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Description

BACKGROUND

Field

[0001] The present disclosure relates generally to
communication and, more specifically, to techniques for
supporting Circuit Switched Fallback (CSFB) in Long
Term Evolution (LTE) network.

Background

[0002] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broad-
casts. Typical wireless communication systems may em-
ploy multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources (e.g., bandwidth, transmit power). Ex-
amples of such multiple-access technologies include
code division multiple access (CDMA) systems, time di-
vision multiple access (TDMA) systems, frequency divi-
sion multiple access (FDMA) systems, orthogonal fre-
quency division multiple access (OFDMA) systems, sin-
gle-carrier frequency divisional multiple access (SC-FD-
MA) systems, time division synchronous code division
multiple access (TD-SCDMA) systems, and worldwide
interoperability for microwave access (WiMAX).
[0003] For wireless communication systems, these
multiple-access technologies have been adopted in var-
ious telecommunication standards to provide a common
protocol that enables different wireless devices to com-
municate on a municipal, national, regional, and even
global level. An example of an emerging telecommuni-
cation standard is Long Term Evolution (LTE). LTE pro-
vides a set of enhancements to the Universal Mobile Tel-
ecommunications System (UMTS) mobile standard
promulgated by Third Generation Partnership Project
(3GPP). LTE is designed to better support mobile broad-
band Internet access by improving spectral efficiency,
lower costs, improve services, make use of new spec-
trum, and better integrate with other open standards uti-
lizing OFDMA on the downlink (DL), SC-FDMA on the
uplink (UL), and multiple-input multiple-output (MIMO)
antenna technology. However, as the demand for mobile
broadband access continues to increase, there exists a
need for further improvements in LTE technology. Pref-
erably, these improvements should be applicable to other
multi-access technologies and the telecommunication
standards that employ these technologies.
[0004] Document 3GPP TSG SA WG2, "MT CSFB
roaming retry potential issue", TD S2-102407, SA WG2
Meeting #79, 10 - 14 May, 2010, Kyoto, Japan describes
a potential issue with roaming retry causing additional
signalling and leading to missing MT calls, when the UE
is registered on a MSC1/LAI-1, and the eNB decides to
send the UE to a target cell that is associated to a different

LA which also belongs to another MSC (MSC2/LAI-2).
This scenario results in a roaming retry procedure, where
it is possible that the UE will begin reselection to LTE and
miss a 3G page.
[0005] Document 3GPP TSG-RAN WG5 "GCF Priority
3 - Addition of new multi-layer test case 13.1.3",
R5-101169, TSG-RAN WG5 Meeting #46, San Francis-
co, USA, 22 - 26 Feb 2010 is a change request to 3GPP
TS 36.523-1 to add new multi-layer test case 13.1.3 call
setup from E-UTRAN RRC_CONNECTED / CS fallback
to UTRAN with redirection / MT call.
[0006] Document 3GPP TSG SA WG2, "Correction to
the roaming retry in CSFB for MT call", TD S2-102186,
SA WG2 Meeting #79, 10 - 14 May, 2010, Kyoto, Japan
provides a change request to TS 23.272 to set the ’follow-
on request’ flag in the LA procedure in section 7.3, step
4a and section 7.4, step 6d so that the MSC does not
release the Iu/A connection after the LAU procedure
completion, and to clarify in section 7.5 that the LA update
request from the UE will have a ’follow-on request’ flag
ON.
[0007] Document 3GPP TSG CT WG1, "RAU trigger
during CSFB with redirection", TD C1-093526, CT WG1
Meeting #60, 24-28 August 2009, Sevilla, Spain provides
a change request to add a trigger for the RAU and the
combined RAU procedures due to CSFB to UTRAN with-
out handover.

SUMMARY

[0008] The invention is defined in the independent
claims. In accordance with an aspect of the disclosure,
a method for wireless communication comprises deter-
mining that a device is switching from a first cell and a
first location to a second cell and a second location to
implement a mobile terminated circuit switched fallback
process, generating a routing area update message in-
cluding a flag indicating a pending data packet for com-
munication, and transmitting the generated routing area
update message.
[0009] In accordance with an aspect of the disclosure,
an apparatus for wireless communication comprises a
processing system configured to determine that a device
is switching from a first cell and a first location to a second
cell and a second location to implement a mobile termi-
nated circuit switched fallback process, generate a rout-
ing area update message including a flag indicating a
pending data packet for communication, and transmit the
generated routing area update message.
[0010] In accordance with an aspect of the disclosure,
an apparatus for wireless communication comprises
means for determining that a device is switching from a
first cell and a first location to a second cell and a second
location to implement a mobile terminated circuit
switched fallback process, means for generating a rout-
ing area update message including a flag indicating a
pending data packet for communication, and means for
transmitting the generated routing area update message.
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[0011] In accordance with an aspect of the disclosure,
a computer program product comprises a computer-
readable medium comprising code executable to cause
an apparatus to determine that a device is switching from
a first cell and a first location to a second cell and a second
location to implement a mobile terminated circuit
switched fallback process, generate a routing area up-
date message including a flag indicating a pending data
packet for communication, and transmit the generated
routing area update message.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The disclosed aspects will hereinafter be de-
scribed in conjunction with the appended drawings, pro-
vided to illustrate and not to limit the disclosed aspects,
wherein like designations denote like elements.

FIG. 1 shows a diagram illustrating a wireless com-
munication network, in accordance with aspects of
the disclosure.
FIG. 2 shows a diagram illustrating an access net-
work, in accordance with aspects of the disclosure.
FIG. 3 shows a diagram illustrating an embodiment
of a multiple access wireless communication sys-
tem, in accordance with aspects of the disclosure.
FIG. 4A is a diagram illustrating an example of a
frame structure for use in an access network, in ac-
cordance with aspects of the disclosure.
FIG. 4B shows an exemplary format for an uplink
(UL) in a Long Term Evolution (LTE) network, in ac-
cordance with aspects of the disclosure.
FIG. 4C is a diagram illustrating an example of a
radio protocol architecture for the user and control
plane, in accordance with aspects of the disclosure.
FIG. 5 shows a diagram illustrating a process flow
of a communication network, in accordance with as-
pects of the disclosure.
FIG. 6A and 6B show diagrams illustrating various
call flows of a communication network, in accord-
ance with aspects of the disclosure.
FIG. 7 shows a diagram illustrating an example ar-
chitecture of a wireless communication device, in ac-
cordance with aspects of the disclosure.
FIG. 8 is a diagram illustrating an embodiment of a
process flow for a method of improving reliability of
Circuit Switched Fallback (CSFB) in a wireless com-
munication system, in accordance with aspects of
the disclosure.
FIG. 9 is a diagram illustrating an embodiment of
functionality of an apparatus configured to facilitate
wireless communication, in accordance with aspects
of the disclosure.

DETAILED DESCRIPTION

[0013] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-

scription of various configurations and is not intended to
represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well known structures and compo-
nents are shown in block diagram form in order to avoid
obscuring such concepts.
[0014] Several aspects of telecommunication systems
will now be presented with reference to various apparatus
and methods. These apparatus and methods will be de-
scribed in the following detailed description and illustrat-
ed in the accompanying drawing by various blocks, mod-
ules, components, circuits, steps, processes, algorithms,
etc. (collectively referred to as "elements"). These ele-
ments may be implemented utilizing electronic hardware,
computer software, or any combination thereof. Whether
such elements are implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system.
[0015] By way of example, an element, or any portion
of an element, or any combination of elements may be
implemented with a "processing system" that includes
one or more processors. Examples of processors include
microprocessors, microcontrollers, digital signal proces-
sors (DSPs), field programmable gate arrays (FPGAs),
programmable logic devices (PLDs), state machines,
gated logic, discrete hardware circuits, and other suitable
hardware configured to perform the various functionality
described throughout this disclosure. One or more proc-
essors in the processing system may execute software.
Software shall be construed broadly to mean instructions,
instruction sets, code, code segments, program code,
programs, subprograms, software modules, applica-
tions, software applications, software packages, rou-
tines, subroutines, objects, executables, threads of exe-
cution, procedures, functions, etc., whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise. The software may
reside on a computer-readable medium. The computer-
readable medium may be a non-transitory computer-
readable medium. A non-transitory computer-readable
medium include, by way of example, a magnetic storage
device (e.g., hard disk, floppy disk, magnetic strip), an
optical disk (e.g., compact disk (CD), digital versatile disk
(DVD)), a smart card, a flash memory device (e.g., card,
stick, key drive), random access memory (RAM), read
only memory (ROM), programmable ROM (PROM),
erasable PROM (EPROM), electrically erasable PROM
(EEPROM), a register, a removable disk, and any other
suitable medium for storing software and/or instructions
that may be accessed and read by a computer. The com-
puter-readable medium may be resident in the process-
ing system, external to the processing system, or distrib-
uted across multiple entities including the processing
system. The computer-readable medium may be embod-
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ied in a computer-program product. By way of example,
a computer-program product may include a computer-
readable medium in packaging materials. Those skilled
in the art will recognize how best to implement the de-
scribed functionality presented throughout this disclo-
sure depending on the particular application and the
overall design constraints imposed on the overall system.
[0016] The techniques described herein may be uti-
lized for various wireless communication networks such
as Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access (TDMA) networks, Fre-
quency Division Multiple Access (FDMA) networks, Or-
thogonal FDMA (OFDMA) networks, Single-Carrier FD-
MA (SC-FDMA) networks, etc. The terms "networks" and
"systems" are often utilized interchangeably. A CDMA
network may implement a radio technology such as Uni-
versal Terrestrial Radio Access (UTRA), CDMA2000,
etc. UTRA includes Wideband-CDMA (W-CDMA) and
Low Chip Rate (LCR). CDMA2000 covers IS-2000, IS-
95 and IS-856 standards. A TDMA network may imple-
ment a radio technology such as Global System for Mo-
bile Communications (GSM). An OFDMA network may
implement a radio technology such as Evolved UTRA (E-
UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, Flash-
OFDM®, etc. UTRA, E-UTRA, and GSM are part of Uni-
versal Mobile Telecommunication System (UMTS). Long
Term Evolution (LTE) is an upcoming release of UMTS
that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS, and
LTE are described in documents from an organization
named "3rd Generation Partnership Project" (3GPP).
CDMA2000 is described in documents from an organi-
zation named "3rd Generation Partnership Project 2"
(3GPP2). These various radio technologies and stand-
ards are known in the art. For clarity, certain aspects of
the techniques are described below for LTE, and LTE
terminology is utilized in much of the description below.
[0017] Single carrier frequency division multiple ac-
cess (SC-FDMA), which utilizes single carrier modulation
and frequency domain equalization is a technique. SC-
FDMA has similar performance and essentially the same
overall complexity as those of OFDMA system. SC-FD-
MA signal has lower peak-to-average power ratio (PAPR)
because of its inherent single carrier structure. SC-FDMA
has drawn great attention, especially in the uplink com-
munications where lower PAPR greatly benefits the mo-
bile terminal in terms of transmit power efficiency. It is
currently a working assumption for uplink multiple access
scheme in 3GPP Long Term Evolution (LTE), or Evolved
UTRA.
[0018] In an aspect of the disclosure, a wireless mul-
tiple-access communication system is configured to si-
multaneously support communication for multiple wire-
less terminals. Each terminal communicates with one or
more base stations via transmissions on the forward and
reverse links. The forward link or DL refers to the com-
munication link from the base stations to the terminals,
and the reverse link or UL refers to the communication
link from the terminals to the base stations. This commu-

nication link may be established via a single-in-single-
out, multiple-in-single-out, or a multiple-in-multiple-out
(MIMO) system.
[0019] A MIMO system employs multiple (NT) transmit
antennas and multiple (NR) receive antennas for data
transmission. A MIMO channel formed by the NT transmit
and NR receive antennas may be decomposed into NS
independent channels, which are also referred to as spa-
tial channels, where NS ≤ min{NT, NR}. Each of the NS
independent channels corresponds to a dimension. The
MIMO system may provide improved performance (e.g.,
higher throughput and/or greater reliability) if the addi-
tional dimensionalities created by the multiple transmit
and receive antennas are utilized.
[0020] A MIMO system supports a time division duplex
(TDD) and frequency division duplex (FDD) systems. In
a TDD system, the forward and reverse link transmis-
sions are on the same frequency region so that the rec-
iprocity principle allows the estimation of the forward link
channel from the reverse link channel. This enables the
access point to extract transmit beamforming gain on the
forward link when multiple antennas are available at the
access point.
[0021] As provided herein, aspects of the disclosure
are directed to improving reliability of Mobile Terminated
(MT) Circuit Switched Fallback (CSFB) calls by ensuring
that User Equipment (UE) receives pages for MT in sce-
narios where CSFB procedures encounter Location Are
(LA) change.
[0022] In an aspect of the disclosure, a wireless com-
munication system may include UE that may be associ-
ated with a first network and may access additional and/or
different resources from a second network. For example,
a UE may be camped on an LTE cell and may access
voice calls through a CS based cell. Where the CS based
cell is associated with a Mobile Switching Centre (MSC)
other than an MSC associated with the LTE cell, then
additional procedures may be used to assure paging
communications reach the UE. The MSCs may be phys-
ically at the same location (e.g., same switching office),
but the MSCs may provide coverage to different geo-
graphical areas. These areas may be referenced to Lo-
cation Areas (LAs).
[0023] In an example, a CSFB UE may receive a page
for an MT CSFB call while on Evolved UMTS Terrestrial
Radio Access Network (E-UTRAN). The UE may then
be moved to UTRAN or GERAN to perform MT call setup.
However, if the UE finds that the target UTRAN/GERAN
cell is being served by a different Mobile Switching Centre
(MSC) than the one that initially paged the UE, then there
is a risk that the UE may lose the page. In some instances,
the MT call may be lost. To improve reliability, aspects
of the disclosure enable the UE to assist the
UTRAN/GERAN network in ensuring that the UE is re-
paged for the MT call.
[0024] FIG. 1 is a diagram illustrating a wireless net-
work architecture 100 employing various apparatuses.
The network architecture 100 may include an Evolved
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Packet System (EPS) 101. The EPS 101 may include
one or more UE 102, an Evolved UMTS Terrestrial Radio
Access Network (E-UTRAN) 104, an Evolved Packet
Core (EPC) 110, a Home Subscriber Server (HSS) 120,
and an Operator’s IP Services 122. The EPS may inter-
connect with other access networks, such as a packet
switched core (PS core) 128, a circuit switched core (CS
core) 134, etc. As shown, the EPS provides packet-
switched services, however, as those skilled in the art
will readily appreciate, the various concepts presented
throughout this disclosure may be extended to networks
providing circuit-switched services, such as the network
associated with CS core 134.
[0025] The network architecture 100 may further in-
clude a packet switched network 103 and a circuit
switched network 105. In an implementation, the packet
switched network 103 may include base station 108,
base station controller 124, Serving GPRS Support Node
(SGSN) 126, PS core 128 and Combined GPRS Service
Node (CGSN) 130. In another implementation, the circuit
switched network 105 may include base station 108,
base station controller 124, MSC, Visitor location register
(VLR) 132, CS core 134 and Gateway Mobile Switching
Centre (GMSC) 136.
[0026] The E-UTRAN 104 may include an evolved
Node B (eNB) 106 and connection to other networks,
such as packet and circuit switched networks may be
facilitated through base station 108. The eNB 106 pro-
vides user and control plane protocol terminations toward
the UE 102. The eNB 106 may be connected to the other
eNBs 108 via an X2 interface (i.e., backhaul). The eNB
106 may also be referred to by those skilled in the art as
a base station, a base transceiver station, a radio base
station, a radio transceiver, a transceiver function, a basic
service set (BSS), an extended service set (ESS), or
some other suitable terminology. The eNB 106 provides
an access point to the EPC 110 for a UE 102. Examples
of UEs 102 include a cellular phone, a smart phone, a
session initiation protocol (SIP) phone, a laptop, a per-
sonal digital assistant (PDA), a satellite radio, a global
positioning system, a multimedia device, a video device,
a digital audio player (e.g., MP3 player), a camera, a
game console, or any other similar functioning device.
The UE 102 may also be referred to by those skilled in
the art as a mobile station, a subscriber station, a mobile
unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communi-
cation device, a remote device, a mobile subscriber sta-
tion, an access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a user agent, a
mobile client, a client, or some other suitable terminology.
[0027] The eNB 106 is connected by an S1 interface
to the EPC 110. The EPC 110 includes a Mobility Man-
agement Entity (MME) 112, other MMEs 114, a Serving
Gateway 116, and a Packet Data Network (PDN) Gate-
way 118. The MME 112 is the control node that processes
the signaling between the UE 102 and the EPC 110. Gen-
erally, the MME 112 provides bearer and connection

management. All user IP packets are transferred through
the Serving Gateway 116, which itself is connected to
the PDN Gateway 118. The PDN Gateway 118 provides
UE IP address allocation as well as other functions. The
PDN Gateway 118 is connected to the Operator’s IP
Services 122. The Operator’s IP Services 122 include
the Internet, the Intranet, an IP Multimedia Subsystem
(IMS), and a PS Streaming Service (PSS).
[0028] In an aspect of the disclosure, the wireless sys-
tem 100 may be enabled to facilitate CS fallback (CSFB).
As used herein, CSFB may refer to establishing a sign-
aling channel between a circuit switched MSC 132 and
the LTE core network 110 to allow for services, such as
voice calls, short message service (SMS), etc. In such
an aspect, CSFB may be enabled when a UE 102 is
associated with EPS 101 (e.g., camped on the LTE net-
work 101) and registered to receive pages for mobile
terminated (MT) calls on the LTE network 101. In oper-
ation, the UE 102 may receive a page on the LTE network
101. Thereafter, the UE 102 may be transitioned by the
LTE network 101 to a CS based cell 108 (e.g., a UTRAN
cell, GERAN cell, etc.) to perform CS call setup. In an
implementation, CS call setup may be performed using
a page response message. As implemented through a
LTE network 101, CSFB may be different from legacy
CS call set up on native CS based cells 108 (e.g.,
UTRAN/GERAN) in that the UE 102 may receive a page
for an MT call on one cell and may respond to the page
on another cell.
[0029] Generally, while camped on the LTE network
101, a CSFB capable UE 102 may be attached to a 3GPP
MSC 132. This 3GPP MSC 132 may serve a first location
area, e.g. LA1. As noted above, MT CSFB call processing
may involve the UE being moved from LTE network 101,
where a page was received, to CS based cell 108 (e.g.,
a UTRAN cell, GERAN cell, etc.) where a page response
may be sent.
[0030] In an aspect of the disclosure, in certain network
border regions, it may be possible that the UE 102 is
moved from LTE cell 101 to a CS based cell 108 being
serviced by a different MSC (e.g., MSC2) than the one
that the UE was connected to over LTE. Therefore the
UE’s location area may change to LA2. In such an aspect,
a page response sent by the UE 102 in LA2 will not be
properly processed by the new MSC, e.g. MSC2, for a
page received in LA1. In other words, in the scenario
where a UE camped on the LTE cell 101, and associated
with a first MSC, e.g. MSC1, receives a page for an MT
call, and then the UE experiences a mobility event, e.g.
moving to a new cell supported by a new MSC, e.g.
MSC2, prior to being able to respond to the page, then
a page response sent by the UE to MSC2 will not be
properly processed because MSC2 has no knowledge
of the page. In an implementation, for an MT call to be
processed successfully, the UE 102 may be paged again
on LA2 by MSC2. This paging from MSC2 may be
achieved through a Roaming Retry procedure, wherein
UE 102 may perform location updating on MSC2 to LA2
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that results in MSC2 informing the GMSC 136 of the ad-
mission of the UE 102 in LA2. GMSC 136 may then cancel
paging at MSC1 and request MSC2 to page the UE 102.
[0031] Additionally or in the alternative, when the UE
102 performs a location updating procedure on LA2, the
MSC2 may not be aware that the UE 102 has moved to
LA2 as a result of a page received from MSC1. So MSC2
may perform a location updating procedure and instruct
the radio access network (RAN) network 105 (e.g., CS
network) to release the connection. The CS network 105
may release the connection since the UE 102 is a CSFB
UE that is LTE capable, so the CS network 105 may have
implemented reselection or redirection policies that sim-
ply redirect the UE to LTE 101 as soon as MSC2 requests
a connection release. If this happens, the UE 102 may
be transferred back to the MSC1 E-UTRAN (in LA1) and
the page that was originally received may be lost. As
such, for the Roaming Retry procedure to result in paging
the UE 102 again on LA2, the MSC2 may ensure that
the UE 102 is not inadvertently returned to LTE. In other
words, MSC2 may not request the CS based network
105 to release the connection to the UE after completing
the location updating procedure. Instead MSC2 may al-
low the connection to be maintained so that the UE 102
may be available when a page arrives. Note, in such an
aspect, the MSC2 may not be aware at the time of location
updating that the UE 102 has a pending page in LA1,
which might get re-routed to LA2. Further note, in such
an aspect, the UE 102 may not use a "Follow-on Request"
flag in the Locating update request message, because
the Follow-on Request flag may improperly indicate to
MSC2 that the UE 102 is about to originate a mobile
originated (MO) call, and as such, the MSC2 might for-
ward any incoming pages to voice mail, or might even
indicate a "busy tone" to the calling party, any of which
would result in the MT page being lost. Further discussion
of processes that allow the UE 102 to receive a page at
a second MSC (e.g., MSC2) are provided with reference
to FIGS. 5, 6A, and 6B.
[0032] FIG. 2 is a diagram illustrating an example of
an access network in an LTE network architecture. In this
example, the access network 200 is divided into a number
of cellular regions (cells) 202. One or more lower power
class eNBs 208, 212 may have cellular regions 210, 214,
respectively, that overlap with one or more of the cells
202. The lower power class eNBs 208, 212 may be femto
cells (e.g., home eNBs (HeNBs)), pico cells, or micro
cells. A higher power class or macro eNB 204 is assigned
to a cell 202 and is configured to provide an access point
to the EPC 110 for all the UEs 206 in the cell 202. There
is no centralized controller in this example of an access
network 200, but a centralized controller may be used in
alternative configurations. The eNB 204 is responsible
for all radio related functions including radio bearer con-
trol, admission control, mobility control, scheduling, se-
curity, and connectivity to the serving gateway 216 (e.g.,
see FIG. 1).
[0033] The modulation and multiple access scheme

employed by the access network 200 may vary depend-
ing on the particular telecommunications standard being
deployed. In LTE applications, OFDM is used on the DL
and SC-FDMA is used on the UL to support both frequen-
cy division duplexing (FDD) and time division duplexing
(TDD). As those skilled in the art will readily appreciate
from the detailed description to follow, the various con-
cepts presented herein are well suited for LTE applica-
tions. However, these concepts may be readily extended
to other telecommunication standards employing other
modulation and multiple access techniques. By way of
example, these concepts may be extended to Evolution-
Data Optimized (EV-DO) or Ultra Mobile Broadband
(UMB). EV-DO and UMB are air interface standards
promulgated by the 2rd Generation Partnership Project
2 (3GPP2) as part of the CDMA2000 family of standards
and employs CDMA to provide broadband Internet ac-
cess to mobile stations. These concepts may also be
extended to Universal Terrestrial Radio Access (UTRA)
employing Wideband-CDMA (W-CDMA) and other vari-
ants of CDMA, such as TD-SCDMA; Global System for
Mobile Communications (GSM) employing TDMA; and
Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, and Flash-OFDM employing OFDMA.
UTRA, E-UTRA, UMTS, LTE and GSM are described in
documents from the 3GPP organization. CDMA2000 and
UMB are described in documents from the 3GPP2 or-
ganization. The actual wireless communication standard
and the multiple access technology employed will de-
pend on the specific application and the overall design
constraints imposed on the system.
[0034] The eNB 204 may have multiple antennas sup-
porting MIMO technology. The use of MIMO technology
enables the eNB 204 to exploit the spatial domain to sup-
port spatial multiplexing, beamforming, and transmit di-
versity.
[0035] Spatial multiplexing may be used to transmit dif-
ferent streams of data simultaneously on the same fre-
quency. The data steams may be transmitted to a single
UE 206 to increase the data rate or to multiple UEs 206
to increase the overall system capacity. This is achieved
by spatially precoding each data stream and then trans-
mitting each spatially precoded stream through a differ-
ent transmit antenna on the downlink. The spatially pre-
coded data streams arrive at the UE(s) 206 with different
spatial signatures, which enables each of the UE(s) 226
to recover the one or more data streams destined for that
UE 206. On the uplink, each UE 206 transmits a spatially
precoded data stream, which enables the eNB 204 to
identify the source of each spatially precoded data
stream.
[0036] Spatial multiplexing is generally used when
channel conditions are good. When channel conditions
are less favorable, beamforming may be used to focus
the transmission energy in one or more directions. This
may be achieved by spatially precoding the data for trans-
mission through multiple antennas. To achieve good cov-
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erage at the edges of the cell, a single stream beamform-
ing transmission may be used in combination with trans-
mit diversity.
[0037] FIG. 3 shows a diagram illustrating an embod-
iment of a multiple access wireless communication sys-
tem, in accordance with aspects of the disclosure. In an
implementation, an access point (AP) 300 includes one
or more antenna groups, for example, one including 304
and 306, another including 308 and 310, and an addi-
tional including 312 and 314. In FIG. 3, only two antennas
are shown for each antenna group; however, more or
fewer antennas may be utilized for each antenna group.
The access terminal 316 (AT) is in communication with
the antennas 312 and 314, where the antennas 312 and
314 transmit information to the access terminal 316 over
the forward link or downlink (DL) 320 and receive infor-
mation from the access terminal 316 over the reverse
link or uplink (UL) 318. The access terminal 322 is in
communication with the antennas 306 and 308, where
the antennas 306 and 308 transmit information to the
access terminal 322 over the forward link or DL 326 and
receive information from the access terminal 322 over
the reverse link or UL 324.
[0038] In an aspect of the disclosure, in a frequency
division duplexing (FDD) system, the communication
links 318, 320, 324 and 326 may use different frequency
for communication. For example, the forward link or DL
320 may use a different frequency then that utilized by
the reverse link or UL 318.
[0039] In an aspect of the disclosure, each group of
antennas and/or the area in which they are designed to
communicate may be referred to as a sector of the access
point. In an example, each antenna group may be de-
signed to communicate to access the terminals in a sector
of the areas covered by the access point 300.
[0040] When communicating over the forward links or
DLs 320, 326, the transmitting antennas of the access
point 300 utilize beamforming to improve a signal-to-
noise ratio of the forward links or downlinks 320, 326 for
the different access terminals 316 and 324, respectively.
Also, an access point utilizing beamforming to transmit
to access terminals scattered randomly through its cov-
erage causes less interference to access terminals in
neighboring cells than an access point transmitting
through a single antenna to all its access terminals.
[0041] In accordance with aspects of the disclosure,
an access point may comprise a fixed station utilized for
communicating with the terminals and may be referred
to as an access point (AP), a Node B (NB), evolved Node
B (eNB), or some other terminology. An access terminal
may be referred to as an access terminal (AT), user
equipment (UE), a wireless communication device, ter-
minal, or some other terminology. Moreover, an access
point may be a macrocell access point, femtocell access
point, picocell access point, and/or the like.
[0042] In various embodiments, as described herein,
one or more segments or one or more extension carriers
may be linked to a regular carrier resulting in a composite

bandwidth over which the UE may transmit information
to, and/or receive information from, the eNB.
[0043] In the description that follows, various aspects
of an access network will be described with reference to
a MIMO system supporting OFDM on downlink (DL) and
SC-FDMA on uplink (UL). OFDM is a spread-spectrum
technique that modulates data over a number of subcar-
riers within an OFDM symbol. The subcarriers are
spaced apart at precise frequencies. The spacing pro-
vides "orthogonality" that enables a receiver to recover
data from subcarriers. In the time domain, a guard interval
(e.g., cyclic prefix) may be added to each OFDM symbol
to combat inter-OFDM-symbol interference. The uplink
may use SC-FDMA in the form of a DFT-spread OFDM
signal to compensate for high peak-to-average power
ratio (PARR).
[0044] In accordance with aspects of the disclosure,
various frame structures may be utilized to support DL
and UL transmissions. An example of a DL frame struc-
ture will now be presented with reference to FIG. 4A.
However, as those skilled in the art will readily appreciate,
the frame structure for any particular application may be
different depending on any number of factors. In this ex-
ample, a frame (10 ms) is divided into 10 equally sized
sub-frames. Each sub-frame includes two consecutive
time slots.
[0045] In an implementation, a resource grid may be
utilized to represent two time slots, each time slot includ-
ing a Resource Block (RB). The resource grid is divided
into multiple Resource Elements (REs). In LTE, a RB
may include 12 consecutive subcarriers in the frequency
domain and, for a normal cyclic prefix in each OFDM
symbol, 7 consecutive OFDM symbols in the time do-
main, or 84 Resource Elements (REs). Some of the REs,
as indicated as R 402 and 404, may include DL Refer-
ence Signals (DL-RS). The DL-RS include Cell-specific
RS (CRS) (which may be referred to as common RS)
402 and UE-specific RS (UE-RS) 404. UE-RS 404 may
be transmitted only on the RBs upon which a correspond-
ing Physical Downlink Shared CHannel (PDSCH) is
mapped. The number of bits carried by each RE may
depend on the modulation scheme. As such, the more
RBs that a UE receives and the higher the modulation
scheme, the higher the data rate for the UE.
[0046] Referring to FIG. 4B, an example of a UL frame
structure 420 is provided in an embodiment of a format
for the UL in LTE. Available Resource Blocks (RBs) for
the UL may be partitioned into a data section and a control
section. The control section may be formed at the two
edges of the system bandwidth and may have a config-
urable size. The RBs in the control section may be as-
signed to UEs for transmission of control information. The
data section may include RBs not included in the control
section. The design in FIG. 4B results in the data section
including contiguous subcarriers, which may allow a sin-
gle UE to be assigned one or more of the contiguous
subcarriers in the data section.
[0047] In an implementation, a UE may be assigned
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RBs 430a, 430b in a control section to transmit control
information to an eNB. The UE may be assigned RBs
440a, 440b in a data section to transmit data to the eNB.
The UE may transmit control information in a Physical
Uplink Control CHannel (PUCCH) on the assigned RBs
in the control section. The UE may transmit only data or
both data and control information in a Physical Uplink
Shared CHannel (PUSCH) on the assigned RBs in the
data section. A UL transmission may span both slots of
a subframe and may hop across frequency, in a manner
as shown in FIG. 4B.
[0048] In an aspect of the disclosure, referring to FIG.
4B, a set of RBs may be utilized to perform initial system
access and achieve UL synchronization in a Physical
Random Access CHannel (PRACH) 450. The PRACH
450 is configured to carry a random sequence and cannot
carry any UL data/signaling. Each random access pre-
amble occupies bandwidth corresponding to six consec-
utive RBs. The starting frequency may be specified by
the network. That is, the transmission of the random ac-
cess preamble is restricted to certain time and frequency
resources. There is no frequency hopping for the
PRACH. The PRACH attempt is carried in a single sub-
frame (1 ms), and a UE may make only a single PRACH
attempt per frame (10 ms).
[0049] In an aspect of the disclosure, it should be ap-
preciated that the PUCCH, PUSCH, and PRACH in LTE
are described in reference to 3GPP TS 36.211, entitled
"Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation," which is publicly
available.
[0050] The radio protocol architecture may take on var-
ious forms depending on the particular application. An
example for an LTE system will now be presented with
reference to FIG. 4C. In an aspect of the disclosure, FIG.
4C is a diagram illustrating an example of the radio pro-
tocol architecture for the user and control planes. Refer-
ring to FIG. 4C, the radio protocol architecture for the UE
and the eNB is shown with three layers: Layer 1 (L1),
Layer 2 (L2), and Layer 3 (L3). L1 is the lowest layer and
implements various physical layer signal processing
functions. L1 is referred to herein as a physical layer 466.
L2 468 is above the physical layer (L1) 466 and is re-
sponsible for the link between the UE and eNB over the
physical layer (L1) 466.
[0051] In the user plane, the L2 layer 468 includes a
media access control (MAC) sublayer 470, a radio link
control (RLC) sublayer 472, and a Packet Data Conver-
gence Protocol (PDCP) 474 sublayer, which are termi-
nated at the eNB on the network side. Although not
shown, the UE may have several upper layers above the
L2 layer 468 including a network layer (e.g., IP layer) that
is terminated at the PDN gateway 118 (e.g., see FIG. 1)
on the network side, and an application layer that is ter-
minated at the other end of the connection (e.g., far end
UE, server, etc.).
[0052] In an aspect of the disclosure, the PDCP sub-
layer 474 provides multiplexing between different radio

bearers and logical channels. The PDCP sublayer 474
may provide header compression for upper layer data
packets to reduce radio transmission overhead, security
by ciphering the data packets, and/or handover support
for UEs between eNBs. The RLC sublayer 472 provides
segmentation and reassembly of upper layer data pack-
ets, retransmission of lost data packets, and/or reorder-
ing of data packets to compensate for out-of-order re-
ception due to Hybrid Automatic Repeat Request
(HARQ). The MAC sublayer 470 provides multiplexing
between logical and transport channels, and the MAC
sublayer 470 is responsible for allocating the various ra-
dio resources (e.g., RBs) in one cell among the UEs. The
MAC sublayer 470 is responsible for HARQ operations.
[0053] In the control plane, the radio protocol architec-
ture for the UE and eNB is substantially the same for the
physical layer 466 and the L2 layer 468 with the exception
that there is no header compression function for the con-
trol plane. The control plane includes a Radio Resource
Control (RRC) sublayer 476 in Layer 3. The RRC sub-
layer 476 is responsible for obtaining radio resources
(i.e., radio bearers) and for configuring the lower layers
utilizing RRC signaling between the eNB and the UE.
[0054] FIG. 5 illustrates various methodologies in ac-
cordance with aspects of the disclosure. While, for pur-
poses of simplicity of explanation, the methodologies are
shown and described as a series of acts, it is to be un-
derstood and appreciated that the claimed subject matter
is not limited by the order of acts, as some acts may occur
in different orders and/or concurrently with other acts
from that shown and described herein. For example,
those skilled in the art will understand and appreciate
that a methodology could alternatively be represented
as a series of interrelated states or events, such as in a
state diagram. Moreover, not all illustrated acts may be
required to implement a methodology in accordance with
the claimed subject matter. Additionally, it should be fur-
ther appreciated that the methodologies disclosed here-
inafter and throughout this specification are capable of
being stored on an article of manufacture to facilitate
transporting and transferring such methodologies to
computers. The term article of manufacture, as used
herein, is intended to encompass a computer program
accessible from any computer-readable device, carrier,
or media.
[0055] FIG. 5 shows a diagram illustrating a system
500 that may include a UE and a multiple cells, in ac-
cordance with aspects of the disclosure. At 502, it may
be determined that a device may access a second cell
which may result in a routing area update. In an imple-
mentation, a change in location area (LA) may be implied
with a change in Routing Area (RA) since an RA identifier
may be a subset of a Location Identity (ID). As such,
whenever a device is located in a situation where LA
updating is beneficial, the device may also perform RA
updating. Further, the device may choose to do both pro-
cedures using a combined RA/LA updating procedure in
UTRAN networks operating in NMO I, or the UE performs
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the LA and RA updating procedures separately (but in
parallel) in NMO II networks. At 504, it may be determined
if the change in cell is due to MT CSFB processing. In
an implementation, a device camped on an LTE network
may maintain a connection with a Circuit Switched (CS)
network to process voice calls.
[0056] In an aspect of the disclosure, if at 504 it is de-
termined that the cell change is due to MT CSFB process-
ing, then at 506 a PS data pending flag may be activated
(e.g., set to true) in an RA update (RAU) message. In an
implementation, the PS data pending flag may be a follow
on proceed flag. In another implementation, the UE may
set the Follow-on Proceed flag in the RAU message if
the UE has transitioned to a UTRAN/GERAN cell in re-
sponse to a MT CS page received on an E-UTRAN cell.
[0057] By contrast, in another aspect of the disclosure,
if at 504 it is determined that the cell change was not due
to MT CSFB processing, then at 508 it is determined
whether the device has any pending uplink data packets.
In an implementation, a follow-on proceed flag may be
used in a RA update request when the UE has pending
uplink data. The Follow-on Proceed flag may be different
from the Follow-on Request flag discussed above. A Fol-
low-on procedure may not reach the MSC2, but rather it
may be destined for a PS core entity, such as a SGSN,
to instruct the SGSN in the PS domain to retain a con-
nection in anticipation of uplink user data.
[0058] When the device includes the Follow-on Pro-
ceed flag in the RAU message, the flag instructs the net-
work to maintain the RAN level connection because, in
anticipation of uplink user data, the SGSN does not in-
struct the RAN to release the connection. This may allow
time for the GMSC to re-route a page to MSC2 so that it
may be delivered to the UE over UTRAN itself, and as
such, improve the reliability of the MT CSFB calls. If at
508 it is determined the device does have pending data
packets, then at 506 a PS data pending flag may be ac-
tivated in an RA update message. In an implementation,
the PS data pending flag may be included in a combined
RAU/LAU message when a network in operating in a
network mode of operation I (NMO I). In another imple-
mentation, the PS data pending flag may be associated
with a separate RAU in NMO II. By contrast, if at 508 it
is determined that there is no pending PS data packets,
then at 510 a RA update may be transmitted with the PS
data pending flag not active (e.g., set to false).
[0059] FIGS. 6A and 6B show diagrams illustrating var-
ious call flows in a communications system 600 operable
for supporting peer to place communications, in accord-
ance with aspects of the disclosure. The communication
system 600 may include a UE 602, an MSC1 604, an
MSC2 606, and a GMSC 606. It should be appreciated
that the process flow described in reference to FIGS. 6A
and 6B may be implemented on various different net-
works, such as UTRAN, GERAN, etc.
[0060] Referring to FIG. 6A, at 610, a paging message
is received by UE 602 associated with CSFB processing.
In an implementation, UE 602 may be camped on an LTE

cell and may have an established Routing Area Network
(RAN) connection for CSFB with MSC1 604. In another
implementation, the page may be received from GMSC
608 delivered to UE 602 by MSC1 604. At 612, it may be
determined that UE 602 has accessed a cell with a dif-
ferent location LA2 prior to being able to respond to the
page. For example, when UE 102 performs a location
updating procedure on LA2, MSC2 606 may not be aware
that UE 602 has moved to LA2 as a result of a page
received from MSC1 604. In other words, during a time
between receiving a page from MSC1 604 and accessing
a CS base cell, UE 602 may have moved such that the
CS based cell is supported by MSC2 606.
[0061] Referring to FIG. 6A, at 614, UE 602 may com-
municate with MSC2 606 serving LA2. In an implemen-
tation, the communications may include a Routing Area
Update (RAU) message with a follow-on proceed flag
activated. Further, the RAU message reaches SGSN
605, and as such, the follow-on proceed flag only reaches
SGSN 605. If the RAU message was used to perform
combined RA/LA update procedure, SGSN 605 per-
formed the location updating for UE 602 with MSC2 606,
while if the RAU was not performing combined RA/LA
updating procedure and only updating RA, UE 602 in
parallel does separate LA updating procedure. When a
device (e.g., UE 602) includes the Follow-on Proceed
flag in the RAU message, the Follow-on Proceed flag
directs the network to maintain the RAN level connection
because, in anticipation of uplink user data indicated by
the Follow-on Proceed flag, SGSN 605 does not instruct
the RAN to release the connection. This may allow time
for GMSC 608 to re-route the page to MSC2 606 so that
it may be delivered to UE 602 over UTRAN itself, and as
such, improving the reliability of the MT CSFB calls.
[0062] Referring to FIG. 6A, at 616, a roaming retry
procedure may be performed in which MSC1 604, MSC2
606, and GMSC 608 exchange messages indicating that
UE 602 is now associated with MSC2 606. In an imple-
mentation, the message may include a roaming retry pro-
cedure. At 618, GMSC 608 determines that the paging
message may be re-routed so that the paging message
is transmitted to UE 602 through MSC2 606. At 620, GM-
SC 608 transmits the paging message to UE 602 through
MSC2 606. Thereafter, at 622, MSC2 606 and UE 602
perform MT CSFB setup procedures, and a call may be
established.
[0063] In an aspect of the disclosure, paging at 620
may be optional. For example, referring to FIG. 6B, at
616, a roaming retry procedure may be performed in
which MSC1 604, MSC2 606, and GMSC 608 exchange
messages indicating that UE 602 is associated with
MSC2 606. At 618, GMSC 608 may determine that the
paging message does not need to be re-routed to UE
602 because GMSC 608 has determined that connection
of UE 602 to MSC1 604 has been released, and a con-
nection of UE 602 to MSC2 606 has been established.
Thus, in an implementation, a paging message is not
necessary to transmit to UE 602 via MSC2 606, in a man-
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ner as described in reference to FIG. 6A. However, in
another implementation, at 620, GMSC 608 may transmit
a paging message to MSC2 606 to confirm that MSC2
606 is connected to UE 602. Thereafter, at 622, MSC2
606 and UE 602 may perform MT CSFB setup proce-
dures, and a call may be established.
[0064] FIG. 7 shows a diagram illustrating an embod-
iment of a hardware implementation for an apparatus 700
employing a processing system 706 and a memory 708,
in accordance with aspects of the disclosure. In various
implementations, the apparatus 700 comprises an ex-
ample of one or more of the wireless communication de-
vices of FIG. 1. As shown in FIG. 7, the wireless com-
munication device 700 comprises a receiver 702 that re-
ceives a signal from, for instance, a receive antenna (not
shown), performs actions on (e.g., filters, amplifies,
downconverts, etc.) the received signal, and digitizes the
conditioned signal to obtain samples. The receiver 702
may comprise a demodulator 704 that may demodulate
received symbols and provide them to the processing
system 706 for channel estimation. The processing sys-
tem 706 may comprise one or more processors config-
ured for analyzing information received by the receiver
702 and/or for generating information for transmission
by a transmitter 720. In an implementation, the process-
ing system 706 may comprise one or more processors
configured to control one or more components of the wire-
less communication device 700. In another implementa-
tion, the processing system 706 may comprise one or
more processors configured to analyze information re-
ceived by the receiver 702, generate information for
transmission by the transmitter 720, and/or control one
or more components of the wireless communication de-
vice 700.
[0065] The wireless communication device 700 com-
prises the memory 708 that is operatively coupled to the
processor 706. The memory 708 may be configured to
store data to be transmitted, received data, information
related to available channels, data associated with ana-
lyzed signal and/or interference strength, information re-
lated to an assigned channel, power, rate, or the like, and
any other suitable information for estimating a channel
and communicating via the channel. The memory 708
may be configured to store protocols and/or algorithms
associated with estimating and/or utilizing a channel
(e.g., performance based, capacity based, etc.).
[0066] Further, the processor 706 may provide means
for determining that a device is switching from a first lo-
cation and a first cell to a circuit switched (CS) cell with
a second location to implement a mobile terminated (MT)
CS fallback (CSFB) process, means for generating a
routing area (RA) update message including a flag indi-
cating a pending data packet for communication, and
means for transmitting the generated RA update mes-
sage.
[0067] It should be appreciated that data store (e.g.,
memory 708) described herein may be either volatile
memory or nonvolatile memory, or may include both vol-

atile and nonvolatile memory. By way of illustration, and
not limitation, nonvolatile memory may include read only
memory (ROM), programmable ROM (PROM), electri-
cally programmable ROM (EPROM), electrically erasa-
ble PROM (EEPROM), or flash memory. Volatile memory
may include random access memory (RAM), which acts
as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as syn-
chronous RAM (SRAM), dynamic RAM (DRAM), syn-
chronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synch-
link DRAM (SLDRAM), and direct Rambus RAM (DR-
RAM). Memory 708 of the subject systems and methods
may comprise, without being limited to, these and any
other suitable types of memory.
[0068] In an implementation, the wireless communica-
tion device 700 may further include a CSFB module 730
to facilitate enabling MT CSFB for the wireless commu-
nication device 700 located such that a CS based cell is
served by a MSC with a different locating area than a
LTE serving cell. In an implementation, the CSFB module
730 may include a routing area update module 732 and
a locating area update module 734. The CSFB module
720 may be operable to a change in LA using locating
area update module 734 and a change in routing area
RA using routing area update module 723. In an imple-
mentation, the RA may be implied since the RA identifier
is a subset of a Location identity. As such, whenever a
device is located in a situation where LA updating is ben-
eficial, the device may also perform RA updating. Further,
the wireless communication device 700 may choose to
do both procedures using a combined RA/LA updating
procedure in UTRAN networks operating in NMO I, or
the UE performs the LA and RA updating procedures
separately (but in parallel) in NMO II networks. At 304, it
is determined if the change in cell is due to MT CSFB
processing.
[0069] In an implementation, the wireless communica-
tion device 700 may include a user interface 740. The
user interface 740 may include input mechanisms 742
for generating inputs into the wireless communication de-
vice 700, and an output mechanism 742 for generating
information for consumption by the user of the wireless
communication device 700. For example, the input mech-
anism 742 may include a mechanism, such as a key or
keyboard, a mouse, a touch-screen display, a micro-
phone, etc. In an example, the output mechanism 744
may include a display, an audio speaker, a haptic feed-
back mechanism, a Personal Area Network (PAN) trans-
ceiver etc. In the illustrated embodiments, the output
mechanism 744 may include a display operable to
present media content that is in image or video format or
an audio speaker to present media content that is in an
audio format.
[0070] FIG. 8 is a diagram 800 illustrating an embodi-
ment of a process flow for a method of improving reliability
of Circuit Switched Fallback (CSFB) in a wireless com-
munication system, in accordance with aspects of the
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disclosure.
[0071] Referring to FIG. 8, at 810, the method is con-
figured for determining that a device is switching from a
first cell and a first location to a second cell and a second
location to implement a mobile terminated circuit
switched fallback process. At 812, the method is config-
ured for generating a routing area update message in-
cluding a flag indicating a pending data packet for com-
munication. At 814, the method is configured for trans-
mitting the generated routing area update message.
[0072] In an implementation, the device comprises us-
er equipment (UE) that is configured to communicate with
a first mobile switching centre (MSC) associated with the
first cell and a second MSC associated with the second
cell. The device may not have any pending data packets
for communication even though the flag indicates that
there are pending data packets for communication.
[0073] In an implementation, the method may be con-
figured for releasing connection to the device by the sec-
ond cell, transmitting a paging message to the device via
the second cell, establishing connection of the device to
the second cell, and performing a call setup procedure.
[0074] In an implementation, the method may be con-
figured for delaying release of connection to the device
by the second cell for a period of time and performing a
call setup procedure.
[0075] In an implementation, the method may be con-
figured for exchanging one or more roaming retry mes-
sages with at least one of a first MSC associated with
the first cell, a second MSC associated with the second
cell, and a gateway MSC (i.e., GMSC). The one or more
roaming retry messages may indicate that the device is
associated with the second MSC. The second MSC may
receive an indication for a pending mobile terminated
(MT) call.
[0076] FIG. 9 is a diagram 900 illustrating an embodi-
ment of functionality of an apparatus (e.g., the apparatus
700 of FIG. 7) configured to facilitate wireless communi-
cation, in accordance with aspects of the disclosure.
[0077] Referring to FIG. 9, the apparatus includes a
module 910 configured for determining that a device is
switching from a first cell and a first location to a second
cell and a second location to implement a mobile termi-
nated circuit switched fallback process. The apparatus
includes a module 912 configured for generating a rout-
ing area update message including a flag indicating a
pending data packet for communication. The apparatus
includes a module 914 configured for transmitting the
generated routing area update message. The apparatus
may include additional modules that perform each of the
steps in the aforementioned flow charts. As such, each
step in the aforementioned flow charts may be performed
by a module and the apparatus may include one or more
of those modules.
[0078] In an implementation, the device comprises us-
er equipment (UE) that is configured to communicate with
a first mobile switching centre (MSC) associated with the
first cell and a second MSC associated with the second

cell. The device may not have any pending data packets
for communication even though the flag indicates that
there are pending data packets for communication.
[0079] In an implementation, the apparatus may in-
clude a module configured for releasing connection to
the device by the second cell, a module configured for
transmitting a paging message to the device via the sec-
ond cell, a module configured for establishing connection
of the device to the second cell, and a module configured
for performing a call setup procedure.
[0080] In an implementation, the apparatus may in-
clude a module configured for delaying release of con-
nection to the device by the second cell for a period of
time and a module configured for performing a call setup
procedure.
[0081] In an implementation, the apparatus may in-
clude a module configured for exchanging one or more
roaming retry messages with at least one of a first MSC
associated with the first cell, a second MSC associated
with the second cell, and a gateway MSC (i.e., GMSC).
The one or more roaming retry messages may indicate
that the device is associated with the second MSC. The
second MSC may receive an indication for a pending
mobile terminated (MT) call.
[0082] Referring to FIG. 7, in a configuration, the ap-
paratus 700 configured for wireless communication com-
prises the processing system 706 configured to provide
a means for determining that a device is switching from
a first cell and a first location to a second cell and a second
location to implement a mobile terminated circuit
switched fallback process, a means for generating a rout-
ing area update message including a flag indicating a
pending data packet for communication, and a means
for transmitting the generated routing area update mes-
sage.
[0083] In an implementation, the device comprises us-
er equipment (UE) that is configured to communicate with
a first mobile switching centre (MSC) associated with the
first cell and a second MSC associated with the second
cell. The device may not have any pending data packets
for communication even though the flag indicates that
there are pending data packets for communication.
[0084] In an implementation, the processing system
706 may be configured to provide a means for releasing
connection to the device by the second cell, a means for
transmitting a paging message to the device via the sec-
ond cell, a means for establishing connection of the de-
vice to the second cell, and a means for performing a call
setup procedure.
[0085] In an implementation, the processing system
706 may be configured to provide a means for delaying
release of connection to the device by the second cell
for a period of time and a means for performing a call
setup procedure.
[0086] In an implementation, the processing system
706 may be configured to provide a means for exchang-
ing one or more roaming retry messages with at least
one of a first MSC associated with the first cell, a second
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MSC associated with the second cell, and a gateway
MSC (i.e., GMSC). The one or more roaming retry mes-
sages may indicate that the device is associated with the
second MSC. The second MSC may receive an indica-
tion for a pending MT call.
[0087] As used in this application, the terms "compo-
nent," "module," "system" and the like are intended to
include a computer-related entity, such as but not limited
to hardware, firmware, a combination of hardware and
software, software, or software in execution. For exam-
ple, a component may be, but is not limited to being, a
process running on a processor, a processor, an object,
an executable, a thread of execution, a program, and/or
a computer. By way of illustration, both an application
running on a computing device and the computing device
may be a component. One or more components may
reside within a process and/or thread of execution and a
component may be localized on one computer and/or
distributed between two or more computers. In addition,
these components may execute from various computer
readable media having various data structures stored
thereon. The components may communicate by way of
local and/or remote processes such as in accordance
with a signal having one or more data packets, such as
data from one component interacting with another com-
ponent in a local system, distributed system, and/or
across a network such as the Internet with other systems
by way of the signal.
[0088] Furthermore, various aspects are described
herein in connection with a terminal, Which may be a
wired terminal or a wireless terminal. A terminal may also
be called a system, device, subscriber unit, subscriber
station, mobile station, mobile, mobile device, remote
station, remote terminal, access terminal, user terminal,
terminal, communication device, user agent, user device,
or UE. A wireless terminal may be a cellular telephone,
a satellite phone, a cordless telephone, a Session Initi-
ation Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a handheld
device having wireless connection capability, a comput-
ing device, or other processing devices connected to a
wireless modem. Moreover, various aspects are de-
scribed herein in connection with a base station. A base
station may be utilized for communicating with wireless
terminal(s) and may also be referred to as an access
point, a Node B, or some other terminology.
[0089] Moreover, the term "or" is intended to mean an
inclusive "or" rather than an exclusive "or." That is, unless
specified otherwise, or clear from the context, the phrase
"X employs A or B" is intended to mean any of the natural
inclusive permutations. That is, the phrase "X employs
A or B" is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In
addition, the articles "a" and "an" as used in this applica-
tion and the appended claims should generally be con-
strued to mean "one or more" unless specified otherwise
or clear from the context to be directed to a singular form.
[0090] The techniques described herein may be used

for various wireless communication systems such as CD-
MA, TDMA, FDMA, OFDMA, SC-FDMA and other sys-
tems. The terms "system" and "network" are often used
interchangeably. A CDMA system may implement a radio
technology such as Universal Terrestrial Radio Access
(UTRA), cdma2000, etc. UTRA includes Wideband-CD-
MA (W-CDMA) and other variants of CDMA. Further,
cdma2000 covers IS-2000, IS-95 and IS-856 standards.
A TDMA system may implement a radio technology such
as Global System for Mobile Communications (GSM).
An OFDMA system may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broad-
band (UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and E-
UTRA are part of Universal Mobile Telecommunication
System (UMTS). 3GPP Long Term Evolution (LTE) is a
release of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink.
UTRA, E-UTRA, UMTS, LTE and GSM are described in
documents from an organization named "3rd Generation
Partnership Project" (3GPP). Additionally, cdma2000
and UMB are described in documents from an organiza-
tion named "3rd Generation Partnership Project 2"
(3GPP2). Further, such wireless communication sys-
tems may additionally include peer-to-peer (e.g., mobile-
to-mobile) ad hoc network systems often using unpaired
unlicensed spectrums, 802.xx wireless LAN, BLUE-
TOOTH and any other short- or long- range, wireless
communication techniques.
[0091] Various aspects or features will be presented
in terms of systems that may include a number of devices,
components, modules, and the like. It is to be understood
and appreciated that the various systems may include
additional devices, components, modules, etc. and/or
may not include all of the devices, components, modules
etc. discussed in connection with the figures. It is also to
be understood and appreciated that a combination of
these approaches may be used.
[0092] The various illustrative logics, logical blocks,
modules, and circuits described in connection with the
aspects disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor
may be any conventional processor, controller, micro-
controller, or state machine. In an implementation, a
processor may also be implemented as a combination
of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. In another implementa-
tion, at least one processor may comprise one or more
modules operable to perform one or more of the steps
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and/or actions described above.
[0093] Further, the steps and/or actions of a method
or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware,
in a software module executed by a processor, or in a
combination of the two. A software module may reside
in RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, a hard disk, a re-
movable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium
may be coupled to the processor, such that the processor
may read information from, and write information to, the
storage medium. In the alternative, the storage medium
may be integral to the processor. Further, in some as-
pects, the processor and the storage medium may reside
in an ASIC. Additionally, the ASIC may reside in a user
terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user
terminal. Additionally, in some aspects, the steps and/or
actions of a method or algorithm may reside as one or
any combination or set of codes and/or instructions on a
machine readable medium and/or computer readable
medium, which may be incorporated into a computer pro-
gram product.
[0094] In one or more aspects, the functions described
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions may be stored or transmitted as one or more
instructions or code on a computer-readable medium.
Computer-readable media includes both computer stor-
age media and communication media including any me-
dium that facilitates transfer of a computer program from
one place to another. A storage medium may be any
available media that may be accessed by a computer.
By way of example, and not limitation, such computer-
readable media may comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other
medium that may be used to carry or store desired pro-
gram code in the form of instructions or data structures
and that may be accessed by a computer. Also, any con-
nection may be termed a computer-readable medium.
For example, if software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, ra-
dio, and microwave are included in the definition of me-
dium. Disk and disc, as used herein, includes compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs usually repro-
duce data optically with lasers. Combinations of the
above should also be included within the scope of com-
puter-readable media.

Claims

1. A method (800) for wireless communication, per-
formed by a user equipment (602), comprising:

switching from a first cell associated with a first
mobile switching centre (604) that provides cov-
erage to a first location area to a second cell
associated with a second mobile switching cen-
tre (606) that provides coverage to a second lo-
cation area to implement a mobile terminated
circuit switched fallback process;
generating (812) a routing area update message
including a flag indicating a pending data packet
for communication, wherein the flag is a Follow-
On Proceed flag; and
transmitting (814) the generated routing area
update message.

2. The method (800) of claim 1, further comprising:

receiving a paging message from the second
cell;
establishing connection with the second cell;
and
performing a call setup procedure.

3. The method (800) of claim 1, further comprising ex-
changing one or more roaming retry messages with
at least one of a first mobile switching centre asso-
ciated with the first cell, a second mobile switching
centre associated with the second cell, and a gate-
way mobile switching centre.

4. The method (800) of claim 3, wherein the one or
more roaming retry messages indicates that the de-
vice is associated with the second mobile switching
centre.

5. The method (800) of claim 1, wherein the device
does not have any pending data packets for com-
munication even though the flag indicates that there
are pending data packets for communication.

6. The method (800) of claim 1, wherein the user equip-
ment is configured for operating in the first cell being
a Long Term Evolution, LTE based cell.

7. The method (800) of claim 1, wherein the user equip-
ment is configured for operating in the second cell
being a Universal mobile telecommunications sys-
tem Terrestrial Radio Access Network, UTRAN
based cell.

8. An apparatus (900) for wireless communication,
comprising:

means (910) for switching from a first cell asso-
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ciated with a first mobile switching centre (604)
that provides coverage to a first location area to
a second cell associated with a second mobile
switching centre (606) that provides coverage
to a second location area to implement a mobile
terminated circuit switched fallback process;
means (912) for generating a routing area up-
date message including a flag indicating a pend-
ing data packet for communication, wherein the
flag is a Follow-On Proceed flag; and
means (914) for transmitting the generated rout-
ing area update message.

9. The apparatus (900) of claim 8, further comprising
means for exchanging one or more roaming retry
messages with at least one of a first mobile switching
centre associated with the first cell, a second mobile
switching centre associated with the second cell, and
a gateway mobile switching centre.

10. The apparatus (900) of claim 8, wherein said means
(910) for determining, said means (912) for gener-
ating and said means (914) for transmitting comprise
a processing system (706).

11. A computer program comprising program instruc-
tions which are computer-executable to implement
the method of one of claims 1 to 7.

Patentansprüche

1. Verfahren (800) zur drahtlosen Kommunikation,
ausgeführt durch ein User Equipment (602), umfas-
send:

Umschalten von einer ersten Zelle, die einem
ersten Mobile Switching Centre (604) zugeord-
net ist, welches Abdeckung bereitstellt für eine
erste Location Area, zu einer zweiten Zelle, die
einem zweiten Mobile Switching Centre (606)
zugeordnet ist, welches Abdeckung bereitstellt
für eine zweite Location Area, um einen Mobile-
Terminated-Circuit-Switched-Fallback-Pro-
zess zu implementieren;
Erzeugen (812) einer Routing Area Update
Message welche ein Flag beinhaltet, das ein an-
hängiges Datenpaket zur Kommunikation an-
zeigt, wobei das Flag ein Follow-on-Proceed-
Flag ist; und
Übertragen (814) der erzeugten Routing Area
Update Message.

2. Verfahren (800) gemäß Anspruch 1, weiterhin um-
fassend:

Empfangen einer Paging-Nachricht von der
zweiten Zelle;

Einrichten einer Verbindung mit der zweiten Zel-
le; und
Durchführen einer Call-Setup-Prozedur.

3. Verfahren (800) gemäß Anspruch 1, weiterhin um-
fassend Austauschen einer oder mehrerer Roa-
ming-Retry-Nachrichten mit wenigstens einem aus
einem ersten Mobile Switching Centre, das der ers-
ten Zelle zugeordnet ist, einem zweiten Mobile Swit-
ching Centre, das der zweiten Zelle zugeordnet ist,
oder einem Gateway Mobile Switching Centre.

4. Verfahren (800) gemäß Anspruch 3, wobei die eine
oder die mehreren Roaming-Retry-Nachrichten an-
zeigen, dass das Gerät dem zweiten Mobile Swit-
ching Centre zugeordnet ist.

5. Verfahren (800) gemäß Anspruch 1, wobei das Ge-
rät keine anhängigen Datenpakete zur Kommunika-
tion hat, obwohl das Flag anzeigt, dass anhängige
Datenpakete zur Kommunikation vorhanden sind.

6. Verfahren (800) gemäß Anspruch 1, wobei das User
Equipment zum Betrieb in der ersten Zelle eingerich-
tet ist, welche eine Long Term Evolution, LTE-ba-
sierte Zelle ist.

7. Verfahren (800) gemäß Anspruch 1, wobei das User
Equipment zum Betrieb in der zweiten Zelle einge-
richtet ist, welche eine Universal Mobile Telecom-
munications Systems Terrestrial Radio Access Net-
work, UTRAN-basierte Zelle ist.

8. Vorrichtung (900) zur drahtlosen Kommunikation,
umfassend:

Mittel (910) zum Umschalten von einer ersten
Zelle, die einem ersten Mobile Switching Centre
(604) zugeordnet ist, welches Abdeckung be-
reitstellt für eine erste Location Area, zu einer
zweiten Zelle, die einem zweiten Mobile Swit-
ching Centre (606) zugeordnet ist, welches Ab-
deckung bereitstellt für eine zweite Location
Area, um einen Mobile-Terminated-Circuit-
Switched-Fallback-Prozess zu implementieren;
Mittel (912) zum Erzeugen einer Routing Area
Update Message welche ein Flag beinhaltet,
das ein anhängiges Datenpaket zur Kommuni-
kation anzeigt, wobei das Flag ein Follow-on-
Proceed-Flag ist; und
Mittel (914) zum Übertragen der erzeugten Rou-
ting Area Update Message.

9. Vorrichtung (900) gemäß Anspruch 8, weiterhin um-
fassend Mittel zum Austauschen einer oder mehre-
rer Roaming-Retry-Nachrichten mit wenigstens ei-
nem aus einem ersten Mobile Switching Centre, das
der ersten Zelle zugeordnet ist, einem zweiten Mo-
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bile Switching Centre, das der zweiten Zelle zuge-
ordnet ist, oder einem Gateway Mobile Switching
Centre.

10. Vorrichtung (900) gemäß Anspruch 8, wobei die ge-
nannten Mittel (910) zum Bestimmen, die genannten
Mittel (912) zum Erzeugen und die genannten Mittel
(914) zum Übertragen ein Prozesssystem (706) um-
fassen.

11. Computerprogramm umfassend Programmanwei-
sungen, welche computerausführbar sind um das
Verfahren gemäß einem der Ansprüche 1 bis 7 zu
implementieren.

Revendications

1. Un procédé (800) de communications sans fil, mis
en oeuvre par un équipement utilisateur (602),
comprenant :

la commutation d’une première cellule associée
à un premier centre de commutation pour mo-
biles (604) qui assure une couverture sur une
première étendue d’emplacements vers une se-
conde cellule associée à un second centre de
commutation pour mobiles (606) qui assure une
couverture sur une seconde étendue d’empla-
cements pour l’implémentation d’un processus
de repli commuté sur circuit pour terminaison
mobile ;
la génération (812) d’un message de mise à jour
de zone de routage comprenant un drapeau in-
diquant un paquet de données en cours à com-
muniquer, le drapeau étant un drapeau Follow-
On-Proceed ; et
l’émission (814) du message de mise à jour
d’étendue de routage généré.

2. Le procédé (800) de la revendication 1, comprenant
en outre :

la réception d’un message de paging venant de
la seconde cellule ;
l’établissement d’une connexion avec la secon-
de cellule ; et
l’exécution d’une procédure d’établissement
d’appel.

3. Le procédé (800) de la revendication 1, comprenant
en outre l’échange d’un ou plusieurs messages de
réessai d’itinérance avec au moins l’un d’un premier
centre de commutation pour mobiles associé à la
première cellule, d’un second centre de commuta-
tion pour mobiles associé à la seconde cellule, et
d’un centre de commutation passerelle pour mobi-
les.

4. Le procédé (800) de la revendication 3, dans lequel
les un ou plusieurs messages de réessai d’itinérance
indiquent que le dispositif est associé au second cen-
tre de commutation pour mobiles.

5. Le procédé (800) de la revendication 1, dans lequel
le dispositif n’a aucun paquet de données en cours
à communiquer bien que le drapeau indique qu’il
existe des paquets de données en cours à commu-
niquer.

6. Le procédé (800) de la revendication 1, dans lequel
l’équipement utilisateur est configuré pour opérer
dans la première cellule qui est une cellule à base
LTE, Évolution Long Terme.

7. Le procédé (800) de la revendication 1, dans lequel
l’équipement utilisateur est configuré pour opérer
dans la seconde cellule qui est une cellule basée
UTRAN, Réseau d’Accès Radio Terrestre pour sys-
tème de télécommunications Universel pour mobi-
les.

8. Un équipement (900) de communications sans fil,
comprenant :

des moyens (910) de commutation d’une pre-
mière cellule associée à un premier centre de
commutation pour mobiles (604) qui assure une
couverture sur une première étendue d’empla-
cements vers une seconde cellule associée à
un second centre de commutation pour mobiles
(606) qui assure une couverture sur une secon-
de étendue d’emplacements pour l’implémenta-
tion d’un processus de repli commuté sur circuit
pour terminaison mobile ;
des moyens (912) de génération d’un message
de mise à jour de zone de routage comprenant
un drapeau indiquant un paquet de données en
cours à communiquer, le drapeau étant un dra-
peau Follow-on-Proceed ; et
des moyens (914) d’émission du message de
mise à jour d’étendue de routage généré.

9. L’équipement (900) de la revendication 8, compre-
nant en outre des moyens d’échange d’un ou plu-
sieurs messages de réessai d’itinérance avec au
moins l’un d’un premier centre de commutation pour
mobiles associé à la première cellule, d’un second
centre de commutation pour mobiles associé à la
seconde cellule, et d’un centre de commutation pas-
serelle pour mobiles.

10. L’équipement (900) de la revendication 8, dans le-
quel lesdits moyens (910) de détermination, lesdits
moyens (912) de génération et lesdits moyens (914)
d’émission comprennent un système de traitement
(706).
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11. Un programme informatique, comprenant des ins-
tructions de programme qui sont exécutables par
calculateur pour implémenter le procédé de l’une des
revendications 1 à 7.
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