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ceive signals from a second wireless network when a set of receive signal
conditions for the second wireless network is satisfied. The wireless commu-
‘ nication device reconfigures both of the radio frequency signaling chains to
the second wireless network when the set of receive signal conditions is not
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METHOD FOR SIMULTANEQOUSLY RECEIVING LTE AND
1X IN SRLTE DEVICE

TECHNICAL FIELD

[0001] The described embodiments generally relate to methods and apparatuses
for managing connections between wireless communication devices and wireless
networks. More particularly, the present embodiments describe configuring wireless
circuitry in a single radio wireless communication device to receive signals from a
Long Term Evolution (LTE) wireless network and a Code Division Multiple Access
(CDMA) 2000 1x wireless network simultaneously.

BACKGROUND

[0002] Wireless networks continue to evolve as new communication technologies

develop and standardize. Wireless network operators can deploy new communication
technologies in parallel with earlier generation communication technologies, and
wireless networks can support multiple communication technologies simultaneously
to provide smooth transitions through multiple generations of wireless communication
devices. Wireless communication devices can include hardware and software to
support wireless connections to different types of wireless networks that use different
wireless communication technologies. Wireless networks using different radio access
technologies (RATs) can overlap in geographic area coverage, and wireless
communication devices can support connections using different RATs depending on
services and/or coverage available. A wireless service provider can provide services
to wireless communication devices through overlapping wireless networks, and
wireless communication devices can connect to one or more of the overlapping
wireless networks. In a representative embodiment, a wireless service provider and/or
a wireless communication device can include simultancous support for a Third
Generation Partnership Project (3GPP) Long Term Evolution (LTE) or Long Term
Evolution Advanced (LTE-A) wireless communication protocol and a “legacy” third
generation (and/or earlier generation) wireless communication protocol.
Representative “legacy” protocols include the Third Generation Partnership Project 2
(3GPP2) Code Division Multiple Access (CDMA) 2000 1x (also referred to as IxRTT
or 1x) wireless communication protocol, the 3GPP Universal Mobile

Telecommunications System (UMTS) wireless communication protocol, and the
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3GPP Global System for Mobile Communications (GSM) wireless communication
protocol.

[0003] Dual chip (also referred to as dual radio) wireless communication devices
can include separate signal processing chips that each can support a different wireless
communication protocol, such as a first signal processing chip for a CDMA 2000 1x
wireless network and a second signal processing chip for a LTE wireless network. In
particular, in a dual chip wireless communication device, each signal processing chip
can include and/or be associated with its own set of receive signal processing chains,
including in some instances multiple receive antennas and parallel signal processing
blocks. With at least one radio frequency receive signaling chain being available to
cach signal processing chip independently in the dual chip wireless communication
device and tunable to different carrier frequencies, signaling messages (e.g., pages)
and/or references signals (e.g., for cell selection/reselection measurement) can be
received independently and simultancously from two different wireless networks,
such as from the CDMA 2000 1x wireless network and from the LTE wireless
network. Even when the dual chip wireless communication device is connected and
actively transferring data through one of the signal processing chips to one of the
wircless networks, such as the LTE wireless network, the dual chip wireless
communication device can also listen for and receive a paging message or measure
signals through the other parallel signal processing chip from a second wireless access
network, such as the CDMA 2000 1x wireless network. Thus, the dual chip wireless
communication device can establish a mobile device originating or mobile device
terminating circuit switched voice connection through the CDMA 2000 1x wireless
network while also being actively connected to (or simultaneously camped on) a
packet switched LTE wireless network. The dual chip wireless communication device
can also provide a connection on the CDMA 2000 1x wireless network, while also
maintaining a connection (or at least listening for signals and messages) on the LTE
wireless network. Dual chip wireless communication devices, however, can consume
more power, can require a larger physical form factor and can require additional
components (and cost more) than a more integrated “single chip” wireless
communication device.

[0004] A single chip (also referred to as a single radio) wireless communication
device, at least in some configurations, can include a signal processing chip that can

support different wireless communications protocols but can be unable to be actively
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connected to and communicating bi-directionally with a first wireless access network
and a second wireless access network simultaneously. The single radio wireless
communication device can support multiple wireless communication technologies,
such as connections to a CDMA 2000 1x wireless network and to an LTE wireless
network, but only to one wireless network at any given time. In some configurations,
a single radio wireless communication device can be limited to receiving signals that
use one wireless communication technology type at a time, particularly when multiple
antennas are used to receive signals for a single communication technology, e.g.,
when used to support multiple input multiple output (MIMO) and/or transmit or
receive diversity through multiple antennas. In a representative embodiment, a single
radio wireless communication device is able to connect to or camp on an evolved
Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access
Network (eUTRAN) of an LTE (or LTE-Advanced) wireless network and also to
connect to or camp on a radio access network (RAN) of the CDMA 2000 1x wireless
network, but is not able to communication bi-directionally to both wireless networks
simultaneously. The single radio wireless communication device can be registered on
both the LTE wireless network and on the CDMA 2000 1x wireless network and can
therefore form connections with each wireless network singly but not simultaneously.
The single radio wireless communication device can be connected on the LTE
wireless network and can interrupt the connection to the LTE wireless network to
communicate with the CDMA 2000 1x wireless network, e.g., to listen for pages, to
measure signals, to provide location area updates, or to establish a connection with the
CDMA 2000 1x wireless network. During the interrupted LTE connection, control
signaling and data transmission between the wireless communication device and the
wireless access network portion of the LTE wireless network can be interrupted.
Packet transmissions and/or signaling messages from the LTE wireless network to the
single radio wireless communication device can be dropped. For sufficiently long
interruptions, the LTE wireless network can drop a connection with the single radio
wireless communication device.

[0005] This application describes methods by which a single radio wireless
communication device can be configured to operate in a multiple wireless network
environment with simultaneous reception of signals from two different wireless

networks.
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SUMMARY OF THE DESCRIBED EMBODIMENTS
[0006] Broadly speaking, the described embodiments generally relate to methods

and apparatuses for managing connections between wireless communication devices
and wireless networks. More particularly, the present embodiments describe
configuring wireless circuitry in a single radio wireless communication device to
receive signals from a Long Term Evolution (LTE) wireless network and a Code
Division Multiple Access (CDMA) 2000 1x wireless network simultaneously.

[0007] In an embodiment, a method to configure wireless circuitry in a single
radio wireless communication device is described. The method comprises at least the
following steps performed by the wireless communication device. In a first step, the
wireless communication device establishes a connection to a first wireless network in
accordance with a first wireless communication protocol using a first radio frequency
signaling chain and a second radio frequency signaling chain. In a subsequent step,
the wireless communication device detects a radio frequency tune-away event. In a
further step, in an instance when a set of receive signal conditions for a second
wireless network is satisfied, the wireless communication device reconfigures only
one of the first and second radio frequency signaling chains to a second wireless
network in accordance with a second wireless communication protocol. In another
step, in an instance when the set of receive signal conditions for the second wireless
network is not satisfied, the wireless communication device reconfigures both the first
and second radio frequency signaling chains to the second wireless network in
accordance with the second wireless communication protocol. In an embodiment, the
first wireless network operates in accordance with a long term evolution (LTE) or
long term evolution advanced (LTE-A) wireless communication protocol, and the
second wireless network operates in accordance with a legacy third generation (3G)
wireless communication protocol.

[0008] In another embodiment, a wireless communication device is described.
The wireless communication device includes at least one or more processors, a
transmitter and at least two receivers. The one or more processors are configured to
control establishing and releasing connections using the transmitter and one or more
of the at least two receivers between the wireless communication device and a first
wireless network and between the wireless communication device and a second
wireless network. The transmitter is configurable to transmit signals to the first

wireless network according to a first wireless communication protocol and to the
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second wireless network according to a second wireless communication protocol. A
first receiver is associated with the transmitter and is configurable to receive signals
from the first wireless network or from the second wireless network. A second
receiver is not associated with the transmitter and is configurable to receive signals
from the first wireless network or from the second wireless network. The one or more
processors are further configured to establish a connection to the first wireless
network using the transmitter, the first receiver and the second receiver; detect a tune-
away event to communicate with the second wireless network; and in response to
detecting the tune-away event and when a set of receive signal conditions for the
second wireless network is satisfied, reconfigure only one of the first receiver and the
second receiver to the second wireless network during the tune-away event.

[0009] In another embodiment, a computer program product encoded as computer
program code in a non-transitory computer readable medium for configuring wireless
circuitry of a wireless communication device is disclosed. The computer program
product includes computer program code for establishing a connection to a first
wireless network using a transmitter, a first receiver associated with the transmitter,
and a second receiver. The computer program product further includes computer
program code for reconfiguring the second receiver during a tune-away event to a
second wireless network and maintaining the first receiver and the transmitter
connected to the first wireless network when a set of receive signal conditions for the
second wireless network is satisfied. The computer program product further includes
computer program code for reconfiguring both the first receiver and the second
receiver during the tune-away event to the second wireless network when the set of
receive signal conditions for the second wireless network is not satisfied.

[0010] This Summary is provided merely for purposes of summarizing some
example embodiments, so as to provide a basic understanding of some aspects of the
subject matter described herein. Accordingly, it will be appreciated that the above-
described features are merely examples and should not be construed to narrow the
scope or spirit of the subject matter described herein in any way. Other features,
aspects, and advantages of the subject matter described herein will become apparent

from the following Detailed Description, Figures, and Claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The described embodiments and the advantages thereof may best be

understood by reference to the following description taken in conjunction with the
accompanying drawings.

[0012] FIG. 1 illustrates components of a generic wireless communication
network in accordance with some embodiments.

[0013] FIG. 2 illustrates components of a CDMA 2000 1x (RTT or EV-DO)
wireless communication network in accordance with some embodiments.

[0014] FIG. 3 illustrates components of an LTE (or LTE-Advanced) wireless
communication network in accordance with some embodiments.

[0015] FIG. 4 illustrates a wireless communication device connected in parallel
with the CDMA 2000 1x (RTT or EV-DO) wireless communication network of FIG.
2 and with the LTE (or LTE-Advanced) wireless communication network of FIG. 4 in
accordance with some embodiments.

[0016] FIG. 5 illustrates elements of a wireless communication device including
multiple wireless signal processing chips in accordance with some embodiments.
[0017] FIG. 6 illustrates elements of a representative wireless communication
device that includes a single signal processing chip that supports multiple wireless
networks in accordance with some embodiments.

[0018] FIG. 7 illustrates another representative wireless communication device
that includes a single signal processing chip that supports multiple wireless networks
in accordance with some embodiments.

[0019] FIG. 8 illustrates a representative set of processing clements of a wireless
communication device in accordance with some embodiments.

[0020] FIG. 9 illustrates a diagram of a set of radio frequency tune away events
for a wireless communication device that communicates with two different wircless
networks in accordance with some embodiments.

[0021] FIG. 10 illustrates a representative embodiment to configure wireless
circuitry in a single radio wireless communication device to receive signals from two
wireless networks simultaneously in accordance with some embodiments.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0022] Wireless networks continue to evolve as network operators deploy
equipment for new wireless communication technologies based on ongoing

standardization efforts. Wireless communication devices can provide capabilities to
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communicate with wireless networks based on two or more different wireless
communication technologies, e.g. GSM and UMTS, UMTS and LTE/LTE-A, or
CDMA 2000 1x and LTE/LTE-A, as newer wireless network technologies offer
advanced capabilities in parallel with earlier wireless network technologies that can
provide greater geographic area coverage and/or different wireless service
implementations. Each wireless communication technology can require different
hardware and/or software processing to transmit and receive wireless signals, and a
wireless communication device can include multiple, separate signal processing chips
to encode and decode wireless signals according to the different wireless
communication technologies, particularly for two different cellular wireless networks.
A dual radio wireless communication device, for example, can include a set of
wireless circuitry for communication with a CDMA 2000 1x wireless network and a
second set of wireless circuitry for communication with an LTE/LTE-A wireless
network. With sufficient parallel analog hardware, the dual radio wireless
communication device can communicate with either wireless network independently
or with both of the wireless networks simultancously. Dual radio wireless
communication devices, however, can be more complex, larger, more costly and more
power intensive than single radio wireless communication devices. In some
embodiments, a single radio wireless communication device can provide a simpler,
smaller, more cost effective and more power efficient wireless communication device
than a dual radio wircless communication device. The single radio wireless
communication device can communicate bi-directionally with one wireless network at
a time out of multiple wireless networks and can provide limited simultaneous
communication capabilities for a set of parallel wireless networks.

[0023] A dual network, single radio wireless communication device that includes
support for both CDMA 2000 1x and LTE is described as a representative device
herein. The same teachings, however, can be applied to other wircless communication
devices that can operate in dual (or more generally multiple) wireless communication
technology networks with configurable hardware/software. In particular, the teachings
disclosed herein can pertain to wireless communication devices that switch portions
of wireless circuitry from one wireless technology to another wireless technology and
back again, and which can be configured to receive communication from two
different cellular wireless networks simultancously. In some embodiments, the dual

network single radio wireless communication device includes support for the two
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different wircless networks using wireless circuitry that includes a single radio
configurable to operate with each of the two wireless networks. The wireless
communication device can be configured to communicate bi-directionally with one
wireless network while receiving and/or measuring signals from another wireless
network simultaneously.

[0024] It should be understood that implementations of the same methods and
apparatuses described herein can apply to wireless communication devices that
operate in different types of wireless networks, particularly one or more wireless
cellular networks that offer connections using two or more different generations or
types of wireless communication protocols. For example, the same teachings can be
applied to a wireless communication device configured to operate with a combination
of GSM and UMTS networks, LTE and UMTS networks, LTE and CDMA 2000 1x
networks or other “combined” multiple radio access technology (multi-RAT) wireless
networks. A specific example and implementation described herein in relation to
CDMA 2000 1x-RTT and LTE wireless networks is presented for simplicity, but the
methods and apparatuses disclosed herein can also apply equally to other wireless
network environments that use other combinations of wireless access communication
protocols. The methods and apparatuses described herein can apply to wireless
communication devices in which a connection to a first wireless network is
interrupted to support communication with a second wireless network and then later
resumed. Interruption of the connection between the wireless communication device
and the first wireless network can occur when the wireless communication device
configures one or more receivers to operate on the second wireless network, e.g., to
listen for signaling messages or measure signals from the second wireless network,
thereby interrupting a connection to the first wireless network.

[0025] In some embodiments described herein, a single radio wireless
communication device can be capable of transmitting and receiving wireless radio
frequency signals from an LTE wireless network or from a CDMA 2000 1x wireless
network individually but not able to transmit and receive simultaneously with both
wireless networks simultaneously. In some embodiments, the single radio wireless
communication device can be configured to receive radio frequency signals from the
LTE wireless network and from the CDMA 2000 1x wireless network simultaneously,
while being able to transmit radio frequency signals with only one of the wireless

networks. Initially, the single radio wireless communication device can be associated
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with the LTE wireless network, e.g. connected to or camped on the LTE wireless
network. The single radio wireless communication device can be registered
simultaneously with both the LTE wireless network and with the CDMA 2000 1x
wireless network, and thus can be configured to establish connections with either the
LTE wireless network or with the CDMA 2000 1x wireless network. In some
embodiments, a set of services, e.g., circuitry switched voice connections, can be
provided by the CDMA 2000 1x wireless network and can be not available through
the LTE wireless network, which can offer packet switched services only. The single
radio wireless communication device can interrupt a packet switched data connection
with the LTE wireless network in order to communicate with and/or receive signals
from the CDMA 2000 1x wireless network, ¢.g., to listen for a page addressed to the
wireless communication device for a mobile terminated circuit switched voice
connection to the CDMA 2000 1x wireless network, to establish a mobile originated
circuitry switched connection with the CDMA 2000 1x wireless network, to provide a
location area update message to maintain registration with the CDMA 2000 1x
wireless network, or to measure a serving cell and/or neighbor cells of the CDMA
2000 1x wireless network. The single radio wireless communication device can
suspend a packet switched data connection with the LTE wireless network in order to
communicate with and/or listen to the CDMA 2000 1x wireless network. In some
embodiments, the LTE wireless network can be unaware when the wireless
communication device suspends communication and can observe a gap in
communication between the LTE wireless network and the wireless communication
device. The single radio wireless communication device can configure radio
frequency (RF) wireless circuitry contained in the single radio wireless
communication device to “tune away” away from the LTE wireless network and “tune
to” the CDMA 2000 1x wireless network to receive signals from and/or transmit
signals to the CDMA 2000 Ix wireless network. The single radio wireless
communication device can subsequently re-configure the wireless circuitry to “tune
back” to the LTE wireless network. Interruption of a packet switched data connection
(and of a parallel higher layer signaling connection) to the LTE wireless network can
be accommodated without the LTE wireless connection being dropped, e.g., when the
interruption is shorter than one or more inactivity timer expiration limits or other
timer limits that would precipitate dropping the connection between the LTE wireless

network and the single radio wireless communication device. Active data transfer
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between the LTE wireless network and the single radio wireless communication
device as well as signaling messages during the suspension period can be interrupted
and later resumed when the wireless communication device returns to the LTE
wireless network.

[0026] In an embodiment, the single radio wircless communication device can
include wireless circuitry that can be configured for one of four different operating
modes. The wireless circuitry can include a transmitter (TX) and a first receiver
(RX0) that can each be tuned to a different carrier frequency, e.g., using separate
voltage controlled crystal oscillators (VCXOs), which can referred to as a TX-VCXO,
and an RX0-VCXO, and a second receiver (RX1) that can be tuned to the same carrier
frequency as the first receiver RX0 using the RX0-VCXO or to a different carrier
frequency, e.g., using a second receive VCXO, which can be referred as an RX1-
VCXO. In a default operating configuration, which can be referred to as “mode 17
herein, the single radio wireless communication device can be configured to
communicate with an LTE wireless network using the transmitter TX and both
receivers RX0 and RX1. In some embodiments, an LTE wireless communication
protocol can require the wireless communication device support a dual receiver
capability to provide a set of high downlink (DL) data rate transfers in a multiple
input multiple output (MIMO) mode and/or for DL transmit diversity. In mode 1, the
single radio wircless communication device can be unable to communicate with
(transmit to or receive from) a second wireless network, e.g., a legacy CDMA 2000
1x wireless network as all of the wireless circuitry in the single radio wireless
communication device can be configured to support communication to and from the
LTE wireless network. The single radio wireless communication device, however, can
be registered with the CDMA 2000 1x wireless network and can reconfigure itself to
listen for pages (e.g., for incoming MT voice connections), measure signals, or to
otherwise listen and/or transmit to the CDMA 2000 1x wireless network using
additional configuration modes.

[0027] In some embodiments, in a second configuration, which can be referred to
herein as “mode 4,” the single radio wireless communication device can be
configured to communicate with the second wireless network, e.g., the CDMA 2000
1x wireless network, using the transmitter TX and both receivers RX0 and RXI1,
providing a transmit path and a receive diversity path for communication with the

CDMA 2000 1x wireless network. By configuring the single radio wireless
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communication device to use mode 1 or mode 4, the transmitter TX and both
receivers RX0 and RX1 of the single radio wireless communication device can be
dedicated to communicate bi-directionally with either the LTE wireless network or
with the CDMA 2000 1x wireless network and can be not split to communicate with
two different wireless networks simultaneously. With inclusion of an independent
frequency control, e.g., the RX1-VCXO, however, the single radio wireless
communication device can be configured to allocate one receiver to each wireless
network, thereby permitting reception of signals from a second wireless network in
parallel with communication to and from a first wireless network, as described further
herein.

[0028] In an embodiment, the single radio wireless communication device can be
configured to a third configuration, which can be referred to herein as “mode 2,” to
use the transmitter TX (using the TX-VCXO) and the first receiver RX0 (using the
RX0-VCXO) in combination to communicate bi-directionally with the LTE wireless
network and to use the second receiver RX1 (using the RX1-VCXO) to listen for
signaling messages and/or to measure signals received from the CDMA 2000 1x
wireless network (or from one or more other wireless networks) in parallel. In mode
2, the single radio wireless communication device can be able to maintain full
communication with the LTE wireless network, without the highest data rate MIMO
downlink configurations that can require multiple receivers simultaneously tuned to
the LTE wireless network, while also listening for signaling messages, e.g., pages,
from the CDMA 2000 1x wireless network and/or measuring cell strength or quality
for a serving cell and/or neighbor cells of the CDMA 2000 1x wireless network. In
mode 2, in some embodiments, the single radio wireless communication device can
also measure signals from wireless networks using “other” radio access technologies,
e.g., for inter-radio access technology (iRAT) measurements, e.g., by tuning the
second receiver RX1 (using the RX1-VCXO) to another carrier frequency used by a
wireless network operating an alternative radio access technology. Mode 2 can prove
useful for monitoring the CDMA 2000 1x wireless network during a wake time period
of a discontinuous receive (DRX) cycle of the CDMA 2000 1x wireless network and
for measuring cells for cell selection and/or reselection for non-LTE wireless
networks.

[0029] In an embodiment, the single radio wireless communication device can be

configured to a fourth configuration, which can be referred to herein as “mode 3,” to
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use the transmitter TX and the first receiver RX0 (using the RX0-VCXO) in
combination to communicate with the CDMA 2000 1x wireless network and to use
the second receiver RX1 (using the RX1-VCXO) to listen for signaling messages
and/or to measure signals from the LTE wireless network (or from one or more other
wireless networks). In mode 3, the single radio wireless communication device can be
able to communicate bi-directionally with the CDMA 2000 1x wireless network,
while listening for messages or measuring signals from the LTE wireless network.
Mode 3 can be used when bi-directional communication with the CDMA 2000 1x
wireless network does not require the use of both receivers as provided for in mode 4;
thus receive diversity for reception of signals from the CDMA 2000 1x wireless
network or the LTE wireless network is not supported in mode 3, but under “good”
signal operating conditions, receive diversity may not be required for communication
with the CDMA 2000 1x wireless network. Mode 3 can be used for a connection with
the CDMA 2000 1x wireless network, e.g., a circuit switched voice connection in a
CSFB procedure, while simultaneously receiving signaling messages and/or
measuring cells of the LTE wireless network in parallel.

[0030] The single radio wireless communication device can determine in which
mode to operate based on requirements for communication with and/or monitoring of
signals associated with one or more parallel wireless networks. In some embodiments,
the single radio wireless communication device can determine whether a set of
receive signal conditions is satisfied when determining in which mode to operate, e.g.,
when “good” signal conditions prevail and reception from two wireless networks is
preferred, the wireless communication device can operate in a mode that assigns a
first receiver to a first wireless network and a second receiver to a second wireless
network, and when “poor” signal conditions exist, the single radio wireless
communication device can operate in a mode that assigns both the first and second
receivers to cither the first wircless network or the second wireless network,
depending on a requirement for use and a prioritization of use for the two wireless
networks.

[0031] FIG. 1 illustrates a representative “generic” wireless network 100 that can
include multiple wireless communication devices 102 connected by radio links 126 to
radio sectors 104 provided by a radio access network 128. Each radio sector 104 can
represent a geographic area of radio coverage emanating from an associated radio

node 108 using a radio frequency channel operating at a selected frequency. Each
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radio node 108 can generate one or more radio sectors 104 to which the wireless
communication device 102 can connect by one or more radio links 126. In some
wireless networks 100, the wireless communication device 102 can be connected to
more than one radio sector 104 simultancously. The multiple radio sectors 104 to
which the wireless communication device 102 can be connected can emanate from a
single radio node 108 or from separate radio nodes 108 that can share a common radio
controller 110. A group of radio nodes 108 together with the associated radio
controller 110 can be referred to as a radio access subsystem 106. Typically each
radio node 108 in a radio access subsystem 106 can include a set of radio frequency
transmitting and receiving equipment mounted on an antenna tower, and the radio
controller 110 connected to the radio nodes 108 can include electronic equipment for
controlling and processing transmitted and received radio frequency signals. The
radio controller 110 can manage the establishment, maintenance and release of the
radio links 126 that connect the wireless communication device 102 to the radio
access network 128.

[0032] Radio resources that form the radio links 126 in the radio sectors 104 can
be shared among multiple wireless communication devices 102 using a number of
different multiplexing techniques, including time division, frequency division, code
division, space division, and combinations thereof. A radio resource control (RRC)
signaling connection can be used to communicate between the wireless
communication device 102 and the radio controller 110 in the radio access subsystem
106 of the radio access network 128 including requests for and dynamic allocations of
radio resources to multiple wireless communication devices 102. Suspension of
allocation of radio resources to a wireless communication device 102 can occur
without dis-establishing the radio resource signaling connection to the wircless
communication device 102.

[0033] The radio access network 128, which provides radio frequency air link
connections to the wireless communication device 102, connects also to a core
network 112 that can include a circuit switched domain 122, usually used for voice
traffic, and a packet switched domain 124, usually used for data traffic. Radio
controllers 110 in the radio access subsystems 106 of the radio access network 128
can connect to both a circuit switching center 118 in the circuit switched domain 122
and a packet switching node 120 in the packet switched domain of the core network

112. The circuit switching center 118 can route circuit switched traffic, such as a
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voice call, to a public switched telephone network (PSTN) 114. The packet switching
node 120 can route packet switched traffic, such as a “connectionless” set of data
packets, to a public data network (PDN) 116.

[0034] FIG. 2 illustrates a representative CDMA 2000 1x wireless network 200
that can include elements comparable to those described for the “generic” wireless
network 100 shown in FIG. 1. Multiple mobile stations 202 can connect to one or
more radio sectors 204 through radio frequency links 226. Each radio sector 204 can
radiate outward from a base transceiver station (BTS) 208 that can connect to a base
station controller (BSC) 210, together forming a base station subsystem (BSS) 206.
Multiple base station subsystems 206 can be aggregated to form a radio access
network 228. Base station controllers 210 in different base station subsystems 206 can
be interconnected. The base station controllers 210 can connect to both a circuit
switched domain 222 that use multiple mobile switching centers (MSC) 218 and a
packet switched domain 224 formed with packet data service nodes (PDSN) 220,
which together can form a core network 212 for the wireless network 200. As with the
generic wireless network 100 described above, the circuit switched domain 222 of the
core network 212 can interconnect to the PSTN 114, while the packet switched
domain 224 of the core network 212 can interconnect to the PDN 116. Establishing
connections on the CDMA 2000 1x wireless network 200 can depend on the mobile
station 202 receiving a page from the BSS 206 indicating an incoming connection.
The mobile station 202 can be required to listen for pages during specific paging
intervals. Without reception of the page, the mobile station 202 can be unaware of a
request to form a connection between the mobile station 202 and the CDMA 2000 1x
wireless network 200. In some embodiments, the mobile station 202 can operate in a
discontinuous receive (DRX) mode with respect to the CDMA 2000 1x wireless
network 200, e.g., “sleeping” during certain time periods and “waking” during short
intervals to listen for paging messages. As the wireless circuitry that supports
transmission and reception of radio frequency signals can be not required during the
“sleep” time periods, the mobile station 202 can reconfigure wireless circuitry for use
on another wireless network during those time periods. During the “wake” time
period, the mobile station 202 can configure a portion of the wireless circuitry to
listen for paging messages and also to measure receive signals from a serving cell
and/or neighbor cells. In some embodiments, the mobile station 202 can configure

another portion of the wireless circuitry to remain connected to (transmit and receive)
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or listen for and/or measure (receive only) signals from another network, while also
receiving paging messages on the CDMA 2000 1x wireless network 200.

[0035] FIG. 3 illustrates a representative Long Term Evolution (LTE) wireless
network 300 architecture designed as a packet switched network exclusively. A user
equipment 302 can connect to an evolved radio access network 322 through radio
links 326 associated with radio sectors 304 that emanate from evolved Node B’s
(eNodeB) 310. The eNodeB 310 can include the functions of both transmitting and
receiving base stations (such as the BTS 208 in the CDMA 2000 1x wireless network
200) as well as base station radio controllers (such as the BSC 210 in the CDMA
2000 1x wireless network 200). The equivalent core network of the LTE wireless
network 300 is an evolved packet core network 320 including serving gateways 312
that interconnect the evolved radio access network 322 to public data network (PDN)
gateways 316 that connect to external internet protocol (IP) networks 318. Multiple
eNodeB 310 can be grouped together to form an eUTRAN 306. The eNodeB 310 can
also be connected to a mobility management entity (MME) 314 that can provide
control over connections for the user equipment 302. The eNodeB 310 can control
allocation of radio resources for the radio links 326 to the user equipment 302. The
eNodeB 310 can communicate paging messages to the user equipment 302, including
paging messages to establish an RRC connection with the user equipment 302 and
transition from an RRC idle state to an RRC connected state. The user equipment 302
can be required to be in an RRC connected state in order to communicate application
data packets and signaling messages.

[0036] FIG. 4 illustrates a wireless communication device 102 in communication
with both the LTE wireless network 300 and with the CDMA 2000 1x wireless
network 200. (The generic term “wireless communication device” 102 shall be used
hereinafter to denote a mobile terminal, a mobile station, a user equipment, or other
comparable recognized term for a mobile wireless device that can connect through a
wireless access network to one or more wireless networks.) The CDMA 2000 1x
wireless network 200 can connect to the circuit switch based public switched
telephone network (PSTN) 114 through a mobile switching center (MSC) 218. The
CDMA 2000 1x wireless network 200 can provide circuit switched services, e.g.,
circuit switched voice connections for the wireless communication device 102, such
as used in a circuit switched fallback (CSFB) procedure. The MSC 218 of the CDMA
2000 1x wireless network 200 can be interconnected to the MME 314 of the LTE
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wireless network 300 to coordinate call signaling for the wireless communication
device 102. In some embodiments, the CDMA 2000 1x wireless network 200 can
seek to establish a connection through the radio links 226 with the wireless
communication device 102, e.g. to establish a voice connection between the wireless
communication device 102 and the PSTN 114. The CDMA 2000 1x wireless network
200 can transmit a page message to the wireless communication device 102 using the
radio links 226 to indicate the availability of an incoming voice connection. Unless a
receiver in the wireless communication device 102 is tuned to listen for the page
message from the CDMA 2000 1x wireless network 200 during the appropriate
paging interval, the wireless communication device 102 can be connected to the LTE
wireless network 300 during the paging interval and can be unaware of an attempt to
form a mobile terminated voice connection. A single radio wireless communication
device 102 can be configured to communicate (transmit and receive) radio frequency
signals with only one wireless network at a time. In some embodiments, the single
radio wireless communication device 102 can be configured to communicate with one
wireless network while simultaneously listening to and/or measuring signals from one
or more other wireless networks, as described further herein. The single radio wireless
communication device 102 can be normally configured to communicate with the LTE
wireless network 300 and to listen periodically for page messages from the CDMA
2000 1x wireless network 200 by tuning a receiver in the single radio wireless
communication device 102 from the LTE wireless network 300 to the CDMA 2000
1x wireless network 200 temporarily and subsequently re-tuning the receiver back to
the LTE wireless network 300. In order to receive signaling messages and/or data
packets from the LTE wireless network 300 the single radio wireless communication
device 102 can listen for paging messages from the CDMA 2000 1x wireless network
200 using one receiver and can maintain another receiver tuned to the LTE wireless
network 300.

[0037] FIG. 5 illustrates select wireless signal processing elements 500 that can be
contained in a dual radio wireless transmitter/receiver (TX/RX) 516 of a dual radio
wireless communication device 102. An LTE signal processing chip 502 can be used
to provide connections between the dual radio wireless communication device 102
and the LTE wireless network 300, while a CDMA 2000 1x signal processing chip
504 can be used to provide connections between the dual radio wireless

communication device 102 and the CDMA 2000 1x wireless network 200. Each
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signal processing chip can be connected to a set of antennas (and other accompanying
wireless circuitry) through which radio frequency signals can be transmitted to and
received from respective wireless networks. The LTE signal processing chip 502 can
be connected to a transmitting antenna 506 and to a pair of receive antennas 508/510.
Multiple receive antennas can be used to improve performance through various forms
of receive diversity and can be required based on a standardized wireless
communication protocol, e.g., to support high data rates through MIMO transmission.
With the separate CDMA 2000 1x signal processing chip 504, the dual radio wireless
communication device 102 can transmit and receive radio frequency signals with the
CDMA 2000 1x wireless network 200 through a transmit antenna 512 and a receive
antenna 514, while simultaneously transmitting and receiving radio frequency signals
with the LTE wireless network 300 through the separate transmit antenna 506 and
receive antennas 508/510. The LTE signal processing chip 502 and the CDMA 2000
Ix signal processing chip 504 can be connected to each other in order to coordinate
radio frequency signal communication with their respective wireless networks. The
dual radio wireless transmitter/receiver 516, while flexible, can be more expensive,
consume more power and occupy more space than a compact, low power single radio
wireless transmitter/receiver, a representative embodiment of which is illustrated in
FIG. 6.

[0038] FIG. 6 illustrates a single radio wireless transmitter/receiver 614 that can
reside in a single radio wireless communication device 102 that can communicate
(transmit and receive) with the LTE wireless network 300 or with the CDMA 2000 1x
wireless network 200 separately but not simultancously. When connected to the LTE
wireless network 300, the single radio wireless communication device 102 can use a
single transmitter (Tx) 608 and dual receivers (Rx) 610/612, e.g., to support receive
diversity, or MIMO operation, or carrier aggregation on different frequencies. When
connected to the CDMA 2000 1x wireless network 200, the single radio wireless
communication device 102 can use the single transmitter 608 and either one receiver
(Rx 610 or Rx 612) or both receivers (Rx 610 and Rx 612), e.g., for receive diversity.
Use of dual receivers for both the LTE wireless network 300 and the CDMA 2000 1x
wireless network 200 can provide higher receive signal quality and therefore higher
data throughput and/or greater connection reliability under adverse signal conditions.
In “good” signal conditions, however, use of both receivers can be not required,

particularly when connected to or listening for signals from the CDMA 2000 1x
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wircless network 200. In some embodiments, the single radio wireless
transmitter/receiver 614 can be configured to allow reception through a first receiver,
e.g., Rx0 610, associated with a first wireless network, while also allowing reception
through the second receiver, e.g., Rx1 612, associated with a second wireless network.
An interconnect block 606 can be used to connect the LTE signal processing block
602 or the CDMA 2000 1x signal processing block 604 to the transmitter 608 and/or
one or both of the receivers 610/612 respectively. Within the single radio wireless
communication device 102, the single radio wireless transmitter/receiver 614 can be
connected to an application processor (not shown) that can perform “higher layer”
functions such as establishing connections for applications and forming messages to
be communicated with various wireless networks, while the single radio wireless
transmitter/receiver 614 can perform “lower layer” functions such as ensuring
integrity of transmitted and received radio frequency signals that carry messages for
the application processor.

[0039] FIG. 7 illustrates another representative single radio wireless
communication device 102 that includes a single radio wireless transmitter and
receiver chip 718 that supports multiple wireless networks in accordance with some
embodiments. The single radio wireless transmitter/receiver chip 718 can include a
combination of hardware, firmware, and/or software to support wireless
communication with multiple wireless networks that operate according to different
wireless communication protocols. In an embodiment, the single radio wireless
transmitter/receiver 718 includes an LTE signal processing block 602 and a CDMA
2000 1x signal processing block 604. An interconnect block 606 can provide
connections between the LTE signal processing block 602 and a set of transmit and
receive wireless circuitry, e.g., amplifiers, digital to analog converters, analog to
digital converters, filters, voltage controlled crystal oscillators (VCXOs), antennas,
and other wireless circuitry that can support the transformation of digital packets into
radio frequency analog waveforms and back into digital packets. In some
embodiments, the LTE signal processing block 602 can be connected to a transmitter
(Tx) 708 and first receiver (Rx0) 712, which can operate as a pair for transmission
and reception of radio frequency signals in accordance with an LTE wireless
communication protocol. The LTE signal processing block can also be connected to a
second receiver (Rx1) 716, which can also operate in cooperation with the transmitter

708 and the first receiver (Rx0) 712 to provide dual receiver capability, e.g., as used
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in MIMO reception and with receiver diversity. The first and second receivers
712/716 can be connected to the same VCXO (Rx0) 710, which can be tuned to an
LTE carrier frequency. The LTE signal processing block 602 can use the transmitter
708 and both receivers 712/716 in a “mode 1” as described hereinabove. In some
embodiments, the LTE signal processing block 602 can support a wireless
communication protocol that uses carrier aggregation to combine information
transmitted on two or more carrier frequencies.

[0040] In some embodiments, the second receiver (Rx1) 716 can be connected to
a second VCXO (Rx1) 714 that provides a carrier frequency different from the carrier
frequency provided by the first VCXO (Rx0) 710. The first and second carrier
frequencies can be in the same frequency band or in different frequency bands when
using carrier aggregation for LTE wireless reception at high data rates. In some
embodiments, the second VCXO (Rx1) 714 can be tuned to a carrier frequency for
use of a “legacy” wireless communication protocol, e.g., a CDMA 2000 1x wireless
communication protocol, a UMTS wireless communication protocol, or a GSM
wireless communication protocol. In an embodiment, the CDMA 2000 1x signal
processing block 604 can be connected through the interconnect 606 to the second
receiver (Rx1) 716, which can be tuned to a separate carrier frequency for receiving
signals (e.g., via antenna 704) in accordance with a CDMA 2000 1x wireless
communication protocol from a CDMA 2000 1x wireless network 200. The LTE
signal processing block 602 can be connected to the transmitter 708 and the first
receiver (Rx0) 712, to transmit and receive signals with an LTE wireless network 300,
e.g., via “antenna 0” 702, while the CDMA 2000 1x signal processing block 604
receives signals from a “non-LTE” wireless network in a “mode 2,” e.g., via “antenna
17 704. With only one receiver allocated for LTE communication, the single radio
wireless communication device 102 can be unable to receive MIMO transmissions. In
some embodiments, when reconfiguring from “mode 17 to “mode 2,” the single radio
wireless communication device 102 can communicate with the LTE wireless network
300 to indicate a preference for “non-MIMO” downlink communication, e.g., by
providing a rank indicator (RI) value of 1 in a channel status report (CSR) or by
providing another signaling control message to the LTE wireless network 300. By
using two separate receivers (Rx0 712 and Rx1 716) tuned to two separate carrier
radio frequencies, e.g., using separate VCXOs (Rx0 VCXO 710 and Rx1 VCXO 714)

in parallel, the single radio wireless communication device 102 can maintain
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continuous bi-directional communication with the LTE wireless network 300 while
listening for paging messages or receiving signals from another wireless network,
e.g., CDMA 2000 1x wireless network 200. In some embodiments, the CDMA 2000
1x signal processing block 604 can be configured for a discontinuous receive (DRX)
mode that periodically wakes from a “sleep” state and decodes paging messages from
the CDMA 2000 1x wireless network 200 and/or measures signals from a non-LTE
wireless network.

[0041] In some embodiments, the transmitter 708 and the first receiver (Rx0) 712
can be tuned from the LTE wireless network 300 to a legacy wireless network, e.g.,
the CDMA 2000 1x wireless network 200, in order to provide communication
(transmission and reception) with the legacy wireless network while retaining a
reception capability with the LTE wireless network 300 using the second receiver
(RxI) 716. In an embodiment, the transmit (Tx) VCXO 706 and the first receive
VCXO (Rx0) 710 can be tuned to carrier frequencies associated with the CDMA 2000
Ix wireless network 200, e.g., in order to perform a circuit switched fallback (CSFB)
procedure to complete a mobile originated voice connection with the CDMA 2000 1x
wireless network 200. The second VCXO (Rx1) 714 can remain tuned (or be retuned)
to a carrier frequency associated with the LTE wireless network 300, while the
transmitter and first receiver (Tx 708 and Rx0 712) are associated with wireless
communication with the CDMA 2000 1x wireless network 200. Configuration of the
single radio wireless communication device 102 in this “mode 3 operation and can
provide the wireless communication device 102 with the capability to communicate
fully with the CDMA 2000 1x wireless network 200 while continuing to receive
signaling messages and/or measure radio frequency signals from the LTE wireless
network 300 or from other parallel wireless networks. In some instances,
communication with the CDMA 2000 1x wireless network 200 can be relatively
short, ¢.g., providing a location area update or a short message service (SMS)
communication, and communication with the LTE wireless network 300 can be
restored by reconfiguring the wireless communication device 102 to the “mode 17
configuration relatively quickly. While communicating with the CDMA 2000 1x
wireless network 200, the single radio wireless communication device 102 can
continue to receive signaling messages from the LTE wireless network 300, e.g., on
the Physical Downlink Control Channel (PDCCH) and/or the Physical Downlink
Shared Channel (PDSCH), as signaling messages can be transmitted in the downlink
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direction from the LTE wireless network 300 using transmit diversity and can not
require receive diversity or MIMO reception by the wireless communication device
102. The one receiver used in the “mode 3” configuration for receiving signals from
the LTE wireless network 300 can suffice to receive signaling messages, which can be
transmitted with receive diversity by the LTE wireless network 300. The wireless
communication device 102 can also continue to receive layer 2/3 signaling messages
(e.g., RRC messages) from the LTE wireless network 300 that are communicated
using small packets that do not require MIMO transmission as can be used for large
packets. By providing for reception of signaling messages from the LTE wireless
network 300 while the wireless communication device 102 simultaneously
communicates with the CDMA 2000 1x wireless network 200, the single radio
wireless communication device 102 can be less likely to lose a connection with the
LTE wireless network 300 and provide improved performance for a user of the
wireless communication device 102. In some embodiments, the LTE signal
processing block 602 can measure signals received through the second receiver 716
(Rx1) to determine cell characteristics (e.g., for a serving cell and/or for neighbor
cells) to have better knowledge of performance when connecting and communicating
with the LTE wireless network 300 (rather than encountering an unknown condition
when returning from a configuration with no reception of signals from the LTE
wireless network 300, e.g., when the transmitter 708 and both receivers 712/716 are
allocated to a non-LTE wireless network, such as the CDMA 2000 1x wireless
network 200). In some embodiments, the wireless communication device 102 can
provide a mobile terminated or mobile originated voice connection with the CDMA
2000 1x wireless network 200 during which the wireless communication device 102
can operate the LTE signal processing block 602 in a discontinuous receive (DRX)
mode, with intermittent reception of LTE signals and/or measurement of cells during
“wake” time periods interspersed with “sleep” time periods.

[0042] In some embodiments, the wireless communication device 102 can
determine a configuration in which to operate based on a measurement of signal
strength, signal quality or another set of signal characteristics and metrics. When
operating in an area with “good” signal coverage (with respect to the CDMA 2000 1x
wireless network 200) and in response to a “tune away” event that requires use of at
least one receiver for reception of signals from the CDMA 2000 1x wireless network

200, the wircless communication device 102 can operate in the “mode 3”
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configuration for a mobile originated voice connection, location area update, SMS
communication, or other transmit/receive event with the CDMA 2000 1x wireless
network 200, while retaining the second receiver (Rx1) 716 for use with the LTE
wireless network 300. When operating in an area with “poor” signal coverage (with
respect to the CDMA 2000 1x wireless network 200) and in response to the “tune
away” event, the wireless communication device 102 can operate in the “mode 4”
configuration that provides both receivers 712/716 and the transmitter 708 for
communication with the CDMA 2000 1x wireless network 200. The wireless
communication device 102 can opt for using receive diversity when operating in
“poor” signal conditions to provide better reception of weak CDMA 2000 1x wireless
signals or in the presence of high levels of noise and/or interference. The wireless
communication device 102 can opt for using only a single receiver when operating in
“good” signal conditions to permit continued reception of wireless signals from the
LTE wireless network 300 while communicating simultancously with the CDMA
2000 1x wireless network 200. In “good” signal conditions, the wireless
communication device 102 can select “mode 2” when reception of signals from and
no transmission of signals to the CDMA 2000 1x wireless network 200 is required.
Full bi-directional communication (excepting MIMO reception) with the LTE
wircless network 300 can continue while operating the single radio wireless
communication device 102 in the “mode 2” configuration. In an instance when the
CDMA2000 1x signal processing block 604 receives a paging message while in
“mode 2”7 from the CDMA 2000 1x wireless network 200, the wireless
communication device 102 can be reconfigured to either “mode 3 or “mode 4” to
provide bi-directional communication with the CDMA 2000 1x wireless network 200.
Selecting whether to use “mode 3” or “mode 4” for communication between the
wireless communication device 102 and the CDMA 2000 1x wireless network 200
can depend on a set of signal conditions being satisfied, e.g., “good” signal coverage
allowing for using a first receiver with the LTE wireless network 300 and a second
receiver with the CDMA 2000 1x wireless network 200, while “poor” signal coverage
requiring use of both receivers for the CDMA 2000 1x wireless network 200. Upon
completion of the “tune away” event, e.g., completion of the mobile originated or
mobile terminated voice connection, completion of the location area update or SMS
communication, the wireless communication device 102 can be reconfigured back to

use the LTE wireless network 300, e.g., in a “mode 17 configuration that permits full
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reception of signals from the LTE wireless network 300 including MIMO operation or
in a “mode 2” configuration that uses only one receiver for reception of signals from
the LTE wireless network 300 and retains the other receiver for signals received from
the CDMA 2000 1x wireless network 200. In some embodiments, the wireless
communication device 200 can monitor the PDCCH and/or PDSCH channels for
information about a format for downlink transmissions from the LTE wircless
network 300, which can indicate whether MIMO downlink transmission is being
used, and the wireless communication device 102 can select an operational mode
appropriately. If the wireless communication device 102 prefers to operate with one
receiver assigned to each of two different wireless networks, the wireless
communication device 102 can communicate a rank indication of 1 to the LTE
wireless network 300, e.g., using the rank indicator portion of a channel status report
message, to indicate a preference to not receive MIMO rank 2 (or higher rank)
downlink transmissions. In an instance when the wireless communication device 102
is presently receiving MIMO downlink transmissions, e.g., in a rank 2 MIMO
configuration, the wireless communication device 102 can communicate a rank
indicator value of 1 to the LTE wireless network 300 before switching one of the
receivers over to provide reception of signals from the CDMA 2000 1x wireless
network 200.

[0043] FIG. 8 illustrates a diagram 800 of a representative set of processing
elements of a single radio wireless communication device 102 in accordance with
some embodiments. The wireless communication device 102 can include a set of
wireless circuitry 810 that can provide for communication with multiple wireless
networks, e.g., the LTE wireless network 300 and the CDMA 2000 1x wireless
network 200. The wireless circuitry 810 in the wireless communication device 102
can include one or more wireless circuitry modules including processors and wireless
circuitry to transmit and receive wireless signals according to various wireless
communication protocols. A wireless circuitry module (which can also be referred to
as a wireless subsystem) of the wireless communication device 102 can include
transmitters and receivers to provide signal processing of radio frequency wireless
signals formatted according to wireless communication protocols, e.g., according to
an LTE wireless communication protocol, a CDMA 2000 1x wireless communication
protocol, or another cellular wireless communication protocol. In some embodiments,

the wireless circuitry module can include components such as: processors and/or
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specific-purpose  digital signal processing (DSP) circuitry for implementing
functionality such as, but not limited to, baseband signal processing, physical layer
processing, data link layer processing, and/or other functionality; one or more digital
to analog converters (DACs) for converting digital data to analog signals; one or more
analog to digital converters (ADCs) for converting analog signals to digital data; radio
frequency (RF) circuitry (e.g., one or more amplifiers, mixers, filters, phase lock
loops (PLLs), and/or oscillators); and/or other components. The wireless circuitry
module can be also referred to as a radio in some embodiments.

[0044] The wireless circuitry 810 of the single radio wireless communication
device 102 of FIG. 8 can include wireless processing blocks, as illustrated in FIG. 7,
in some embodiments. The wireless circuitry 810 of the wireless communication
device 102 can be connected to high layer processing circuitry 806 that includes a
host/application processor 802 connected to memory 804. In some embodiments, the
wireless circuitry 810 includes its own wireless control processor. In some
embodiments, the wireless circuitry 810 can be controlled by one or more processors
contained therein and/or by the host/application processor 802 to be configured in one
of the four different operating modes described hereinabove. In some embodiments,
the wireless circuitry 810 is configured to switch between different operating modes
based on requirements for communication with two or more different wireless
networks, e.g., the LTE wireless network 300 and the CDMA 2000 1x wireless
network. The wireless circuitry 810 can be configured to switch between different
operating modes that provide for single receiver reception from one wireless network
and simultaneous single receiver reception from another wireless network. In some
embodiments, the wireless circuitry 810 can be configured for different operating
modes based on a set of signal conditions, e.g., measurements of receive signal
strength and/or quality for one or more wireless networks. In some embodiments, the
wireless circuitry 810 can be configured for different operating modes based on an
operation to be performed, e.g., to originate a voice connection, to receive a paging
message, to provide a location update, to transmit and/or receive an SMS message, to
receive an incoming voice connection, to measure a serving cell, to measure one or
more neighbor cells, etc.

[0045] FIG. 9 illustrates a diagram 900 of a set of radio frequency tune-away
events for a wireless communication device 102 that communicates with two different

wireless networks (NW1 and NW2) in accordance with some embodiments. The
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wireless communication device 102 can be configured to communicate with the first
wireless network NW1 (e.g., the LTE wireless network 300) and during a short time
period tune at least one receiver in the wireless communication device 102 to listen
for signals from and/or transmit a short message or location update to the second
wireless network NW2 (e.g., the CDMA 2000 1x wireless network 200). For a short
tune-away time period, the connection with the LTE wireless network 300 can be
interrupted without a loss of the LTE connection, i.e., the wircless communication
device 102 can return from the short tune-away event to resume communication with
the LTE wireless network 300. In some embodiments, the wireless communication
device 102 can determine to use a first receiver associated with a transmitter during
the short tune-away event, e.g., for providing a location area update or an SMS
message to the CDMA 2000 1x wireless network 200. In some embodiments, the
wireless communication device 102 can simultaneously continue to use a second
receiver with the LTE wireless network 300 while communicating with the CDMA
2000 Ix wireless network 200 during the short tune-away event. The wireless
communication device 102 can determine whether to use a receiver only or a
transmitter and a receiver for communication during the tunc-away event based on
actions to be performed during the tunc-away event. In some embodiments, the
wireless communication device 102 can tune multiple receivers to the second wireless
network, e.g., the CDMA 2000 1x wireless network 200, during the tune-away event,
e.g., when a set of signal conditions indicate that reception of signals from the CDMA
2000 1x wireless network 200 can require receive diversity. During a tune-away
event, the wireless communication device 102 can change the use of receivers, e.g.,
between two different receivers and/or from the use of one receiver to the use of two
receivers based on actions undertaken, received signals, received messages, or other
conditions. In an embodiment, the wireless communication device 102 can tune a first
receiver to the CDMA 2000 1x wireless network 200 to listen for a paging event, and
in response to receiving a paging message can reconfigure the wireless
communication device to use both a transmitter and a receiver (or multiple receivers)
to establish a mobile terminated voice connection with the CDMA 2000 1x wireless
network 200. In an embodiment, the wircless communication device can receive a
message from the LTE wireless network 300 in advance of a tune-away event that
indicates an incoming voice connection on the CDMA 2000 1x wireless network 200,

and the wireless communication device 102 can tune one or more receivers and a
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transmitter to establish a connection with the CDMA 2000 1x wireless network 200
during the tune-away event. A voice connection with the CDMA 2000 1x wireless
network 200 can be represented as a “long” tune-away event as illustrated in FIG. 9.
In some embodiments, the wireless communication device 102 can determine a
number of receivers to use for the voice connection during the tune-away event based
on a set of measured signal metrics for the CDMA 2000 1x wireless network, e.g., a
measure of signal strength and/or signal quality that can indicate whether the wireless
communication device 102 operates in an area of “good” signal coverage or an area of
“poor” signal coverage. In some embodiments, the wireless communication device
102 determines whether to use one or multiple receivers during the tune-away event
based on comparing one or more receive signal metrics to one or more thresholds. In
some embodiments, in an instance when reconfiguring from the use of multiple
receivers by the LTE wireless network 300 to use of a single receiver by the LTE
wireless network 300, the wireless communication device 102 can provide an
indication to the LTE wireless network 300, e.g., through one or more signaling
messages, of a preference to receive communication through only one receiver, e.g., a
preference for downlink transmit diversity rather than MIMO transmission. In some
embodiments, the wireless communication device 102 communicates the preference
using a rank indicator in a channel status report message provided to the LTE wireless
network 300 in advance of the tune-away cvent.

[0046] FIG. 10 illustrates a flow chart 1000 of a representative embodiment to
configure wireless circuitry in a single radio wireless communication device 102 to
receive signals from two wireless networks simultaneously in accordance with some
embodiments. In an embodiment, a first wireless network operates in accordance with
a long term evolution (LTE) wireless communication protocol, e.g., the LTE wireless
network 300, and a second wireless network operates in accordance with a “legacy”
third generation (3G) wireless communication protocol, e.g., the CDMA 2000 1x
wireless network 200. In a first step 1002, the wireless communication device 102
establishes a connection with the first wireless network using a first radio frequency
signaling chain and a second radio frequency signaling chain. In an embodiment, the
first and second radio frequency signaling chains include at least wireless circuitry
810 as illustrated in FIG. 8 and described hereinabove, or a set of receivers (Rx0,
Rx1) 712/716 and associated voltage controlled crystal oscillators (VCXOs) 710/714

as illustrated in FIG. 7 and described hereinabove. In some embodiments, a radio
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frequency signaling chain can also be referred to as a receiver, a receive signaling
chain, or a receive portion of wireless circuitry in a wireless communication device
102. In step 1004, the wireless communication device 102 detects a radio frequency
tune-away event. In some embodiments, the radio frequency tune-away event
corresponds to a time period during which the wireless communication device 102
reconfigures during a “wake” cycle of a discontinuous receive (DRX) cycle to listen
for signals (ec.g., page messages) or to measure signals (e.g., for cell
selection/reselection) from the second wireless network. In some embodiments, the
tune-away event is associated with establishing a connection for a mobile originated
or mobile terminated voice connection with the second wireless network. In step
1006, the mobile wireless device 102 determines whether a set of receive signal
conditions for connection to the second wireless network is satisfied. In some
embodiments, the set of receive signal conditions is satisfied when a receive signal
quality, a receive signal strength, or one or more other receive signal metrics exceed a
set of threshold values. When the set of receive signal conditions is satisfied, the
wireless communication device 102 reconfigures only one radio frequency signaling
chain to connect to the second wireless network. In an embodiment, the wireless
communication device 102 selects which of the radio frequency signaling chains to
reconfigure based at least in part on whether a transmitter is required during the tune-
away event. For example, when at least one signaling message or data message is
required to be transmitted during the tune-away event to the second wireless network,
the radio frequency signaling chain(s) associated with a transmitter can be
reconfigured for use during the tune-away event with the second wireless network. In
some embodiments, the first radio frequency signaling chain is associated with a
transmitter, while the second radio frequency signaling chain is not associated with
the transmitter of the wireless communication device 102. In an embodiment, the set
of receive signal conditions being satisfied indicates “good” signal coverage, e.g., a
receive signal strength or receive signal quality exceeds a threshold, and the wireless
communication device 102 can receive signals from the second wireless network
reliably with only one receiver. In some embodiments, the set of receive signal
conditions not being satisfied indicates “poor” signal coverage, e.g., the receive signal
strength or receive signal quality fall below a threshold, and the wireless
communication device 102 can require receive diversity as provided by multiple

receivers in order to reliably receive signals from the second wireless network. In step
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1010, when the set of receive signal conditions for connection to the second wireless
network is not satisfied, the wireless communication device 102 reconfigures both of
the first and second radio frequency signaling chains to connect with the second
wireless network. In some embodiments, the wircless communication device 102
configures a transmitter in accordance with requirements for communication with the
first wireless network or the second wireless network during the tune-away event. In
some embodiments, the wireless communication device determines which wireless
network in a set of wireless networks with which to associate a radio frequency
signaling chain in a set of radio frequency signaling chains in the wireless
communication device based at least in part on requirements for communication with
the wireless network, a set of receive signal conditions for the wireless network,
and/or a prioritization for communication among the wireless networks in the set of
wireless networks. In an embodiment, the set of wireless networks includes a first
wireless network operating in accordance with an LTE wireless communication
protocol and a second wireless network operating in accordance with a legacy 3G
wireless communication protocol, the first wireless network providing packet
switched connections only, and the second wireless network providing at least circuit
switched connections. In an embodiment, the second wireless network provides voice
connections for a CSFB procedure for the first wireless network. In some
embodiments, connections to the second wireless network take priority over
connections to the first wireless network.

[0047] Representative applications of systems, methods, apparatuses, and
computer program products according to the present disclosure are described in this
section hereinabove. These examples are being provided solely to add context and aid
in the understanding of the described embodiments. It will thus be apparent to one
skilled in the art that the described embodiments may be practiced without some or all
of these specific details. In other instances, well known process steps have not been
described in detail in order to avoid unnecessarily obscuring the described
embodiments. Other applications are possible, such that the following examples
should not be taken as limiting,

[0048] In the detailed description provided, references are made to the
accompanying drawings, which form a part of the description and in which are
shown, by way of illustration, specific embodiments in accordance with the described

embodiments. Although these embodiments are described in sufficient detail to enable
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one skilled in the art to practice the described embodiments, it is understood that these
examples are not limiting; such that other embodiments may be used, and changes
may be made without departing from the spirit and scope of the described
embodiments.

[0049] Software, hardware, or a combination of hardware and software can
implement various aspects of the described embodiments.  The described
embodiments can also be encoded as computer program code on a non-transitory
computer readable medium. The non-transitory computer readable medium is any
data storage device that can store data that can thereafter be read by a computer
system. Examples of the non-transitory computer readable medium include read-only
memory, random-access memory, CD-ROMs, DVDs, magnetic tape and optical data
storage devices. The computer program code can also be distributed over network-
coupled computer systems so that the computer program code is stored and executed
in a distributed fashion.

[0050] The various aspects, embodiments, implementations or features of the
described embodiments can be used separately or in any combination. The foregoing
description, for purposes of explanation, used specific nomenclature to provide a
thorough understanding of the described embodiments. However, it will be apparent
to one skilled in the art that the specific details are not required in order to practice the
described embodiments.  Thus, the foregoing descriptions of the specific
embodiments described herein are presented for purposes of illustration and
description. They are not targeted to be exhaustive or to limit the embodiments to the
precise forms disclosed. It will be apparent to one of ordinary skill in the art that
many modifications and variations are possible in view of the above teachings.

[0051] The advantages of the embodiments described are numerous. Different
aspects, embodiments or implementations can yield one or more of the following
advantages. Many features and advantages of the present embodiments are apparent
from the written description and, thus, it is intended by the appended claims to cover
all such features and advantages of the invention. Further, since numerous
modifications and changes will readily occur to those skilled in the art, the
embodiments should not be limited to the exact construction and operation as
illustrated and described. Hence, all suitable modifications and equivalents can be

resorted to as falling within the scope of the invention.
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CLAIMS

What is claimed is:

L. A method to configure wireless circuitry in a single radio wireless
communication device, the method comprising:
by the wireless communication device:
establishing a connection to a first wireless network in accordance with
a first wireless communication protocol using a first radio frequency signaling
chain and a second radio frequency signaling chain;
detecting a radio frequency tune-away event;
in an instance when a set of receive signal conditions for a second
wireless network is satisfied, reconfiguring only one of the first and second
radio frequency signaling chains to a second wireless network in accordance
with a second wireless communication protocol; and
in an instance when the set of receive signal conditions for the second
wireless network is not satisfied, reconfiguring both the first and second radio
frequency signaling chains to the second wireless network in accordance with
the second wireless communication protocol.
2. The method recited in claim 1, wherein detecting the radio frequency tune-
away event comprises obtaining a mobile terminated page indication from the first
wireless network for a connection on the second wireless network; and further
comprising:
reconfiguring a transmitter to communicate with the second wireless network
in accordance with the second wireless communication protocol.
3. The method recited in claim 1, wherein detecting the radio frequency tune-
away event comprises obtaining a mobile originated indication to establish a
connection with the second wireless network; and further comprising:
reconfiguring a transmitter to communicate with the second wireless network
in accordance with the second wireless communication protocol.
4. The method recited in claim 1, wherein detecting the radio frequency tune-
away event comprises:
detecting a discontinuous receive (DRX) wake time period during which to

listen for a paging message from the second wireless network, to measure signals
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received from the second wireless network, or to perform an inter-radio access
technology measurement.
5. The method recited in claim 1, wherein the set of receive signal conditions for
the second wireless network is satisfied when a receive signal strength or receive
signal quality for the second wireless network exceeds a threshold value.
6. The method recited in claim 1, further comprising:
in an instance when the tune-away event requires providing at least one
transmission to the second wireless network, reconfiguring the first radio frequency
signaling chain associated with a transmitter to the second wireless network and
maintaining a configuration of the second radio frequency signaling chain to receive
signals from the first wireless network.
7. The method recited in any of claims 1 to 6, wherein the first wireless network
operates in accordance with a long term evolution (LTE) or long term evolution
advanced (LTE-A) wireless communication protocol, and the second wireless
network operates in accordance with a legacy third generation (3G) wireless
communication protocol.
3. The method recited in any of claims 1 to 6, further comprising:
in an instance when the tune-away event does not require providing at least
one transmission to the second wireless network, reconfiguring the second radio
frequency signaling chain not associated with a transmitter to the second wireless
network and maintaining a configuration of the first radio frequency signaling chain
to receive signals from the first wireless network.
0. The method as recited in claim 8, further comprising:
in response to receiving a mobile terminated paging message during the tune-
away event:
reconfiguring the second radio frequency signaling chain not
associated with the transmitter to the first wireless network;
reconfiguring the first radio frequency signaling chain associated with
the transmitter to the second wireless network; and
reconfiguring the transmitter to the second wireless network.
10. The method as recited in any of claims claim 1 to 6, further comprising:
in the instance when the set of receive signal conditions for the second
wireless network is satisfied, sending a channel status report that includes a rank

indicator value of one to the first wireless network in advance of the tune-away cvent.

231 -



WO 2014/052501 PCT/US2013/061767

10

15

20

25

30

11. A wireless communication device comprising:

one or more processors configured to control establishing and releasing
connections between the wireless communication device and a first wireless network
and between the wireless communication device and a second wireless network;

a transmitter configurable to transmit signals to the first wireless network
according to a first wireless communication protocol and to the second wireless
network according to a second wireless communication protocol;

a first receiver associated with the transmitter and configurable to receive
signals from the first wireless network or from the second wireless network; and

a second receiver not associated with the transmitter and configurable to
receive signals from the first wireless network or from the second wireless network;

wherein the one or more processors are further configured to:

establish a connection to the first wireless network using the
transmitter, the first receiver and the second receiver;
detect a tune-away event to communicate with the second wireless
network; and
in response to detecting the tune-away event and when a set of receive
signal conditions for the second wireless network is satisfied, reconfigure only
one of the first receiver and the second receiver to the second wireless network
during the tune-away event.
12. The wireless communication device recited in claim 11, wherein the one or
more processors are further configured to:

when the tune-away event requires transmission of at least one signaling
message or data message to the second wireless network and the set of receive signal
conditions for the second wireless network is satisfied, reconfigure the first receiver
associated with the transmitter to the second wireless network.

13. The wireless communication device recited in claim 11, wherein the one or
more processors are further configured to:

when the tune-away event does not require transmission of at least one
signaling message or data message to the second wireless network and in response to
detecting the tune-away event and when the set of receive signal conditions for the
second wireless network is satisfied, reconfigure the second receiver not associated

with the transmitter to the second wireless network.
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14. The wireless communication device recited in claim 11, wherein the one or
more processors are further configured to:

in response to detecting the tune-away event and when the set of receive signal
conditions for the second wireless network is not satisfied, reconfigure both the first
receiver and the second receiver to the second wireless network during the tune-away
event.
15.  The wireless communication device recited in any of claims 11 to 14, wherein
the first wireless network operates in accordance with a long term evolution (LTE)
wireless communication protocol, and the second wireless network operates in
accordance with a legacy third generation (3G) wireless communication protocol.
16.  The wireless communication device recited in any of claims 11 to 14, wherein
the one or more processors are configured to detect the tune-away event to
communicate with the second wireless network by obtaining an indication of a mobile
terminated voice connection to be established with the second wireless network.
17.  The wireless communication device recited in any of claims 11 to 14, wherein
the one or more processors are configured to detect the tune-away event to
communicate with the second wireless network by obtaining an indication of a wake
time period for a discontinuous receive (DRX) cycle for communication with the
second wireless network.
18.  The wireless communication device recited in any of claims 11 to 14, wherein
the set of receive signal conditions for the second wireless network is satisfied when a
measurement of a signal strength or signal quality for signals received from the
second wireless network exceeds a threshold value.
19. A computer program product encoded as computer program code in a non-
transitory computer readable medium for configuring wireless circuitry of a wireless
communication device, the computer program product comprising:

computer program code for establishing a connection to a first wireless
network using a transmitter, a first receiver associated with the transmitter, and a
second receiver;

computer program code for reconfiguring the second receiver during a tune-
away event to a second wireless network and maintaining the first receiver and the
transmitter connected to the first wireless network when a set of receive signal

conditions for the second wircless network is satisfied; and

-33.-



WO 2014/052501 PCT/US2013/061767

10

15

20

25

30

computer program code for reconfiguring both the first receiver and the
second receiver during the tune-away event to the second wireless network when the
set of receive signal conditions for the second wireless network is not satisfied.
20. The computer program product recited in claim 19, further comprising:

computer program code for communicating a channel status report including a
rank indication of 1 to the first wireless network in advance of the tune-away event,
wherein the first wireless network operates in accordance with a long term evolution
(LTE) wireless communication protocol, and the second wireless network operates in
accordance with a third generation (3G) wireless communication protocol.
21.  An apparatus for configuring wireless circuitry in a single radio wireless
communication device, the apparatus comprising:

means for establishing a connection to a first wireless network in accordance
with a first wireless communication protocol using a first radio frequency signaling
chain and a second radio frequency signaling chain;

means for detecting a radio frequency tune-away event;

means for reconfiguring only one of the first and second radio frequency
signaling chains to a second wireless network in accordance with a second wireless
communication protocol, in an instance when a set of receive signal conditions for a
second wireless network is satisfied; and

means for reconfiguring both the first and second radio frequency signaling
chains to the second wireless network in accordance with the second wireless
communication protocol, in an instance when the set of receive signal conditions for
the second wireless network is not satisfied.
22. The apparatus of claim 21, wherein the means for detecting the radio
frequency tune-away event comprises means for obtaining a mobile terminated page
indication from the first wireless network for a connection on the second wireless
network; and further comprising:

means for reconfiguring a transmitter to communicate with the second
wireless network in accordance with the second wireless communication protocol.
23. The apparatus of claim 21, wherein the means for detecting the radio
frequency tune-away event comprises means for obtaining a mobile originated
indication to establish a connection with the second wireless network; and further

comprising:
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means for reconfiguring a transmitter to communicate with the second
wireless network in accordance with the second wireless communication protocol.
24, The apparatus of claim 21, wherein the means for detecting the radio
frequency tune-away event comprises:

means for detecting a discontinuous receive (DRX) wake time period during
which to listen for a paging message from the second wireless network, to measure
signals received from the second wireless network, or to perform an inter-radio access
technology measurement.
25. The apparatus of claim 21, wherein set of receive signal conditions for the
second wireless network is satisfied when a receive signal strength or receive signal
quality for the second wireless network exceeds a threshold value.
26. The apparatus of claim 21, further comprising:

means for reconfiguring the first radio frequency signaling chain associated
with a transmitter to the second wireless network and means for maintaining a
configuration of the second radio frequency signaling chain to receive signals from
the first wireless network, in an instance when the tune-away event requires providing
at least one transmission to the second wireless network.
27. The apparatus of any of claims 21 to 26, wherein the first wireless network
operates in accordance with a long term evolution (LTE) or long term evolution
advanced (LTE-A) wireless communication protocol, and the second wireless
network operates in accordance with a legacy third generation (3G) wireless
communication protocol.
28. The apparatus of any of claims 21 to 26, further comprising:

means for reconfiguring the second radio frequency signaling chain not
associated with a transmitter to the second wireless network and means for
maintaining a configuration of the first radio frequency signaling chain to receive
signals from the first wireless network, in an instance when the tune-away event does
not require providing at least one transmission to the second wireless network.
29. The apparatus of claim 28, further comprising:

means for, in response to receiving a mobile terminated paging message
during the tune-away event:

reconfiguring the second radio frequency signaling chain not

associated with the transmitter to the first wireless network;
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reconfiguring the first radio frequency signaling chain associated with
the transmitter to the second wireless network; and
reconfiguring the transmitter to the second wireless network.
30. The apparatus of any of claims 21 to 26, further comprising:
5 means for sending a channel status report that includes a rank indicator value
of one to the first wireless network in advance of the tune-away event, in the instance

when the set of receive signal conditions for the second wireless network is satisfied.

-36 -



PCT/US2013/061767

WO 2014/052501

1/10

UlewoQ PaUdNIMS J9¥9ed

l "Old

YIOMIBN SS800Y Olpey

8¢l
- v

9PON 101083

Nad | o BUIYOIMS Wwo)sAsgng SS90y olpey | oipey
9Ll Jo3oed ﬂ 901 vOL 901n8(
0zl UOIB2IUNWWOYD
JOMION < 101005 wmo_om_%r/

810D ~— SPON BE g4 olpey ™
AN - e — \ oppey |4 vol N
\ JaJus) A 801
lloyuo)
NLSd | / || Buoums /u_ oIy 10083 L] soneq
A ynaaD ; oipey 14 .

| | oLl SPON \\‘ ! uonediunwuwo)
8Ll olpey .A 0L SSOIDJIAA
801 \ 20l

/ 10108g

v A olpey
ulewoq PaydliMs 1INalID wayshsang \ vol >ed
Zcl 901 S}ul| olpey SSO2UIA
9cl 201
00l



PCT/US2013/061767

WO 2014/052501

2/10

UlBWOQ PAYOIMS J9¥0ed
2T

Ndd

\

9Ll

3IOMIBN
910D ~—_
¢cle

N1Sd

(Nsad)
SPON
90IAIBS
ejeq
19308ed
0zZ¢

ﬂ/

~_

T

/

143

L

(OSN)
IBIUdD
Buiyoums
a|Iqo
81z

N

¢ Old

)

UlBWwoQ PayoIMs InduID

¢cce

N
d

YIOMION
(ss49) waeysAsgng $S990Y Olpey
uonelg sseg . 977
902 \ v
/
101083
\d_ www <> www < »| oipey
4
H 10199S
OlpeY fy
slg L\\! %0
(0s4) 80¢C
M_ 19]|013U0D 1018
uonels
oseq (s18) | w) owex 4~
012 uone)s | 4
Janisosuel | _A
aseg N
101083
807 RN opey
\ 4
(Ss49) weyshsgns \ SyUl| olpey
uoneis aseg . .@NN

90¢

uonels
SlIqoN
202

uonels
3[Iq0N

¢0¢

uonels
3[Iq0N
¢0¢

~

00¢



PCT/US2013/061767

WO 2014/052501

3/10

¢ Old

YJOMISN SS800Y olpey

yJomiaN
dl
8¢

POA|OA]
¢cee
NVdLN®
90¢
10)093
| w| Olpey
INW goPoN® |41 oe T Juswdinbg
vLE oLg V@.\ IES
VA j00s | |7 coe
| w| OPey A
Aemeien Aemaien K " oS
gOpPON®
Ndd || Buinss
ole z1e ore
N 101093
N, Juswdinbg
olpey
X »0E Josn
c0¢
IOMIBN 840D NVH.LNo Syul| olpey
19)0Bd PBA|OAT 90¢ TA%
0z N~

00¢



PCT/US2013/061767

WO 2014/052501

4/10

v Old

YOMISN SS3IBRIIM XL 000¢VINAD

00¢ /

J0J08S
NLSd OSIN 0sd sS1d oIpEY
vl 81z 0Lz 80Z 02 7/
/\
L
AN
vLe
J0J08S \
H mmoowm% olpey
v0g
Aemaje
HIOMION d| 1eo AVMIALYO
gLe Nad ONINYGIS
9Lg ZLe

someN ssofeim 311/

00€

SHul| olpey
9¢¢

Syulj oIpey
9ze

801A8(Q

uoNE2IUNWWOYD

SSO|BJIAN
40]"

AN

0]0)7



WO 2014/052501

5/10

500

LTE Signal
Processing
Chip
502

i

CDMA2000
1X Signal
Processing
Chip
504

Aol aloke

(

Dual Radio
Wireless Tx/Rx
516

FIG. 5

PCT/US2013/061767

Tx0
506

Rx0a
508

Rx0b
510

Tx1
512

Rx1
514



WO 2014/052501

PCT/US2013/061767

6/10
600
Tx
Processing
602
Inter-
I connect L 6R1X(())
606
CDMA2000 Rx1
Processing
604
( Single Radio
Wireless Tx/Rx
614

FIG. 6



WO 2014/052501 PCT/US2013/061767

7/10
700
. Tx
LTE Slgpal VCXO
Processing 706
602
A
Tx
708 L Antenna 0
702
Inter-
connect Rx0
606 712
Rx0 Rx1
L VCXO VCXO
710 714
CDMA2000
1X Slgqal Antenna 1
Processing Rx1 704
604 716
( Single Radio
Wireless Tx/Rx
718

FIG. 7



WO 2014/052501 PCT/US2013/061767

8/10

800

Wireless
Communication
Device

Processor Memory
802 804

Processing Circuitry
806

Wireless Circuitry
810

FIG. 8



PCT/US2013/061767

WO 2014/052501

9/10

"09sSW Q0|
089S ZL°G
: < LMN O3 aun|
= ~ A A 4 <«+—— ZM\AN O} aung
/! \ ! /. \\\
/ II ! '4 \\
\\ / _— \\ \\
/ \ 1 ’ \\
\ / ] \ e
\ _- \\ e -
Aeme-auny BuoT ‘ awl

Aeme-aunj 10ys 2Ipoliad

N

006



WO 2014/052501 PCT/US2013/061767

10/10

\
Comer >

Establish Connection To First Wireless Network 1002
Using First And Second Radio Frequency Signaling
Chains

!

Detect A Radio Frequency Tune-Away Event

!

N| Set Of Receive Signal Conditions For Connection
To Second Wireless Network Satisfied?

"y

Reconfigure Only One Of The First And Second  [~—1008
Radio Frequency Signaling Chains To Connect To
Second Wireless Network

1000

1004

1006

Reconfigure Both Of The First And Second Radio [~—1010
—» Frequency Signaling Chains To Connect To Second
Wireless Network

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2013/061767

A. CLASSIFICATION OF SUBJECT MATTER

HO04W 88/06(2009.01)i, HO4W 68/02(2009.01)i, HO4W 76/00(2009.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 88/06; HO4W 36/14; HO4W 48/18; HO4W 8/02; HO4W 68/02; HO4W 76/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

cKOMPASS(KIPO internal) & Keywords: LTE , 3G, tune-away

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See claims 1-23 and figures 1-6.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2012-0190402 A1 (YONGNAM WHANG et al.) 26 July 2012 1-30
See claims 1-12 and figures 1-7.
A KR 10-2012-0014700 A (LG ELECTRONICS INC.) 20 February 2012 1-30
See claims 1-10 and figures 1-10.
A KR 10-2012-0013114 A (LG UPLUS CORP.) 14 February 2012 1-30

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

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

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

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

"O" document referring to an oral disclosure, use, exhibition or other

means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

28 November 2013 (28.11.2013)

Date of mailing of the international search report

29 November 2013 (29.11.2013)

Name and mailing address of the [ISA/KR

Korean Intellectual Property Office
N 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City,
* 302-701, Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

JUNG, Yun Seok

Telephone No. +82-42-481-8123

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/061767
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0190402 Al 26/07/2012 KR 10-2012-0085635 A 01/08/2012
KR 10-2012-0014700 A 20/02/2012 None
KR 10-2012-0013114 A 14/02/2012 None

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report

