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APPARATUS AND METHOD FOR MITIGATING VOLTAGE DROQP IN
DUAL-TRANSCEIVER WIRELESS COMMUNICATION DEVICE

REFERENCE TO RELATED APPLICATIONS & PRIORITY CLAIM
[0001] This application is a continuation of US Non-Provisional Application Number
13/743,329, filed on 16 January 2013, which is hereby incorporated by reference as if
fully set forth below in its entirety and for all applicable purposes.

TECHNICAL FIELD
[0002] The technology discussed in this patent application relates generally to wireless
communication systems, and more particularly, to apparatus and methods for mitigating
battery voltage droop in multi-transceiver wireless communication devices. Features of

the discussed technology enable power efficient communications.

BACKGROUND

[0003] Wireless communication networks are widely deployed to provide various
communication services such as telephony, video, data, messaging, broadcasts, and so
on. Such networks, which are wusually multiple access networks, support
communications for multiple users by sharing the available network resources. One
example of such a network is the global system for mobile (GSM) network, which
utilizes a GSM air interface. GSM is defined and supported by the 3™ Generation
Partnership Project (3GPP). Enhanced GPRS is an extension of GSM technology
providing increased data rates beyond those available in second-generation GSM
technology. EGPRS is also known in the field as Enhanced Data rates for GSM
Evolution (EDGE), and IMT Single Carrier.

[0004] More recently, some mobile devices configured for EGPRS support multiple
independent active connections to one or more access networks such that the user of the
device can engage in voice or data communication on two different subscriptions
simultaneously. For example, wireless mobile equipment (called user equipment or UE
in 3GPP terminology such as GSM, but also called an access terminal, mobile station,
etc. in various literature) uses dual subscriber identity modules (Dual-SIM) to store the
subscriber’s identity and for other security and authentication purposes in order to
provide access to two subscriptions. These two subscriptions might be on the same

network or on different networks. A device can utilize multiple transceivers such that
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the device can support multiple active connections at the same time. However, when
multiple independent active connections occur simultaneously, the total transmit power
may exceed the safe current limit, cause excessive voltage drop (droop) of the battery or

heating of the device, and cause interference among the connections.

BRIEF SUMMARY OF SOME SAMPLE EMBODIMENTS

[0005] The following summarizes some aspects of the present disclosure to provide a
basic understanding of the discussed technology. This summary is not an extensive
overview of all contemplated features of the disclosure, and is intended neither to
identify key or critical elements of all aspects of the disclosure nor to delineate the
scope of any or all aspects of the disclosure. Its sole purpose is to present some concepts
of one or more aspects of the disclosure in summary form as a prelude to the more
detailed description that is presented later.

[0006] In one aspect, the disclosure provides a method of wireless communication using
a user equipment (UE) including a first transceiver and a second transceiver. The
method includes determining that the first transceiver is scheduled to communicate
using a first transmission simultaneous to the second transceiver being scheduled to
communicate using a second transmission, and altering an operation of at least one of
the first and second transceivers to mitigate battery voltage droop due to simultancous
transmissions of the transceivers.

[0007] Another aspect of the disclosure provides an apparatus for wireless
communication including: a first transceiver and a second transceiver; means for
determining that the first transceiver is scheduled to communicate using a first
connection simultaneous to the second transceiver being scheduled to communicate
using a second connection; and means for altering an operation of at least one of the
first and second transceivers to mitigate battery voltage droop due to simultaneous
connections of the transceivers.

[0008] Another aspect of the disclosure provides a computer program product including
a computer-readable storage medium that includes code for causing a user equipment
(UE) including a first transceiver and a second transceiver to: determine that the first
transceiver is scheduled to communicate using a first transmission simultancous to the
second transceiver being scheduled to communicate using a second transmission; and
alter an operation of at least one of the first and second transceivers to mitigate battery

voltage droop due to simultaneous transmissions of the transceivers.
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[0009] Another aspect of the disclosure provides an apparatus for wircless
communication including at least one processor, a communication interface including a
first transceiver and a second transceiver both coupled to the at least one processor, and
a memory coupled to the at least one processor. The at least one processor is configured
to: determine that the first transceiver is scheduled to communicate using a first
transmission simultancous to the second transceiver being scheduled to communicate
using a second transmission; and alter an operation of at least one of the first and second
transceivers to mitigate battery power droop due to simultaneous transmissions of the
transceivers.

[0010] Other aspects, features, and embodiments of the present invention will become
apparent to those of ordinary skill in the art, upon reviewing the following description
of specific, exemplary embodiments of the present invention in conjunction with the
accompanying figures. While features of the present invention may be discussed
relative to certain embodiments and figures below, all embodiments of the present
invention can include one or more of the advantageous features discussed herein. In
other words, while one or more embodiments may be discussed as having certain
advantageous features, one or more of such features may also be used in accordance
with the various embodiments of the invention discussed herein. In similar fashion,
while exemplary embodiments may be discussed below as device, system, or method
embodiments it should be understood that such exemplary embodiments can be

implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block diagram conceptually illustrating an example of a
telecommunications system according to some embodiments.

[0012] FIG. 2 is a conceptual diagram illustrating an example of an access network
according to some embodiments.

[0013] FIG. 3 is a block diagram illustrating an example of a hardware implementation
for an apparatus employing a processing system according to some embodiments.

[0014] FIG. 4 is a drawing illustrating scenarios where voltage droop and desense may
occur.

[0015] FIG. 5 is a flow chart conceptually illustrating a process for mitigating voltage

droop according to some embodiments.
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[0016] FIG. 6 is a table illustrating a power control matrix for determining alteration to
simultaneous transmissions to mitigate battery voltage droop according to some
embodiments.

[0017] FIG. 7 is a table illustrating a power control matrix for determining alteration to
simultaneous connections according to some embodiments.

[0018] FIG. 8 is a flow chart illustrating an algorithm for performing power back-off at

a UE having two transceivers according to some embodiments.

DETAILED DESCRIPTION

[0019] The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

[0020] Some modern wireless communication devices, such as mobile phones, include
two or more radio transceivers, enabling simultaneous communication with two or more
access networks. For example, a single device (e.g., a UE) might be able to connect to
two different operators’ GSM networks, or in another example, to one GSM network
and to one W-CDMA network (a third-generation air interface defined and supported by
the 3" Generation Partnership Project, 3GPP). Of course, such mobile devices might be
enabled to communicate with any two networks in various examples. Such devices may
be referred to as dual SIM, dual-SIM-dual-standby, dual-mode, or other similar
terminology. When a single device utilizes two or more transceivers simultaneously,
many issues can arise such as voltage droop, specific absorption rate (SAR), device
overheating, and desense. Aspects of this disclosure provide methods and apparatus for
addressing these issues.

[0021] Regarding voltage droop, when multiple transceivers attempt to transmit uplink
(reverse link) transmissions at the same time, it can cause the device’s battery voltage to
droop temporarily. That is, the use of a transmitter invokes a power amplifier, which,
especially if the transmission is at the maximum transmit power, draws a fairly

substantial amount of current from the battery. This spike in current draw from the
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battery may result in a temporary drop in the voltage it provides to the mobile device.
Here, when two transmitters simultaneously draw this current, the current drawn from
the battery is the sum of the two current draws, and the voltage at the battery can droop
by a fairly substantial amount. If the voltage droops below a certain threshold level,
low-voltage detection circuitry at the mobile device might undesirably invoke a
software shutdown of the modems, even when the battery is in fact fully charged.

[0022] Desense can occur when one transceiver transmits an uplink (reverse link) signal
at the same time as another transceiver tries to receive a downlink (forward link) signal.
Similarly, desense can occur when one transceiver transmits an uplink, the other
transceiver may try to monitor, or make certain measurements of the air channel. In
either of these cases, the transmission by the very proximate transmitter can cause
strong interference to the receiving circuit, which is trying to receive a downlink
transmission or measure channel characteristics at the same time. Aspects of the
disclosure provide for algorithms operational at a mobile device itself, without
necessitating intervention by the base station or the network, to address the above-
described issues.

[0023] The various concepts presented throughout this disclosure may be implemented
across a broad variety of telecommunication systems, network architectures, and
communication standards. Referring now to FIG. 1, as an illustrative example without
limitation, various aspects of the present disclosure are illustrated with reference to a
Global System for Mobile (GSM) network 100. A GSM network includes three
interacting domains: a core network 104, a radio access network (RAN) (e.g., the
GSM/EDGE Radio Access Network (GERAN) 102), and user equipment (UE) 110. In
this example, the illustrated GERAN 102 may employ a GSM air interface for enabling
various wireless services including telephony, video, data, messaging, broadcasts,
and/or other services. The GERAN 102 may include a plurality of Radio Network
Subsystems (RNSs) such as an RNS 107, each controlled by a respective Base Station
Controller (BSC) such as a BSC 106. Here, the GERAN 102 may include any number
of BSCs 106 and RNSs 107 in addition to the illustrated BSCs 106 and RNSs 107. The
BSC 106 is an apparatus responsible for, among other things, assigning, reconfiguring,
and releasing radio resources within the RNS 107.

[0024] The geographic region covered by the RNS 107 may be divided into a number of
cells, with a radio transceiver apparatus serving each cell. A radio transceiver apparatus

is commonly referred to as a base transceiver station (BTS) in GSM applications, but
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may also be referred to by those skilled in the art as a base station (BS), a Node B, a
radio base station, a radio transceiver, a transceiver function, a basic service set (BSS),
an extended service set (ESS), an access point (AP), or some other suitable terminology.
For clarity, three BTSs 108 are shown in the illustrated RNS 107; however, the RNSs
107 may include any number of wireless BTSs 108. The BTSs 108 provide wireless
access points to a GPRS core network 104 for any number of mobile apparatuses.
Examples of a mobile apparatus include a cellular phone, a smart phone, a session
initiation protocol (SIP) phone, a laptop, a notebook, a netbook, a smartbook, a personal
digital assistant (PDA), a satellite radio, a global positioning system (GPS) device, a
multimedia device, a video device, a digital audio player (e.g., MP3 player), a camera, a
game console, or any other similar functioning devices. The mobile apparatus is
commonly referred to as user equipment (UE) in GSM applications, but may also be
referred to by those skilled in the art as a mobile station (MS), a subscriber station, a
mobile unit, a subscriber unit, a wireless unit, a remote unit, a mobile device, a wireless
device, a wireless communications device, a remote device, a mobile subscriber station,
an access terminal (AT), a mobile terminal, a wireless terminal, a remote terminal, a
handset, a terminal, a user agent, a mobile client, a client, or some other suitable
terminology.

[0025] The GSM “Um” air interface generally utilizes GMSK modulation (although
later enhancements such as EGPRS, described below, may utilize other modulation such
as 8PSK), combining frequency hopping spread spectrum transmissions with time
division multiple access (TDMA), which divides a frame into 8 time slots. Further,
frequency division duplexing (FDD) divides uplink and downlink transmissions using a
different carrier frequency for the uplink than that used for the downlink. Those skilled
in the art will recognize that although various examples described herein may refer to
GSM Um air interface, the underlying principles are equally applicable to any other
suitable air interfaces.

[0026] In some aspects of the disclosure, the GSM system 100 may be further
configured for enhanced GPRS (EGPRS). EGPRS is an extension of GSM technology
providing increased data rates beyond those available in 2G GSM technology. EGPRS
is also known in the field as Enhanced Data rates for GSM Evolution (EDGE), and IMT
Single Carrier.

[0027] In EGPRS, when a physical connection is established between the UE 110 and a
BTS 108, this connection is referred to as a temporary block flow (TBF), and the
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GERAN is said to operate in an EGPRS TBF mode. In general, a TBF is allocated radio
resources on one or more packet dedicated channels (PDCHs), and includes a number of
RLC/MAC blocks that carry one or more LLC protocol data units (PDUs). TBFs are
temporary, and are maintained only for the duration of the data transfer.

[0028] Specific examples are provided below with reference to the EGPRS system.
However, the concepts disclosed in various aspects of the disclosure can be applied to
any time-division-based system, such as but not limited to a UMTS system using a TD-
SCDMA air interface, or an e-UTRA system using a TD-LTE air interface. Especially
in the multi-SIM examples (described in further detail below), the multiple
subscriptions might be on any one or more of these systems.

[0029] That is, in some aspects of the disclosure, the UE 110 may include a plurality of
universal integrated circuit cards (UICC), each of which may run one or more universal
subscriber identity module (USIM) applications. A USIM stores the subscriber’s
identity, and provides a user’s subscription information to a network as well as
performing other security and authentication roles. The illustrated UE 110 includes two
USIMs 111A and 111B, but those of ordinary skill in the art will understand that this is
illustrative in nature only, and a UE may include any suitable number of USIMs. UEs
such as the UE 110 may have multiple transceivers such that the UE is capable of being
active on two connections (or subscriptions) concurrently or simultaneously. In this
way, connections or calls may be established simultaneously on multiple networks or
subscriptions with a single device. The transceivers can be operated in a number of
operating states during simultancous operation. For example, the operating states
include an idle state, a circuit-switched (CS) connection state, a packet-switched (PS)
connection state, and a dual transfer mode (DTM) connection state. [Inventors: please
briefly explain DTM connection state.

[0030] For illustrative purposes, one UE 110 is shown in communication with two BTS
108 in FIG. 1. The downlink (DL), also called the forward link, refers to the
communication link from a BTS 108 to a UE 110, and the uplink (UL), also called the
reverse link, refers to the communication link from a UE 110 to a BTS 108.

[0031] The core network 104 can interface with one or more access networks, such as
the GERAN 102. As shown, the core network 104 is a GSM core network. However, as
those skilled in the art will recognize, the various concepts presented throughout this
disclosure may be implemented in a RAN, or other suitable access network, to provide

UEs with access to types of core networks other than GSM networks.
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[0032] The illustrated GSM core network 104 includes a circuit-switched (CS) domain
and a packet-switched (PS) domain. Some of the circuit-switched elements are a Mobile
services Switching Centre (MSC), a Visitor Location Register (VLR), and a Gateway
MSC (GMSC). Packet-switched elements include a Serving GPRS Support Node
(SGSN) and a Gateway GPRS Support Node (GGSN). Some network elements, like
EIR, HLR, VLR, and AuC may be shared by both of the circuit-switched and packet-
switched domains.

[0033] In the illustrated example, the core network 104 supports circuit-switched
services with an MSC 112 and a GMSC 114. In some applications, the GMSC 114 may
be referred to as a media gateway (MGW). One or more BSCs, such as the BSC 106,
may be connected to the MSC 112. The MSC 112 is an apparatus that controls call
setup, call routing, and UE mobility functions. The MSC 112 also includes a visitor
location register (VLR) that contains subscriber-related information for the duration that
a UE is in the coverage area of the MSC 112. The GMSC 114 provides a gateway
through the MSC 112 for the UE to access a circuit-switched network 116. The GMSC
114 includes a home location register (HLR) 115 containing subscriber data, such as the
data reflecting the details of the services to which a particular user has subscribed. The
HLR is also associated with an authentication center (AuC) that contains subscriber-
specific authentication data. When a call is received for a particular UE, the GMSC 114
queries the HLR 115 to determine the UE’s location and forwards the call to the
particular MSC serving that location.

[0034] The illustrated core network 104 also supports packet-switched data services
with a serving GPRS support node (SGSN) 118 and a gateway GPRS support node
(GGSN) 120. General Packet Radio Service (GPRS) is designed to provide packet-data
services at speeds higher than those available with standard circuit-switched data
services. The GGSN 120 provides a connection for the GERAN 102 to a packet-based
network 122. The packet-based network 122 may be the Internet, a private data
network, or some other suitable packet-based networks. The primary function of the
GGSN 120 is to provide the UEs 110 with packet-based network connectivity. Data
packets may be transferred between the GGSN 120 and the UEs 110 through the SGSN
118, which performs primarily the same functions in the packet-based domain as the
MSC 112 performs in the circuit-switched domain.

[0035] As described above, the illustrated UE 110 is a device having two or more

transceivers capable of maintaining two or more simultaneous connections on the GSM
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network 100 and or other networks. Within the scope of the present disclosure, the UE
may utilize the transceivers to simultaneously maintain two or more connections on two
or more different radio access technology networks (RATs). Here, such a UE may
maintain one or more subscriptions on one or more of a GSM network, a UMTS
network, an LTE network, a ¢dma2000 network, a Wi-MAX network, or any other
suitable RAT.

[0036] When the UE 110 is used to access one or more access networks with multiple
independent active connections simultaneously, the total transmit power may exceed a
safe current limit or threshold that my lead to voltage droop and or malfunction of the
battery or the device. Further, the simultaneous connection may cause the desense issue.

[0037] The GERAN 102 is one example of a RAN that may be utilized in accordance
with the present disclosure. Referring to FIG. 2, by way of example and without
limitation, a simplified schematic illustration of a RAN 200 in a GERAN architecture is
illustrated. The system includes multiple cellular regions (cells), including cells 202,
204, and 206, each of which may include one or more sectors. Cells may be defined
geographically, e.g., by coverage area. In a cell that is divided into sectors, the multiple
sectors within a cell can be formed by groups of antennas with each antenna responsible
for communication with UEs in a portion of the cell. For example, in cell 202, antenna
groups 212, 214, and 216 may each correspond to a different sector. In cell 204, antenna
groups 218, 220, and 222 may each correspond to a different sector. In cell 206, antenna
groups 224, 226, and 228 may each correspond to a different sector.

[0038] The cells 202, 204, and 206 may include several UEs that may be in
communication with one or more sectors of each cell 202, 204, or 206. For example,
UEs 230 and 232 may be in communication with a BTS 242, UEs 234 and 236 may be
in communication with a BTS 244, and UEs 238 and 240 may be in communication
with a BTS 246. Here, each BTS 242, 244, and 246 may be configured to provide an
access point to a core network (e.g., 104 in FIG. 1) for all the UEs 230, 232, 234, 236,
238, and 240 in the respective cells 202, 204, and 206.

[0039] In one aspect, a UE 236 (e.g., UE 110) may have multiple transceivers such that
the UE may be connected to different cells or subscriptions simultaneously.

[0040] FIG. 3 is a block diagram illustrating an example of a hardware implementation
for an apparatus (e.g., a UE 110 or a mobile station) employing a processing system
314. In accordance with various aspects of the disclosure, an element, or any portion of

an element, or any combination of elements may be implemented with a processing
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system 314 that includes one or more processors 304. Examples of processors 304
include microprocessors, microcontrollers, digital signal processors (DSPs), field
programmable gate arrays (FPGAs), programmable logic devices (PLDs), state
machines, gated logic, discrete hardware circuits, and other suitable hardware
configured to perform the various functionality described throughout this disclosure.

[0041] In this example, the processing system 314 may be implemented with a bus
architecture, represented generally by the bus 302. The bus 302 may include any
number of interconnecting buses and bridges depending on the specific application of
the processing system 314 and the overall design constraints. The bus 302 links together
various circuits or components including one or more processors (represented generally
by the processor 304), a memory 305, computer-readable media (represented generally
by the computer-readable medium 306), and one or more SIMs (e.g. USIMs 111A and
111B). The bus 302 may also link various other circuits such as timing sources,
peripherals, voltage regulators, and power management circuits, which are well known
in the art, and therefore, will not be described any further. A bus interface 308 provides
an interface between the bus 302 and multiple transceivers (e.g., 310A and 310B). The
transceivers provide a means for communicating with various other apparatus over a
transmission medium. The UE 110 also includes a battery 309 for powering various
components such as transceivers 310A and 310B of the UE.

[0042] In some examples, the UE 110 includes two USIMs 111A and 111B, and may
though each USIM access different subscriptions or networks using a corresponding one
of the transceivers 310A and 310B. That is, the UE 110 may maintain two simultaneous
connections. However, the broad concepts described herein may also be applicable to
devices having more transceivers with or without multiple SIMs.

[0043] Depending upon the nature of the apparatus, a user interface 312 (e.g., keypad,
display, speaker, microphone, joystick) may also be provided. The processor 304 is
responsible for managing the bus 302 and general processing, including the execution of
software 314 stored on the computer-readable medium 306. The software 314, when
executed by the processor 304, causes the processing system 314 to perform the various
functions described infra for any particular apparatus. For example, the software 314
may include code for mitigating voltage droop of the battery 309 during simultaneous
transmissions. The computer-readable medium 306 may also be used for storing data

that is manipulated by the processor 304 when executing software.
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[0044] One or more processors 304 in the processing system may execute software.
Software shall be construed broadly to mean instructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executables,
threads of execution, procedures, functions, etc., whether referred to as software,
firmware, middleware, microcode, hardware description language, or otherwise. The
software may reside on a computer-readable medium 306. The computer-readable
medium 306 may be a non-transitory computer-readable medium. A non-transitory
computer-readable medium includes, by way of example, a magnetic storage device
(e.g., hard disk, floppy disk, magnetic strip), an optical disk (e.g., a compact disc (CD)
or a digital versatile disc (DVD)), a smart card, a flash memory device (e.g., a card, a
stick, or a key drive), a random access memory (RAM), a read only memory (ROM), a
programmable ROM (PROM), an erasable PROM (EPROM), an electrically erasable
PROM (EEPROM), a register, a removable disk, and any other suitable medium for
storing software and/or instructions that may be accessed and read by a computer. The
computer-readable medium 306 may reside in the processing system 314, external to the
processing system 314, or distributed across multiple entities including the processing
system 314. The computer-readable medium 306 may be embodied in a computer
program product. By way of example, a computer program product may include a
computer-readable medium in packaging materials. Those skilled in the art will
recognize how best to implement the described functionality presented throughout this
disclosure depending on the particular application and the overall design constraints
imposed on the overall system.

[0045] It may be the case that the UE 110 wishes simultaneously or concurrently to
perform two different communication activities, including but not limited to connecting
with two different networks, or two different subscriptions within the same network, or
two cells in a cellular network. Particularly beneficial would be a UE 110 enabled to
continue to be engaged in one of these ongoing communication activities (e.g., a CS
voice call), while simultaneously performing another communication activity, such as
receiving paging messages, performing SMS messaging, or receiving/monitoring other
information on a different subscription/connection or from a different cell.

[0046] FIG. 4 is a drawing illustrating scenarios where voltage droop and desense may
occur. In this case, a UE (e.g., a UE 110) may utilize two transceivers (e.g., transceivers

310A and 310B) to simultaneously or concurrently transmit on two independent
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connections 402 and 404 (subscriptions). In case one, the transmitting slots overlaps at
least partially in time, resulting in a Tx/Tx clash 406. In this case, when both
transceivers are transmitting simultaneously, the amount of current drawn from the
battery 309 may cause voltage droop and/or device overheating. Further, simultancous
transmission may cause undesirable amount of radio frequency energy being absorbed
by the user (i.e., high SAR) under certain conditions.

[0047] In case two, the UE may utilize one transceiver (e.g., transceiver 310A) to
transmit on the first connection 402 and another transceiver (e.g., transceiver 310B) to
receive on the second connection 404. In this case, the transmitting and receiving slots
overlap at least partially in the time, resulting in a Tx/Rx clash 408. In this case, the
transmitting slot may cause desense at the receiving slot. In case three, a UE may utilize
one transceiver (e.g., transceiver 310A) to transmit on the first connection 402 and
another transceiver (e.g., transceiver 310B) to monitor the second connection 404. In
this case, the transmitting slot and the monitoring slot M at least partially overlap in
time, resulting in another type of Tx/Rx clash 410. To mitigate this clash, the
monitoring slot M may be moved to another slot such as slots 412, 414, or 416, for
example.

[0048] Thus, various aspects of the present disclosure provide for algorithms
operational at the mobile device itself, without necessitating intervention by the base
station or the network, to resolve issues such as voltage droop, undesirable SAR,
overheating, and desense. To address these issues that can occur when two or more
transmissions are scheduled to overlap in time, certain transmissions on one or both
transmitters may be altered in an effort to prevent this overlap or reduce its effect on the
battery voltage. Similarly, for addressing the desense issue, one of the transmit
operation or the receive operation may be altered to reduce or eliminate the interference
issues described above.

[0049] To address voltage droop, SAR, and overheating issues, according to some
aspects of the disclosure, the alterations to one or more transmissions may take one of
three forms: 1) shift a transmission in time so as not to overlap with the other
transmission; 2) forgo to transmit one or the other transmission; and 3) back-off the
power of one or more transmissions to reduce or mitigate the voltage droop, SAR, or
overheating. FIG. 5 is a flow chart 500 conceptually illustrating a process for mitigating
voltage droop, SAR, and overheating according to one aspect of the disclosure. In block

502, a UE (e.g., a UE 110) may determine that a transceiver (e.g., a transceiver 310A) is
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scheduled to communicate using a first transmission simultaneous to a second
transceiver (e.g., a transceiver 310B) being scheduled to communicate using a second
transmission. Then, in block 504, the UE 110 may alter an operation of at least one of
the first or second transceivers to mitigate battery voltage droop of a battery (e.g.,
battery 309), SAR, and overheating due to simultaneous transmissions of the
transceivers.

[0050] To determine which one among two or more transmissions scheduled for
simultaneous transmission is the better one to alter, the UE 110 may first determine
which transmission is more preferred, or has higher priority than the others. The
preference or priority of the transmission can depend upon one or more factors, such as:
1) which connection the user designates as the most important; 2) which transmission is
necessary to maintain the connection (e.g., handover access burst after network triggers
handover, SDCCH block, etc.); 3) which transmission can be delayed; or 4) which
transmission can be discarded without impact to the corresponding active connection or
the service (e.g., some voice packets, comfort noise packets, etc.) Once the
determination is made, one or the other transmission may be altered. In some examples,
both transmissions may be altered.

[0051] As an operational example, a UE (e.g., UE 110) with two simultaneous GSM
connections (e.g., connections 402 and 404), is used to illustrate aspects of the
disclosure. The connections can be idle connections, circuit switched (CS) connections,
or packet switched (PS) connections. In an idle state, the UE 110 receives occasionally
and does not transmit. If the user wishes to make a call, an access attempt may be
initiated by transmitting on a random access channel (RACH). For a CS connection, the
UE 110 may transmit on a traffic channel (TCH), a slow associated control channel
(SACCH), a standalone dedicated control channel (SDCCH), or a fast associated control
channel (FACCH). For a PS connection, the UE 110 may transmit on a packet data
channel (PDCH), a packet associated control channel (PACCH), or the relative reserve
block period (RRBP) ficld of an RLC/MAC block header.

[0052] FIG. 6 is a table illustrating a power control matrix for determining which one or
both among two transmissions scheduled for simultaneous transmissions to alter in
order to mitigate battery voltage droop, SAR, and overheating, according to one aspect
of the disclosure. Referring to FIG. 6, on the left of the table is shown the states and
channels for a first transmitter (e.g., a transceiver 310A on a first subscription), and on

the top is shown the states and channels for a second transmitter (e.g., a transceiver
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310B on a second subscription). Based on the above-described factors, this matrix
shows one example how the selection of one or both of the transmissions to alter is
determined, and the particular alteration to make, is illustrated. Accordingly, potential
issues such as voltage droop, SAR, and overheating may be prevented or reduced per
instant of simultaneous connections.

[0053] In FIG. 6, “back-off” means reducing the transmit power of the designated
transmission channel. For example, “back-off RACH” means reducing the transmit
power of the transmitter utilizing RACH. RACH in the matrix covers both handover
access bursts and channel request bursts. In FIG. 6, “delay” means delaying or shifting
the time of transmission of the designated transmission channel. In cases 602, it is
possible to deploy partial transmission of control block (e.g., just 2 bursts). In cases 604,
a suitable priority mechanism may be utilized to determine the preferred transmission.
For example, when the simultaneous transmissions both utilize SAACH/SDCCH, the
higher priority transmission (subscription) gets to transmit its SACCH/SDCCH burst
first. In the matrix of FIG. 6, for cases where “no backup-off” is indicated, it is still
possible to back-off within the limits defined in 3GPP TS 45.005, in some aspects. In
case 606, when the simultaneous transmissions both utilize TCH, back-off is applied to
the subscription with a call one hold.

[0054] To address desense issue, one of the transmit operation or the receive operation
may be altered to reduce or eliminate the interference issues described above. The
alterations to one or the other connection can take one of two forms: 1) shift or delay the
transmission in time so as not to overlap with the reception; and 2) forgo to transmit the
transmission.

[0055] FIG. 7 is a table illustrating a power control matrix 700 for determining which
one or both among a transmission and a reception scheduled for simultaneous
connections to alter, according to one aspect. That is, a preferred connection or
transceiver may be determined using the matrix of FIG. 7 per instant of simultaneous
connections (transmission/reception). In the matrix of FIG. 7, the left columns show
states and channels a transceiver (e.g., transceiver 310A) may utilize for receiving; the
top columns show states and channels a transceiver (e.g., a transceiver 310B) may
utilize for transmitting. In some of the intersections of the matrix, one particular action
is chosen. For example, in some intersections, such as when one transceiver is receiving
on the TCH/FACCH, while the other transceiver is transmitting on the TCH, the priority

is given to the active subscription. This matrix shows one example a preferred
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transceiver may be determined based on a plurality of factors per instance of
simultaneous connections, and operations of the transceivers are altered to mitigate the
undesirable desense caused by simultaneous connections.

[0056] In cases 702, it is possible to deploy partial transmission of a control block (e.g.,
just 2 bursts). In cases 704, transmission is cancelled only in case of severe desense. In
FIG. 7, RACH in the matrix covers both handover access bursts and channel request
bursts. The above examples are illustrated using a UE 110 that is operable in a GSM
network. However, the present disclosure is not limited as such, and the examples may
be implemented in other networks such as a UMTS network.

[0057] Aspects of the present disclosure also provide for a back-off algorithm to
mitigate battery voltage droop, SAR, and overheating during simultaneous transmission
(overlapping slots). A UE (e.g., UE 110) may be configured to limit the maximum
instantaneous transmit power per slot to a predetermined transmit power budget. For
example, the combined transmit power of two transceivers (e.g., transceivers 310A and
310B) may be limited to a maximum of 33 dBm to avoid or reduce battery voltage
droop, SAR, and overheating during simultaneous transmission. In some aspects, a UE
may include a suitable algorithm to perform power back-off by apportioning or
allocating power to the transceivers based on a number of factors such as respective
transmit powers of the transceivers, priority, and the power budget.

[0058] FIG. 8 is a flow chart 800 illustrating an algorithm for performing power back-
off at a UE 110 having two transceivers (e.g., transceivers 310A and 310B) according to
one aspect of the disclosure. Referring to FIG. 8, the UE 110 determines that the
transceivers are scheduled to transmit simultaneously or concurrently using the two
transceivers on first and second subscriptions, respectively. In block 802, the transmit
power (TxP_Subl) of the transceiver corresponding to the first subscription is
determined, and the transmit power (TxP_Sub2) of the transceiver corresponding to the
second subscription is also determined. In addition, a transmit power budget TxP B
may also be determined. In block 804, the difference in power (TxP_Diff) between
TxP_Subl and TxP_Sub2 is determined. In block 806, it is determined whether or not
the overlap in time between the transmissions is greater than a threshold value (e.g., a
quarter of a timeslot). If the overlap is less than the threshold, the algorithm continues to
block 808. If the overlap is greater than the threshold, the algorithm continues to block
810.
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[0059] In block 808, no back-off is performed. That is, there is no change to the
transmit power TxP_Subl and TxP_Subl. In block 810, the total transmit power
TxP_total may be determined based on TxP_Subl, TxP_Sub2, and a suitable lookup
table indexed using TxP_Diff. In block 812, it is determined whether or not TxP_total is
greater than TxP_B. If TxP_Total is not greater than TxP_B, the process continues to
block 814. If TxP_Total is greater than TxP_B, the process continues to block 816. In
block 814, no back-off is performed. That is, there is no change to the transmit power
TxP_Subl and TxP_Sub2. In block 816, the relative priority of the transmissions (first
and second subscriptions) is determined. If the transmissions have the same priority, the
algorithm continues to block 818. If the transmissions have different priority, the
algorithm continues to block 820. In block 818, same amount of back-off may be
applied to both transmissions. In one aspect, the amount of back-off may be equal to the
difference between TxP_total and TxP_B. In block 820, the final values of TxP_Subl
and TxP_Sub2 are adjusted based on the priority of the transmissions, the available
power budget TxP_B, and other suitable factors.

[0060] In one configuration, a UE (e.g., UE 110) for wireless communication includes:
means for determining that a first transceiver is scheduled to communicate using a first
connection simultaneous to a second transceiver being scheduled to communicate using
a second connection; and means for altering an operation of at least one of the first and
second transceivers to mitigate interference on the preferred transceiver due to
simultaneous connections of the transceivers. In one aspect, the aforementioned means
may be the processor(s) 304 in which the invention resides from FIG. 3 configured to
perform the functions recited by the aforementioned means. In another aspect, the
aforementioned means may be a module or any apparatus configured to perform the
functions recited by the aforementioned means.

[0061] Several aspects of a telecommunications system have been presented with
reference to a GERAN system. As those skilled in the art will readily appreciate,
various aspects described throughout this disclosure may be extended to other
telecommunication systems, network architectures and communication standards.

[0062] By way of example, various aspects may be extended to UMTS systems such as
W-CDMA, TD-SCDMA and TD-CDMA. Various aspects may also be extended to
systems employing Long Term Evolution (LTE) (in FDD, TDD, or both modes), LTE-
Advanced (LTE-A) (in FDD, TDD, or both modes), CDMA2000, Evolution-Data
Optimized (EV-DO), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE
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802.16 (WiIMAX), IEEE 802.20, Ultra-Wideband (UWB), Bluetooth, and/or other
suitable systems. The actual telecommunication standard, network architecture, and/or
communication standard employed will depend on the specific application and the
overall design constraints imposed on the system.

[0063] It is to be understood that the specific order or hierarchy of steps in the methods
disclosed is an illustration of exemplary processes. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the methods may be
rearranged. The accompanying method claims present elements of the various steps in a
sample order, and are not meant to be limited to the specific order or hierarchy
presented unless specifically recited therein.

[0064] The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited to
the aspects shown herein, but are to be accorded the full scope consistent with the
language of the claims, wherein reference to an element in the singular is not intended
to mean “one and only one” unless specifically so stated, but rather “one or more.”
Unless specifically stated otherwise, the term “some” refers to one or more. A phrase
referring to “at least one of” a list of items refers to any combination of those items,
including single members. As an example, “at least one of: a, b, or ¢” is intended to
cover: a; b; ¢; a and b; a and ¢; b and c; and a, b and ¢. All structural and functional
equivalents to the elements of the various aspects described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of a

method claim, the element is recited using the phrase “step for.”
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CLAIMS
WE CLAIM:
1. A method of wireless communication using a user equipment (UE) comprising a

first transceiver and a second transceiver, comprising;:

determining that the first transceiver is scheduled to communicate using a first
transmission simultaneous to the second transceiver being scheduled to
communicate using a second transmission; and

altering an operation of at least one of the first and second transceivers to mitigate

battery voltage droop due to simultaneous transmissions of the transceivers.

2. The method of claim 1, wherein the altering the operation of at least one of the
first and second transceivers, comprises forgoing a transmission of at least one
of the transceivers to reduce specific absorption rate due to simultaneous

transmission.

3. The method of claim 1, wherein the altering the operation of at least one of the
first and second transceivers, comprises forgoing a transmission of at least one
of the transceivers to mitigate overheating of the UE due to simultaneous

transmission.

4. The method of claim 1, wherein the altering the operation of at least one of the
first and second transceivers comprises altering a transmission of at least one of the
transceivers to reduce power of the transmission, to shift the transmission in time, or to

forgo the transmission.

5. The method of claim 1, further comprising determining the operation to be

altered based on a power control matrix per instant of simultaneous transmissions.

6. The method of claim 5, wherein the power control matrix comprises operating
states of the first and second transceivers during simultaneous transmissions, the
operating states comprising an idle state, a circuit-switched (CS) connection state, a
packet-switched (PS) connection state, and a dual transfer mode (DTM) connection

state.
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7. The method of claim 5, wherein the power control matrix comprises channels to
be utilized by the first and second transceivers during simultaneous transmissions, the
channels comprise one or more of Random Access Channel (RACH), Traffic Channel
(TCH), Slow Associated Control Channel (SACCH), Standalone Dedicated Control
Channel (SDCCH), Fast Associated Control Channel (FACCH), Packet Dedicated
Channel (PDCH), and Packet Associated Control Channel (PACCH).

8. The method of claim 1, wherein the altering the operation of at least one of the
first and second transceivers comprises adjusting respective transmit power of the first
and second transceivers to limit their combined transmit power not exceeding a power

budget.

9. The method of claim 8, wherein the adjusting respective transmit power
comprises adjusting the transmit power of the transceivers based on respective priority

of the transceivers and the power budget.

10. The method of claim 9, wherein the adjusting the transmit power of the
transceivers comprises allocating respective portions of the power budget to the

transceivers based on their priority.

11. An apparatus for wireless communication comprising:

a first transceiver and a second transceiver;

means for determining that the first transceiver is scheduled to communicate using a
first connection simultancous to the second transceiver being scheduled to
communicate using a second connection; and

means for altering an operation of at least one of the first and second transceivers to
mitigate battery voltage droop due to simultaneous connections of the

transceivers.

12. The apparatus of claim 11, wherein the means for altering the operation, is
configured to forgo a transmission of at least one of the transceivers to reduce

specific absorption rate due to simultancous transmission.



WO 2014/113325 PCT/US2014/011312

20

13. The apparatus of claim 11, wherein the means for altering the operation, is
configured to forgo a transmission of at least one of the transceivers to mitigate

overheating of the apparatus due to simultaneous transmission.

14. The apparatus of claim 11, wherein the means for altering the operation of at
least one of the first and second transceivers comprises means for altering a
transmission of at least one of the transceivers to reduce power of the transmission, to

shift the transmission in time, or to forgo the transmission.

15. The apparatus of claim 11, further comprising means for determining the
operation to be altered based on a power control matrix per instant of simultaneous

transmissions.

16. The apparatus of claim 15, wherein the power control matrix comprises
operating states of the first and second transceivers during simultaneous transmissions,
the operating states comprising an idle state, a circuit-switched (CS) connection state, a
packet-switched (PS) connection state, and a dual transfer mode (DTM) connection

state.

17. The apparatus of claim 15, wherein the power control matrix comprises channels
to be utilized by the first and second transceivers during simultaneous transmissions, the
channels comprise one or more of Random Access Channel (RACH), Traffic Channel
(TCH), Slow Associated Control Channel (SACCH), Standalone Dedicated Control
Channel (SDCCH), Fast Associated Control Channel (FACCH), Packet Dedicated
Channel (PDCH), and Packet Associated Control Channel (PACCH).

18. The apparatus of claim 11, wherein the means for altering the operation of at
least one of the first and second transceivers comprises means for adjusting respective
transmit power of the first and second transceivers to limit their combined transmit

power not exceeding a power budget.

19. The apparatus of claim 18, wherein the means for adjusting respective transmit
power comprises means for adjusting the transmit power of the transceivers based on

respective priority of the transceivers and the power budget.
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20. The apparatus of claim 19, wherein the means for adjusting the transmit power
of the transceivers comprises means for allocating respective portions of the power

budget to the transceivers based on their priority.

21. A computer program product, comprising:

a computer-readable storage medium comprising code for causing a user equipment

(UE) comprising a first transceiver and a second transceiver to:

determine that the first transceiver is scheduled to communicate using a first
transmission simultaneous to the second transceiver being scheduled to
communicate using a second transmission; and

alter an operation of at least one of the first and second transceivers to mitigate battery

voltage droop due to simultaneous transmissions of the transceivers.

22. The computer program product of claim 21, wherein the code for causing the UE
to alter the operation, comprises code for causing the UE to forgo a transmission
of at least one of the transceivers to reduce specific absorption rate due to

simultaneous transmission.

23. The computer program product of claim 21, wherein the code for causing the UE
to alter the operation, comprises code for causing the UE to forgo a transmission
of at least one of the transceivers to mitigate overheating of the UE due to

simultaneous transmission.

24, The computer program product of claim 21, wherein the code for causing the UE
to alter the operation comprises code for causing the UE to alter a transmission of at
least one of the transceivers to reduce power of the transmission, to shift the

transmission in time, or to forgo the transmission.

25. The computer program product of claim 21, wherein the computer-readable
storage medium further comprises code for causing the UE to determine the operation to

be altered based on a power control matrix per instant of simultaneous transmissions.
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26. The computer program product of claim 25, wherein the power control matrix
comprises operating states of the first and second transceivers during simultaneous
transmissions, the operating states comprising an idle state, a circuit-switched (CS)
connection state, a packet-switched (PS) connection state, and a dual transfer mode

(DTM) connection state.

27. The computer program product of claim 25, wherein the power control matrix
comprises channels to be utilized by the first and second transceivers during
simultaneous transmissions, the channels comprise one or more of Random Access
Channel (RACH), Traffic Channel (TCH), Slow Associated Control Channel (SACCH),
Standalone Dedicated Control Channel (SDCCH), Fast Associated Control Channel
(FACCH), Packet Dedicated Channel (PDCH), and Packet Associated Control Channel
(PACCH).

28. The computer program product of claim 21, wherein the code for causing the UE
to alter the operation comprises code for causing the UE to adjust respective transmit
power of the first and second transceivers to limit their combined transmit power not

exceeding a power budget.

29. The computer program product of claim 28, wherein the code for causing the UE
to adjust respective transmit power comprises code for causing the UE to adjust the
transmit power of the transceivers based on respective priority of the transceivers and

the power budget.

30. The computer program product of claim 29, wherein the code for causing the UE
to adjust the transmit power of the transceivers comprises code for causing the UE to
allocate respective portions of the power budget to the transceivers based on their

priority.

31. An apparatus for wireless communication, comprising:
at least one processor;
a communication interface comprising a first transceiver and a second transceiver both

coupled to the at least one processor; and
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a memory coupled to the at least one processor,
wherein the at least one processor is configured to:
determine that the first transceiver is scheduled to communicate using a first
transmission simultaneous to the second transceiver being scheduled to
communicate using a second transmission; and
alter an operation of at least one of the first and second transceivers to mitigate
battery power droop due to simultaneous transmissions of the

transceivers.

32.  The apparatus of claim 31, wherein the at least one processor is further
configured to forgo a transmission of at least one of the transceivers to reduce

specific absorption rate due to simultancous transmission.

33. The apparatus of claim 31, wherein the at least one processor is further
configured to forgo a transmission of at least one of the transceivers to mitigate

overheating of the apparatus due to simultaneous transmission.

34, The apparatus of claim 31, wherein the at least one processor is further
configured to alter a transmission of at least one of the transceivers to reduce power of

the transmission, to shift the transmission in time, or to forgo the transmission.

35. The apparatus of claim 31, wherein the at least one processor is further
configured to determine the operation to be altered based on a power control matrix per

instant of simultaneous transmissions.

36. The apparatus of claim 35, wherein the power control matrix comprises
operating states of the first and second transceivers during simultaneous transmissions,
the operating states comprising an idle state, a circuit-switched (CS) connection state, a
packet-switched (PS) connection state, and a dual transfer mode (DTM) connection

state.

37. The apparatus of claim 35, wherein the power control matrix comprises channels

to be utilized by the first and second transceivers during simultaneous transmissions, the
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channels comprise one or more of Random Access Channel (RACH), Traffic Channel
(TCH), Slow Associated Control Channel (SACCH), Standalone Dedicated Control
Channel (SDCCH), Fast Associated Control Channel (FACCH), Packet Dedicated
Channel (PDCH), and Packet Associated Control Channel (PACCH).

38. The apparatus of claim 31, wherein the at least one processor is further
configured to adjust respective transmit power of the first and second transceivers to

limit their combined transmit power not exceeding a power budget.

39. The apparatus of claim 38, wherein the at least one processor is further
configured to adjust the transmit power of the transceivers based on respective priority

of the transceivers and the power budget.

40. The apparatus of claim 39, wherein the at least one processor is further
configured to allocate respective portions of the power budget to the transceivers based

on their priority.



PCT/US2014/011312

WO 2014/113325

1/8

yJomiaN 8100

142

yoL -~

L "OI4d

wswdinbg

WNISN
WNISN




PCT/US2014/011312

WO 2014/113325

2/8

00¢

¢ 9Old




PCT/US2014/011312

WO 2014/113325

3/8

€ Old

g )
weIsAg buissanold
80¢
Janlgosuel) oomw_ME_ oﬂ.momwc_
qo1e~
JOAIBISURI | 4 rm\
vols < 43> losseooid | | Asowspy [J WISN || WISN
2.1eM)J0S . 5
voc’ coc’ gL Vil
wnipaN abe.ois
a|gepesay-Jandwo)
~90¢€
Aianeg
J
60¢
juswdinb3 Jasn
f J

oL




WO 2014/113325 PCT/US2014/011312

4/8

L

o
e
= <~
\

X
\

Rx

Case Three

414
Rx

M
— 408
Tx
FIG. 4

Tx
Rx

Case Two

Rx

M
— 406
M

Tx
Tx

Case One

Rx
Rx

402
404



PCT/US2014/011312

WO 2014/113325

5/8

00S

G Ol4d

SJOAIOSURI] 9] JO SUOISSILISURI SNOBUBYNWIS
0} anp doolp abejjoa Aieyeq ajebijiw 0) SIaAIBosuUe)
pUO29S 10 1SUI} Y] JO BUO 1SE9| 1k JO uonelado ue Joyy

¥0G /

UOISSIWISUBI} PUODSS
e Buisn a1e2IuNWIWOo9 0} pa|npayods bulaqg JaAleosuel
pUODAS B 0} SNO3UR)NWIS UOISSIWSURI] 1S4l B Buisn
91B2IUNWIWOD 0} PAINPaYDS SI JOAIBOSUR) B 1By} aulwla}a(

205~




PCT/US2014/011312

WO 2014/113325

6/8

9 'OId

(209)
1ind HOOVd HOdAd HOOV4 dayy HOL
yoes .o} HOVY Aeje@ [yo-yoeq ON | dauy
Aip1eusole Aejeqg Jjo-yoeq Aejeqg Jo-yoeg Jo-yoeg
el I I e e e A R R N A—
HOOVd
HOOVd HOOVd HOdAd HOOVd HOL
A .
fejeq auo Aejeg | yo-yoeg Lo\_m_mn_umnw“_«m_ fejeq Jo-yoeq HOVY A€IeA | JO9Eq ON | HOOVd | Sd
sqgnsyioq | Hoad | Hoad | Hoad | moad | | |
HOdAd HOdAd qans yjoq HOdAd HOdAd HOdAd HOdAd o-s0eq oN | HOad
Jjo-yoeq Jjo-yoeq Jjo-yoeq Jjo-yoeq Jo-yoeg Jo-yoeg Jo-yoeg
HOOVA
HOOVA HOdAd HOOV4 HOOV4 HOL
A .
fejeq Lo\_m_mn_umnw“_,qm Jo-yoeq suo Aejeq fejeq Jo-yoeq HOVY /eleq | 40-40eq ON | HOJVd
(c09) HOOVd HOdAd HOOV4 .Qhwo%nwmm pauInbal HJ2as
I fejs 0-30BQ O
d9yy Aejoq Jo-sjoeg Aejeq Ajprewsije #'HOL HOVY Aeleq | 4o->oeq oN HOIVS SO
Jo-3oeg Jo-yoeq
Jo-3oeqg
o T T 1
(209) (209)
oy uo |[eo
HOL | HOL | 8ot | yooeg | yooea | uwwams | sosoeg  |SOO0STON| HOL
- yo-yoeg Jo-3oeg Jo-3oeg Jo-3oeqg yimq Jo-yoeq
3 uo yo-yoeq
HOVY HOVY HOdAd HOVY HOVY HOL HOVY
fejeq fejeq Jo-yoeq fejeq fejeq Jo-yoeq suo Aejeq HOPOBAON | HOVY |
J0-308q ON | JO-X0Eq ON [ JO-30B(] ON | JO-0€E] ON | JO-3oB] ON | JO-40E]Q ON [ JO-4OBQ ON | }O-3oBq ON |Xd/XL ON|31dl
HJ2as :
X] O
dgyy HOOVd HOdAd HJOVA H99V'S HO1 HOVYH Xd/X1 ON
Sd SO 370l




PCT/US2014/011312

WO 2014/113325

7/8

Z 94
(zoy) (zoy) (HOL) HOOds | Bujuuni |
d94y HOOVd HOdd HOOV4 HOOVS /HOOVS HOL HOVY | z61e1 mn_ ,,,,,,,,,,,,
(zoy) (02 ‘202) (HOL) HOOds HOOVd
X
d94y HoOvd | Hodd XL | HOOVA HOOVS /HOOVS HOL HOVE | woaa | |
(zoz (v02
(zoy) (zoy) (HOL) HOOVH | .o Q,wsm (HOL) HO Fv HOvd | (HOD)
dgyy HOOVd HOOVS Reje@ o) Auoug | HOOVS ouen Aejsg | HOOVS
oD o o0 1 |
M_Nm_o%_ I\w_um/ma HOOdsS I@_w/% 'gns sAnoe | “gns sAloe HOL m_w_wm_ \ﬂwwww SO |xy
/HOOVS o} Auloud | 0} Auioud [eoue)
o | .1 |
(zoy) (zoy) (¥02) HODY (HOL) HOOOS | .one anpoe | How HOoVA
dayy HOOVd HOL HOOVS HOOVS | .« HOL1
) Ajuoud
(v02 (0. Hoog | |
(zoy) HOOVd Ioow HOOV4 (HOL) HOOds Iom HOVY Hod | eipi
dguy Aejeq oues Aejeq HOOVS | /HOOVS | oo | fBRQ | og
(Ho1) HOO2as
dayy HOoVd Hoad HOOV4 HOOVS IHOOVS HOl How |
Sd W %) oI |
X1 : :




PCT/US2014/011312

WO 2014/113325

8/8

Jamod

uonJoddy ¢Aoud sweg

g dx1

Phueto oN < [BJOL dX1

|eJ01 dX1 pul

ploysaiy L
< delsnQ

sbueyo oN

#a dx1 puid

yog~
g dx1

2ans dx1

Lang dx.1

208~

junowe
auwies

SOA | Aq yo-yoeg

g8~

8 ‘OId



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/011312

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4B1/40 HO4B1/16
ADD.

HO4W52/02 HO4W52/04 HO4B1/38

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B HOAW

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2012/082046 Al (HO SAI YIU DUNCAN [US] 1-40
ET AL) 5 April 2012 (2012-04-05)

figures 1-15

abstract; figures 4-7

30 March 2006 (2006-03-30)

figures 1 - 3

paragraph [0027] - paragraph [0091];

paragraph [0010] - paragraph [0048];

A US 6 677 736 B1 (BARNES JOHN ARTHUR [US] 1-40
ET AL) 13 January 2004 (2004-01-13)

A US 2006/067245 Al (PEARL NORMAN [CA]) 1-40

D 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

11 April 2014

Date of mailing of the international search report

23/04/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Andersen, Jan

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/011312
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012082046 Al 05-04-2012 CN 103238355 A 07-08-2013
EP 2622914 Al 07-08-2013
JP 2013539323 A 17-10-2013
KR 20130069834 A 26-06-2013
US 2012082046 Al 05-04-2012
WO 2012044850 Al 05-04-2012
US 6677736 Bl 13-01-2004  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	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 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

