 

result IE 210 includes an IE 	i entifier 202, a spare bit 204, and an EPS update 

result value 206. The EPS U date result value 206 may inform the WTRU whether 

its updating attempt has 	een successful for Tracking Area only or for both 

Tracking Area and Locatic4n Area. 	The fields of message 200 are shown with bit 

position labels, for exai ple the spare bit 204 is in bit position 4, however any 

arrangement of the fiel ►  s 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 pending 

signaling. For ex. , ple, when a TAU request is sent to the MME, an MT SMS may 

also arrive at the 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 	it 204 to value "one". 

Upon reception, the WTRU maintains its NAS signaling . d RRC connection with 

the MME and eNB, respectively, for a configured time 4 uring which the network 

may continue with more signaling. The WTRU may 	•lease the connection if the 

time elapses without receiving signaling from the ne , 	ork. The network may use 

the maintained NAS signaling connection to send S 	S, SS, location, or positioning 

services, or to trigger ESM procedures, (for ex. 	ple, 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). The MME may also use the maintained 

signaling to inform the WTRU about a MT CS B request. 

[0064] 	 Alternatively, the WTRU 	ay expect some MT signaling before 

receiving the RRC Connection Release m: sage from the eNB. If this is the case, 

then the WTRU 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 ens, is that EPS bearer context synchronization 

may be limited within the TAU pre cedure. An EPS Bearer Context is a collection of 

parameters and network resou ces that are allocated by the network upon a 

WTRU's request for various se t ices requiring different qualities of service. Every 

EPS bearer context that is ac ve in one entity (WTRU or MME/network) may have 

an active counterpart in t e other entity (MME/network or WTRU). 	Thus, the 

WTRU and the network tr, to maintain their EPS bearer contexts as synchronized 

as possible. In some cas .., in the MME, for example, an EPS bearer context may be 

locally deactivated bec, use it has not been in use for some time. The MME may 

update the WTRU 	th the latest EPS bearer context status by including an 

information eleme 	(IE) called the EPS bearer context status IE in certain 

signaling message•, such as the TAU Accept message. 
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[0066] 	 Upon receipt of this IE by the WTRU, it 	ay deactivate all those 

EPS bearer contexts locally (without peer-to-peer signalin: 	etween the WTRU and 

the MME) which are active in the WTRU, but are indic. ed by the MME as being 

inactive. The same applies to the case if the WTRU h. 	included the IE in certain 

messages such as TAU Request. If so, then the MME 	ay deactivate all those EPS 

bearer contexts locally (without peer-to-peer signal 	g between the MME and the 

WTRU) which are active on the network side, bu are indicated by the WTRU as 

being inactive. 

[0067] 	 The WTRU may perform a p riodic 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 im ation before synchronization with the 

MME/network. 	It may also be possibl: that other requests arrive before the 

initiation of the periodic TAU; (e.g., C ' B for which it is important to take the 

latest EPS bearer context status into 	se as the procedure leads to the reservation 

of corresponding resources in the tar: •t RAT). Thus, the synchronization process is 

not efficient because it is currently 1 mited to TAU signaling. 

[0068] 	 In one embodi 	-nt, the EPS bearer context status IE may be 

included in any NAS messages. ' or 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 Requ t.t message), even if the procedure is not the TAU 

procedure. 	Thus, every t me there is an update of the context's status, the 

WTRU/MME/network ma 	include the bearer context status IE in the next NAS 

message that is sent to , e receiver, in order to promptly provide the latest context 

status. 

[0069] 	 Acci,rding to an embodiment, the WTRU may include the IE in 

the Extended Servi,e Request (ESR) message. If the WTRU is in Connected mode 

when it sends the ESR message and it includes the EPS bearer context status IE, 

then the MME 	hen executing the handover to a CS RAT may take the included 
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status of the context into account when, for example, perfo, ming packet switched 

(PS) handover (HO) or establishing resources in the target '' AT. 

[0070] 	 The MME/network may include the EP'. 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 W RU may update its contexts 

accordingly when it receives this IE in such a message. 	This applies to both the 

connected mode and/or the Idle mode, and to the W RU or the network. 

[0071] 	 Upon the receipt of the bear: 	context status IE, the receiver 

entity (WTRU or MME/network) deactivates ,11 the EPS bearer contexts locally 

(without peer-to-peer signaling between the 	TRU and the MME) which are active 

in the receiver entity, but are indicated by t e transmitter entity as being inactive. 

[0072] 	 Figure 3 is a flow diagra 	300 of a method for including the EPS 

bearer context status in any NAS mess. ge. 	Steps 305-315 occur in a transmitter 

entity, and steps 320-325 occur in a r,  ceiver entity, where the transmitter entity 

and receiver entity may be on the WT 'U side and the network side, respectively, or 

vice versa. 	In step 305, the trans 	tter entity detects an update in a status of an 

EPS bearer context in the trans 	tter entity. 	In step 310, the transmitter entity 

includes an EPS bearer contex 	status information element (IE) in a next Non- 

Access Stratum (NAS) message to the receiver entity reflecting the bearer context 

status update. The next NA". message may be, for example, an ESR message. In 

step 315, the transmitter ei ity 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 deactivates all the EPS bearer contexts locally which are active in 

the receiver entity, bu 	are indicated by the transmitter entity in the EPS bearer 

context status IE as b•mg inactive. 

[0073] 	 0 	er issues may arise in wireless communications systems 

supporting CS an: 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 	CS calls and SMS). 

The mobile switching center (MSC)/visitor location registe , (VLR) is a combination 

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 lo : ted in the same operator's 

network as the MME. 	CSFB was enabled by the in r oduction of a new interface 

between the MME and the MSC/VLR known as the S s interface. 

[0074] 	 For a WTRU to get non-EPS se 	ices, (e.g., SMS), a registration 

may be performed on both the E-UTRAN and 	. domains known as a combined 

attach procedure. 	This combined registration 	reates an SGs association for the 

WTRU at the MME and the MSC/VLR. As sip , an SMS message may be sent with 

LTE signaling to the MME using native LT r NAS messages. If the WTRU has an 

SGs association at the MME, the latter 	ay then forward the message to the 

MSC/VLR without its verification. Simi :rly, for MT SMS, the MME may forward 

the message to the WTRU after receiv.  g the request from the MSC/VLR via the 

SGs interface. 

[0075] 	 Similarly, if there s an MT CS call for a WTRU in E-UTRAN, the 

MSC/VLR may create a paging message towards the MME using the SGs interface. 

The latter may then attempt to 	otify the WTRU about the MT call. The WTRU 

may maintain an update sta 	s 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 netw irk, where the EPS status may be any of the following: 

EU1: UPDATED, mean 	g the last Attach or TAU was successful; EU2: NOT 

UPDATED;  meaning t, e last Attach, Service Request (SR), or TAU attempt failed 

procedurally, i.e., no 	esponse or a rejection was received from the MME; or EU3: 

ROAMING NOT A 	OWED, meaning the last Attach, SR, or TAU was correctly 

performed but t e reply from MME was negative (because of roaming or 

subscription rest ictions). 	 . 
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[0077] 	 The WTRU may maintain a mobility man, gement (MM) status of 

its current registration with the network (3G), where the 	M status may be any of 

the following: U1: UPDATED, meaning the last locatio 	area update (LAU) was 

successful; U2: NOT UPDATED, meaning the last 	AU failed procedurally (no 

significant answer was received from the network, in uding the cases of failures or 

congestion inside the network); U3: ROAMING NO ' ALLOWED, meaning the last 

LAU ran correctly but the answer from the 	etwork was negative; or U4: 

UPDATING DISABLED, meaning the LAU has -en disabled. 

[0078] 	 For 	the 	MM 	status, 	e 	subscriber 	identity 	module 

(SIM)/universal subscriber identity module (USIM) may not contain any valid 

location area identity (LAI), temporary me ile subscriber identity (TMSI), global 

system 	for 	mobile 	communications 	(G M) 	ciphering 	key, 	universal 	mobile 

telecommunications system (UMTS) i tegrity key, 	UMTS ciphering key, 	or 

ciphering key sequence number. For clmpatibility reasons, all these fields may be 

set to the "deleted" value at the mo , ent 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 ile equipment (ME) supports any A5 ciphering 

algorithm that requires a 128-bi r ciphering key and a USIM is in use, then the ME 

may delete the GSM Kci28 s cored at the moment the status is set to eCALL 

INACTIVE. 	The "location 	• date status" stored on the SIM/USIM may be "not 

updated." 

[0079] 	 Thus, a 	TRU may maintain both EPS and non-EPS statuses 

whenever it is perform' g combined registration. 	In addition, whenever a WTRU 

performs combined reg stration (combined Attach or combined TAU), the VLR may 

provide a new TMS 	and location area identity (LAI) to the WTRU which are 

included in the TA i Accept message. The WTRU uses the TMSI when it goes to 

the target radio a cess technology (RAT) if the list of LAI, provided to it did not 

change. A locat en 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 co 	bined TAU). But the 

periodic TAU which is governed by timer T3412 does no cause a location update 

over the SGs interface. 

[0080] 	 It may be possible that the CS di 	ain becomes temporarily 

unavailable, for example, if the MME resets and thus oses all the SGs associations 

it had for the combined-registered WTRU. The sa , e may occur if the VLR resets 

and then loses its SGs associations for the WTRU that were previously combined-

registered. 

[0081] 	 If the WTRU receives a Service Reject message (for example, with 

cause "#39 — CS domain temporarily not avai s ble"), then the following actions may 

be taken. The WTRU may start a timer (fo , example time T3442) and set the EPS 

update status to "EU2 NOT UPDATED", 	nd store the status. Then, the WTRU 

may enter the "EMM-REGISTERED. N I RMAL-SERVICE state". The WTRU may 

not try to send an extended service re, i est message for mobile originating services 

to the network until the timer T344. expires or the WTRU sends a TAU request 

message. Timer T3442, which is ins uded in the Service Reject message, may have 

a value that ranges from seconds, 	• minutes, or hours, or it may be deactivated. 

[0082] 	 With the existi c g WTRU behavior after receiving reject cause #39, 

as described hereinbefore, it is possible that the WTRU does not receive non-EPS 

services because of delayed ci 	bined registration. The following problems may be 

identified. If cause #39 is d e to a VLR reset, then there may be no need to change 

the EPS update status as he MME still has the latest WTRU profile and context. 

Moreover, the MME m. 	initiate a location update towards the VLR when the 

WTRU sends a periodi TAU message. In this case, the VLR may in turn provide a 

TMSI and location ar •a identities in response, which are normally included in the 

TAU Accept messag . But the WTRU may not expect these IEs in the TAU Accept 

message when it i performing a periodic TAU message. Thus, the WTRU behavior 

is unknown whe, 	it receives these IEs 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 explai ed further by Figure 4A. 

[0083] 	 Figure 4A is a flow diagram for a p ocedure 400A between a 

WTRU and an MME, including "Attach", "Service R: I uest" and "Tracking Area 

Update (TAU)" procedures, where there is an SGs In -rface between the MME and 

an MSC/VLR. Steps 412, 430, 435, 440, 450 and 461 occur in the WTRU, and step 

415 occurs in the MSC/VLR. 

[0084] 	 As shown in Figure 4A, in s ep 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 respe nd with an Attach Accept message, 

causing the WTRU's EPS Update (EU) st, tus and MM status to be set to EU1 

(UPDATED) and U1 (UPDATED), respect'vely, in step 412. The WTRU may have 

been assigned a TMSI and LAI IE as pa 	of the Attach Accept message that it may 

use for CSFB, supplementary services :S), and LCS services. 

[0085] 	 In step 415, the VL r may restart and then inform the MME about 

the loss of all SGs associations for all the WTRUs. 	A MO CSFB request in the 

WTRU may trigger an extended service request (ESR) message towards the MME, 

420, and the MME may reply wi 	a Service Reject message, 425, due to temporary 

unavailability of the CS domai . 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 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 me- age. The timer may also have a value "deactivate", which 

implies that the timer 	ay not be started. 

[0086] 	 In s ep 435, when the WTRU goes to EMM-Idle mode, the WTRU 

may start its perio tic TAU timer (T3412) running. 	In step 440, the timer T3412 

may expire before imer T3442. If that is the case, then its expiry may trigger the 

periodic TAU procedure by the WTRU sending a TAU message and setting the 
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update type to periodic update, in step 445. After sending th , TAU message, in step 

450, the WTRU may stop timer T3442 (amongst other ti e ers) if it is running. In 

step 455, the MME may respond with a TAU Accept message, and in step 460 the 

WTRU may set its EU status to UPDATED. 

[0087] 	 If the MME does not autonomous 	perform a location update 

towards the VLR when it receives the TAU with 	• date type set to periodic, the 

WTRU's combined registration may not be perfor 	• d and the WTRU may not know 

that there is a problem with the SGs interf. ce, since the MM status is Ul 

(UPDATED). There is no existing standard pr eicedure and no action is specified to 

be taken by the WTRU when T3442 expires. 

[0088] 	 If the CS domain is not a ailable, other procedures may also be 

affected, (e.g., the MO SMS procedure w e ich is performed by sending the uplink 

(UL) TRANSPORT NAS message). 	B t in the current WTRU behavior when 

receiving cause #39, it is specified tha the WTRU may not attempt an ESR until 

the combined registration is perform d. 	But this does not stop other procedures, 

(e.g., MO SMS) which may not succe .d. 

[0089] 	 In addition, if th 	SGs interface is down and the WTRU attempts 

to send an SMS message wit 	the UL NAS TRANSPORT message, there is 

currently no message back fro 	the network to indicate the success or failure of the 

procedure. 	This is because t e 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 layer. As such, if the WTRU 

sends an SMS message w ich does not arrive at its destination due to the SGs being 

faulty, the WTRU's S 	entity may retransmit without success since a combined 

registration may be ne eded to solve the problem. 

[0090] 	 T • following embodiments define new WTRU and MME behavior 

to handle the vans s situations that arise when the SGs Interface, or CS domain, is 

unavailable. 
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[0091] 	 One embodiment is illustrated in Figure 4 ':. Figure 4B is a flow 

diagram for a procedure 400B performed by a WTRU whe 	if is informed that the 

CS domain is unavailable. In step 470, the WTRU is info med that the CS domain 

is either unavailable or temporarily unavailable. 	For •xample, when the WTRU 

tries to contact the MME for service, it may receive a 'ervice Reject message with a 

cause value equal to "CS Domain not available" o 	"CS domain temporarily not 

available". 

[0092] 	 In step 472, the WTRU deter 	nes if the problem with the SGs 

Interface is due to the MSC/VLR and not the M ►  E. 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 	e SGs interface and the MME can't 

connect. If the cause value is "CS Domain emporarily not available", then the SGs 

Interface is fine but there may be a probl. 	with the MSC/VLR. 

[0093] 	 If the problem is not sue to the MSC/VLR, then in step 474 the 

WTRU changes its mobility manage ►, ent (MM) update status to indicate that the 

registration to CS domain was uns 	cessful. For example, the WTRU may change 

its MM update status to U2: NOT l PDATED. 

[0094] 	 The WTRU's E' 	status may be unchanged (i.e., it remains set to 

EU1: UPDATED) if the proble r with the SGs is due to the MSC/VLR and not the 

MME, proceeding to step 47.. 	In step 476, upon the next occurrence of an event 

that triggers a TAU, or for every TAU procedure, the WTRU may check its MM 

update status. 	In step 4 8, if the WTRU is registered in combination, (or not, 

depending if the previou- TAI did not have non-EPS services), then the WTRU may 

perform a combined registration, (e.g., combined TAU), procedure. 	The combined 

registration procedu ►e involves setting the update type to "combined TA/LA 

updating with inter ational mobile subscriber identity (IMSI) attach" or "combined 

TA/LA updating", ,J epending on the scenario. 
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[0095] 	 According to another embodiment, if the 	availability of the CS 

domain is due to problems in the MSCNLR, then the 	/TRU may consider any 

allocated temporary mobile subscriber identity (TMSI) a ii LAI as invalid. 

[0096] 	 According to another embodiment, if he Service Reject is due to 

the WTRU sending an ESR for an emergency call, th .n the WTRU may change its 

RAT to a CS RAT where it may place an emergent call. The WTRU may reselect 

to a CS RAT if a mobile originated (MO) CS ..11 is requested that is not for 

emergency purposes. This may always be done egardless of the WTRU's mode of 

operation, or it may be done if the WTRU is or,erating in a mode for which the CS 

domain is preferred or the WTRU is voice centric, and there is no support for 

internet protocol (IP) multimedia subsyste 	(IMS) voice calls (or other forms of 

voice over IP). 	The unavailability of IM 	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 domai not available", then the WTRU may perform 

a combined TAU whenever a TA i procedure is initiated for any reason. 	The 

WTRU's behavior, (i.e., with reg rd to performing combined registrations), may 

return to the expected behavio 	upon the first successful combined registration 

procedure. 

[0098] 	 According 	• another embodiment, the WTRU may perform a 

combined registration upo 	the expiration of timer T3442 (i.e., expiration of this 

timer will trigger a com 	ned registration). 	This may occur if the WTRU is in 

connected or idle mode. 

[0099] 	 Acco t• mg to another embodiment, when the WTRU receives 

cause #39, it may not send ESR until timer T3442 expires or a TAU Request is sent. 

The WTRU may no send the ESR before a combined TAU. Thus, the WTRU may 

trigger the combi 	d TAU upon expiry of T3442 and then decide if ESR and/or other 

non-EPS service'. may be requested based on the result of the update. Moreover, if 
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the timer T3442 is deactivated, (or has a value set to `deac ivated'), then the next 

TAU may be a combined TAU. Based on the results, the 	i TRU may decide if ESR 

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

[0100] 	According to another embodiment, the 	MM 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 domai . Thus, the affected entities may 

not initiate any procedure that requires the 	Gs interface until a combined 

registration is successfully performed. Moreov:r, the EMM entity may not initiate 

the UL NAS TRANSPORT procedure when it nows about the unavailability of the 

CS domain. For example, if the WTRU wan . to send an SMS message when it is in 

Idle mode, the WTRU first sends a Servic: Request (SR) procedure and then sends 

the UL NAS TRANSPORT which encap.ulates the SMS message. Thus, the SR 

procedure may not be initiated due to SMS if the EMM, (and/or SMS and other 

entities), know about the unavailabili 	of the CS domain. 

[0101] 	This embodiment may also apply to other services, (e.g., location 

services). That is, the EMM may 1 t form all affected entities in the WTRU about the 

unavailability of an interface be 	een the MME and a peer entity in the network. 

No NAS procedures may be tr : gered to access that service until the interface in 

question is restored. 	For e . mple, the WTRU may not send a SR message to 

transport information rela - d to location services via an UPLINK RELIABLE 

TRANSPORT message a d an UPLINK RELIABLE TRANSPORT RESPONSE 

message which are used or location services. Moreover, procedures such as CSFB 

procedures may have 4 higher priority over any ongoing procedure related to 

location services. 	Th J s, the WTRU may choose to ignore an ongoing transport of 

location service info.: 	ation and continue with a pending CSFB request. 

[0102] 	Accor oing to another embodiment, the EMM entity may inform the 

MM entity, (and/or other entities that are affected by the unavailability of the CS 
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domain, e.g., SMS, etc.), that the CS domain is now avail. ale. 	At this point, the 

WTRU may start sending ESR or may initiate the 	L NAS TRANPSORT 

procedure. 

[0103] 	According to another embodiment, if t e MME receives a reset 

indication from the MSC/VLR, then the MME may in iate a location update on the 

SGs interface when it receives any type of TAU, (i.e , regardless of the update type 

that is set by the WTRU), from a WTRU which wa: previously combined registered. 

In addition, if the location update over the SGs i- successful, the MME may include 

any allocated TMSI and/or LAI in the TAU Acc: it message regardless of the update 

result type set by the MME. 	The MME m, y also set the update result type to 

something different from what is expecte; by the WTRU. 	For example, if the 

WTRU successfully performs a periodic 'AU, it expects a TAU Accept from the 

MME with the update result set to "TA u a dated." 

[0104] 	The MME may set the up: ate result to "combined TA/LA updated" if 

the MME initiated the location update towards the MSC/VLR on the SGs interface. 

When the WTRU receives the TAU 	ccept, it 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 t i e presence (or absence) of an LAI IE. 

[0105] 	If the update res ,t is set to "combined TA/LA" then the WTRU may 

conclude that it is successfully registered for both EPS and non-EPS services. The 

WTRU may change its MM '.tatus to Ul updated and may handle the allocated LAI 

and possibly the TMSI : s previously described when the WTRU's combined 

registration is successfu with these IEs included. If a TMSI is not included in the 

TAU Accept, the WTR  A's  behavior may be the same as previously specified when 

the registration is suc essful without a new TMSI being included. 

[0106] 	Accord 	g to another embodiment, if the update result is "TA updated" 

and the TAU Acc: it contains an LAI, then the WTRU may consider its combined 

registration as s a ccessful. 	The WTRU may change its MM status to U1 updated 
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and may handle the allocated LAI and possibly the TMSI 	previously described 

when the WTRU's combined registration is successful wit 	these IEs included. If a 

TMSI is not included in the TAU Accept, the WTRU's be avior may be the same as 

previously specified when the registration is successfu without a new TMSI being 

included. 

[0107] 	According to another embodiment, mor ►  details may be provided in the 

reject causes to indicate the source of the proble 	for the unavailability of the CS 

domain, (i.e., whether it is the MME that has restarted or the MSC/VLR). A new 

reject cause may be introduced to explicitly ind cate the cause of the problem so the 

WTRU may take specific actions. For exam ,• e, 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 	pdate type to "TA/LA updating" since it is 

already registered to the CS domain. 

[0108] 	According to another em iodiment, the value of the timer T3442 may be 

used to indicate the source of the • oblem. 	For example, setting the value of the 

timer to "deactivated" may be use• to inform the WTRU that the MME is the source 

of the problem, and the WTRU ►. ay perform a combined registration. Other values 

for the timer may be used to s gnal this scenario or other scenarios. 	For example, 

other values may be used 	• indicate that the MSC/VLR is the cause for the 

unavailability of the CS do 	am. The WTRU may then behave as explained earlier. 

[0109] 	According to J noth er embodiment, a new message may be defined to 

inform the WTRU abou the unavailability of a certain domain or interface when 

the procedure is not ' SFB. 	For example, the WTRU may send an UL NAS 

TRANSPORT messa. 	for MO SMS. If the CS domain is not available (or the SGs 

interface is not fui tional due to errors at either MME or MSC/VLR) then the 

WTRU may be inf• med about the problem using the new message. 
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[0110] 	A new generic message may be defined to sign. 	such problems for all 

interfaces depending on the values of certain IEs. 	Fo 	example, a new NAS 

message called SERVICE UNAVAILABLE NOTIFICA ION 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 a6d depending on its value, the 

WTRU may be notified about unavailability of 	he CS domain, (or the SGs 

interface), or the unavailability of the interface bftween 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 tha requires forwarding over a certain 

interface. Upon reception by the WTRU, the , iggering entity may be notified about 

the error and the procedure may not be re-a tempted until the interface is restored, 

(e.g., by some sort of registration or a not e from the network). Moreover, a timer 

may be included to indicate when the 	TRU may re-attempt the unsuccessful 

procedure or re-attempt a registration 	hich if successful may allow initiation of the 

procedure. 

[0111] 	Another way of achie 	ng this procedure is to use an existing NAS 

message to indicate the problem. 	or example, the EMM INFORMATION may be 

used to achieve this. 	The EM 	entity may also inform all other affected entities 

when a particular message i :icating an error in an interface is received. 	For 

example, if the WTRU is info med about unavailability of the CS domain when the 

MME receives UL NAS TR A. 	SPORT, then the EMM may inform the MM entity so 

that ESR may not be initi. ed until a successful combined registration is performed. 

[0112] 	In any of t • above embodiments, the combined registration may take 

any of the convention. ly  specified types of combined registrations. 	The following 

are provided as exa 6 ples: 	combined attach with attach type set to "EPS/IMSI 

attach; combined 	lAU with update type set to "combined TA/LA updating; or 

combined TAU wi 	update set to "combined TA/LA updating with IMSI attach. 
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[0113] 	Moreover, the above embodiments also appl 	to WTRUs that are 

registering for the first time for both EPS and non-EPS so vices. Alternatively, in 

this case, the regular behavior for unsuccessful registr. ion for non-EPS services 

only may be followed by the WTRU, (e.g., the regist .tion attempt counter or a 

similar counter is incremented up to a maximum v. ,ue after which other actions 

may be taken by the WTRU). In addition, there m. 	be a time limit between each 

attempt. 	This may also be applied to WT 	that have been previously 

successfully registered for both EPS and non-EP", services and later receive a reject 

message with cause #39, (CS domain tempo iarily not available), or #16, (MSC 

temporarily not reachable), or #18, (CS domai 	not available). 

[0114] 	All of the above embodiments .. d examples apply to the case when the 

CS RAT is both 3GPP or non-3GPP, and t • same embodiments and examples apply 

for non-EPS services, (CSFB, SMS, SS, •tc.), to the case when there is a different 

interface between the MME and a no -3GPP network, e.g., CDMA2000 (1xRTT). 

The above examples may be used in a y combination. 

[0115] 	A problem that may occur in wireless communications systems 

supporting CS and PS session-, is that significant delays may occur when 

performing CSFB for emergency alls. 

[0116] 	Figure 5A is a fl'iw diagram of a procedure 500A in response to a 

WTRU placing an emergency call. Some steps of the procedure are omitted. If the 

WTRU is attached for bot 	EPS and non-EPS services and wants to place an 

emergency call, in step 50 the WTRU may send an ESR message. The WTRU may 

set the service type to 	mobile originating CS fallback emergency call" or "1xCS 

fallback emergency cal 	depending on the CS domain type supported by the WTRU. 

If PS HO is supporte o in the target RAT, then in step 510 the WTRU performs a PS 

HO before contimn ►. g 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 from Fig i re 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 i 	portant to reduce any 

delays to a minimal level. 

[0117] 	Another scenario in which CSFB may be del, yed occurs when a WTRU 

requests a service from a closed subscriber group (CSG) cell that it is not allowed to 

be on. This can happen, for example, when the WT' 	's subscription has expired 

but the WTRU is not yet updated with the subsc ption information, or when a 

WTRU is on a hybrid CSG cell and priority is given o subscribers. 

[0118] 	In this case, the WTRU's ESR may b • rejected with cause code #25 and 

the WTRU's behavior is such that it has to 1.ok for a suitable cell as it enters 

limited mode. Thus, the WTRU, after finding . suitable cell, will need to re-start the 

procedure for CSFB again. Thus, this cause• delay because the CSFB has not been 

processed yet. Reducing the delay is espe eially important if the CSFB is triggered 

due to an emergency call. 

[0119] 	If the WTRU knows, based on its fingerprint, that it is near a 3G 

HNB/CSG cell, then it will send a pr. imity 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 in order to acquire the CSG 

identity. Since reading the syste 	information blocks (SIBs) on UTRAN system will 

require some time, existing so 	tions proposed to reduce the delay to a minimal 

level include: 	1) The WTR ) 	doesn't send a proximity indication when it is 

performing CSFB requests, f it knows that there is at least one other macro cell 

available in the legacy R A 	where it can place its CS call; 2) the WTRU sends its 

proximity indication an. the network doesn't request the WTRU to read system 

information messages f om any HNB, if the network knows about availability about 

at least one macro 	•11 of the legacy RAT; or 3) both WTRU and the network 

consider any HNB n the target RAT as the least priority cell in order to avoid 

possible system in ,rmation reading and access check. 
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[0120] 	According to an embodiment, the delays for 1 SFB Emergency calls 

may be reduced by not performing a PS HO and redirectin: 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, (: en if the target network 

supports it), and redirect the WTRU to the target sys 'em. This may be achieved in 

many different ways, as described in the following e , odiments. 

[0121] 	Figure 5B shows a flow diagram of a procedure 500B for reducing 

delay in the CSFB procedure for emergency call 	In step 530, the WTRU sends a 

ESR for an emergency call. 	The ESR messa: 	may have the service type set to 

"mobile originating CS fallback emergency ca " or "1xCS fallback emergency call". 

In response, the MME does not perform PS 	0 for the WTRU. Instead, the MME 

sends a WTRU Context Modification Req ) est to the eNB in step 535 in order to 

redirect the WTRU directly to the CS do,  ain. This is accomplished in step 540 by 

the eNB sending to the WTRU either a 	etwork assisted cell change order message 

or an RRC connection release messag' , where the message includes the redirection 

information for the CS domain. The 	TRU then attempts to access the CS domain 

and continue first with establishm. nt of the CS call for emergency services. 

[0122] 	The WTRU may indicate to the MME that PS HO is not preferred. 

This can be done by including an EPS bearer context status IE in the ESR and 

setting the values for all co texts to indicate that they have been deactivated. 

Alternatively, the WTRU c:n include a new IE to indicate that PS HO is not 

preferred. 

[0123] 	Other seen. ios in which delay can be seen include when a WTRU is 

on a CSG cell for whit , 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 agai . 	In order to reduce the CSFB delay in such a scenario, (for 

normal CS calls o , for an emergency CS call request, which is identified by having 

the request type n the ESR set to mobile originating CS fallback emergency call or 
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1xCS fallback emergency call), the following embodiment 	$y be used as means to 

reduce call setup delay. 

[0124] 	According to one embodiment, the MME m y ignore the expiry of the 

subscription for the exceptional case of CSFB request'. and accept the ESR. 	The 

WTRU can later be updated with the latest subscrip ' on information, for example, 

upon subsequent access retries on the CSG cell. Th s, it is proposed that the reject 

cause #25 may not be applied to CSFB related pro •dure or signaling. 

[0125] 	According to another embodiment, t e WTRU may also be handed over 

to another allowed/suitable LTE cell from whi 	the CSFB procedure is continued. 

In this case, the ESR is not rejected and the 	/TRU does not have to go through cell 

reselection, hence avoiding potential delay 	The network then continues the ESR 

procedure from the target cell on which ' e WTRU has completed the intra-LTE 

handover. 

[0126] 	According to another e 	•odiment, the network may conditionally 

reject, (or accept), the ESR procedu fe. That is, the network may allow the ESR 

procedure to go through while indicating 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. 

mobilityFromEUTRAComman• , 	and 	include 	an indication of the WTRU's 

subscription, (e.g. expired). T ►, us the WTRU may continue the CSFB procedure but 

also use the provided indi $ tion to update the list of allowed CSGs. If provided 

within RRC messaging, thr RRC layer can provide the NAS with such indications so 

that the appropriate upd to is performed on the allowed CSG list. This can be done, 

for example, with on: bit in which a specific value indicates expiration of a 

subscription for the C:G cell. Additionally, the MME can provide such an indication 

over an interface, (•.uch as the S1-AP interface), to the eNB which can use such 

indication to take i ertain 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 potential delays that are 

related to falling back to a target cell which is a CSG ► ell. To accomplish this, 

according to another embodiment, the WTRU may prior' ize GERAN since CSG is 

not supported there. As such, any preliminary access check that is needed to be 

performed by the WTRU is automatically avoided. 

[0128] 	The WTRU may not send a proximity i I dication to the eNB to indicate 

that it is close to a target CSG cell of UTRAN, or a y other system. By doing so, the 

network will not schedule the WTRU for mea 	rement and system information 

reading on a target UTRAN CSG cell. Avoidinv this will eliminate potential delays 

if a UTRAN CSG cell needs to be verified for 	cess eligibility by the WTRU and the 

network. The WTRU may take such an a,  tion if it knows that there are other 

neighboring inter-RAT macro cells. Alt•, natively, even if the WTRU sends a 

proximity indication to inform the netwo 	that it is near a CSG cell, it is proposed 

that the network should not act upon this indication and therefore not schedule 

gaps for the WTRU to go and read sy•.tem information message in order to perform 

preliminary CSG access check. Si 	larly, this can be done if the network knows 

that there are other UTRAN macro cells around the WTRU. 

[0129] 	According to anothe embodiment, if CSFB is performed with network 

assisted cell change order or by releasing the RRC connection, (may be with 

redirection information), an• system information of at least one target cell is 

provided to the WTRU, the 	the following may be performed. 

[0130] 	In this case, 	he WTRU may prioritize cells that may not require a 

change in location area 1,, entity (LAO, (e.g. the WTRU may have one in LTE). This 

may be done by chec 	ng the LAI that the WTRU has against the LAI of each 

potential target cell 	hich may be derived from the provided SIBs or system 

information. 	More river, the WTRU may give priority to macro cells within the 

desired LAI in o der to avoid possible access reject due to CSG subscription 

invalidity. This ►  ay 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 rec: ved from CSG cells or 

cells that fall out of the desired LAI. Thus, the cell selecti• 	rules may be overruled 

in this case. Alternatively, there may be a minimal t , eshold beyond which the 

WTRU may not apply, for example, preconfigured t resholds in the WTRU or 

signaled using RRC or NAS messages. Cells that fall 	ithin a desired LAI, provided 

over LTE, may avoid delay due to possible location a ea update (LAU) requests. 

[0131] 	If the WTRU receives signals from t f,e macro cells within the desired 

LAI which are weak or fall below a certain thre• old, the WTRU may give priority 

to a CSG cell within the LAI. This prioritiza on is based on the criteria of CSG 

permission (based CSG ID check, or otherw e signaled to the WTRU during the 

inter-system change). 

[0132] 	The last priority may be give 	to cells utilizing CSFB that belong to a 

different LAI in which macro cells may 	ave higher priority than CSG cells. The 

above examples and embodiments for CSFB prioritization described hereinbefore 

may be applied in any combination. 

[0133] 	Figure 6 is 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 	equest to the MME (e.g. SGsAP-Paging-Request 

message). In step 604, the M i E sends a Paging Request to the eNB and in step 

606, the eNB sends a Pagi : 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 W 'RU Context Modification Request (with CSFB indicator) 

to the WTRU. In step 6 	, the WTRU sends measurement reports to the eNB. 

[0134] 	If the WT U performs an inter-system change, possibly with PS HO, 

and finds out that the location area has changed, the location area update 

procedure is perfor , ed in step 615. In step 620, the CS MO voice call is initiated by 

the WTRU towar.  a the MSC. As can be seen from Figure 6, the location area update 

procedure is per armed before a CS voice call can be performed. 

- 36 - 



WO 2011/053824 
	

P T/US2010/054800 

[0135] 	In order to avoid this problem, according to a other embodiment, the 

WTRU may use ,(in the target CS cell/RAT/system whenev •r performing CSFB), its 

IMSI in its initial message, (e.g. Paging response in MT c-, se or CM Service Request 

in MO case), for both mobile originating and mobile tfrminating cases. 	As such, 

even if the MSC/VLR has changed, the IMSI in t e CM Service Request will 

uniquely identify the WTRU in the new MSC/VLR a nd hence a location update is 

not necessary before the call is set up. 

[0136] 	According to another embodiment, a TAU may be triggered when 

CSFB fails. Figure 7 is a flow diagram of a proc • dure 700 for a TAU being triggered 

in response to a CSFB failure. 	In step 71 , the WTRU detects that a CSFB 

procedure failed. For example, the NAS ma use indications from the RRC that the 

CSFB procedure has failed to send the TA / request. In step 710, the WTRU sends 

a TAU request, possibly with the type 	•ing a combined TAU, in response to the 

CSFB procedure failure. This proced 	e may allow the WTRU to resume in LTE 

with all its contexts it previously had •efore the CSFB procedure initiation. In step 

715, the MME receives the TAU re quest. 	In step 720, the MME uses the TAU 

request as an indication of the fai 	re and may take additional actions such as re- 

initiating another CSFB request a r informing other network nodes about the failure 

e.g. (the SGSN or MSC/VLR). 

[0137] 	Another proble 	that may occur in wireless communications systems 

supporting CS and PS sessio s, is that delays may occur when performing CSFB for 

a CS call that terminates . another CFB capable WTRU. 

[0138] 	It is possib • that a WTRU that is combined attached, (for EPS and 

non-EPS services), ()riff nates a CSFB procedure in order to place a CS voice call 

whereby the called party is another CSFB capable WTRU that is also in LTE 

coverage. Thus, for he voice data to be exchanged between calling WTRU, (known 

as WTRU 1), and 	e WTRU that is being called, (known as WTRU 2), there is need 
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to perform two CSFB procedures, one mobile originating (MI CSFB procedure that 

triggers a mobile terminated (MT) CSFB procedure. 

[0139] 	The MO CSFB includes signaling associated 	ith WTRU l's request to 

place CSFB, which includes some optional procedures, or example, a PS handover 

may occur if WTRU 1 and the network support PS ha dover. Also, if the MSC/VLR 

that receives the CM Service Request is different, t en the CM Service Request by 

WTRU 1 may be rejected and the WTRU 1 mat perform a LAU before it can 

continue with the CS call. 	At this point, the 	TRU 1 may send the Call Setup 

message to the MSC/VLR, which contains the a o dress of the called party, WTRU 2. 

[0140] 	The MSC/VLR verifies the calle. party address and sees that there is 

an SGs association for WTRU 2, (i.e. the 	' 	E 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 C 	B procedure is triggered towards WTRU 

2. In the mean time, WTRU 1 is waiti g since WTRU 2 is still in LTE coverage. It 

s only after WTRU 2 completes the inter-system change that voice data can be 

exchange over the CS domain. 

[0141] 	The signaling descri oed 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 proce o re for WTRU 2 is initiated earlier and with fewer 

unnecessary delays. 

[0142] 	According to o e embodiment, the delays for CSFB to CSFB calls are 

reduced by initiating the second CSFB call sooner. 	For a mobile originated (MO) 

CSFB request that trig: •rs a mobile terminated (MT) CSFB procedure, the delay 

may be reduced if the 	SFB procedure for WTRU 2 is started earlier than usual, 

before WTRU 1 comp etes its CSFB procedure. To perform such a procedure, when 

WTRU 1 is perfor f ing an MO CSFB procedure, (i.e. by sending an Extended 

Service Request 	' SR) to the MME), the WTRU may include all the necessary 

information reg., ding the called party in the ESR. 	The MME, after receiving an 

- 38 - 



WO 2011/053824 
	

P T/US2010/054800 

ESR, may forward this addressing information to the MS I /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 nu ber or an emergency call 

center. 

[0143] 	If the called party is another WTRU wit 	a valid SGs association, the 

MS C/VLR may start a MT CSFB procedure for this 	TRU by sending the necessary 

message, the SGsAP-Paging-Request, over the S 	interface. The MSC/VLR may 

indicate to the MME that the call is triggered ,y another CSFB procedure. 	The 

MME may use this information to take any ne, essary action that can speed up the 

MT CSFB procedure. Moreover, the MME 	ay 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 	easurements and sending reports. This 

functionality may be achieved by using a , y of the following embodiments. 

[0144] 	In another embodiment, 	TRU 1 sending an ESR may include the 

necessary information that may be u%ed to identify the destination. 	For example, 

some or all of the Call Setup message can be included in the ESR in the form of a 

new IE or a new container. 	Al -rnatively, the WTRU 1 may not include this 

information if it knows that the , estination is not CSFB capable, (for example, the 

destination has a fixed line nu , fer or an emergency call center). In some countries 

mobile subscribers and fixed ubscribers have distinct numbers series that may be 

used to determine whether t e B number series refers to fixed or mobile subscriber. 

[0145] 	In another 	embodiment, a new message (e.g. SGsAP-MO-CSFB- 

Indication) may be neede 4 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 ins: t it in this new message that is to be sent over the SGs to the 

MSC/VLR. Alterna vely, the MME may send this message as an indication that a 

MO CSFB procedu, e has been triggered and the MSC/VLR is to expect a WTRU for 

a CS voice call. The MSC/VLR may use this indication to take statistics, (e.g. 
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number of call failure, setup time, etc). 	The MME may - art a timer upon the 

sending of this message. 

[0146] 	In another embodiment, the MSC/VLR upon eception of this message, 

may verify if the destination called party is another 	TRU 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 	cknowledge the receipt of the 

indication from the MME by sending another m• .sage, (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 	arted). If the MSC/VLR has a SGs 

association for the called party, the MSC/V R may trigger the SGsAP-Paging- 

Request towards the MME. The MSC/VL' may include an acknowledgement for 

the previous message sent by the MME, fo example by including a one bit position 

in the SGs-AP-Paging-Request message. 

[0147] 	In another embodiment, t f e MME may then stop any timer based on 

the acknowledgement received. 	In . ddition, the MME may start the MT CSFB 

procedure by requesting the E-UTR/ N to page the WTRU, (if it is in idle mode), or 

by sending the CS Service Notifica ion to the WTRU, (if it is in connected mode). In 

either case, the MME may indic:te that this CSFB is triggered by another CSFB 

procedure. 

[0148] 	In another embodiment, if the WTRU 1 has completed its CSFB 

procedure and is in the r S domain, the MSC/VLR may start sending some 

information, (e.g. ringing 	• e), to indicate that the call request is being processed. 

The MSC/VLR may choo •e whether a ringing tone or any other call in progress tone 

is used based on whet 	r or not the WTRU 2 is a CSFB subscriber waiting for the 

CSFB procedure to be completed. 

[0149] 	Figure 8A and 8B show example CSFB procedures for two CSFB calls 

with enhancemen s, 800A, and without enhancements, 800B, respectively. 	In 

Figure 8A, WTR 	1 initiates a CSFB call back by sending an ESR for CSFB 802, 
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providing measurement reporting 804, initiating a PS 	, 0 806, performing a 

location update 808, and setting up a CS call 810. The 	C/VLR initiates paging 

over the SGs interface, 812. Then, the MME may inform 	TRU 2 about the MT CS 

voice call, 814. 	Subsequently, WTRU 2 initiates its a , inter-system change while 

WTRU 1 waits. WTRU 2 accepts the CSFB 816, pr. ides measurement reporting 

818, initiates a PS HO 820, performs a location upd to 822, and responds to paging 

824. 

[0150] 	According to an embodiment, the d ays experienced by WTRU 1 while 

WTRU 2 initiates an inter-system change ma 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 to the MSCNLR 828, and the MSC/VLR 

initiates paging for WTRU 2 over the S 	interface, 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 • FB 816, provides measurement reporting 818, 

initiates a PS HO 820, performs a ()cation update 822, and responds to paging 824. 

In contrast to the scenario in F gure 8A, the procedure in Figure 8B reduces the 

waiting time for WTRU 1 for t • CS voice exchange. 

[0151] 	Another proble , that may occur in wireless communications systems 

supporting CS and PS ses- ons, is that a WTRU may be made to fallback to CS 

when the MT call is cant' led. It may be possible that a mobile terminating (MT) 

CSFB request is cancel ed by the caller. 	In this case, the MSC/VLR receives a 

request for a CS call fr/m WTRU 1, the MSCNLR initiates an MT CSFB procedure 

towards WTRU 2, a . the MSC/VLR then receives a request by WTRU 1 to abort 

the CS voice call re 	est. Thus, if the MT CSFB procedure continues, WTRU 2 may 

perform an inter- 	stem change to GERAN/UTRAN, possibly with PS HO, but may 

not receive any IS call as it may have been aborted by WTRU 1. This inter-system 
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change is unnecessary and should be avoided. It may cause r 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 t e MSC/VLR may start an 

MT CSFB procedure for a WTRU by sending the SGs 1 P-Paging-Request the over 

the SGs interface to the MME. 

[0152] 	According to one embodiment, inter-s stem change is avoided for a 

WTRU when a CS paging or call request that trigrred a MT CSFB is cancelled. If 

a CS call request that triggers a MT CSFB c. 1 is cancelled, the called WTRU 

(which is CSFB capable and assumed to possi ily be in LTE) may not be made to 

perform an inter-system change even if it 	as been notified of the MT CSFB 

procedure. In order to do so, the procedure s own in Figure 9 may be used. 

[0153] 	Figure 9 is a flow diagram o' a procedure 900 for avoiding an inter- 

system change for a WTRU when a CS all request that triggered a MT CSFB is 

cancelled. 	In step 905, the MSC/VLR decides to 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 	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 WTRU to establi•. 	the MT CSFB call, and may decide to abort the 

MT CSFB call when the time 	times out before receiving a response from the 

WTRU. 

[0154] 	In step 908, t 	MSC/VLR determines if a paging procedure to start 

the CSFB procedure has seen triggered. 	For example, it determines if a SGsAP- 

Paging-Request has bee 	sent. If the paging request has not been sent, then in step 

915, the MSC/VLR abe rts the paging request (SGsAP-Paging-Request) procedure. 

Otherwise, if the pa 	ng 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 cane •1 the MT CSFB call. 	The MSC/VLR may start a timer after 

sending this mes.age. 
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[0155] 	In step 920, the MME receives the cancellat on message from the 

MSC/VLR. 	Subsequently, the MME may take certain ac' ons to abort the inter- 

system change for the WTRU under consideration. In s ep 925, if the WTRU has 

already sent the ESR (i.e. the MT CSFB has been acce ited) but the MME has not 

executed the inter-system change yet, the MME may 	end a Service Reject with a 

new cause, for example, 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 r 	the procedure. 	In addition, the 

MME may send an acknowledgement to the MS' /VLR to acknowledge the reception 

of the abort message (egg. SGsAP-MT-CSFB- f ancel) and may also include a status 

IE to indicate the result of the request ( . . "MT CSFB Cancel Success" or. "MT 

CSFB Cancel Failure"). 

[0157] 	In step 930, if the WTRU h s been made to perform the inter-system 

change, the MME may not send any fur ,  er messages to the MSC or the WTRU. By 

taking no further action, the MME pe r 	its the WTRU to fall back to the other RAT. 

Alternatively, the MME may sen • an acknowledgement to the MSC/VLR and 

indicate that the cancel request 	not successful. 	The MSC/VLR may use this 

indication to take further actio s, for example, to stop any timer that has been 

started. 

[0158] 	Upon reception . the Service Reject with cause "CS Call Aborted", the 

WTRU may take any neces ary action, (e.g. the EMM entity may inform the MM 

entity about the abortion 'if 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 t r e reception of the cancel indication from the MSC/VLR, the 

MME may ignore tre e initial request and not inform the WTRU about the MT CS 

call. 	Alternativel , if the MME has requested E-UTRAN to page the WTRU for 

CSFB request, 	e MME may request E-UTRAN to abort the paging procedure. 
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The E-UTRAN may acknowledge the request and infor 	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 	ndefined behavior for MT 

CSFB in Connected Mode. 

[0161] 	A WTRU in Connected mode may b . notified about a MT CSFB 

request using the CS Service Notification that is se t by the MME. The WTRU may 

request upper layers' input to accept or reject CS''B before responding with an ESR 

message. 	The response may be indicated in he CSFB response IE in the ESR 

message in both EMM-IDLE and EMM-C a NNECTED modes. 	The problem 

identified with this is that it may be possi . e that a WTRU is in connected mode 

actively downloading a file but the user is , of necessarily next to the WTRU. Thus, 

if the WTRU receives a CS Service Not', ication message and requests input from 

upper layers to accept or reject a call, s ch input might not be provided if the user is 

away from the WTRU. Therefore, the expected behavior is undefined (for example, 

it is unknown if an ESR message w 11 be sent to the network/MME and if so then 

the CSFB response information : ement). 	Moreover, it is 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 r AT and service disruption may occur. At the same 

time, not providing any feedb , ck to the MME may prevent other actions from being 

taken, such as the VLR m., 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 is 

defined for MT CSFB n connected mode when user input is requested but without a 

user response. The 	ME 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 t r, e 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 WTR Al (i.e. ESR), the MME 

may send a message (e.g. over the SGs) to the MSC/V R to indicate that no 

response was received from the WTRU even though the 	, ME is in contact with the 

WTRU. A new message may be defined or an existing 	essage 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 	all Forwarding on Not Reachable 

procedure. 

[0164] 	Upon reception of a CS Servic • Notification (with or without a call line 

identification (CLI)), the WTRU may sta 	a timer. If no user intervention is made 

while the timer runs, the WTRU up tn expiry of the timer may send an ESR 

message to indicate that no user inter ention was received. The WTRU may decide 

to accept or reject the call based o 	network or user configurations. 	If the user 

accepts or rejects the call, the WT' 	may stop the timer and send the ESR with the 

appropriate user selection; (accep or reject). 

[0165] 	Alternatively, afte 	the timer expires, the user may not be given the 

option to accept or reject a c. 1 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, if he network side considers the MT CSFB as unsuccessful 

or being aborted, the net , ork may ignore or reject any ESR that might be received 

from the WTRU, such s s due to delayed user intervention. Thus, the MME may 

ignore the message. 

[0166] 	Altern. ively, the MME may reject the ESR with a Service Request 

message that ma 	include a new reject cause to indicate that the network has 

aborted the CSF ' procedure. For the case where the WTRU may respond with an 
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ESR (possibly with new type set to no response as propos d above) even without 

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

procedure 	to 	be 	successfully 	completed 	an. 	then 	enter 	EMM- 

REGISTERED.NORMAL state. 

[0167] 	Alternatively, if the WTRU starts a 	imer when the CS Service 

Notification is received (as explained above) and 	he timer expires without any 

response from the user, the WTRU may ignore he CS Service Notification and 

therefore not send any ESR. 

[0168] 	The described embodiments may y e used in any combination and may 

apply to cases where user input is reques • d or not. 	Moreover, the described 

embodiments may be applied to idle mode if the WTRU is 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 discusse • embodiments may be applied in that case 

as well. 

[0169] 	Another problem that 	. y occur in wireless communications systems 

supporting CS and PS sessions, is t at race conditions may exist between CSFB and 

intra-system HO. In the context o' LTE systems, it is possible that there may be an 

occurrence of a CSFB and an int a-LTE HO event at around the same time causing 

potential conflicts to arise. The e are several scenarios that may be possible for this 

to occur. 	Figures 10A and 	OB are flow diagrams of examples of two possible 

scenarios, 1000A and 1000 ►  , where race conditions may occur between CSFB and 

intra-LTE Handover. Fig ire 10A shows the scenario where the eNB is unaware of 

an ongoing CSFB reque t, and Figure 10B shows the scenario where the eNB is 

aware of an existing C 	B request. 

[0170] 	Figure 	IA  describes the case when the eNB is not aware of an 

ongoing CSFB req est. 	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 So rce eNB makes a HO decision, 1004, and sends a (X2AP) HO 
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Request to the Target eNB, 1006. 	After performing admi- ion control, 1008, the 

Target eNB sends a (X2AP) HO ACK to the Source eNB, 4010. Before the WTRU 

receives an RRC HO Command from the Source eNB, 4014, to perform a HO to 

another eNB (intra-LTE handover), the WTRU sends a I ESR message to the MME, 

1012, in order to perform CSFB. This creates a race condition between the CSFB 

request and the intra-LTE handover. 

[0171] 	The ESR triggers a WTRU Contex 	Modification Request message, 

(with the CSFB indicator), 1016, from the MM 	to the source eNB, which in turn 

initiates a UE Context Modification Failure 	-ssage from the Source eNB to the 

MME; 1018. 	At that point, the source eNB 	ay 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 problem is exp ained with the assumption of X2-based 

HO, it is possible that the problem occur. with the S1-based HO, or any other type 

of HO. 

[0172] 	The Source eNB provide• 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 e 	: 	The WTRU sends an RRC HO Complete 

message to the Target eNB, 102,, once the HO is complete. The Target eNB sends 

a Path Switch Request to t fe MME, 1026, which informs the MME of the 

completion of the intra-HO, . d 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, and he Target eNB sends a Context release message, 1034, to 

the Source eNB. 

[0173] 	Figure 1 riB shows a similar problem occurring when the eNB is aware 

that there is an on oing CSFB request for a given WTRU. The WTRU sends an 

ESR message to t e MME, 1040, in order to perform CSFB. The ESR triggers a 

WTRU Context 	odification Request message with the CSFB indicator, 1042, from 
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the MME to the Source eNB, which in turn initiates a U P Context Modification 

Response message from the Source eNB to the MME, 1044 	The Source eNB sends 

a configuration message, 1046, to the WTRU that confi: res the WTRU for inter- 

RAT measurements. The WTRU responds to the Sou ce eNB with an RRC LTE 

Measurement Report, 1048, and an RRC I-RAT Measu ement Report, 1050. 

[0174] 	The Source eNB makes an Intra-LTE 	II 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 WT ''U, 1060, and the WTRU sends an 

RRC HO Complete message to the Target eN S, 1062. The Target eNB sends a Path 

Switch Request to the MME, 1064, which in •rms the MME of the completion of the 

intra-HO, and the MME informs the Sou' e eNB by sending an UP End Markers 

Packets messages, 1066. 	The Source e B stops data forwarding to the WTRU, 

1068. The MME responds to the Target eNB with a Path Switch Request ACK, 

1070, and the Target eNB sends a context release message, 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 C' FB request for the WTRU (because it has received 

the WTRU Context Modifica ion Request with the CSFB indicator and has 

responded with a WTRU Co f text Modification Response), may decide to perform 

intra-LTE handover based t 	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 mes age to the MME in order to start the inter-system change 

to UTRAN. 

[0176] 	In the sc •nario shown in Figure 10B, the CSFB cannot be continued by 

the Source eNB, a d the MME is not informed about it. 	The MME becomes 

informed about tv e completion of the intra-HO with the Path Switch Request 
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message from the target eNB, 1064, which is transmitted to the MME from the 

Target eNB after the handover is complete. 

[0177] 	The following embodiments address the p oblem of race conditions 

between CSFB and an intra-system HO. The embodi 	-nts apply to both X2-based 

HOs, Si-based HOs, or any other HO scenarios. Mo eover, they also apply to the 

case when the source eNB is either aware or not a , are of any ongoing request for 

CSFB. 

[0178] 	In one embodiment, the source eN P may include an indication to the 

Target eNB about the CSFB request for a WT' 	that is ongoing in the source cell. 

The effect of this is equivalent to the targ 	eNB receiving the WTRU Context 

Modification request from the MME. 	Th- Target eNB may start the necessary 

CSFB-related procedure and solicit the 	TRU 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 

Transfer, 1020, and may be included n both S1AP or X2AP messages. The Source 

eNB may include any measurement report 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 	se these measurements without configuring the 

WTRU again for inter-RAT me. surements. 

[0179] 	In another embo 4 iment, the MME may include the CSFB indicator in 

the Path Switch Request A K that is sent from the MME to the Target eNB. For 

example, referring back 	o Figures 10A and 10B, the CSFB indicator may be 

included in the Path Sw tch 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 tc the MME. 

[0180] 	According to another embodiment, the Source eNB may inform the 

MME when it d • ides to perform, or when it actually performs, intra-system (intra- 
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LTE) handover, given there is signaling already started fo I a CSFB request after 

the Source eNB sends the WTRU a Context Modification ," esponse message. The 

Source eNB may inform the MME, for example, using . 	51-AP message such as 

the "Handover Required" message. As such, the MME 	ay know ahead of time and 

may send the Context Modification Request message • the Target eNB. The MME 

may inform other nodes, such as the SGW or PDN 4 W, to buffer the packets until 

the intra-LTE or CSFB handover is completed. 

[0181] 	The following embodiments describe 	ME-eNB interactions in order to 

realize CSFB. 

[0182] 	In one embodiment, the MME m. 	send a WTRU Context Modification 

request, (e.g. an SlAP message), or any other message with the purpose of 

providing information for performing CSF ' for a specific WTRU. With this "CSFB 

information" message, the MME may 	form the eNB communicating with the 

WTRU how the CSFB may be perform d, which may be accomplished via PS HO, 

network assisted cell change order, ce 	change order, or via RRC connection release 

with redirection information. The 	ME may inform the eNB communicating with 

the WTRU whether at least one 	B of potential CS cells may be provided to the 

WTRU, and/or how the CSFB 	$ y be performed with the inclusion of new IEs in 

the message sent to the eNB. 

[0183] 	Upon 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 MM 	may inform the eNB in the CSFB information message 

that the CSFB is of hig f priority, and perform the CSFB via one of the signaled 

methods. Referring ba,  k to Figures 10A and 10B, the CSFB information from the 

MME to the eNB m y be included in the WTRU Context Modification Request 

message, 1016 and 	142, respectively, or in any other message from the MME to the 

eNB. 
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[0184] 	Alternatively, in another embodiment, if no ne 	IE may be included in 

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

CSFB indicator IE in the WTRU Context Modification ' equest message may be 

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

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

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

IE is set to "CSFB required" by the MME, the eN : may perform CSFB with PS HO. 

Otherwise, a value of `CSFB high priority' may c use the eNB to perform CSFB via 

RRC connection release, (or network assisted c 1 change, or cell change order), and 

may be used with SIBs provision to the WTR '. 

[0185] 	If the MME receives a reques from the WTRU or the MSC/VLR to 

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

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

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

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

expire and thereby the eNB may 	of autonomously decide to continue with the 

CSFB procedure. 

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

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

such as WTRU Context Mod' 'cation Request (1016 and 1042 in Figures 10A, and 

10B respectively). In any of ' hese cases, the MME may include a new IE to indicate 

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

receives this message in, y abort the CSFB procedure. The eNB may be configured 

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

may be done for a spe' ific time period or via explicit signaling by the MME. 

[0187] 	Embod 	ents 

[0188] 	1. 	A method for avoiding an inter-system change for a wireless 

transmit/receive A nit (WTRU). 
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[0189] 	2. 	The method of embodiment 1 comprisi g deciding to abort a 

mobile terminating (MT) circuit switched fallback (CSFB) • the WTRU. 

[0190] 	3. 	The method as in any of the prece fi mg embodiments further 

comprising determining if a paging request to start t e MT CSFB call has been 

sent. 

[0191] 	4. 	The method as in any of the p eceding embodiments further 

comprising on a condition that the paging reques has been sent, sending an abort 

message to an MME requesting the MME to cant •1 the MT CSFB call. 

[0192] 	5. 	The method as in any of e 	bodiments 2-4 wherein deciding to 

abort the MT CSFB call is based on receivin: a request to abort the MT CSFB call 

from the WTRU. 

[0193] 	6. 	The method as in an 	of the preceding embodiments further 

comprising starting a timer when the paling request to the WTRU to establish the 

MT CSFB call is sent. 

[0194] 	7. 	The method of e 	•odiment 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 a 	GsAP-Paging-Request message. 

[0196] 	9. 	The meth.. as in any of embodiments 3-7 further comprising on 

a condition that the paging • quest has not been sent, aborting the MT CSFB call. 

[0197] 	10. 	The m: hod as in any of the preceding embodiments performed 

by a visitor location regis er (VLR). 

[0198] 	11. 	The method of embodiment 1 further comprising receiving an 

abort message from . visitor location register (VLR) indicating to cancel a mobile 

terminating (MT) ci 'cuit switched fallback (CSFB) call to the WTRU. 

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

that an extende 	service request (ESR) from the WTRU has already been received, 
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sending a service reject message to the WTRU indicating t $ t 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 embodime is 11-13 further comprising 

sending no further messages pertaining to the MT . FB call to a Mobile Switching 

Center (MSC). 

[0202] 	15. 	The method as any of embo d iments 11-14 further comprising 

sending an acknowledgment message to the VL ' . 

[0203] 	16. 	The method of embodime t 15 further comprising including a 

status information element (IE) in the acknowledgment message indicating a result 

of the MT CSFB call being canceled. 

[0204] 	17. 	The method as any of embodiments 11-16 further comprising 

sending an abort request to other netwr,rk nodes. 

[0205] 	18. 	The method as a y of embodiments 11-16 further comprising 

sending a request to a Evolved U iversal Terrestrial Radio Access 'Network (E- 

UTRAN) to abort a paging proced 	e. 

[0206] 	19. 	The method as any of embodiments 11-18 performed by a 

Mobility Management Entity ( 	ME). 

[0207] 	20. 	A 	metho I 	for 	synchronizing 	bearer 	contexts 	between 	a 

transmitter entity and a re •iver entity in wireless communications. 

[0208] 	21. 	The method of embodiment 20 further comprising detecting an 

update in a status of a br arer context in a transmitter entity. 

[0209] 	22. 	Th: method as in any of embodiments 20-21 further comprising 

including a bearer ccntext status information element (IE) in a next Non-Access 

Stratum (NAS) mes age to the receiver entity. 

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

IE is based on t • update in the status of the bearer context. 
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[0211] 	24. 	The method as in any of embodiments 2f)-23 further comprising 

sending the next NAS message to the receiver entity. 

[0212] 	25. 	The method as in any of embodiment. 20-24 wherein the bearer 

context is an Evolved Packet System (EPS) bearer cont: t. 

[0213] 	26. 	The method as in any of embodi , ents 22-25 wherein the next 

NAS message is an Extended Service Request (ESR) message. 

[0214] 	27. 	The as in any of embodiments 21-26 wherein the status of the 

bearer context indicates if the bearer context is active or inactive. 

[0215] 	28. 	The method as in any o' embodiments 20-27 wherein the 

transmitter entity is a wireless transmit/re eive unit (WTRU) and the receiver 

entity is a mobility management entity (M 	)/network. 

[0216] 	29. 	The method as in a , y of embodiments 20-27 wherein the 

transmitter entity is a mobility man gement entity (MME)/network and the 

receiver entity is a wireless transmit/re eive unit (WTRU). 

[0217] 	Although features and •lements are described above in particular 

combinations, one of ordinary skill n the art will appreciate that each feature or 

element can be used alone or i 	any combination with the other features and 

elements. 	In addition, the me 	ods described herein may be implemented in a 

computer program, software, or firmware incorporated in a computer-readable 

medium for execution by a co 	puter or processor. Examples of computer-readable 

media include electronic si.nals (transmitted over wired or wireless connections) 

and computer-readable s arage media. 	Examples of computer-readable storage 

media include, but are 	at limited to, a read only memory (ROM), a random access 

memory (RAM), a regis er, cache memory, semiconductor memory devices, magnetic 

media such as intern, hard disks and removable disks, magneto-optical media, and 

optical media suc 	as CD-ROM disks, and digital versatile disks (DVDs). 	A 

processor in assoc. . tion with software may be used to implement a radio frequency 
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transceiver for use in a WTRU, UE, terminal, base stay n, RNC, or any host 

computer. 
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What is claimed is: 

1. 	A method performed by a visitor location 	egister (VLR) for avoiding 

an inter-system change for a wireless transmit/receive 	nit (WTRU) comprising: 

deciding to abort a mobile terminating (MT) c cuit 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 reques 	has been sent, sending an abort 

message to a mobility management entity (M 	E) requesting the MME to cancel the 

MT CSFB call. 

2. The method of claim 1 whe -in deciding to abort the MT CSFB call is 

based on receiving a request to abort th' MT CSFB call from the WTRU. 

3. The method of claim 1 • rther comprising: 

starting a timer when the p: ging 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 

timer expiring before receiving 	response from the WTRU. 

4. The method o 	claim 1 wherein the paging request is an SGsAP- 

Paging-Request message. 

5. The metho 4 of claim 1 further comprising: 

on a condition 	at the paging request has not been sent, aborting the MT 

CSFB call. 

- 56 - ° 



6. A visitor location register (VLR) configured to . void an inter-system 

change for a wireless transmit/receive unit (WTRU) comprisi g: 

the VLR configured to decide to abort a mobile 	- rminating (1VIT) circuit 

switched fallback (CSFB) to the WTRU; 

the VLR configured to determine if a paging re. est to start the MT CSFB 

call has been sent; and 

on a condition that the paging request has be -n sent, the VLR configured to 

send an abort message to a mobility manageme t entity (MME) requesting the 

MME to cancel the MT CSFB call. 

7. The VLR of claim 6 wherein: 

the VLR is configured to decide to abo t the MT CSFB call based on receiving 

a request to abort the MT CSFB call from t e WTRU. 

8. The VLR of claim 6 wherei : 

the VLR is configured to start . timer when the paging request to the WTRU 

to establish the MT CSFB call is se t, wherein the VLR is configured to decide to 

abort the MT CSFB call based o 	the timer expiring before receiving a response 

from the WTRU. 

9. The VLR of clai , 6 wherein the paging request is an SGsAP-Paging- 

Request message. 

10. The VLR of c aim 6 wherein: 

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

configured to abort the MT CSFB call. 
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11. A method performed by a Mobility Manageme t Entity (MME) for 

avoiding an inter-system change for a wireless transmi '/receive unit (WTRU) 

comprising: 

receiving an abort message from a visitor locatio 	register (VLR) indicating 

to the MME to cancel a mobile terminating (MT) circ 	t 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 servit- reject message to the WTRU 

indicating that the MT CSFB call is aborted; and 

sending no further messages to the WTR l 

12. The method of claim 11 further omprising: 

sending no further messages perta ning to the MT CSFB call to a mobile 

switching center (MSC). 

13. The method of claim 11 f , rther comprising: 

sending an acknowledgmen 	message to the VLR including a status 

information element (1E) indicatinf. a result of the MT CSFB call being canceled. 

14. The method of clai 	11 further comprising: 

sending an abort reque- to other network nodes. 

15. The method o' claim 11 further comprising: 

sending a request o a Evolved Universal Terrestrial Radio Access Network 

(E-UTRAN) to abort a 6 . ging procedure. 
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BACK_GR_OLJNI:, 
. 	 - 

It has been 'a goal in wireless communications to devise a 
mechanism to 	enable a wireless transmit/receive -unit 
(WTRILT) 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 WT1215, while it is connected to a packet 
switched- (PS) domain of an Evolved Universal Terrestrial 
Radio Access Network (E-T.JTRAN), 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 
NV-TRU is referred to as CS. fallback (CSFI3). 

STJMMAR_V- 

Method and apparatus for efficient signaling and -usage of 
resources for wireless conarnunications supporting circuit 
switched (CS) arid packet switched (PS) sessions are dis-
closed. The behaviors of various wireless network entities, 
including a Mobility Management Entity (MME), a Visitor 
Location Register (VI-12..), and. Ease Stations (EiSs), and. the 
wireless transmit/receive units (W-1-121Js) that communicate 
with the network, are defined. in. order to deal with issues that 
arise by implementing circuit switched fall back (CSFl3) in a 
Packet Switched (PS) system_ 

A VLR may decide to abort a CSFE3 procedure for a mobile 
terminating (MT) CSFE3 call to a wireless transmit/receive 
unit (Win-21J), and send an abort message to an MIVIE, in order 
to avoid an inter-system change for a WTR_T.J. The MME may 
send a Service Reject message to the WTR_1J 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 IN:1-on-Ac-
cess Stratum (NAS) message  transmitted to the receiver 
entity. 

BRIEF DESCRIPTION  OF TI-IE IDRAVVINC.i.S 

A. more detailed understanding may be had from the fol-
lowing description, given by way of example in. conjunction 
with the accc.)mpanyincY drawings wherein: 

FIG.. 11A is a system diagram of an example, communica-
tions system in which one or more disclosed embodiments 
may be implemented; 



FIG. 113 is a system diagram of an. example -wireless trans-
mit/receive unit (WTRIJ) that may be used within the com-
munications system illustrated in FIG. 1A; 

FIG. 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. PIG. 1A.; 

FIG-. 2 is a block diagram of a tracking area update (TAU) 
response message including an Evolved Packet System_ (EPS) 
Update result Information Element (IE); 

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

FIG-. 4A. is a flow diagram for a procedure between. a 
WTR_IJ and an. MME where there is an. SGs Interface between 
the MME and an MSC/VI-R.; 

FIG. 413 is a flow diagram for a procedure performed by a 
WTR.T.J when. if is informed that the CS domain. is unavailable; 

FIG. SA is a flow diagram of a procedure in response to a 
WTRU placing an emergency call; 

FIG. 513 shows a flow diagram of a procedure for reducing. 
delay in. the CSFE3 procedure for emergency calls; 

FIG. 6 is a flow diagram of a procedure when. the WTR_T_T 
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 CSFE3 failure; 

FIGS. 8.A and 813 show example CSFI3 procedures for two 
CSFI3 calls with and without enhancements, respectively; 

FIG_ 9 is a flow diagram of a procedure for avoiding an 
inter-system change for a WTRI__T when a CS that triggered a 
MT CSFE3 is cancelled; arid 

FIGS. 10A.. and 1013 are flow diagrams of examples of two 
possible scenarios where race conditions may occur between. 
CSFI3 and intra-I-TE IlandcDver. 

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 Evc•hatic-)n. (LTE), Wi deband Code 
Division Multiple Access (WCIDMA), Global System for 
Mobile con-naaunications (GSM), General Packet Radio Ser-
vice (GPR_S), Enhanced Data rates for Global Evolution 
(EDGE), Code Division. Multiple Access (CDMA2000), 
IEEE 802 technologies such as 802.11, 802.16 arid World-
wide Interoperability for Microwave .Access (WiMA.X.), Uni-
versal Mobile Telecommunications System (I3MTS), or any 
future teclancalogy. For purposes of explanation., the various 
embodiments are described in an L,TE context, but the various 
embodiments may be implemented using any technology that 
may support CS and/or PS sessions. 

FIG_ 1A is a diagram of an. example conamunications sys-
tem 100 in which one or more disclosed embodiments may be 
implemented.. The comrmanications system 100 may be a 
multiple access systenn 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 cc:inariatmications systems 100 may employ one 
or more channel access methods, such as code division mul- 
tiple 	access 	(COMA), 	time 	di-vision 	multiple 	access 
(TDMA), 	frequency division. multiple access 	(Frxviik.), 
orthogonal FIDMA (OFDMA), single-carrier FF...)MA (SC- 
FIDIVIA.), and the like. 

As shown. in FIG. ILA, the communications system 100 may 
include wireless transmit/receive units (WITIZI_Js):1.02c4:, 102b, 
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102e, 102a, a radio access network (RAN) 104;  a core net-
work 106, a public switched telephone network (PSTN) 108, 
the Internet 110, and other networks 112, though it will be 
appreciated that the disclosed embodiments contemplate any 
number of -WTR_ILTs, base stations, networks, and/or network 
elements. Each of the WTR1LTs 102a, 102b, 102c, 102a may be 
any type of device configured to operate and/or conurtunicate 
in. a wireless environment. By way of example, the WTRIJs 
102a, 102b, 102c, 102a 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 (P1D.A), 
a sm.artphone, a laptop, a netbc:•ok, a personal computer, a 
wireless sensor, consumer electronics, and the like. 

The commtmications systems 100 may also include a base 
station 114a and a base station. 114b. Each of the base stations 
114a, 114b may be any type of device configured to wire-
lessly interface with at least one of the WTRTJs 102a, 102b, 
102e, 102a to facilitate access to one or more communication 
networks, such as the core network 106, the Internet 110, 
and/or the networks 112. By way of example, the base sta-
tions 114a, 114b may be a base transceiver station. (13TS), a 
Node-13, an oNode l3, a Home Node 73, a Home eNocle 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 appreciated that the base stations 
114a, 114b may include any number of interconnected base 
stations and/or network elements. 

The base station 11447 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 (I3SC), a radio 
network controller-  (RNC), relay nodes, etc. The base station 
114a and/or the base station 114b 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 
of the cell. In another embodiment, the base station 114a. may 
employ multiple-input multiple output (MIMC0) technology 
and, therefore, may utilize multiple transceivers for each sec-
tor of the cell. 

The base stations 114a, 114b may communicate with one 
or more of the WTR:Us 102a, 102b, 102c, 102d over an. air 
interface 116, which rnay be any suitable wireless communi-
cation link (e.g., radio frequency (RF), microwave, infrared 
(IR), ultraviolet (LIV), visible light, etc.). The air interface 
116 may be established usinc,  any suitable radio access tech-
nology (RAT). 

More specifically, as rioted above, the - communications 
system_ 100 may be a multiple access system and may employ 
one or more channel access schemes, such as C. r 3, MA, 
TlDMA, FIDMA, C)FI)1VIA, SC-FIDMA, and the like. For 
example, the base station 114a in the RAN 104 and the 
WTRUs 102a, 102b, 102c may implement a radio technology 
such as Universal Mobile Telecon-mmilications System 
(T_JIVITS) Terrestrial Radio Access (UTRA), which may estab-
lish the air interface 116 using wideband CL)MA (WCII)M.A). 
WC r) MA may include communication. protocols such as 
High-Speed Packet Access (I-ISP.A.) and/or Evolved I-ISPA 
(FISPA-1-). I-ISPA may include High-Speed Downlink Packet 
Access (I-IS1DPA) and/or High-Speed 'Uplink Packet Access 
( H STJ PA) . 

In another embodiment, the base station 114a arid the 
WTR_I_Js 102a, 102 b,:102e may implement a radio technology 
such as Evolved -LIMITS Terrestrial Radio Access (E-UTR.A.), 
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which may establish the air interface. 116 using Long Term 
Evolution (1..,--rE) and/or LT -E-Advanced (LTE-A). 

In other embodiments, the base station 114a and the 
W-TRI_Ts 102a, 102b, 102c- may implement radio technologies 
such as IEEE .802.16 (i.e., Worldwide Interaperability for 
Microwave Access (WiMAX)), CDMA2000, CDMA2000 
1X, CDMA2000 ENT-DC), Interim Standard 2000 (IS-2000), 
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856), 
Global 	System 	for 	Mobile 	communications 	(GSM), 
Enhanced. Data rates for GSM Evolution (EDGE), GS1V.1 
EDGE (GERANT), and the like. 

The base station 114b in. FIG-_ JLA. may be a wireless router, 
Home Node B, Horne eNc•de H, 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 114b and the WTR.T_Ts 102c, 102d may imple-
ment a radio technology such as IEEE 802.1 1 to establish a 
wireless local area network (WEAN). In another embodi-
ment, the base station 114b and the WTRLTs 102c, 102d may 
implement a radio technology such as IEEE 802.15 to estab-
lish a wireless personal area network (WPANT). In yet another 
embodiment, the base station 114b arid the WTRIJs 102c, 
102d may utilize a cellular-based RAT-  (e.g., WCDMA., 
CDMA2000, GSM, LTE, La-E-A., etc.) to establish a picocell 
or ferntocell. As shown in FIG-. 1A., the base station 114b may 
have a direct connection to the Internet 110. Thus, the base 
station. 114b may not be required to access the Internet 110 via 
the core network 106. 

The RAN 104 may be in communication. with the core 
network 106, which may be any type ofnetwork configured to 
provide voice, data, applications, and/or voice over internet 
protocol (VoIP) services to one or more of the WTRI.Js. 102a, 
102b, 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 RANT 104 arid/or the core net-
work 106 .may be in. direct or indirect communication with 
other RA.Ns that employ the same RAT as the RAN 104 or a 
different RAT. For example, in addition to being connected to 
the RANT 104, which may be utilizing an E-IXTRA radio 
technology, the core network 106 may also be in communi-
cation with another RAN (not shown) employing a GSM 
radio- technology_ 

The core network 106 may also serve as a gateway for the 
WTRils 102a, 102b, 102c, 1 o2a to access the PSTN 108, the 
Internet 110, and/or other networks 112. The PSTNT 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 communication protocols, such. 
as the transmission control protocol (TC-P), user datagram 
protocol (1...TDP) and the internet protocol (IP) in the -I-CP/1P 
internet protocol suite. The networks 112 may include wired 
or wireless con-ununications networks owned and/or operated 
by other service providers: For example, the networks 1.12 
may include another core network connected to one or more 
RANTs, which may employ the same RAT as the RAN 104 or 
a different RAT. 

Some or all of the WTR1U-s 102a, 102b, 102c, 102d in the 
communications system :100 may include multi-mode capa-
bilities, i.e., the WTR:LTs 102a, 102b, 102c, io2a may include 
multiple transceivers for communicating with different wire-
less networks over different wireless links. For example, the 
W'fittj 102c shown in FIG-. 1A may be configured to corn- 

4 
	

0 



municate with the base station 114a, which may employ a 
cellular-based radio technology, and with the base station 
114b, which may employ an IEEE 802 radio technology. 

FIG. 113 is a system diagram ofan example WTRIJ 102. As 
shown_ in FIG. 1E3., the WTRLT 102 may include a processor 
118, a transceiver 120, a transmit/receive element 122, a 
speaker/microphone 124, a keypad 126, a display/toutchpad 
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 
WTRAJ 102 may include any sub-combination of the forego-
ing elements while remaining consistent with an. enabodi-
naent. 

The processor 118 may be a general purpose processor, a 
special purpose processor, a conventional processor, a digital 
signal processor (L)SP), a plurality ornaicroprocessors, one or 
more microprocessors in association with a IDSP core, a con-
troller, a naicracontraller, Application Specific Integrated Cir-
cuits (ASICs), Field Programmable Gate Array (FPGAs) 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 WTRIJ 
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. 1E3 depicts 
the processor 118 arid the transceiver 120 as separate compo- 
nents, it will be appreciated that the processor 118 and the 
transceiver 120 may be integrated together ill all electronic 
package or chip _ 

The transmit/receive element 122 may be configured to 
transmit signals to, or receive signals front, 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 transmit 
and/or receive IR, UV, or visible light signals, for example. In 
yet another embodiment, the transmit/receive element 122 
may be configured to transmit and receive both R.F 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. 113 as a single element, the WTR.T.J 102 may 
include any number of transmit/receive elements 122_ More 
specifically, the WTRIJ 102 may employ MI MO technology. 
Thus, in ono 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 WTI-21j 
102 may have multi-mode capabilities. Thus, the transceiver 
120 may include multiple transceivers for enabling the 
WTRIJ 102 to communicate via multiple 12A Ts, such as 
LITRA and IEEE 802.1 1 , for example_ 

The processor 118 of the WTRLJ 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 liquid crystal display (1_,cia);) display unit or organic 
light-emitting diode (0I-ED) display unit). The processor 118 
may also output user data to the spek_lker/naicrophone 124, the 
keypad 126, and/or the display/tou.chpad 128. In addition, the 
processor 118 may access information from, and store data in, 
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any type of suitable 1110111(Dry, such as the non-removable 
memory 106 and/or the removable memory 132. The non-
removable memory 106 may include random-access memory 
(RAM), 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 (SINI) 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 WTR.T_T 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 arid/or con-
trol the power to the other components in. the WTRLT 102. The 
power source 134 may be any suitable device for powering 
the WTR_T_T 102. For example, the power source 134 may 
include one or more dry cell batteries (e.g., nickel-cadmium 
(NTiCd.), nickel-zinc (NTi.Zn), nickel metal hydride (NTiMI-1), 
lithium-ion (LA-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. inform.a-
tion (e.g., longitude and latitude) regarding the current loca-
non of the ANTRIT 102. In addition. to, or in lieu of, the 
information from the GPS chipset 136, the WTR.T__T 102 may 
receive location. information over the air interface 116 from a 
base station (e.g., base stations 114a, 114b) 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 WTRT_J 102 may acquire location informa.tion by way 
of any suitable location-determination method while remain-
ing consistent with 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. c-compass, 
a satellite transceiver, a digital camera (for photographs or 
video), a universal serial bus (U-S13) port, a vibration. device, 
a television transceiver, a hands free headset, a 131-uetooth.(B) 
•module, a frequency modulated (F NI) 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 RANT 104 and the core 
network 106 according to an. embodiment. .As noted. above, 
the RANT 104 may employ an E-UTR__A. radio technology to 
communicate with the WTRIJs :102e7., 102b, 102e over the air 
interface 116. The RN 104 may also be in communication 
with the'core network 106. 

The RANT 104 may include eNode-13s 140cs, 140b, 140c-, 
though it will be appreciated that the RANT 104 may include 
any number of eNTc.-.)de-13s while remaining consistent with an 
embodithent_ The eNade.-13s 140a, 140b, 140e may each 
include one or more transceivers for communicating with the 
WTR,I__Ts 102c7, 102b, 102c over the air interface 116. In one 
embodiment, the eNTode-ns it 40cz,1.40b, 140e may implement 
NIIMCD technology. Thus, the eNode-E 140cx., for example, 
may use multiple antennas to transmit wireless signals to, and 
receive -wireless signals from, the wra-u i o2cx_ 

Each of the eNOci.c_-_-T3s1.40c/, 140b, 140c may be associated 
with a particular cell (not shown) and may be configured to 
handle radio resource management decisions,  handover deci-
sions, scheduling of users in the uplirik and/or downlink, and 
the like. As shown in FIG. 1C, the eNode-E3s 140447, 140b, 140c 
may communicate with one another over an X2 interface. 

The core network 106 shown in FIG. 1C may include a 
mobility management gateway (MME) 142, a serving gate-
way 144, and a packet data network (PIDNT) 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-13s 
142a, 142b, 142e in the RAN 104 via an Si interface and may 
serve as a control node_ For example, the MME 142 may be 
responsible for authenticating -users of the WTR_T.Js 102a, 
102b, 102c-, bearer activation/deactivation, selecting a par-
ticular serving gateway during an initial attach of the WTRIJs 
102a, 102b, 102c, and the like. The MME 142 may also 
provide a control plane function for switching between the 
RAN 104 and other RANs (riot shown.) that employ other 
radio technologies, such as GSM or WCIDM_A._ 

The serving gateway 144 may be connected to each of the 
eNode 13s 140a, 140b, 140c in. the RAN 104 via the S1 
interface. The servinc,  gateway 144 may generally route and 
forward user data packets to/from the WTR_T_Ts 102a, 102b, 
102c. The serving gateway 144 may also perform other func-
tions, such as anchoring user planes during inter-eNode B 
hanclo-vers, triggering paging when. downlink data is available 
for the WTRT_Ts 102a, 102b, 102c, managing and storing 
contexts of the WTRI_Js 102a, 102b, 102c, and the like. 

The serving gateway 144 may also be connected to the 
PIDN gateway 146, which may provide the WTR.I.Js 102a, 
102b, 102c with access to packet-switched networks, such as 
the Internet 110, to facilitate conam.unications between the 
WTRIJs 102a, 102b, 102c arid IP-enabled devices. 

The core network 106 may facilitate communications with 
other networks. For example, the core network 106 may pro- 
-vide the WTR_I_Js 102a, 102b, 102c with access to circuit-
switched networks, such as the PSTN 108, to facilitate com-
munications between the WTR_TJs 102a, 102b, 102c and. 
traditional land-line carnanunications devices_ For example, 
the core network 106 may include, or may communicate with, 
an IP gateway (e.g_, an. IP multimedia subsystem (IMS) 
server) that serves as an. interface between. the core network 
106 and the PSTN 108. In. addition., the core network 106 may 
provide the WTR_T_Ts 102a, 102b, 102e with access to the 
networks 112, which may include other wired or wireless 
networks that are owned and/or operated by other service 
providers. 

A problem that may occur in. wireless communications 
systems supporting CS and PS sessions, 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 L-TE systems, the Evolved 
Packet System (EPS) is a combination of the Evolved-ITT- 
RAN (E-T_TTR_AlsNT) access network and the Evolved Packet 
Core (EPC) network_ For example, referring to FIG. IC, the 
EPS is a combination of RAN 104 and Core Network 106. 

The EPS may be an. all IP type of network. The hi gherlayer 
signaling between the WTI:2LT and Core Network entity (i.e. 
the MME 142 in FIG-. 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-
a c,:ement (EMM) as well as the EPS Session Management 
(ESM). The signaling connection between the WTR.T.J and the 
MME is referred to as an EMM connection.. The wra-ur is in 
EMM.-117L-E Mode if it is registered with the network, but 
there is no EMM connection. Similarly, the -w-ra-u-  is in 
E MIVI- Cc:_->nn (7:et ed Mode when the (NAS) EMM connection 
exists. An EPS Bearer Context is a collection of parameters 
and network resources that are allocated by the network upon 
a wri-w-s request far various services requiring different 
quality of service (QoS). 
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One purpose of the service request (SR) procedure is to 
transfer the EMM from EIVINI-IL)I-E to EIVIM-CONT- 
IN.TEc-rEr) 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 (CSFl3) proce-
dures. A. SR procedure, regardless of its trigger (e.g_, short 
message service (SMS) or user data), may cause the estab-
lislunent of radio and. Si bearers for all active EPS bearer 
contexts in a wireless transmit/receive unit (WTR.I.J). 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 WTRIJ sends an SR which is accepted by the 
MME. 

Another way for the WTRIT 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) request 
that is sent to the 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) signal- 
ing connection. may be maintained arid the radio and S1 
bearers may be setup for all active EPS contexts. 

When a WTR_IJ sends a SR message, it starts timer T3417. 
This timer is then stopped normally (i.e., the procedure com-
pleted normally) if the access stratum, (AS) indicates the 
establishm.ent of bearers for the user plane. However, a 
WTRIJ may need to establish a Psi-AS 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 WTRIJ 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 WTRIJ transi-
tions from evolved packet system (EPS) connection manage-
ment mode (EMM)-Idle mode to EMM-Connected mode, 
radio resources may be setup when the reason service is 
requested is for user data. This embodiment is described in 
further detail below. 

When the w-r121_3 transitions from EMM-Idle mode to 
E,MM-Connected mode, the radio and S1 bearers may be 
setup if the reason that service is requested is related to user 
data, and may not be setup otherwise. Thus, ifthe WTRIT 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 Si 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 WTRT.1 may initiate the SR procedure in 
ENIM-Connected mode, to indicate the need for radio and S1 
bearers for all active EPS bearer contexts. The WITR-LJ 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 of radio and Sl. bearers for 
all active EPS bearer contexts_ 13ocausc.-, the SR message may 
not have a service type information element (IE), a new 1E, 
may be included in the SR (or ESR) message to indicate the 
pending user data status which may then trigger the establish-
ment of radio and Si bearers forthe WTR.I.J's contexts. The IE--
may be a conditional or optional 1E since the current SR is 
four octets long. Thus, if the SR message is to be used as 
indicated above, this new IE may be included. Otherwise, the 
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SR may ncit include this 1E, (e_cr., if it was sent to transition. 
from Idle to Cormected mode)_ This embodiment also applies 
to the ESR. message_ 

Alternatively, the -VW-TR:LT may send a new NAS message in 
Connected mode to indicate that the network must setup the 
radio and Si bearers for all active EPS bearer contexts _ 

For any of the above options (SR., ESR_, or new WAS mes-
sage), the WTR_LT may either specify the EPS bearer context 
for which it needs radio and S1 bearers be set up, or the 
network may establish radio and S1 bearers for all active EPS 
bearer contexts. The former may re-use the EPS bearer con-
text status IE (or a new 1E) 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 Me EIMS for informing a W-FR_T_J-  to maintain a 
WAS signaling connection during a Tracking Area Update 
(TAU) procedure. 

When a NV-FR1J is powered on, it may register in the EPS 
domain by performinc,  an "Attach" procedure_ After the 
WTRT__T has attached to the EPS, it may have to inform the 
MME about its position using a TAU procedure. A WTR_TJ 
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 WTR_T__T, the 
network may then establish radio and S1 bearers for all active 
EPS bearer contexts. 13ut there is no current mechanism for 
the network to indicate to the NV-TR:LT that there is more mobile 
terminating (MT) signaling to be done even if the bit is 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 
W-FR_LT without being able to do so. 

In one embodiment, the network indicates to a W-FRIJ to 
maintain WAS signaling during tracking area update (TALI) 
Accept signaling. A TAU response may be sent to the WTRAJ 
from the network with the update result. FIG. 2 is a block 
diagram of a tracking area update (TAli) 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 IE 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 W-FRLT whether its updating 
attempt has been success-BA for Tracking Area only or for both 
Tracking Area and Location. 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 WTR.IJ that the WAS connection may be main-
tained. for more pending signaling_ For example, when a 'TAU 
request is sent to the MME, an MT SMS may al so arrive at the 
MME. Thus, to keep the -WAS signaling connection for the 
SMS transfer, the MIVIE sends a TAU Accept and sets the 
spare bit 204 to value "one". lipon reception, the wrau 
maintains its NAS signaling arid R.R_C connection with the 
MME and elsq-13, respectively, for a configured time during 
which the network may continue with more signaling. The 
W-FRIJ may release the connection  if the time elapses without 
receiving signaling From the network_ The network may use 
the maintained NAS signaling CID1113.CliC11z 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 MME,' 
may also use the maintained signaling to inform the W TRU 
about a MT CSFl3 request. 

Alternatively, the WTR.T_I may expect some MT signaling 
before receiving the R.R.0 Connection Release message from 
the elsN113. If this is the case, then. the WTRI_J may process the 
signaling accordingly and may not consider this as an error 
case. 

Another problem that may occur in wireless cc-)mmunica-
tians systems supparting CS and. PS sessions, is that EPS 
bearer context synclarc-mizatian may be limited within. the 
TALI procedure. An EPS Bearer Context is a collection of 
parameters and network resources that are allocated by the 
network upon a WTRIJ's request for various services requir-
ing different qualities of service. Every EPS bearer context 
that is active in. one entity (WT'R_T_J or MME/network) may 
have an active counterpart in.the other entity (MME/network 
or WTRLJ). Thus, the WTRLJ 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 MME may update the WTR_TJ with the latest 
EPS bearer context status by including an. information ele-
ment (IE) called the EPS bearer context status IE in certain 
signaling messages, such as the TAU Accept message. 

Upon receipt of this IE by the WTR_ILT, it may deactivate all 
those EPS bearer contexts locally (without peer-to-peer sig-
naling between. the WIR.T_T and the MME) which are active in. 
the WTRU, but are indicated by the MME as being inactive. 
The same applies to the case if the W.TR_T_T has included the IE 
in. certain messages such as TAU Request. If so, then the 
MME may deactivate all those EPS bearer contexts locally 

between. 	MME 	the (without peer-to-peer signaling 	 the 	 and. 
WTRI.J) which are active on the network side, but are indi-
cated by the WTRIJ as being inactive. 

The WTRLJ may perform a periodic TAU when its periodic 
timer expires. If the WTR.T_J has deactivated a context before 
the next 'TAU takes place, then it may have to wait for the TAU 
initiation before synchromizatian with the MME/network. It 
may also be possible that other requests arrive before the 
initiation of the periodic TAU; (e.g., CSFE3 -for which it is 
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 efficient because it is currently limited to TAU 
signaling. 

In one embodiment, 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 
messages, (except where it may not be possible, for example 
in a Service Request message), even if the procedure is not the 
TAU procedure. Thus, every time there is an update of the 
context's status, the WTRLT/MME/network may include the 
bearer context status IE in. the next NAS message that is sent 
to the receiver, in. order to promptly provide the latest cantext 
States.  

According to an embodiment, the WTRLJ may include the 
IE in the Extended Service Request (ES12) message. If the 
WTRLJ is in Cannected mode when. it sends the ESI.2. message 
and it includes the EPS bearer context status IF. then the 
IVIME when executing the handaver to a CS RAT may take the 
included status ofthe context into accaunt when, for example, 
perfbrming packet switched (PS) handover (II.C)) or establi sh-
inc,-_ resources in the target :R_A-r. 

The MME/network may include the EPS bearer context 
status IL--.: in. all messages, even. the reject messages. For 
example, a Service R.eject 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 IE • in such a message. This 
applies to both the connected mode and/or the Idle mode, and. 
to the WTRU or the network. 

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 MME) which are active in. the 
receiver entity, but are indicated by the transmitter entity as 
being inactive. 

FIG. 3 is a flow diagram 300 of a method. for including the 
EPS bearer context status in any NAS 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 of an EPS bearer context in. the transmit-
ter entity. In. step 310, the transmitter entity includes an. EPS 
bearer context status information. element (IE) ill a next 1-Ton- 
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 NI-AS 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 IE as being inactive. 

Other issues may arise in. wireless communications sys-
tems supporting CS and PS sessions when the CS domain. is 
temporarily unavailable. In the context of LTE systems, the 
concept of CSFE3 was introduced to allow a WTRU to get CS 
(or non-EPS) service over E-UTRAN, (i.e., 1\40/NET CS calls 
and SMS). The mobile switching center (MSC)/visitor loca-
tion. register (V1L,12) is a combination of a switch and a data-
base that was introduced in the 2G and 340-  systems in order to 
provide the Circuit Switched (CS) services, and is located in. 
the same operator's network as the MME_ CSFE3 was enabled 
by the introduction of a new interface between. the MME and 
the MSC/N.71_12_ known as the SGs interface_ 

For a WTRU to get non-EPS services, (e.g., SMS), a reg-
istration may be performed on both the E-UTRAN and. CS 
domains known as a combined attach procedure. This com- 
bined registration creates an. SGs association. for the WTRU at 
the MME and the MSC/VT-R. As such, an SMS message may 
be sent with LTE signaling to the MME using native LTE 
WAS messages. If the WI-RAJ 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 to the WTRU after receiving 
the request from the MSC/VER. via the SGs interface_ 

Similarly, if there is an MT CS call for a WTR_TJ in E-15T- 
RAN, the MSC/N71_,R. 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 WTR.I.J may 
maintain an update status related . to its EPS and non-EPS 
registration outcomes, as follows. 

The WTRU may maintain an IMPS status of its current 
registration with the network, where the EPS status may be 
any of the following: fail : UPDATED, meaning the last 
Attach or TAU was successful; F_':132: NOT UPDATED, mean-
ing the last Attach, Service Request (SR), or TA.-ti attempt 
failed procedurally, i.e., no response or a rejection was 
received from the MME; or El..33: ROAMING NOT 
ALLOWED, meaning the last Attach, SR, or TAU was cor-
rectly performed but the reply from .MIME was negative (be-
cause of roaming or subscription restrictions). 
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The WTRU niay maintain a inability naanagern.ent (MM) 
status of its current registration with the network (3G), where. 
the MM status may be any of the following: 13-1: UPDATED, 
meaning the last location area update (LAG) was successful; 
1_52: NOT UPDATED, meaning the last LAU failed procedur-
ally (no significant answer was received from the network, 
including the cases of Failures or congestion. inside the net-
work); 13-3: ROAMING NOT ALLOWED, meaning the last 
LAU ran correctly but the answer from the network was 
negative; or -U4: UPDATING DISABLED, meaning the LAU 
has been disabled.. 

For th,... MM status, the subscriber identity module (SIM)/ 
universal subscriber identity module (U-SIM) may not contain. 
any valid location area identity (LAI), temporary mobile sub-
scriber identity (TMSI), global system for mobile communi-
cations (GSM) ciphering key, universal mobile telecommu-
nications system (UMTS) integrity key, UMTS ciphering 
key, or ciphering key sequence number. For compatibility 
reasons, all these fields may be set to the "deleted" -value at the 
moment the status is set to eCALL INACTIVE_ However, the 
presence of other values may not be considered an error by the 
mobile station. Furtherrriore, if the mobile equipment (ME) 
supports any A5 ciphering algorithm that requires a 128-bit 
ciphering key and a USIM is in use, then the ME may delete 
the GSM K..cizs  stored at the moment the status is set to 
eCALL INACTIVE. The "location update status" stored on 
the SIMIUSIM may be "not updated." 

Thus, a WTRU may maintain. both EPS and non-EPS sta-
tuses whenever it is performing combined registration. In. 
addition., whenever a WTRU per-Fc•rins combined registration 
(combined Attach or combined TAU), the VT-12. may provide 
a new TMSI and location area identity (LAI) to the WTRU 
which are included in the TAU Accept message. The vv-raLT 
uses the TMSI when it goes to the target radio access tech-
nology (RAT) if the list of LAI, provided to it did not change. 

location update is triggered between the MME and the -‘71-12. _A 
when the MME receives certain. messages from the WTRU, 
(e.g., a combined TAU). But the periodic TAU which is gov-
erned by timer m3412 does not cause a location update over 
the S Gs interface. 

It may 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 NTLR. resets and then 
loses its SG's associations far the wra.T.Js 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 "EU2 NOT UPDATED", and store the 
status. Then., the WTRU may enter . the "EMNI-R_E,-G-IS- 
MR_EL). NORMAL-SERVICE state". The WTRU may not 
try to send an extended. service request message For mobile 
originating services to the network until the timer T3442 
expires or the WT-R.13 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. 

With the existing WTRU behavior after receiving reject 
cause #39, as described hereijibefore, it is possible that the 
WTRU does not receive non-EPS services because of delayed 
combined registrations. The following problems may be iden-
tified. If cause #39 is due to a VI-12 reset, then there may be no 
need to change the EPS update status as the MME still has the 
latest WTR-ti profile arid context_ Moreover, the MME may 
initiate a location update towards the 	when the VVTRAJ 
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sends  a periodic TAU message_ In this case, the V.I._,R- may in 
turn provide a TMSI and location area identities in. response, 
which are normally included in the TAU Accept message_ Hut 
the -VV-1712U may not expect these IEs in the 'TAU Accept 
message when it is performing a periodic TALI message. 
Thus, the WTR.I.J 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 FIG. 4A.. 

FIG. 4A is a Bow diagram for a procedure 400A between a 
WTR_LT and an MME, including "Attach", "Service Request" 
and "Tracking Area -Update (TAU)" procedures, where there 
is an SGs Interface between the MME and an MSC/VI_,R. 
Steps 412, 430, 435, 440, 450 and 460 occur in the WTRIJ, 
and step 415 occurs in the NISCPVLR. 

As shown in FIG. 4A, in step 405, the WTR_TJ may send a 
combined Attach message to the MME to register for bath 
EPS and noii-EPS services_ In step 410, the MME may 
respond with an.Attach Accept message, causing the WTRI_J' s 
EPS Update (ET_J) status and MM status to be set to EIJI. 
(UPDATED) and 131 (UPDATED), respectively, in. step 412. 
The WTRIJ may have been assigned a TMSI and LAI IE as 
part of the Attach Accept message that it may use for CSFB, 
supplementary services (SS), and L,CS services_ 

In step 415, the VLR may restart and then inform the MME 
about the loss of all SGs associations for all the VVTR_I__Ts. A. 
MO CSFH request in the WTRTJ may trigger an extended 
service request (ESR) message towards .the MME, 420, and 
the MME 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 WTR_IJ may 
change its ELT status to NOT UPDATED, it may not modify 
the MM status, (which is set to UPDATED despite the con-
trary), and it may start timer T3442 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 WTR_I_J goes to ENIM-Idle mode, the 
WTRLY may start its periodic TAU tinier (T3412) running. In. 
step 440, the timer T3412 may expire before timer T3442. If 
that is the case, then its expiry may trigger the periodic TAU 
procedure by the WTRT.5 sending a TAU message and setting 
the update type to periodic update, in step 445_ After sending 
the TAU message, in step 450, the wTRAJ-  may stop timer 
T3442 (amongst other timers) if it is running. In step 455, the 
MME may respond with a TAU Accept message, and in step 
460 the WTRIJ may set its ELI status to UPDATED. 

If the MME does not autonomously perform a location 
update towards the VT__,R when it receives the TALI with update 
type set to periodic, the WTR_TJ's combined registration may 
not be perfarmed and the WTRTJ may not know that there is 
a problem with the SGs interface, since the MM status is U1 
(1__IPlaArEL)). There is no existing standard. procedure and no 
action is specified to be taken by the WI-RAJ when. T3442 
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 (LIE) TRANSPORT NAS 
message). Hut in the current WTR.TJ behavior when receiving 
cause #39, it is specified that the WTRIJ may not attempt an 
ESR until the combined registration is performed. Hut this 
does not stop other procedures, (e.g., MO SMS)  which may 
not succeed_ 

In addition, if the SGs interface is dawn and the w-TR:u 
attempts to send an SMS message with the IJI., NAS TRANS- 
PORT message, there is currently no message back from the 
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network to indicate the success or failure of the procedure. 
This is because the behavior of the MME is such that it 
removes the NIAS header and Forwards the encapsulated SMS 
message to the VL-R. Any retransmission and errors are 
handled by the SMS layer. As such, iF the WTRU sends an 
SMS message which does not arrive at its destination due to 
the SGs being -Faulty, the NVTRI_J'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. 413 is a flow 
diagram for a procedure 400D performed by a WTRU when if 
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 MME for service, it may receive a Service 
Reject message with a cause value equal to "CS Domain 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/VL-R_ 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 MSCIVL,R_. 

If the problem is not due to the MSCPVT__,R., then. in step 474 
the WTRU changes its mobility management (MM) update 
status to indicate that the registration to CS domain was 
unsuccessful_ For example, the WTRU may change its MM 
update status to 1._12: NOT UPDATED_ 

The INTRIT' s ELT status may be unchanged. (i.e., it remains 
set to ELTI.: UPDATED) if the problem with the SGs is due to 
the MSC/VI__,R. 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 WTRU may check its 
MM update status. Iii step 478, if the WTRU is registered in. 
combination, (or not, depending if the previous -TAT did not 
have non-EPS services), then. the WTRU may perform a 
combined registration, (e.g., combined TAU), procedure_ The 
combined registration procedure involves setting the update 
type to "combined TA/LA updating with international mobile 
subscriber identity (IMSI) attach" or "combined. TA/1.-A. 
updating", depending on the scenario . 

According to another embodiment, if the unavailability of 
the CS domain. is due to problems in. the MSCTVT__,R., then the 
WTRU may consider any allocated temporary mobile sub-
scriber identity (TMS1) and. LAI 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 NV-FRU' s mode of operation, or it may be acme if 
the WTRU is operating in a mode for which the CS domain is 
preferred. or the WTRU is voice centric, and there is no sup-
port for internet protocol (IP) multimedia subsystem (IMS) 
voice calls (or other forms of voice over IP). The unavailabil-
ity of IMS voice calls may also mean unsuccessful registra-
tion to the IMS network. 

According to another embodiment, if the WTRU receives a 
reject message with cause #18---7"CS domain not available", 
then the WTRU may perform a combined TAU whenever a 
"TAU procedure is initiated for any reason. The WTRI__T's 
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behavior, (i.e., with regard to performing combined registra- 
tions), may return. to the expected behavior upon. the first 
successful 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 if 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 TAU 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, if the 
timer T3442 is deactivated, (or has a value set to `deacti-
vated'), then the next TATJ 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 not initiate any 
procedure that requires the SGs interface until a combined 
registration is successfully performed_ Moreover, the EMM 
entity may not initiate the UE NAS 'TRANSPORT procedure 
when it knows about the unavailability of the 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 TJE NIA.S 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 affected 
entities in. the WTRIJ about the unavailability of an. interface 
between. the MME and a peer entity in the network. No WAS 
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 CSFE3 procedures may have a. 
higher priority over any ongoing procedure related to location 
services_ Thus, the WTRU may choose to ignore an ongoing 
transport oflocati on service information and continue with a 
pending CSFE3 request. 

According to another embodiment, the EMM entity may 
inform the M1VI entity, (and/or other entities that are affected 
by the unavailability of the CS domain, e.g., SMS, etc.), that 
the CS domain is now available. At this point, the WTR_TJ may 
start sending ESR or may initiate the IJI- NAS TRANSPORT 
procedure. 

According to another embodiment, if the MME receives a 
reset indication from the MSC/NTLR., then the MME may 
initiate a location update on the SGs interface when it receives 
any type of TAU, (Le., 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 successful, the MIME may include any allocated TMS1 
and/or LAI in the "EAU Accept message regardless of the 
update result type set by the MME. The MME may also set the 
update result type to something different from what is 
expected by the WTRU . For example, if the WTRU success- 
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fully performs a periodic TALI, it expects a TALI Accept from 
the IVIMII-: with the update result set to "TA updated." 

The MME may set the -update result to "combined TA/LA 
updated" if the MME initiated the location update towards the 
MSC/VI-I2 on the SG-s interface. When the WTRU receives 
the TALI 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 LAI IE. 

If the update result is set to "combined TA/LA" then the 
WTRU may conclude that it is successfully registered :for 
both EPS and non-EPS services. The WTRU may change its 
MM status to Ill updated and may handle the allocated LAI 
and possibly the TMSI as previously described when. the 
WTR.I.J's combined registration is successful with these IEs 
included. If a 'TMSI is not included in the TAU Accept, the 
VV-1-12_13's behavior may be the same as previously specified 
when the registration. is successful without a new TMSI being 
included. 

According to another embodiment, if the update result is 
"TA updated" and the TAU Accept contains an LAI, then. the 
WTRU may consider its combined registratian as successful. 
The WTRU may change its MM status to Ill -updated and may 
handle the allocated LAI and possibly the TMSI as previously 
described when. the WTR_T_I' s combined. registration is suc-
cessful with these IEs included. If a TMSI is not included in 
the TALI Accept, the WTR_TJ's behavior may be the same as 
previously specified when. the registration is successful 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 unavailability of the CS domain., (i.e., 
whether it is the MME that has restarted or the MSC/NTL,R.). 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 WITZ-T_J may cause a change 
to the ELT update status .1.1-id not the MM status. Moreover, the 
WTRU may later perform a combined registration and may 
set the update type to "TAJL,A, 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 ofthe 
problem, and. the AATTR_T_J may perform a combined registra-
tion.Other values for the timer may be used to signal this 
scenario or other scenarios. For example, other values may be 
used • to indicate that the MSC/N7L,R. is the cause for the 
unavailability of the CS domain. The WTRU may then behave . 
as explained earlier. 

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 CSFF3. 
For example, the WTRU may send an ULNA S TRANSPORT 
message for 1\40 SMS. If the CS domain is not available (or 
the SCas interface is not functional due to errors at either IVIME 
or -MSC/N7LR_) then. the WTRU may be informed about the 
problem using the new message. 

A new generic message may be defined to si, rial such 
problems for all interfaces depending on the values of certain 
:1E, s . For example, a new NAS message called. SERVICE 
UNAVAILABLE NOTIFICATION may be defined to indi-
cate to the WTRU the -unavailability of a domain or interface. 
An IE, (e.g., Notification Type), may be included in this 
message and. depending on its value, the Ay-I-au may be 
notified about -unavailability of the CS domain, (or the SCis 

16 



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 WAS 
message from the WTRI.J that requires forwarding over a 
certain interface_ -Upon reception. by the WTRI__J, 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 network). 
Moreover, a timer may be included to indicate when the 
ANTRIJ may re-attempt the unsuccessful procedure or re- 
attempt a registration. which if 	may allow initiatian 
of the procedure_ 

Another way of achieving this procedure is to use an exist- 
ing WAS 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 WTR.T__T is informed about 
unavailability of the CS domain when. the MME receives T__TI., 
WAS 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 
conabined 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/1.-A. updating; or combined TAU with update set to "com-
bined TAJI-A. updating with IMSI attach_ 

Moreover, the above embodiments also apply to WTRIJs 
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 nari-EPS services only may 
be followed by the WTR.13, (e.g., the registration. - attempt 
counter or a similar counter is incremented up to a maximum 
value after which other actions may be taken by the WTRI__T). 
In. addition, there may be a time limit between each attempt. 
This may also be applied. to WTRI_Ts that have been previously 
successfully registered for both EPS and non-EPS services 
and later receive a reject message with cause #39, (CS domain. 
temporarily not available), or #16, (MSC temporarily not 
reachable), or #1 8, (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, (CSFI3, SMS, SS, etc.), to the case when there is a 
different interface between the MME and a non-3G-PP net-
work, e.g., CIDMA2000 (1 xi-217T). The above examples may 
be used in any combination.  

A problem that may occur in wireless communications 
systems supporting CS and PS sessions, is that significant 
delays may occur when performing C:SFT3 for emergency 
calls_ 

FIG-. 5A. is a flow diagram of a pracedure 500A in response 
to a NATTRIT placing an emergency call_ Some steps of the 
procedure are omitted. If the ANTR:LI is attached for both EPS 
and non-EPS services and wants to place an emergency call, 
in step SOS the WTRU may send an ESR. message. The 
WTRI__I may set the service type to "mobile originating CS 
fallback emergency call" or "1 .xCS Ilillback emergency  call" 
depending on the CS domain type supported by the WTI-2:1.3. If 
PS I-IC) is supported in the target RAT, then in step 510 the 
WTRAJ performs a PS 140 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 from FIG. 5.A, the CS call can only be initiated 
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after the PS ITIC..) completes. However, since the call requested. 
is an emergency call, it is important to reduce any delays to a 
minimal level. 

Another  scenario in which CSFlB may be delayed occurs 
when a W-TR1J requests a service from a closed. subscriber 
group (CSC) cell that it is not allowed to be on. This can 
Happen, for example, when the WTRTJ's subscription has 
expired but the WTRIJ is not yet updated with the subscrip-
tion information, or when a WTRAJ is on. a hybrid CSG- cell 
and priority is given to subscribers. 

In. this case, the WTRTJ's ESR may be rejected with cause 
code #25 and the WTRIJ' s behavior is such that it has to look 
for a suitable cell as it enters limited mode_ 'Thus, the VVTRIJ, 
after finding a suitable cell, will need to re-start the procedure 
for CSFI3 again. Thus, this causes delay because the C.',SFE3 
has not been processed yet. Reducing the delay is especially 
important if the CSFE3 is triggered due to an. emergency call_ 

If the WTRLJ knows, based on its fingerprint, that it is near 
a 3G I-IN-13/CSG cell, then. it will send a proximity indication. 
to the current serving e/*413 (E-1J-FR.A.NT) which might config-
ure the WM:1J with measurement gaps in. order to read the 
system information messages in -LYMAN in order to acquire 
the CSG identity. Since reading the system information 
blocks (Sins) on -LJTR-AN-  system will require some time, 
existing solutions proposed to reduce the delay to a minimal 
level include: I) The NV-FR.1J doesn't send a proximity indi-
cation when it is performing CSFE3 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 WTRIJ sends its 
proximity indication and the network doesn't request the 
WTRI.1 to read system information. messages from any HINTE3, 
if the network knows about availability about at least one 
macro cell of the legacy RAT; or 3) both WTRIJ and the 
network consider any FIINT13 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 CSFI3 Emer-
gency calls may be reduced by not performing a PS HO and. 
redirecting the -VVT12-1J to the target system. In order to reduce 
the delays related to CSFE3 procedure for emergency calls, the 
I_TE, network may not perform PS 1-10, (even if the target 
network supports it), and redirect the WI"Rij to the target 
system.. This may be achieved in many different ways, as 
described in the following embodiments. 

FIG. 513 shows a flow diagram of a procedure 500E3 for 
reducing delay in. the CSFH procedure for emergency calls. In. 
step 530, the WI. R.I.5 sends a ESR for an. emergency call. The 
E,SR. message may have the service type set to "mobile origi-
nating CS fallback emergency call" or "lxCS fallback emer-
gency call". In response, the I\41\4E does not perform PS HO 
for the WTR.I.J. Instead, the MME sends a WTRIJ Context 
Modification Request to the eN-E3 in step 535 in order to 
redirect the vv-riR:u.  directly to the CS domain_ This is accom-
plished in step 540 by the eINI73 sending to the WTRILJ 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 WTR.T.j then 
attempts to access the CS domain and continue first with 
establishment of the CS call for emergency services. 

The wa-a.-u may indicate to the MME that PS I-IC0 is not 
preferred. This can be done by including an EPS bearer con-
text status lE in the ESR and setting the values for all contexts 
to indicate that they have been deactivated_ Alternatively, the 
W-FRIJ can include a new IE to indicate that PS 171(3 is not 
preferred. 

Other scenarios in which delay can be seen include when a 
WTRI.J.  is on a CTSCi-  cell for which the subscription has 
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expired. In this case, an ESR can be rejected with cause #25 
and the WTRIJ would need. to find a suitable cell and then 
send the ESR. again. In. order to reduce the CSFI3 delay in. such 
a scenario, (for normal CS calls or far an emergency CS call 
request, which is identified by having the request type in the 
ESR. set to mobile originating CS fallback emergency call or 
1 xCS fallback emergency call), the following embadiment 
may be used as means to reduce call setup delay. 

According to one embodiment, the MIVIE may ignore the 
expiry of the subscription -for the exceptional case of CSFI3 
requests and accept the ESR. The WTR-LI can later be updated. 
with the latest snbscription information, for example, npon. 
subsequent access retries on the CSG cell. Thus, it is proposed 
that the reject cause #25 may not be applied to CSFB related 
procedure or signaling. 

According to another embodiment, the WTRIJ may also be 
handed aver to another allowed/suitable L,TE cell from which 
the CSFE3procedure is continued. In this case, the ESR. is-not 
rejected and the WTRIJ does not have to go through cell 
re."selection, hence avoiding potential delays. The network 
then continues the ESR procedure from the target cell on 
which the WTRIJ has completed the intra-LTE handover. 

According to another embodiment, the network may con- 
ditionally reject, (or accept), the ESR procedure. That is, the 
network may allow the ESR procedure to go through while 
indicating to the -WTRIJ that the CSG subscription has 
expired. This can be achieved in R.R_C or WAS signaling or a 
combination. For example, the network can send the inter-
system change message, (e.g. mobilityFrana ET-rr R-AC C)r-n. - 
I-naiad) , and include an. indication of the W-TRIJ's subscrip-
tion, (e.g. expired). Thus the WTRIJ may continue the CSF1E3 
procedure but also use the provided indication to update the 
list of allowed CSGs. If provided within R.R.C: messaging, the 
RRC layer can provide the N-AS with such indications so that 
the appropriate update is performed on the allowed CSG list. 
This can be done; for example, with one bit in which a specific 
value indicates expiration of a subscription for the CSG cell. 
Additionally, the MME can provide such an indication over 
an interface, (such as the Sl-AP interface), to the eN-13 which 
can use such indication to take certain actions such as includ-
ing a one bit indication in. the RRC messages. 

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

The WTR-15 may not send a proximity indication to the &NEI 
to indicate that it is close to a target CSG cell of TJTR.AN, or 
any other system. By doing so, the network will not schedule 
the W-1-1-213 far measurement and system. information reading 
an a target T_TTRAN CSG cell. Avoiding this will eliminate 
potential delays if-a T_ITRAN CSG cell needs to be verified for 
access eligibility by the WTRIJ and the network. The WTRIJ 
may take such an action if it knows that there are other 
neighboring inter-RAT macro cells. Alternatively, even if the 
WM:1J sends a proximity indication to inform the network. 
that it is near a CSG cell, it is proposed that the network 
should not act upon this indication. and therefore not schedule 
gaps for the WTRLI to go and read system information mes-
sage in order to perfarm preliminary CSG access check. 
Similarly, this can be done if the network knows that there are 
other TJTRAN-  macro cells around the WTRTJ. 

According to another embodiment, if C7SF13 is performed 
with network assisted cell change order or by releasing the 
R_R.0 connection, (may be with redirection information), and 
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system information of at least one target cell is provided to the 
WTRIJ, then the following may be perTh•rmed_ 

Iii this case, the WTRU may prioritize cells that may not 
require a change in location area identity (LAI), (e.g. the 
WTRU may have one in LATE). This may be done by checking 
the LAI that the WTRU has against the LAI of each potential 
target cell which may be derived. from the provided SIBs or 
system information. Moreover, the WTRIJ may give priority 
to macro cells within the desired LAI 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 
LAI_ Thus, the cell selection rules may be overruled in this 
case_ Alternatively, there rriay be a minimal threshold beyond 
which the WTRU may not apply, for example, preconfigured 
thresholds in the WTRU or signaled using R_RC or NTAS 
messages. Cells that fall within a desired LAI, provided over 
I-TE, may avoid delay due to possible location area update 
(LA15) requests. 

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

The last priority may be given to cells utilizing CSFB that 
belong to a different  LAI in which macro cells may have 
higher priority than CSG cells. The above examples and 
embodiments for CSFB prioritization described h.ereinbefore 
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/V-L,R. sends a Paging 
Request to the MME (e.g. Srs.A.P-Paging-Request message).. 
In step 604, the MME sends a Paging Request to the eN113 and 
in step 606, the eN113 sends a Paging message to the WTRU. 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 WTRTJ Context Modification Request (with CSFB 
indicator) to the WTRU. In step 612, the WTRIJ sends mea-
surement reports to the eNTIE3_ 

If the WTRU performs an inter-system change, possibly 
with PS I-IC), and finds out that the location area has changed, 
the location area update procedure is performed in. step 615. 
In step 620, the CS MC) 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 WTI-2.U' may use, (in. the target CS cell/RAT/ 
system whenever performin(),  CSFB), its IMSI in. its initial 
message, (e_ g. Paging response in MT case or CM Service 
Request in MC) case), for both mobile originating and mobile 
terminating cases. As such, even if the MSC/VLR has 
changed, the IMSI in the CM Service Request will uniquely 
identify the WTI2U in the new MSC/N71-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 fails. FICi. 7 is a 'low 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 
R.RC that the CSFB procedure has failed to send the TAU 
request. In step 710, the WTRU sends a TAU request, possibly 
with the type being a combined TAU, in response to the CSFB 
procedure Iiiilure. This procedure may allow the WTRU to 
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resume in 1-TE with all its contexts it previously had before 
the CSFB procedure initiation. In step 715, the MME receives 
the TAT_T request. In step 720, the MME uses the TAU request 
as an indication of the Failure arid  may take additional actions 
such as re-initiating another CSFB request or informing other 
network nodes about the failure e.g. (the SGSINT or MSC/ 
VI-R). 

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 WTR.I.T. 

It is possible that a WTRIJ that is combined attached, (tor 
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 WTRIJ that is also in I-TE coverage. 
Thus, for the voice data to be exchanged between calling 
W1E-Raj, (knawn. as WTR_TJ 1), and the WTRIJ that is being 
called, (known as WTRIJ 2), there is need to perform two 
CSFB procedures, - one mobile originating (MC)) CSFB pro-
cedure that triggers a mobile terminated (MT) CSFB proce-
dure. 

The MC. CSFB includes signaling associated with WTRIJ 
l's request to place CSFB, which includes some optional 
procedures, for example, a PS handover may occur if WTRTJ 
1 and the network support PS handaver.Also, if the MSC/ 
VI-R that receives the CM Service Request is different, then 
the CM Service Request by WI-1W 1 may be rejected and the 
WTRIJ 1 may perform a LALT before it can continue with the 
CS call. At this point, the WTRLT 1 may send the Call Setup 
message to the 1VISC/V1_,R., which contains the address of the 
called party, WI-RAJ 2_ 

The MSC/VT-R_ verifies the called party address and sees 
that there is an SGs association. for WTRIJ 2, (i.e. the MME 
has triggered non-PS registration over the SGs interface due 
to the reception of a combined registration from WTR.T.5 2 in 
1-`11E coverage). Accordingly, a MT CSFB procedure is trig-
gered towards WTRIJ 2. In the meantime, WTRIJ 1 is waiting 
since WTRIJ 2 is still in L2TE coverage_ It only after WTRT_T 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 WTR_T_T 1. 
This waiting time/delay may be reduced if the CSFB proce-
dure for WTRT_J 2 is initiated earlier arid with fewer unneces-
sary delays. 

According to one embodiment, the delays for CSFB to 
CSFB calls are reduced by initiating the second CSFB call 
sooner_ For a mobile originated (MC)) CSFB request that 
triggers a mobile terminated (MT) CSFB procedure, the delay 
may be reduced if the CSFB procedure for WTRT_T 2 is started 
earlier than usual, before W-FRT_J 1 completes its CSFB  pro-
cedure. To per:farm such a procedure, when WTRLT 1 is per-
forming an MC) CSFB procedure, (i.e. by sending an 
Extended Service Request (ESP...) to the MME), the WTRLT 
may include all the necessary information regarding the 
called party in the ESR. The MME, after receiving an ESR, 
may forward this addressing information to the MSC/V11.,.R. 
The MSC/V.1.P. checks the address ca---th called party to see if 
there is an SCis Interface association at the MSC/V1_,12, or if 
the called party is a fixed line number or an emergency call 
center. 

If the called party is anatlic---r WTRIJ with a valid SCis 
association, the MSC/VI-l2 may start a MT CSFB procedure 
for this w-rau-  by sending the necessary message, the 
SCisAP-Paging-Request, over the SGs interface. The MSC/ 
VLR may indicate to the MME that the call is triggered by 
another CSF'1.3 procedure. The MME may use this infa rm a - 
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tion to take any necessary action that can speed up the MT' 
CS:Fl3 procedure. Moreover, the MIVIE, may inform the 
WTRAJ that the MT CSFE3 is from' another CSF13-  capable 
-w-rmi. The WTR.T...T 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, WTR.I.J 1 sending an. ESR may 
include the necessary information. that may be used to iden-
tify the destination. For example, some or all of the Call Setup 
message can be included in. the ESR. in. the form of a new IE 
or a new container. Alternatively, the WT-121J 1 may not 
include this information if it knows that the destination. is not 
CSF13 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 num-
bers series that may be used to determine whether the El 
number series refers to fixed or mobile subscriber_ 

In another embodiment, a new message (e.g. SGsA.P-MO- 
CSFE3-hiaication) may be needed. to carry this information 
from the MME to the MSC/W-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/VL,R_ Alternatively, the MME may 
send this message as an in.dication that a MO CSIFE3 procedure 
has been triggered arid the MSCTVL,R. is to expect a w-rigru-
for a CS voice call. The MSC/VT__,R, may use this indication to 
take statistics, (e.g. number of call failure, setup time, etc). 
The MME may start a timer upon the sending of this messao-e.. 

In. another embodiment, the MSC/VT,R. upon reception of 
this message, may -verify if the destination called party is 
another NV-TR:LT with SGs association. (this might involve 
interaction. with other nodes e .g . FIL.,12). If not, the MSC/VT-12 
may take no further actions. The MCS/V11_,R. may acknowl-
edge the receipt of the indication. from the MME by sending 
another message, (for example SGs.A.P-MC)-C;'SFEI-ACIC). 
The MME may use this acknowledgement to take any neces-
sary action., (e.g. stop any timer that it might have started). If 
the MSCPVL,R_ has a SG-s association fbr the called party, the 
MSC/VI-R. may trigger the SGsAP-Paging-Request towards 
the MME. The MSC/VI-R. may include an acknowledgement 
for the previous message sent by the MME, for example by 
includinc,  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 CSF13 procedure by requesting the 
E-1.5TRANT to page the WTRILJ, (if it is in idle mode), or by 
sending the CS Service Notification to the wra-u, (i:f it is in 
connected. mode). In either case, the MME may indicate that 
this CSFI3 is triggered by another C.'.SF13 procedure. 

In another embodiment, if the WTRL./ 1 has completed its 
CSFI3 procedure and is in the CS domain, the MSC/V1L,R. may 
start sending some information, (e.g. ringing tone), to indi-
cate that the call request is being processed. The MSC.!."711,R. 
may choose whether a ringing tone or any other call in 
progress tone is used based on whether or not the w-ra-u 2 is 
a CSFB subscriber waiting for the CSFF3 procedure to be 
completed. 

FIGS. 8A. and 813 show example CSFEI procedures for two 
CSF13 calls with enhancements, 800A, and without enhance-
ments, 80013, respectively. In FIG. 8A, WTRU 1 initiates a 
CSF13 call back by sending an ESR fir CSFI3 802, providing 
measurement reporting 804, initiating a PS FIC. 806, perform-

51U _____, and setting up a CS call 81.0. The ing .a location update 	1R 
IVISC/VI-R. initiates paging over the SGs interface.„ 81.2. Then, 
the MME may inform WTR:LJ 2 about the MT CS -voice call, 
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814. Subsequently, w-rau 2 initiates its an inter-system 
change while WTRIJ 1 waits. WTRU 2 accepts the CSFB 
816, 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 
WI-1W 1 while WTRIJ 2 initiates an. inter-system change may 
be reduced using the procedure in FIG. 813. Referring to FIG. 
813, WTRTJ 1 initiates a CSFB call back by sending an ESR 
for CSFB and includes the address ofthe called party (W-TRIJ 
2) 826. The MME forwards addressing it formation. to the 
MSC/V1_,R. 828, and the MSC/\71-12 initiates paging for 
WTRTJ 2 over the SGs interface, 830. In 832, the MME 
informs the WTRIJ about the MT CS voice call. In parallel, 
WTRIJ 1 provides measurement reporting 804, initiates a PS 
1-I0 806, performs a location. update 808, and sets up a CS call 
810. WTRIJ 2 accepts the CSF13 816, provides measurement 
reporting 818, initiates a PS I-IC) 820, . performs a location 
update 822, and responds to paging 824. In. contrast to the 
scenario in. FIG-. 8A, the procedure in FIG. 8B reduces the 
waiting time for WTRIJ" 1 for the CS voice exchange. • 

Another problem that may occur in. wireless communica-
tions systems supporting CS and PS sessions, is that a WTRIJ 
may be made to fallback to CS when the MT call is cancelled. 
It may be possible that a mobile terminating (MT) CSF13 
request is cancelled by the caller. In this case, the MSC/N71-12. 
receives a request for a CS call from WTRTJ 1, the MSC/NTI_R. 
initiates an.. MT CSFB procedure towards WTRIJ 2, and the 
MSC/VI-R then receives a request by WTI:WI to abort the CS 
voice call request. Thus, if the MT CSF13 procedure contin-
ues, WTRLY 2 may perform an. inter-system change to 
GERAINT/TJTRANT, possibly with PS HO, but may not receive 
any CS call as it may have been. aborted by WTRTJ 1. This 
inter-systern change is unnecessary and should be avoided. It 
may cause degradation of service if 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/N71-12. 
may start an MT CSF13 procedure for a WTRIJ by sending the 
SGs.A.P-Pagin-Request the over the SGs interface to the 
MME. 

According to one e.-Mbodiment, inter-system change is 
avoided for a WTR.IT when a CS paging or call request that 
triggered a MT CSFB is cancelled. If a CS call request that 
triggers a MT CSFB call is cancelled, the called WTRTJ 
(which is CSF13 capable arid assumed to possibly be in LTE) 
may not be made to perform an inter-system change even if it 
has been. notified of the NIT CSFB procedure. In. order to d.o 
so, the procedure shown in FIG. 9 may be used. 

FIG. 9 is a flow diagram of a procedure 900 for avoiding an 
inter-system change for a WTRIJ when. a CS call request that 
triggered a MT CSF13 is cancelled. In step 905, the MSC/N7L,R. 
decides to abort a MT CSFB call that has been. placed. to a 
WTRIJ. The MSc.:-.."71_,R may make the decision to abort the 
MT CSFB call because it receives a request from the WTRTJ" 
to abort the MT CSFB call. Alternatively, the MSC/V1-12. may 
have started a timer when it sent a paging; message to the 
WTR.I.J to establish the MT CSF13 call, and. may decide to 
abort the MT CSFI3 call when the timer times out before 
receiving a response from the WTRI.J. 

In. step 908, the MSC/N7I._,R determines if a paging proce-
dure to start the CSFB procedure has been triggered. For 
example, it determines if a SGsAP-Paging-Request has been 
sent. If the paging request has not been sent, then in step 915, 
the MSC/V1-12. aborts the paging request (SCasAP-Paging- 
Request) procedure. Otherwise, if the paging procedure has 
been triggered, in step 9:1.0, the MSC-7/VI-I2 sends an abort 
message, (e.g. SGsAP-MT-CS1.213-Cancel) to the MME to 
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request the MME to the cancel the MT CSFB call. The MSC/ 
VI-R. may start a timer after sending this message. 

In step 920, the MME receives the cancellation message 
from the MSC/VI-R. Subsequently, the MME may take cer-
tain actions to abort the inter-system change for the MITRIT 
under consideration_ In step 925, if the "WTR_T_J has already 
sent the ESR (i.e. the MT CSFB has been accepted) but the 
MME has not executed the inter-system change yet, the MME 
may send a Service Reject with a new cause, for example, 
indicating "CS Call Aborted". 

Additionally, the MME may send an abort request to other 
network 'lades such as the SC.i-SN that are possibly part of the 
procedure. In addition., the MME may send an. acknowledge-
ment to the MSC/V1L,R to acknowledge the reception of the 
abort message (e.g. SG-sAP-MT-CSFEI-Cancel) and may also 
include a status IE to indicate the result of the request (e.g. 
"MT CSFE3Cancel Success" or "MT CSFB Cancel Failure"). 

In. step 930, if the WTR.T_J has been. made to perform the 
inter-system change, the MME may not send any further 
messages to the MSC or the W-TRil. By taking no further 
action, the MME, permits the WTRICT to fall back to the other 
RAT. Alternatively, the MME may send an acknowledgement 
to the MSC7/VI-R and indicate that the cancel request is not 
successful. The MSC/V-L,R. may use this indication to take 
further actions, for example, to stop any tinier that has been 
started. 

Upon reception of the Service Reject with cause "CS Call 
Aborted", the WTRI.5 may take any necessary action, (e.g. the 
EMM entity may inform the MM entity about the abortion. of 
the procedure). The WTR.TJ may resume operation. in. LTE. 

If the MME had not yet informed the WTRA.5 about the MT 
CS voice request, then upon the reception of the cancel indi-
cation from the MSC/VLR, the MME, may ignore the initial 
request and not infarm the WTR_T__T about the MT CS call. 
Alternatively, if the MME has requested 1E-I__TTRAN to page 
the WTR1J for CSFB request, the MME may request E-1JT- 
RAN to abort the paging procedure. The E-T__TTRA_N may 
acknowledge the request and inform the MME about a suc-
cessful paging as described above. 

A problem that may occur in. wireless communications 
systems stipportin,D,  CS and. PS sessions, is that there may be 
undefined behavior far MT CSFB in. Connected. Mod-. 

A WTR_I_J in Connected mode may be notified about a MT 
CSFE3request using the CS Service Notification that is sent by 
the MME. The WYR_T__Y may request upper layers' input to 
accept or reject CSFB before responding with an ESR. mes-
sage. The response may be indicated. in the CSFB response IF-
in the 13SR. message in both EMM-IDLE and EMM-CC)N- 
NECTEL) modes. The problem identified with this is that it 
may be possible that a WTRI_T is in connected mode actively 
downloading a file but the user is not necessarily next to the 
VV-TR_T__J_ Thus, if the WTR-TJ 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 from the wraty. 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 CSFE3 response 
information element). Moreover, it is not efficient that the 
ANTTRLY takes a decision on. behalf of the user and accepts the 
Fall since PS I-ICD might not be supported in the target RAT and. 
service disruption may occur_ At the same time, not providing 
any feedback to the 1\41\4E: may prevent other actions from 
being taken, such as the N711.,R. 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 WTR.T.J and M.ME 
behavior is defined for MT CSFE3 in connected made 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 scenario. For example, the 
value may be set to 5 seconds. If the timer expires before 
receiving any response from the -NATTRU (i.e. ESR), the MME 
may send a _message (e.g. over the SGs) to the MSC/V-11,12 to 
indicate that no response was received from the WTRI__T even 
though the MME is in contact with the WTR_T___T. A new rues-
sage may be defined or an existiht=,  message of the SG-s pro-
tocol may be used with a new cause value to clearly identify 
the scenario. The MME may not rel.-Arai-Isla-lit the CS Service 
Notification_ to the WTREJ if a response is riot received. 

The msc7v-L,R may take certain actions when it receives 
such indication from the 1\41\4E. For example, the IVISC/VER_ 
uriay trigger the -User Deter-mil-led 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 idehtification. (w)), the NVTRU may start a 
timer_ If ho user ihtervention is made while the tinier rims, the 
WTR_IJ upon_ expiry of the timer may send an ESR message to 
indicate that no user intervention was received. The WTR_T_T 
may decide to accept or reject the call based on. network or 
riser configurations. If the user accepts or rejects the call, the 
WTR.I_T 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 
the option to accept or reject a call and thus an ESR_ may given. 

.not be sent after that point (and/or the VVTRI__T may send the 
ESR- as explained above without user intervention). However, 
ifthehetwork side considers the MT CSFI3 as uhsuccessful or 
being aborted, the network may ignore or reject any ESR that 
might be received from the VVTRIJ, 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 reject cause to 
indicate that the network has aborted the CSF13 procedure. 
For the case where the WTR_I__T may respond with an ESR_ 
(possibly with new type set to no response as proposed above) 
even. without user intervention, the w-TR:u may not start any 
timer and may consider the procedure to be successfully 
completed and then enter E,MM-RECJISTER -E1-13.NC_R_MAL_, 
state_ 

Alternatively, if the WTR_T_J starts a timer when the CS 
Service Notification is received (as explained above) and the 
timer expires without any response from the -user, the WTR_IJ 
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 enabodimeht s may be applied to 
idle mode if the AATTRI_T is in. idle node, by first irilbrillintD,  the 
user about the call before a decision is made to accept/reject 
the call. If 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 
c oriditi ohs may exist between CS IF l3 and. intra -system 1 IC7. In 
the context of UTE systems, it is possible that there may be an 
occurrence of a CSF13 and an. intra-I-TE FIC._ 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 1013 are flow diagrams of examples of two possible 
scenarios, 1000A and 1000E3, where race conditions may 
occur between CSF13 and intra-I:_,TE Flandover. FIG. :10A. 
shows the scenario where the e_-,N13 is unaware of an ongoing 
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CSFB request, and PIG. 1013 shows the scenario where the 
eNB is aware of an existing CSFB request. 

FIG. 10A describes the case when the eNB is not aware of 
an. cmgoirig CSFI3 request. As is shown in FIG. 10A., the 
WTR_TJ sends an RRC message with a Measurement Report to 
the Source eNB, 1002. Based on the RRC message, the 
Source eNB makes a HO decision, 1004, and sends a (X2AP) 
HO Request to the 'Target eNB, 1006_ After performing 
admission. control, 1008, the Target eNB sends a (X2AP) HO 
ACK. to the Source eNB, 1010_ Before the WTRIT receives an. 
RRC HO Command from the Source eNB, 1014, to perform 
a HO to another eNB (intra-LTE handover), the WTRIT sends 
an. ESR message to the M1\4E, 1012, in. order to perform 
CSF13. 'This creates a race condition. between. the CSFB 
request and the intra-LTE handover. 

The ESR triggers a WI-1W Context Modification Request 
message, (with the CSFB indicator), 1016, from the MME to 
the source eNB, which in turn initiates a LTE Context Modi-
fication Failure message from the Source eNB to the MME, 
1018_ At that point, the source eNB may not be able to initiate 
an. inter-system change, (possibly with PS handover), as the 
WT1211 is no longer under its control. Even. though this prob-
lem. is explained with the assumption_ of X2-based HO, it is 
possible that the problem occurs with the Si -based HO, or 
any other type of HO. 

The Source eNB 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 eNB. 
The -VV-TR.TJ sends an. RRC HO Complete message to the 
Target eNB, 1024, once the HO is complete. The Target eNB 
sends a Path Switch Request to the MME, 1026, which 
informs the MME of the completion of the intra-HO, and the 
MME informs the Source eNB by sending an.ITP End Mark-
ers Packets messages, 1028. The Source eNB stops data for-
warding to the WTRIJ, 1030_ The MME responds to the 
Target eNB with a Path Switch Request ACK., 1032, and the 
Target eNB sends a Context release message, 1034, to the 
Source eNB. 

FIG_ 1013 shows-  a similar problem occurring when the eNB 
is aware that there is an ongoing CSFB request for a given 
WTRI.J. The WTRTJ sends an ESR message to the MME, 
1040, in order to perform CSFI3. The ESR triggers a WTRIJ 
Context Modification Request message with the CSFB indi-
cator, 1042, from the MME to the Source eNB, which in. turn 
initiates a LIE Context Modification Response message from 
the Source eNB to the MME, 1044. The Source eNB sends a 
configuration message, 1046, to the W7TRIJ that configures 
the WT RU for inter-RAT measurements. The WTRIT 
responds to the Source eNl3 with an RRC LTE Measurement 
Report, 1048, and an RRC T-R.A7r Measurement Report, 
1050_ 

The Source eNB makes an Intra-L,--rE HO 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 AC.71‹, 1058. 
The Source eNB sends a HO Command to the WTRI_J, 1060, 
and the WTR.T_T sends an RRC'- .110 Complete message to the. 
Target eNB, 1062_ The Target eNB sends a Path Switch 
Request to the MME, 1064, which . informs the MME of the 
completion of the intra -HO, and the MME informs the Source 
eNB by sending an UP End -Markers Packets messages, 1066_ 
The Source eNB stops data forwarding to the WTRAJ, 1068_ 
The MME responds to the Targ,et eNB with a Path Switch 
Request A.C.T.!1‹, 1070, and the Target eNB sends a Context 
release message, 1072, to the Source eNB_ 

in the scenario shown in PIG_ 1013, the Source eNB, even 
though it is aware that there is an ongoing CSFB request for 
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the WTREJ (because it has received the WTRTJ Context Madi - 
ficatian Request with the csr-13.  indicator and has responded 
with a WTRIJ Context Modification Response), may decide 
to perform intra-I-TE handover based on the measurement 
event and reports, 1048 and 1050, from the WTRTJ_ If this did 
not happen, the Source &NIB would. have sent the Handover 
Required message to the MME in order to start the inter-
system change to l_TTRANI.  

In the scenario shown in FIG_ 10E3, the CSFE3 cannot be 
continued by the Source e/NTE3, and the MME is not informed 
about it_ The MME becomes informed about the completion 
of the intra-HC) with the Path Switch Request message from 
the target e/NT13, 1064, which is transmitted to the MME from 
the Target elVT3 after the handover is complete. 

The following embodiments address the problem of race 
conditions between CSFE3 and an b.-Ara-system HC). The 
embodiments apply to both X2-basedIFIC3s, Sl-basedH(Ds, or 
any other HC) scenarios_ Moreover, they also apply to the case 
when. the source eNI-E3 is either aware or not aware of any 
ongoing request for CSFE3. 

In one embodiment, the source er•TI3 may include an indi-
cation to the Target eN-13 about the CSFEirequest for a WTRTJ 
that is ongoing in. the source cell. The effect of this is equiva-
lent to the target el"%.1.E3 receiving the WTRTJ Context Modifi-
cation request from the MME. The Target &NTH may start the 
necessary CSF13-related procedure and solicit the WTRIJ 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 eINTE3 may be included in 
the ST•T Status Transfer, 1020, and may be included in both 
S1AP or X2AP messages. The Source.  e1•413 may include any 
measurement report it might have collected from a WTRI__/ in 
the messaging sent to the Target eN.13, such as in the Handover 
Request message, 1006. The Target eNE3 may use these mea-
surements without configuring the WTR_T_T again for inter- 
RAT measurements. 	 . 

In another embodiment, the MME may include the CSFE3 
indicator in the Path Switch Request ACK that is sent from the 
MME to the Target elV-13. For example, referring back to 
FIGS. 10A and 1013, the CSF13 indicator may be included in 
the Path Switch Request ACK, 1032 and 1070, respectively. 
As such, the Target eiNTI3 may directly start any C7SF13 related 
procedures, such as configuring the WTR_T__T for inter-RAT 
measurerxi-ents or sending the Handover Required message to 
the MME. 

According to another embodiment, the Source eNT3 may 
infarrn the MME when. it decides to perfarril, or when it 
actually performs, intra-system (intra-LTE) handover, given. 
there is signaling already started for a CSFE3 request after the 
Source eNTE3 sends the WTR_T_J a Context Modification 
Response message. The Source eNE3 may inform the 1VIi\-4E, 
far example, using an. S 1 -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 el•113. The MME may inform other nodes, 
such as the SC:1W or PE_MsT GW, to buffer the packets until the 
intra-IITE or CSF13 handover is completed_ 

The following embodiments describe MME-eNT3 interac-
tions in order to realize CSFE3_ 

In one embodiment, the MME may send a WTRTJ Context 
Modification request, (e.g. an SLAP message), or any other 
message with- the purpose of providing information for per-
forming CSF'13 for a specific WTRTJ. With this "CSFE3 infor-
mation" message, the MME may inform the er•Tl3 cc-,m_muni-
catin,  with the WTRTJ how the CSFI3 may be performed, 
which may be accomplished via PS HC), network assisted cell 
change order, cell change order, or via RIZ.C. connection 
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release with redirection information. The MME may inform 
the el`sTI3 communicating with the WTRTJ whether at least one 
SIB of potential CS cells may be provided to the WTRTJ, 
and/or how the CSFB may be performed with the inclusion of 
new IE,s in the message sent to the eNT13. 

-Upon receiving the CSFB information message, the el`NI13 
may execute the CSFB according to the information from the 
MME. Thus, -for CSF13 for emergency calls, the MME, may 
inform the e-INTE3 in the CSFB  information message that the 
CSFB is of high priority, and perform the CI7SF13 via one ofthe 
signaled methods. Referring back to FIGS. 10A. arid 1013, the 
CSFB information from the MME to the eNTI3 may be 
included in the WTRIJ Context Modification Request mes-
sage, 1016 and 1042, respectively, or in any other message 
from the MME to the eNT13. 

Alternatively, in another embodiment, if no new IE may be 
included in the WTRTJ Context Modification Request mes-
sage, the high priority value of the C.:SFr-3 indicator IE in the 
w-rR_IJ 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 WTRTJ. Thus, when the CSFB indi-
cator IE is set to "CSFB required" by the MME, the eNT1B may 
perform CSFB with PS HO. Otherwise, a value of `CSF13 
hi<.-h priority' may cause the el'NTE3 to perform CSFB via R_RC 
connection release, (or network assisted cell change, or cell 
change order), and may be used. with SIBS provision to the 
WTRTJ. 

If the MME, receives a request from the WTRTJ or the 
MSC/VER to cancel an ongoing CSFB procedure, there may 
be options by the MME to abort the CSFB procedure. If the 
MME received a han.dover request message from the elsNT1B, 
(which started a guard timer for this files sa t=,e), the MME may 
not send a response message (i.e. HO command) to the &NB. 
Thus, the tinier at the eN-E3 may ultimately expire and thereby 
the eNB may not autonomously decide to continue with the 
CSFB procedure. 

Alternatively, the MME may send an explicit message to 
the el-413 to inform it to abort the CSF13 procedure. This may 
be done with an existing message such as WTRTJ 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 ofthe request to cancel the CSFB 
procedure. Thus, the els-TB when it receives this message may 
abort the CSFB procedure. The eT•413 may be configured to 
perform CSF13 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 MME. 

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 medium -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 
to, a read only 13.1 emory (BONS), a random access memory 
(RAM), a register, cache memory, semiconductor memory 
devices, magnetic media such as internal hard disks and 
removable disks, macYueto-optical media, and optical media 
such as cr_)-Rc-)N4 disks, and digital versatile disks (11W-1-)s). A 
processor in association_ with software may be used to i.mple- 
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mein a radio frequency transceiver 
terminal, base station, RNC, or any 

fbr use in a WTRU, 
host computer. 

UE, 
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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 (WTRU), the method comprising: 

deciding to abort a mobile terminating (MT) circuit 
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 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 MT 
CSFB call is based on receiving a request to abort the MT 
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 MT 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 
SO-sAP-Paging-Request message. 

5. 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 (VLR) 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 
(MT) 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 VLR of claim 6, further comprising: 
circuitry configured to decide to abort the MT CSFB call 

based on receiving a request to abort the MT CSFB 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 GSM call is 
sent, and circuitry 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 claim 6 wherein the paging request is an 
SGsAP-Paging-Request message. 

10. The VLR of claim. 6 wherein on a condition that the 
paging request has not been sent, the VLR further comprises 
circuitry configured to abort the MT CSFB 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, further comprising: 
sending no further messages pertaining to the 1\4T CSFB 

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 (1E) indicating a result 
of the MT CSFE3 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, further 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 (MT) circuit switched fall-
back (CSFB) call to the WTRU; 

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 (1E) 
indicating a result of the MT CSFB call being canceled. 

19. The MME 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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