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SYSTEMS, APPARATUS, AND METHODS FOR
ANTENNA SELECTION

CROSS REFERNECE TO RELATED APPLICATIONS
[0001] This application claims priority to and benefit under 35 U.S.C. § 119(e)
to U.S. Provisional Patent Application No. 61/649,704 entitled “SYSTEMS,
APPARATUS, AND METHODS FOR AUTONOMOUS ANTENNA SELECTION” filed
on May 21, 2012 and U.S. Provisional Patent Application No. 61/716,582 entitled
“SYSTEMS, APPARATUS, AND METHODS FOR AUTONOMOUS ANTENNA
SELECTION” filed on October 21, 2012; both of said applications are hereby incorporated

by reference in their entireties as if fully set forth below and for all applicable purposes.

TECHNICAL FIELD
[0002] Embodiments of the present application relate generally to wireless
communications, and more specifically to antenna selection for maximizing power transmit

and receive levels.

BACKGROUND

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice and data. Typical wireless communication
systems may be multiple-access systems capable of supporting communication with
multiple users by sharing available system resources (e.g., bandwidth, transmit power, ...).
Examples of such multiple-access systems may include code division multiple access
(CDMA) systems, time division multiple access (TDMA) systems, frequency division
multiple access (FDMA) systems, orthogonal frequency division multiple access (OFDMA)
systems, and the like. Additionally, the systems can conform to specifications such as third
generation partnership project (3GPP), 3GPP2, 3GPP long-term evolution (LTE), LTE
Advanced (LTE-A), etc.

[0004] Generally, wireless multiple-access communication systems may
simultaneously support communication for multiple mobile devices. Each mobile device
may communicate with one or more base stations via transmissions on forward and reverse

links. The forward link (or downlink) refers to the communication link from base stations
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to mobile devices, and the reverse link (or uplink) refers to the communication link from
mobile devices to base stations.

[0005] Mobile devices may further simultaneously support communication
using multiple radio access technologies. Different radio access technologies may be used
to expand the scope of services offered by the communication such as by expanding the
geographic region in which the device may operate, as a mobile device moves through
different regions supporting different radio access technologies. Furthermore, different
radio access technologies may be used to simultancously allow a user to engage in a variety

of different forms of wireless communication activities.

BRIEF SUMMARY

[0006] Various embodiments of systems, methods, and devices within the scope
of the appended claims each have several aspects. In some embodiments all or some of
these aspects can enable and provide the advantages and features of embodiments. Without
limiting the scope of the appended claims, some prominent features are described herein.

[0007] Details of one or more embodiments of the subject matter described in
this specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages will become apparent from the description, the
drawings, and the claims. Note that the relative dimensions of the following figures may
not be drawn to scale.

[0008] One aspect of the subject matter described in the disclosure provides a
wireless communications apparatus. The wireless communications apparatus includes a
transmit circuit configured to transmit wireless communications via either a first antenna or
a second antenna. The wireless communications apparatus further includes a receive circuit
configured to receive wireless communications using either the first antenna or the second
antenna. The wireless communications apparatus further includes a controller configured
to switch the transmit circuit and the receive circuit from transmitting and receiving
wireless communications via the first antenna to transmit and receive wireless
communications via the second antenna in response to detecting that a first receive power
level of the first antenna is less than a second receive power level of the second antenna and
a difference between the second receive power level and the first receive power level is

greater than a threshold.
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[0009] Another aspect of the subject matter described in the disclosure provides
an implementation of a method of wireless communications. The method includes
receiving an indication of a first receive power level of a first antenna and a second receive
power level of a second antenna. The method further includes switching a transmit circuit
and a receive circuit from transmitting and receiving wireless communications via the first
antenna to transmit and receive wireless communications via the second antenna in
response to detecting that a first receive power level of the first antenna is less than a
second receive power level of the second antenna and a difference between the second
receive power level and the first receive power level is greater than a threshold.

[0010] Yet another aspect of the subject matter described in the disclosure
provides a wireless communications apparatus. The wireless communications apparatus
includes means for transmitting wireless communications via either a first antenna or a
second antenna. The wireless communications apparatus further includes means for
receiving wireless communications using either the first antenna or the second antenna.
The wireless communications apparatus further includes means for switching the
transmitting means and the receiving means from transmitting and receiving wireless
communications via the first antenna to transmit and receive wireless communications via
the second antenna in response to detecting that a first receive power level of the first
antenna 1is less than a second receive power level of the second antenna and a difference
between the second receive power level and the first receive power level is greater than a
threshold.

[0011] Another aspect of the subject matter described in the disclosure provides
a computer program product. The computer program product includes a computer readable
medium. The computer readable medium includes code for receiving an indication of a
first receive power level of a first antenna and a second receive power level of a second
antenna. The computer readable medium further includes code for switching a transmit
circuit and a receive circuit from transmitting and receiving wireless communications via
the first antenna to transmit and receive wireless communications via the second antenna in
response to detecting that a first receive power level of the first antenna is less than a
second receive power level of the second antenna and a difference between the second

receive power level and the first receive power level is greater than a threshold.

-3-



WO 2013/176786 PCT/US2013/035414

[0012] Other aspects, features, and embodiments will become apparent to those
of ordinary skill in the art, upon reviewing the following description of specific, exemplary
embodiments in conjunction with the accompanying figures. While features may be
discussed relative to certain embodiments and figures below, all embodiments 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

[0013] FIG. 1 shows an example of a simplified diagram of a wireless
communication system in accordance with some embodiments.

[0014] FIG. 2 shows an example of a functional block diagram of an exemplary
mobile device operating in a wireless communication network in accordance with some
embodiments.

[0015] FIG. 3 shows an example of a functional block diagram of an exemplary
access terminal shown in FIGs. 1 and 2 in accordance with some embodiments.

[0016] FIG. 4 is a functional block diagram of a portion of the access terminal
shown in FIG. 3 in accordance with some embodiments.

[0017] FIG. 5 is a flowchart of an implementation of an exemplary method for
determining a mapping of transmit circuits to antennas in accordance with some
embodiments.

[0018] FIG. 6 shows an example of different groups of LUTs for different RAT
types to provide an example of the different possible transmission power levels provided
per a device state illustrating different groups of look-up tables for different radio access
technology types in accordance with some embodiments.

[0019] FIGs. 7A-7B show examples of two exemplary look up tables which
may be used to determine a transmission power limit according to a device state index in

accordance with some embodiments.
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[0020] FIG. 8 provides an example of a portion of a look up table for
determining transmission power limits for a given radio access technology type, antenna, a
band-class, a configuration, and an uplink channel in accordance with some embodiments.

[0021] FIG. 9 is a flow chart of an implementation of an exemplary method for
mapping a transmit circuit and first receive circuit to an antenna in accordance with some
embodiments.

[0022] FIG. 10A shows an example of a LUT that may be used to determine an
imbalance threshold as indexed by the corresponding receive power level in accordance
with some embodiments.

[0023] FIG. 10B shows a table that illustrates how the LUT may be used to
determine the imbalance threshold based on the receive power levels for an antenna in
accordance with some embodiments.

[0024] FIG. 11 shows a flowchart of an implementation of an exemplary
method implemented by a wireless communication apparatus in accordance with some
embodiments.

[0025] FIG. 12 shows another flowchart of an implementation of an exemplary
method implemented by a wireless communication apparatus in accordance with some
embodiments.

[0026] FIG. 13 is a functional block diagram of another exemplary wireless
communication apparatus that may be employed within the wireless communication system
in accordance with some embodiments.

[0027] FIG. 14 is a functional block diagram of another exemplary wireless
communication apparatus that may be employed within the wireless communication system
in accordance with some embodiments.

[0028] FIG. 15 shows an example of a functional block diagram of various
components in a communication system in accordance with some embodiments.

[0029] In accordance with common practice the various features illustrated in
the drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the

drawings may not depict all of the components of a given system, method, or device. Like
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reference numerals may be used to denote like features throughout the specification and

figures.

DETAILED DESCRIPTION

[0030] Various aspects of embodiments within the scope of the appended claims
are described below. It should be apparent that the aspects described herein may be
implemented in a wide variety of forms and that any specific structure and/or function
described herein is merely illustrative. Based on the present disclosure a person/one having
ordinary skill in the art should appreciate that an aspect described herein may be
implemented independently of any other aspects and that two or more of these aspects may
be combined in various ways. For example, an apparatus may be implemented and/or a
method may be practiced using any number of the aspects set forth herein. In addition,
such an apparatus may be implemented and/or such a method may be practiced using other
structure and/or functionality in addition to or other than one or more of the aspects set
forth herein.

[0031] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration.” Any embodiment described herein as "exemplary" is not
necessarily to be construed as preferred or advantageous over other embodiments. The
following description is presented to enable any person skilled in the art to make and use
the invention. Details are set forth in the following description for purpose of explanation.
It should be appreciated that one of ordinary skill in the art would realize that the invention
may be practiced without the use of these specific details. In other instances, well known
structures and processes are not elaborated in order not to obscure the description of the
invention with unnecessary details. Thus, the present invention is not intended to be
limited by the embodiments shown, but is to be accorded with the widest scope consistent
with the principles and features disclosed herein.

[0032] The techniques described herein may be used for various wireless
communication networks such as Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier FDMA (SC-
FDMA) networks, etc.  The terms “networks” and “systems” are often used

interchangeably. A CDMA network may implement a radio technology such as Universal
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Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-
CDMA) and Low Chip Rate (LCR). c¢dma2000 covers IS-2000, IS-95 and IS-856
standards. A TDMA network may implement a radio technology such as Global System
for Mobile Communications (GSM). An OFDMA network may implement a radio
technology such as Evolved UTRA (E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20,
Flash-OFDM”, etc. UTRA, E-UTRA, and GSM are part of Universal Mobile
Telecommunication System (UMTS). Long Term Evolution (LTE) is a release of UMTS
that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are described in documents
from an organization named “3rd Generation Partnership Project” (3GPP). ¢dma2000 and
EV-DO are described in documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). These various radio technologies and standards are known
in the art.

[0033] The techniques described herein may further be used with various modes
associated with different radio access technologies such as simultaneous voice and data
modes that allow simultancously sending and receiving voice and non-voice data. For
example, Simultancous 1X Voice and EV-DO Data (SVDO) and Simultancous 1X and
LTE (SVLTE) modes may be employed in various embodiments.

[0034] Single carrier frequency division multiple access (SC-FDMA), which
utilizes single carrier modulation and frequency domain equalization is one technique used
in a wireless communication system. SC-FDMA has similar performance and essentially
the same overall complexity as those of OFDMA system. SC-FDMA signal has lower
peak-to-average power ratio (PAPR) because of its inherent single carrier structure. SC-
FDMA has drawn great attention, especially in the uplink communications where lower
PAPR greatly benefits the mobile terminal in terms of transmit power efficiency. It is
currently a working assumption for uplink multiple access scheme in 3GPP Long Term
Evolution (LTE), or Evolved UTRA.

[0035] FIG. 1 illustrates an exemplary wireless communication network 100 in
accordance with some embodiments. The wireless communication network 100 is
configured to support communication between a number of users. The wireless
communication network 100 may be divided into one or more cells 102, such as, for

example, cells 102a-102g. Communication coverage in cells 102a-102g may be provided
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by one or more nodes 104 (e.g., base stations), such as, for example, nodes 104a-104g.
Each node 104 may provide communication coverage to a corresponding cell 102. The
nodes 104 may interact with a plurality of access terminals (ATs), such as, for example,
ATs 106a-1061. For ease of reference, ATs 106a-1061 may be referred to hereinafter as an
access terminal 106.

[0036] Each AT 106 may communicate with one or more nodes 104 on a
forward link (FL) and/or a reverse link (RL) at a given moment. A FL is a communication
link from a node to an AT. A RL is a communication link from an AT to a node. The FL
may also be referred to as the downlink. Further, the RL may also be referred to as the
uplink. The nodes 104 may be interconnected, for example, by appropriate wired or
wireless interfaces and may be able to communicate with each other. Accordingly, each
AT 106 may communicate with another AT 106 through one or more nodes 104.

[0037] The wireless communication network 100 may provide service over a
large geographic region. For example, the cells 102a-102g may cover only a few blocks
within a neighborhood or several square miles in a rural environment. In one embodiment,
cach cell may be further divided into one or more sectors (not shown).

[0038] As described above, a node 104 may provide an access terminal (AT)
106 access within its coverage area to another communications network, such as, for
example the internet or another cellular network.

[0039] An AT 106 may be a wireless communication device (e.g., a mobile
phone, router, personal computer, server, etc.) used by a user to send and receive voice or
data over a communications network. An access terminal (AT) 106 may also be referred to
herein as a user equipment (UE), as a mobile station (MS), or as a terminal device. As
shown, ATs 106a, 106h, and 106j comprise routers. ATs 106b-106g, 1061, 106k, and 1061
comprise mobile phones. However, each of ATs 106a-106]1 may comprise any suitable
communication device.

[0040] An access terminal 106 may be multimode, capable of operating using
different radio access technologies (RATSs) such as radio access technologies defined by
standards such as cdma2000 1x, 1x-EV-DO, LTE, eHRPD, 802.11, and the like. An access

terminal 106 may perform a plurality of tasks across various communication systems using
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different radio access technologies. The communication may be accomplished using a
plurality of collocated transmitters or may be communicated using one single transmitter.

[0041] FIG. 2 shows an example of a functional block diagram of an exemplary
access terminal 106 operating in a wireless communication network 200 in accordance with
some embodiments. The wireless communication network 200 comprises the access
terminal 106, a second wircless communications device 210, a third wircless
communications device 220, a fourth wireless communications device 230, and a cellular
tower 240. The wireless communication network 200 may be configured to support
communication between a multitude of devices, such as the wireless communications
devices 106a, 210, 220, 230, and tower 240. The mobile wireless communications devices
(e.g., 106a, 210, and 220) may comprise, for example, personal computers, PDAs, music
players, video players, multimedia players, televisions, electronic game systems, digital
cameras, video camcorders, watches, remote controls, headsets, and so on. Access terminal
106 may be simultancously in communication with each of devices 210, 220, 230, and 240
via one or more transmitters collocated on access terminal 106.

[0042] With continuing reference to FIG. 2, the access terminal 106 may
communicate with other wireless communications devices (e.g., 210, 220) over a variety of
communication channels. The communication channels may comprise Ultra-Wide Band
(UWB) channels, Bluetooth channels, 802.11 channels (e.g., 802.11a, 802.11b, 802.11g,
and 802.11n), infrared (IR) channels, ZigBee (802.15) channels, or a variety of other
channels, as is well known in the art. In one embodiment, the channel may be a UWB
channel conforming to the ECMA-368 standard. Other channels would be readily
recognized as possible as well.

[0043] The wireless communications network 200 may comprise a wireless
local area network (WLAN) covering a physical area, like a home, office, or a group of
buildings. A WLAN may use standards such as, 802.11 standard (e.g., 802.11g), and/or
other standards for wireless communications. A WLAN may use peer-to-peer
communication in which the wireless communication devices directly communicate with
cach other. The wireless communications network 200 may also comprise a wireless
personal area network (WPAN), spanning, for example, an arca of a few meters. A WPAN

may use standards such as infrared, Bluetooth, a WiMedia based UWB standard (e.g.,
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ECMA-368), and ZigBee standards, and/or other standards for wireless communications.
A WPAN may use peer-to-peer communication in which the wireless communication
devices directly communicate with each other. The wireless communications network 200
may also comprise a wide wireless areca network (WWAN). The WWAN may use
standards such as cdma2000 1x, 1x-EV-DO, LTE, ¢HRPD and the like. The access
terminal 106 may connect to another network, such as a wireless communications network
or the Internet, through network 200. The messages sent across the wireless
communications network 200 may comprise information related to various types of
communication (e.g., voice, data, multimedia services, etc.) and may be of varied degrees
of importance to the user of access terminal 106, as described in greater detail below.

[0044] Although the following embodiments may refer to FIG. 1 or 2, one will
recognize that they are readily applicable to other communication standards. For example,
one embodiment may be applicable in a UMTS communication system. Some
embodiments may be applicable in an OFDMA communication system.  The
communication system 200 may further comprise any type of communication system
including, but not limited to, a code division multiple access (CDMA) system, a global
system for mobile communication system (GSM), a wideband code division multiple
access (WCDMA), and an OFDM system.

[0045] FIG. 3 shows an example of a functional block diagram of an exemplary
access terminal 106 shown in FIGs. 1 and 2 in accordance with some embodiments. The
access terminal 106 may be multimode, capable of operating using different radio access
technologies (RATs) such as any of the radio technologies mentioned above with reference
to FIGs. 1 and 2. The access terminal 106 is an example of a device that may be configured
to implement the various methods described herein. The access terminal 106 may
implement any of the devices illustrated in FIGs. 1-2.

[0046] The access terminal 106 includes a central data bus 317 linking several
circuits together. The circuits include a controller/processor 320, a memory unit 308, and
RAT circuitry 304 which may include various radio access technology modules such as
modules 302a, 302b, 302¢, and 302d. The processor/controller 320 may comprise or be a
component of a processing system implemented with one or more processors. The

processor/controller 320 may be configured as or referred to as an application processor
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320 in some embodiments. The one or more processors may be implemented with any
combination of general-purpose microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate array (FPGAs), programmable logic devices
(PLDs), controllers, state machines, gated logic, discrete hardware components, dedicated
hardware finite state machines, or any other suitable entities that can perform calculations
or other manipulations of information.

[0047] In addition, the processor/controller 320 may be configured to
communicate with and control the operation of various modules configured for different
radio access technologies (RATs). Each of modules 302a, 302b, 302¢, and 302d may
implement a specific radio access technology and may each individually include additional
memory modules, communication components and functions which are applicable to the
radio access technology type implemented by the module. Each module 302a, 302b, 302c,
and 302d may further include a controller 306a, 306b, 306¢, and 306d which may each also
be referred to herein as a modem processor 306a, 306b, 306¢, and 306d that may be used to
control the operation of each RAT. For ease of reference, controllers 306a, 306b, 306¢, and
306d may hereinafter be referred to as a RAT controller 306. Furthermore RAT controllers
306a, 306b, 306¢, and 306d may be provided independently of each module 302a, 302b,
302c, and 302d for controlling the modules. In some embodiments, the processor 320 may
be configured to perform the functions of the RAT controller 306. Furthermore, each RAT
may include its own transceiver(s) including antenna(s) (not shown). The RAT modules
may implement any of the RAT types discussed above with reference to FIGs. 1-2 or other
readily recognizable RAT types.

[0048] The access terminal 106 further comprises one or more transmit circuits
330a, 330b, and 330n. Transmit circuits 330a, 330b, and 330n may also be referred to as
transmit chains having one or more components configured to transmit wireless
communications via an antenna 370a. For example, transmit circuit 330a may include a
modulator (not shown), a digital-to-analog (D/A) converter (not shown), an amplifier (not
shown) as well as other circuitry for modulating and preparing a wireless communications
signal for transmission via an antenna 370a. In some cases, the RAT circuitry 304 may
include transmit circuits 330a, 330b, and 330n where each RAT module 302a, 302b, 302c,

and 302d may include one of transmit circuits 330a, 330b, and 330n. As such, transmit
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circuits 330a, 330b, and 330n may be configured to transmit according to a radio access
technology associated with one of RAT modules 302a, 302b, 302¢, and 302d. In some
cases, the access terminal 106 may have one transmit circuit 330a. In other cases, one or
more of transmit circuits 330a, 330b, and 330n may be activated or deactivated. In one
aspect, the transmit circuits 330a may include components particular to one of the RAT
modules 302a, 302b, 302¢, and 302d. For example, a RAT module 302a may implement a
wireless communications using OFDM, while a second RAT module 302b may implement
a wireless communications using CDMA. As such, one transmit circuit 330a may include
components configured for OFDM communications while a second transmit circuit 330b
may include components configured CDMA communications.

[0049] The access terminal 106 further comprises one or more receive circuits
340a, 340b, and 340n. Receive circuits 340a, 340b, and 340n may also be referred to as
receive chains having one or more components configured to receive wireless
communications via an antenna 370a. For example, receive circuit 340a may include an
amplifier (not shown), an analog-to-digital converter (not shown), a demodulator (not
shown), as well as other circuitry for receiving and demodulating a wireless
communications signal received via an antenna 370a. In some cases, the RAT circuitry 304
may include receive circuits 340a, 340b, and 340n where each RAT module 302a, 302b,
302c¢, and 302 may include one of receive circuits 340a, 340b, and 340n. As such, each of
receive circuits 340a, 340b, and 340n may be configured to receive according to a radio
access technology associated with one of the RAT modules 302a, 302b, 302¢c, and 302d. In
some cases, the access terminal 106 may have one receive circuit 340a. In other cases one
or more of the receive circuits 340a, 340b, and 340n may be activated or deactivated.

[0050] Transmit circuits 330a, 330b, and 330n may process and convert high-
frequency (HF) signals to the base-band signals. Receive circuits 340a, 340b, and 340n in
turn may process and buffer received signals before sending out to the data bus 317.
Transmit circuits 330a, 330b, and 330n may process and buffer the data from the data bus
317 before sending out of the access terminal 106. The processor/controller 320 controls
the proper timing by allocating the time slots for the data sensing and processing for the
different frequency bands for transmit circuits 330a, 330b, and 330n and receive circuits

340a, 340b, and 340n.
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[0051] Each of transmit circuits 330a, 330b, and 330n and receive circuits 340a,
340b, and 340n may be configured to respectively transmit and receive via one of several
antennas 370a, 370b, and 370n. Individual transmit circuits 330a, 330b, and 330n and
receive circuits 340a, 340b, and 340n may transmit and receive information associated with
a different radio access technology via a particular antenna 370a, 370b, or 370n. For
example, for simultaneous voice and data modes, one transmit circuit 330a may be used for
transmitting voice data via antenna 370a while another transmit circuit 330b may be used
for transmitting non-voice data via antenna 370b. Stated another way, a first transmit
circuit 330a may be used for transmitting and receiving 1x voice data via antenna 370a
while a second transmit circuit 330b may be used for data only (DO) LTE via antenna
370b. The processor/controller 320 directs the multiple transmit circuits 330a, 330b, and
330n and receive circuits 340a, 340b, and 340n for detecting and/or processing of signals
from the different frequency bands via antennas 370a, 370b, and 370n. Antennas 370a,
370b, and 370n may be placed in different physical locations within the access terminal
106. For example, antennas 370a, 370b, and 370n may be at opposite (e.g., distal) ends or
corners of the access terminal 106 or adjacent to each other. Generally, antennas 370a,
370b, and 370n can be located at similar or distinct places as desired or in accordance with
device design.

[0052] A switching circuit 360 may be provided to allow a controller 320 to
select antennas 370a, 370b, and 370n for which transmit circuits 330a, 330b, and 330n or
receive circuits 340a, 340b, and 340n are configured to transmit and receive from. The
switching circuit 360 may include circuitry configured to switch M inputs corresponding to
transmit circuits 330a, 330b, and 330n and receive circuits 340a, 340b, and 340n to N
outputs corresponding to antennas 370a, 370b, and 370n. As shown in FIG. 3, there may
be more or less than three transmit circuits 330a, 330b, and 330n, three receive circuits
340a, 340b, and 340n, and three antennas 370a, 370b, and 370n. As one example, the
switching circuit 360 may be configured as a crossbar switch or other suitable switching
circuitry. The controller 320 may be configured to switch transmit circuits 330a, 330b, and
330n and receive circuits 340a, 340b, and 340n to respectively transmit and receive via any

combination of antennas 370a, 370b, and 370n.
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[0053] In some embodiments, transmit circuits 330a, 330b, and 330n can be
implemented as an external circuit, such as an external modem, pluggable to the access
terminal 106.

[0054] The processor/controller 320 performs the function of data management
of the data bus 317 and the function of general data processing, including executing the
instructional contents of the memory unit 308. The memory unit 308 may include a set of
modules and/or instructions. Instructions particular to the process steps of the access
terminal 106 as shown and described in the embodiments described below can be coded in
the various functions included in the contents of the memory unit 308. In one embodiment,
the memory unit 308 is a RAM (Random Access Memory) circuit. Some communication
device functions, such as the handoff functions, are software routines, modules, and/or data
sets. The memory unit 308 can be tied to another memory circuit (not shown) which either
can be of the volatile or nonvolatile type. As an alternative, the memory unit 308 can be
made of other circuit types, such as an EEPROM (Electrically Erasable Programmable
Read Only Memory), an EPROM (Electrical Programmable Read Only Memory), a ROM
(Read Only Memory), an ASIC (Application Specific Integrated Circuit), a magnetic disk,
an optical disk, and others well known in the art. In addition, the memory unit 308 can be a
combination of ASIC and memory circuitry of the volatile type and/or non-volatile type.

[0055] The access terminal 106 may further include a device state sensor 350.
The device state sensor may be configured to detect one or more states or modes of a
device according to how the device is being used, handled, and/or positioned. For example,
the device state sensor 350 may be configured as a proximity sensor that may be configured
to detect a proximity of the user or other object with respect to the access terminal 106. In
one embodiment, the device state sensor 350 includes multiple proximity sensors. Each of
the multiple proximity sensors are placed next to the antennas 370a, 370b, and 370n. Each
of the multiple proximity sensors is configured to detect whether an object is in proximity
(e.g., blocking) a respective antenna 370a, 370b, and 370n. The device state sensor 350
may further include and/or be configured as an orientation sensor such as an accelerometer
that may be configured to detect the orientation of the access terminal 106 with respect to
the user of the access terminal 106. The device state sensor 350 may further include and/or

be configured as other types of sensors for detecting a temporary condition or state of the
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access terminal 106. While shown as one functional block, multiple device state sensors of
different types may be included. Feedback from the device state sensor 350 may be
indicative of a particular operating mode of the access terminal 106.

[0056] In this specification and the appended claims, it should be clear that the
term “circuitry” is construed as a structural term and not as a functional term. For example,
circuitry can be an aggregate of circuit components, such as a multiplicity of integrated
circuit components, in the form of processing and/or memory cells, modules, units, blocks,
and the like, such as shown and described in FIG. 3.

[0057] Although described separately, it is to be appreciated that functional
blocks described with respect to the access terminal 106 need not be separate structural
elements. For example, the processor 320, the memory unit 308, and RAT modules 302a,
302b, 302c, and 302d may be embodied on a single chip. The processor 320 may
additionally, or in the alternative, contain memory, such as processor registers. Similarly,
one or more of the functional blocks or portions of the functionality of various blocks may
be embodied on a single chip. Alternatively, the functionality of a particular block may be
implemented on two or more chips.

[0058] FIG. 4 is a functional block diagram of a portion of the access terminal
106 shown in FIG. 3 in accordance with some embodiments. With reference to FIG. 4, in
some cases, only one transmit circuit 330 may be active. In other words, the access
terminal 106 may be in a mode configured for using a single transmit circuit 330. In some
cases, this mode may correspond to a single RAT module 302a, 302b, 302¢, and 302d
being active. As shown in FIG. 4, the controller 320 may be configured to switch the
transmit circuit 330 to communicate via either a first antenna 370a or a second antenna
370b. In addition, a receive circuit 340a may be associated with the transmit circuit 330 in
that the receive circuit 340a is configured to communicate via the same antenna 370a or
370b used by the transmit circuit 330. As such, the controller 320 may be configured to
switch the transmit circuit 330 and receive circuit 340a to respectively transmit and receive
via the first antenna 370a or the second antenna 370b. Stated another way, the first receive
circuit 340a is configured to be switched alongside the transmit circuit 330. In addition, a
second receive circuit 340b may be configured to communicate via either the antenna 370a

or 370D that is not being used for the transmit circuit 330 and the first receive circuit 340a.
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The first receive circuit 340a and second receive circuit 340b may include measurement
circuitry 342a and 342b configured to measure receive power levels. As one example, the
measurement circuitry 342a and 342b may be configured to gather receive automatic gain
control (AGC) measurements.

[0059] As described above, multiple transmit circuits 330a, 330b, and 330¢c may
simultaneously transmit using multiple antennas 370a, 370b, and 370n. However, the
performance of one antenna 370b may be better than another antenna 370b based on any
one of a number of factors that may be related to, but not limited to, the arrangements of the
antennas on the access terminal 106, the proximity of external objects to the antennas 370a,
370b, and 370c, or inherent antenna characteristics. Furthermore, during operation, certain
transmit circuits 330a, 330b, and 330c may have different data transmission priorities or
transmit power preferences. Certain aspects of various embodiments described herein are
directed to switching transmit circuits 330a, 330b, and 330c for transmitting via different
antennas 370a, 370b, and 370n to improve performance of an access terminal 106. For
example, it may be desirable for the transmit circuit 330a transmitting the highest priority
data to transmit via the antenna 370a having the best performance. In addition, other
transmit circuit power requirements may result in improved performance if a transmit
circuit 330a is coupled to the highest performing antenna 330b. As operation of the access
terminal 106 may affect antenna performance, it may be desirable to have dynamic systems
and methods for coupling transmit circuits 330a, 330b, and 330c to antennas 370a, 370D,
and 370n as provided by embodiments described herein.

[0060] With reference to FIGs. 3 and 4, certain operating conditions may result
in one or more of antennas 370a, 370b, and 370n being de-sensed or otherwise resulting in
a reduced performance. For example, the hand of a user may be wrapped around the access
terminal 106 effectively blocking one or more of antennas 370a, 370b, and 370n. Or the
access terminal 106 may be positioned such that antennas 370a, 370b, and 370n may
operate with less than ideal receive conditions. These scenarios may reduce power levels
of received signals thus making it more difficult to receive and demodulate signals.
Blocking one or more of antennas 370a, 370b, and 370n may also reduce the total signal
strength such that transmit circuits 330a, 330b, and 330n may need to increase power

levels. However, with respect to increased transmit power levels, an access terminal 106
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may be subject to regulatory radio frequency (RF) safety requirements. The access
terminal 106 may be required to operate within specific guidelines before entering the
market. For example, devices operating near the human body are evaluated to determine
the Specific Absorption Rate (“SAR”) their electromagnetic waves produce. SAR is the
time-rate of electromagnetic energy absorption per unit of mass in a lossy media, and may
be expressed as:

2

s4r(ry =20 B2,
Pl
(Equation 1)
Where E(r) is the exogenous eclectric field at point r, while 6(r) and p(r) are the
corresponding equivalent electrical conductivity and mass density, respectively. In one
aspect, these safety guidelines may limit the amount of transmit power levels.

[0061] Generally, SAR testing evaluates the amount of energy absorbed into the
body from such devices with a single or multiple transmitters. Under one requirement,
devices operating at distances beyond 20cm may be evaluated through a maximum
permissible exposure (“MPE”) calculation or measurement. As such, when an one or more
antennas 370a, 370b, and 370n are blocked by a human hand or other body part, the
maximum transmit power level allowed to avoid exceeding SAR limits may be
significantly reduced.

[0062] Other operating conditions depending on the position of the access
terminal 106 with respect to a user or other objects may further reduce performance due to
antenna blocking. In addition, certain operating modes (e.g., using an access terminal 106
as a hotspot) may require increased power levels which may further impact regulatory
limits.

[0063] To account for the various operating conditions in addition to other
factors, certain aspects of certain embodiments described herein are directed to providing
transmit antenna selection diversity to maximize access terminal 106 performance for
different operating modes and concurrent communication using multiple radio access
technologies. In one embodiment, this may mitigate hand/body blocking and allow for
selecting antennas in such a way to meet regulatory limits at the least cost to performance

and/or to enable good receive conditions. Furthermore, in one aspect, transmit antenna
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selection diversity may further be provided to mitigate interference issues. Stated another
way, embodiments may be directed to providing transmit antenna selection diversity to
provide a target quality of service for the least amount of transmit power.

[0064] In accordance with one embodiment, the controller 320 may be
configured to perform autonomous selection to dynamically determine mapping between
transmit circuits 330a, 330b, and 330n and antennas 370a, 370b, and 370n as will be further
described below. In another embodiment, there may be a pre-determined mapping between
transmit circuits 330a, 330b, and 330n and antennas 370a, 370b, and 370n as will be further
described below.

[0065] With reference to FIG. 3, in cases for multiple transmit circuits 330a,
330b, and 330n transmitting according to multiple RATs, a mapping may be provided
between transmit circuits 330a, 330b, and 330n and antennas 370a, 370b, and 370n.
Mappings for antennas 370a, 370b, and 370n may be dependent on a certain operating
mode of the access terminal 106 as described above. The operating mode may correspond
to, for example, the proximity of a user to the access terminal 106. Similarly, an operating
mode may correspond to the detected orientation of a device. As also mentioned above, an
operating mode may correspond to whether a certain communication feature of the access
terminal 106, such as using the access terminal 106 as a mobile hotspot, is activated.
Furthermore, any combination of the operating modes described above may map to another
operating mode. For example, an access terminal’s 106a mobile hotspot may be activated
simultaneously while the user is using the access terminal 106 on a phone call and placing
the phone next to the user’s ear. The operating modes described above are exemplary. Any
other operating modes which may affect antenna and/or device performance may be
detected and used to map different antennas 370a, 370b, and 370n to different transmit
circuits 330a, 330b, and 330n. As described above, the device state sensor 350 may include
proximity sensors located next to each of the antennas 370a, 370b, and 370n. The
operating mode may be based on which of the antennas 370a, 370b, and 370n are blocked
using state information from the proximity sensors. In one embodiment, the proximity
sensors may be capacitive proximity sensors.

[0066] To manage difference operating modes, a determined number of

operating mode indexes may be defined for operating modes of an access terminal 106.
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Each index may be described as a device state index (DSI). Each DSI may correspond to
some operating mode or combination of operating modes detected by the access terminal
106.

[0067] The mapping between transmit circuits 330a, 330b, and 330n and
antennas 370a, 370b, and 370n may further depend on which of transmit circuits 330a,
330b, and 330n are active. In addition, transmit circuits 330a, 330b, and 330n may operate
according to a priority scheme where a first transmit circuit 330a may have priority over a
second transmit circuit 330b and so on. The priorities of each transmit circuit 330a may
change during operation, for example depending on the type of data being transmitted. For
example, if one transmit circuit 330a happens to be transmitting voice data during a time
period in which another transmit circuit 330b is transmitting data only, the transmit circuit
330a may be assigned a higher priority that the other transmit circuit 330b during this time
interval. During another time interval, the opposite could occur.

[0068] The mapping between transmit circuits 330a, 330b, and 330n and
antennas 370a, 370b, and 370n may therefore further depend on which transmit circuit 330a
has priority. For example, the transmit circuit 330a with the highest priority may be able to
transmit using an antenna 370a that will provide the highest performance. The mapping
may further depend on the operating mode which may indicate which antennas 370a, 370b,
or 370n are blocked or will perform better according to detected states (e.g., if a proximity
sensor indicates that antenna 370a is blocked while antenna 370b is not blocked).
Furthermore, depending on the device state, transmit circuits 330a, 330b, and 330n may
have various preferences for certain antennas 370a, 370b, and 370n that may be taken into
account for the mapping. It should be appreciated that as transmit circuits 330a, 330b, and
330n may be associated with a particular radio access technology, the radio access
technology type may determine the priorities and preferences of antennas 370a, 370b, and
370n.

[0069] In addition, each transmit circuit 330a that is associated with a radio
access technology module 302 may have a preference for different antenna 370a, 370b, and
370n based on the type of data transmitted or based on transmit power needs and safety
regulations. As such, the mapping between transmit circuits 330a, 330b, and 330n may

further depend on antenna preferences for different operating modes.
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[0070] As such, the mapping between transmit circuits 330a, 330b, and 330n
and antennas 370a, 370b, and 370n may be based on the operating mode, the current set of
active transmitters, and priorities for transmission. The mapping of transmit circuits 330a,
330b, and 330n and antennas 370a, 370b, and 370n for each possible combination of
operating mode, transmit circuit priorities, and active transmit circuits may be provided.
The mapping for each combination may be stored in memory, such as memory unit 308.
As such, a change in any of the operating mode, set of active transmit circuits 330a, 330b,
and 330n, or priority scheme may trigger a controller 320 to determine the resulting pre-
stored mapping based on the combination of operating mode, priority scheme, and identity
of active transmit circuits 330a, 330b, and 330n, etc. Stated another way, in one
embodiment, rather than autonomously determining an optimal mapping between transmit
circuits 330a, 330b, and 330n and antennas 370a, 370b, and 370n, all mapping may be pre-
determined and stored. The controller 320 used the pre-determined mapping to switch
devices after the controller 320 detects the current set of active transmit circuits 330a, 330b,
and 330n, the transmission priorities of the transmit circuits 330a, 330b, and 330n, and the
operating mode. In one aspect, this may allow for an embodiment that may avoid a need to
determine an autonomous procedure for switching transmit circuits 330a, 330b, and 330c to
antennas 370a, 370b, and 370n. This may provide improved performance and reduced
complexity as compared to increased complexity needed to provide an autonomous
determination as the number of antennas and concurrent transmit circuits rises. As such,
certain embodiments described herein contemplate a pre-determined mapping of transmit
circuits 330a, 330b, and 330n to antennas 370a, 370b, and 370n based on various detected
operating conditions.

[0071] FIG. 5 is a flowchart of an implementation of an exemplary method for
selecting which transmit circuits 330a, 330b, and 330n transmit via which antennas 370a,
370b, and 370n in accordance with some embodiments. The need to switch the transmit
circuits 330a, 330b, and 330n to different antennas 370a, 370b, and 370n may be
determined/re-evaluated in response to a controller 320 receiving at least one of an
indication of a change in the number or set of active transmit circuits 330a, 330b, and 330n;
an indication of a change in an operating mode (e.g., a change in device state index); and/or

an indication of a change in transmit circuit priorities as shown in blocks 502, 504, and 506.
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Upon receiving an indication of the change, the controller 320 may switch the transmit
circuits 330a, 330b, and 330n to transmit via sclected antennas 370a, 370b, and 370n, based
on the stored mapping according to the operating mode, the identity of the active transmit
circuits 330a, 330b, and 330n, and transmit circuit priorities as shown in block 508. Each
mapping may be provided to maximize antenna/transmit circuit performance. In addition,
the mappings may be further based on some performance characteristic. For example, the
performance characteristic may include one or more of a transmit power level of at least
one of the plurality of transmit circuits 330a, 330b, and 330n, an amount of interference
between at least two antennas 370a and 370b of the plurality of antennas, a target quality of
service level for at least one of the transmit circuits, or a regulatory requirement for a
transmit power level for at least one of the transmit circuits, any combination thereof.

[0072] As mentioned above, mapping data or information may be stored in
memory, such as memory unit 308. For example, look up tables for the various
combinations of operating modes, priority schemes, and active transmit circuits 330a, 330D,
and 330n may be provided. In response to a change in operating mode, priority, or active
transmit circuit 330a, 330b, and 330n, if a switch between transmit circuits 330a, 330b, and
330n and 370a, 370b, and 370n is needed based on a mapping, in block 510, the controller
320 may switch transmit circuits 330a, 330b, and 330n to communicate via corresponding
antennas 370a, 370b, and 370n based on the determined mapping. In an embodiment, the
controller 320 may control the switching circuit 360 to switch and connect transmit circuits
330a, 330b, and 330n to their respective antennas 370a, 370b, and 370n based on the
determined mapping.

[0073] The stored mapping between transmit circuits 330a, 330b, and 330n and
antennas 370a, 370b, and 370n may be determined by the industrial design of the device
before operation by a user. For example, the mapping may be determined by the
particularly chosen spatial arrangement of the antennas 370a, 370b, and 370n with respect
to the device or the placement of device/antennas 370a, 370b, and 370n relative to the user.
In addition the mapping may be based on characteristics of the antennas 370a, 370b, and
370n. For example, the characteristics may include different efficiencies and/or radiated
performance of the antennas 370a, 370b, and 370n. The mapping may further be based on

wireless wide area network (WWAN) scenarios such as for voice only, data only, or
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simultaneous voice and data. Additionally, priorities such as voice having higher priority
than data may also be used to determine the mapping. As a portion of the mapping is
determined prior to run-time, complexity of a dynamic mapping scheme may be reduced.

[0074] The pre-configured mapping may take into account a variety of different
combinations of operating conditions. As one example a predetermined mapping to select
an antenna 370a, 370b, or 370n for a transmit circuit 330a, 330b, and 330n associated with
a RAT module 302a may be based on a pre-tested scenario in which one out of two antenna
370a and 370b is blocked (e.g., detected via the proximity sensors), the device is
performing concurrent voice and data with voice having a higher priority than data, and
where both antennas support voice and data. The pre-determined mapping would indicate
that the voice data would use antenna 370a that is not blocked while the non-voice data
would use antenna 370b. This mapping would be triggered based on the controller 320
detecting this condition.

[0075] Once the mapping is configured, transmit power limits for each of
antennas 370a, 370b, and 370n may be determined. Transmit power limits may be
provided for each combination of mappings to achieve SAR compliance, for other reasons,
or as desired. As will be described in further detail below, each particular configuration of
a RAT may determine different transmit power limits. As such, in block 512 a controller
320 may retrieve power transmission limits for each RAT and corresponding transmit
circuit 330a, 330b, or 330n, based on the operating mode, antenna being used, and/or
particular RAT configuration. In one aspect, the controller 306 for each RAT module 302a,
302b, 302c, and 302d may retrieve the power transmission limits for the particular RAT. In
block 514 the controller 320 (or controller for each RAT 306) may adjust power
transmission levels according to the power transmission limits.

[0076] In accordance with blocks 512 and 514 of FIG. 5, in some embodiments,
an access terminal 106 may provide the operating mode indicated by a DSI as an index to a
look up table (LUT) which specifies transmission power limits based on the operating
mode, the antenna used, and current state of the RAT being used. For example,
transmission power limits may be determined for each DSI based on each RAT type, the
antenna 370a, 370D, and 370n used, cach band-class of the RAT type, each configuration of
the RAT (e.g., modulation type), for certain channels of the RAT, etc. Similar mappings
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are further described in Applicant’s co-pending Patent Application No. 13/411,392 entitled
SYSTEMS AND METHODS FOR DYNAMIC TRANSMISSION POWER LIMIT
BACK-OFF FOR SPECIFIC ABSORPTION RATE COMPLIANCE, filed March 2, 2012,
which is hereby incorporated by reference in its entirety. In addition to what is described in
the mentioned co-pending application, the power transmission limits may further depend on
the antenna 370a, 370b, and 370n being used.

[0077] For example, FIG. 6 shows an example of different groups of LUTs for
different RAT types to provide an example of the different possible transmission power
levels provided per a device state in accordance with some embodiments. In FIG. 6, at
block 602, a device state index is provided to the LUTs for each RAT and corresponding
transmit circuit 330a, 330b, and 330n. In block 620, the group of LUTs 604 corresponds to
power transmission levels associated with a first RAT/transmit circuit 330a, 330b, or 330n.
A group of LUTS for each antenna 370a, 370b, and 370n for the particular RAT/transmit
circuit 330a, 330b, or 330n is further provided as shown in blocks 606a and 606b. A group
of LUTs per band-class of the RAT and each antenna 370a, 370b, and 370n is further
provided as shown in blocks 608a and 608b. Furthermore, in the example shown in FIG. 6,
a LUT is then provided for each uplink channel of each band-class of the RAT as shown in
blocks 610a-610d. The LUTs are provided for any number of RAT technology types for
which an access terminal 106 may support. In block 630, the group of LUTs 612
corresponds to power transmission levels associated with RAT X/transmit circuit X. A
group of LUTs for each antenna 370a 370b, or 370n is further provided for RAT
X/Transmit circuit X as shown in blocks 614. A group of LUTSs per band-class of RAT X
is further provided as shown in blocks 616a and 616b. Furthermore, a LUT may then be
provided for each uplink channel of each band-class of the RAT. Furthermore, many other
communication parameters/characteristics may be provided which correspond to LUTs.
For example, other characteristics may include a modulation type, a transmission state (e.g.,
traffic versus system access), an uplink channel, a call type, or the like as will be further
described below. In addition, each type of RAT may have more or less LUTs according to
the attributes and characteristics specific to each RAT type. Other communication
characteristics/parameters may also have corresponding LUTs as may be determined by a

person/one having ordinary skill in the art and which will be further described below.

-23 -



WO 2013/176786 PCT/US2013/035414

[0078] FIGs. 7A-7B show examples of two exemplary look up tables 700a and
700b which may be used to determine a transmission power limit according to a device
state index. FIG. 7A shows an example showing a LUT 700a corresponding to nine
possible device state index values (corresponding to different operating modes), each of
which is associated with a different transmission power limit in accordance with some
embodiments. The LUT 700a in FIG. 7A may correspond to a LUT 700a for a given RAT,
antenna, band-class, configuration, RAT transmission state, call type, and device mode.
Each combination of a given RAT, antenna, band-class, configuration, RAT transmission
state, call type, device mode, or any other characteristic affecting transmission power such
as temperature, may correspond to a different LUT 700a with different wvalues.
Furthermore a DSI of zero may correspond to the default transmission power limit. As
such, only DSIs 1-8 may be sclectable by a processor 320. As shown in FIG. 7A, the
transmission power limits specified by each DSI are decreasing in a linear matter as the
DSI value increases. FIG. 7B provides another example of a LUT 700b corresponding to
nine possible DSI values showing the various transmission power limits that may be
specified according to the combination of the communication parameters/characteristics
described above. The LUTs 700a and 700b may allow flexibility in choosing the range and
specific of transmission power limits available according to the characteristics of each RAT
and other device modes. Each of the LUTs 700a and 700b, or any of the LUTs described
herein, may be stored in a memory unit 308. The LUTs 700a and 700b, or any of the LUTs
described herein, may be stored in a memory unit 308 located on a chip for each RAT, or
may be located on a single chip configured to control different RAT types.

[0079] According to one embodiment, a LUT may be provided to determine
transmission power limits associated with each DSI according to various communication
characteristics/parameters for each RAT type. FIG. 8 provides an example of a portion of a
look up table 800 for determining transmission power limits for a given radio access
technology type, antenna, a band-class, a configuration, and an uplink channel in
accordance with some embodiments. Moreover, FIG. 8 provides another example of the
combinations possible for different transmission power limit configurations for each DSI.
Each row of the LUT 800 in FIG. 8 corresponds to the different combinations of the

communication parameters/characteristics possible and indicates the transmission power
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limit for each DSI. Thus, the transmission power limits may be based on any combination
of the column headings shown in FIG. 8.

[0080] According to some embodiments, the original equipment manufacturer
(OEM) or other party may have the capability to provision tables with desired transmission
power limits based on device operating modes. This may allow, for example, for an OEM
to provision a table with transmission power limits which correspond to a DSI. Allowing
the tables to be provisioned by the OEM may result in the OEM attempting to specify a
transmission power limit that is higher than the transmission power limit supported by the
RAT.

[0081] The controller 320 may be configured to capture the transmit power
limits for each of antennas 370a, 370b, and 370n to properly manage transmit circuits 330a,
330b, and 330n.

[0082] As such, as described above, mapping between transmit circuits 330a,
330b, and 330n and antennas 370a, 370b, and 370n along with corresponding dynamic
transmission power limit may be provided for multiple RAT types. For example,
embodiments described herein may be used in conjunction with RAT types such as 1x, DO,
GSM (and EDGE/GPRS), WCDMA/UMTS (and HSPA/HSPA+), LTE (FDD and TDD),
TD-SCDMA, WLAN, and the like. Furthermore, dynamic transmission power limits and
mappings between transmit circuits 330a, 330b, and 330n transmitting according to each
RAT and antennas 370a, 370b, and 370n may be supported for a variety of concurrent RAT
transmissions. For example, concurrent transmissions of 1x + DO, 1x + LTE, 1x + WLAN,
DO + WLAN, GSM + WLAN, WCDMA/UMTS + WLAN, LTE + WLAN, TD-SCDMA +
WLAN, 1x + DO + WLAN, 1x + LTE + WLAN, GSM + LTE, GSM + LTE + WLAN, 1x
+ GSM, DO + GSM, GSM + GSM, GSM + WCDMA/UMTS, GSM + TD-SCDMA, and
the like may be supported. As such, mappings and power limits may be provided for each
of these combinations.

[0083] In another embodiment, a controller 320 may be configured to determine
how to switch the transmit circuits 330a, 330b, and 330c to antennas 370a, 370b, and 370c
dynamically and/or autonomously based on various power level measurements, information

about current interference scenarios, or based on other information.
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[0084] With reference again to FIG. 4, for example, in some cases there may be
one active transmit circuit 330 available for transmitting via at least two antennas 370a and
370b. In this case, in addition to having pre-determined mappings as descried above, a
controller 320 may be configured to autonomously determine the mapping of the antennas
370a and 370b to the transmit circuit 330. For example, in one embodiment, the mapping
of the antennas is based on the receive power levels of the antennas 370a and 370b. If one
receive power level of one antenna 370a or 370b is higher than the other, it may be inferred
that this antenna 370a or 370b is unblocked or at least has a higher performance level and
therefore would be the more ideal antenna 370a or 370b for which to transmit using the
transmit circuit 330. In one aspect, the antennas 370a and 370b may be configured to have
the same power transmission limit. According to another aspect, different characteristics
may be used to determine the mapping.

[0085] Indeed, in some embodiments, receive and transmit components may be
paired in either static or dynamic arrangements. For example, in one embodiment, the
transmit circuit 330 and a first receive circuit 340a may be paired such that they are
configured to respectively transmit and receive via the same antenna 370a or 370b.
Another second receive circuit 340b is configured to receive via the other antenna 370a or
370b. In one aspect, a default or “nominal” configuration may be defined where the
transmit circuit 330 and first receive circuit 340a are configured to transmit and receive via
the first antenna 370a while the second receive circuit 340b is configured to receive via the
second antenna 370b. While in this default configuration, the first antenna 370a may be
detected as de-sensed while the second antenna 370D is not de-sensed relative to the amount
of de-sensing of the first antenna 370a. In this case, a controller 320 may use switching
circuitry 360 to cross-switch at the antennas 370a and 370b such that the transmit circuit
330 and first receive circuit 340a are switched to respectively transmit and receive via the
second antenna 370b. Likewise, the second receive circuit 340D is switched to receive via
the first antenna 370a.

[0086] Detection of de-sensing may be done based on receive power levels as
detected by the first and second receive circuits 340a and 340b. In one aspect, receive
power levels may be obtained using receive automatic gain control (AGC) measurements

from the first and second receive circuits 340a and 340b. In one aspect, if the transmit
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circuit 330 and the first receive circuit 340a are configured to transmit and receive via the
first antenna 370a, the controller 320 may detect that a second receive power level of the
second antenna 370a is higher than a first receive power level of the first antenna 370b. In
response, the controller 320 switches the transmit circuit 330 and the first receive circuit
340a to respectively transmit and receive via the second antenna 370b. The controller 320
switches the second receive circuit 340b to receive via the first antenna 370a.
Alternatively, if the transmit circuit 330 and the first receive circuit 340a are configured to
transmit and receive via the second antenna 370a, the controller 320 may detect that the
first receive power level of the first antenna 370D is higher than the second receive power
level of the second antenna 370b. In response, the controller 320 switches the transmit
circuit 330 and the first receive circuit 340a to respectively transmit and receive via the first
antenna 370a while the second receive circuit 340b is switched to receive via the second
antenna 370b.

[0087] FIG. 9 is a flow chart of an implementation of an exemplary method 900
for mapping a transmit circuit 330 and first receive circuit 340a to an antenna 370a or 370b
in accordance with some embodiments. According to some periodic time interval (e.g.,
every R seconds), a controller 320 is configured to measure a first receive power level
using which ever receive circuit 340a or 340b is in connected to the first antenna 370a as
shown in block 904. Concurrently or in addition, the controller 320 may measure a second
receive power level using whichever receive circuit 340a or 340b is connected to the
second antenna 370b as shown in block 906. The controller 320 may be configured to
receive indications of the receive power levels via measurement circuitry 342a and 342b of
the first and second receive circuits 340a and 340b.

[0088] The first and second receive power levels may be based on receive
automatic gain control (AGC) measurements. For the receive AGC, the dwell time for
every measurement/sample may be every S seconds. For data only, the sampling may take
place during the forward link pilot burst durations within the S seconds. A filter may be
included in the measurement circuitry 342a and 342b for both receive circuits 340a and
3400 to filter the first and second receive power levels as shown in blocks 908 and 910.
For example, the filters may be single-pole infinite impulse response (IIR) filters with some

time constant.
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[0089] Once the first and second receive power levels for each antenna 370a
and 370b are obtained and filtered, a determination of the mapping and corresponding
switching may be performed by the controller 320. The determination for whether to
switch or not may be done every T seconds (e.g., range of 1 to 100 seconds). As such, at
block 912, the controller 320 determines whether the transmit circuit 330 and first receive
circuit 340a are configured to respectively transmit and receive via the first antenna 370a.
In this case, it may then be determined whether there is a need to switch the transmit circuit
330 and first receive circuit 340a to use the second antenna 370b. If this is true, then at
block 914, the controller 320 determines whether the second power level is greater than the
first power level and whether difference between the two power levels is greater than an
imbalance threshold. The imbalance threshold may be provided to ensure switching is not
done unnecessarily. For example, it may only be necessary to switch the antennas 370a and
370b between the transmit and receive circuits 330, 340a, and 340b, if the difference
between the two power levels is large enough. For example, the controller 320 may be
configured to switch only if the difference between the two levels is greater than 10 dB. In
one aspect, the imbalance threshold of block 914 may depend on a characteristic of the first
receive power level at the first antenna, such as a thermal noise limit or some receive power
floor. The amount of the threshold may be dynamic and will be further described below.

[0090] If the condition in block 914 is not satisfied, no switching is performed.
If the condition in block 914 is satisfied, the controller 320 switches the transmit circuit 330
and first receive circuit 340a to respectively transmit and receive via the second antenna
370b. This may be done via switching circuitry 360 that may be controlled by the
controller 320. Correspondingly, the controller 320 switches the second receive circuit
340b to receive via the first antenna 370a. As such, the controller 320 autonomously
switches the transmit circuit 330 to transmit via an appropriate antenna 370a or 370b to
improve performance based on the inference that the antenna 370a or 370b with the highest
receive power will provide the best transmit performance. In some aspects, this may have a
significant impact on the performance of the transmit circuit 330.

[0091] If the controller 320 detects that the transmit circuit 330 and first receive
circuit 330 are currently configured to transmit and receive via the second antenna 370D,

then in block 918, the controller 320 determines whether the first receive power level is
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greater than the second receive power level and if the difference between the two power
levels is greater than the imbalance threshold. The imbalance threshold may depend on a
characteristic of the second receive power level such as a thermal noise limit. If the
controller 320 detects the condition of block 918 is not met, then no switching takes place.
If the condition in block 918 is satisfied, then the controller 320 is configured to switch the
transmit circuit 330 and the first receive circuit 340a to transmit and receive via the first
antenna 370b. Correspondingly, the controller 320 is configured to switch the second
receive circuit 340b to receive via the second antenna 370b. This process repeats for each
interval of T seconds (e.g., 5 seconds) in which updated receive power levels are provided.

[0092] As described above, the imbalance threshold to trigger an actual switch
may depend on a variety of factors for an imbalance in receive power level. The threshold
may be a function of various receive or transmit characteristics. For example, as the lower
of the two receive power levels approaches a receive power floor, the threshold to switch
may be decreased (i.e., less difference between the two power levels is required to trigger a
switch to the other antenna 370a or 370b). In one aspect, the receive power floor may
correspond to a thermal noise limit.

[0093] Accordingly, the threshold may be dynamic and based on several factors.
In some embodiments, the imbalance threshold may be retrieved via a look-up table (LUT)
to allow for dynamic value mappings and allows to assess or infer if a receive power is
close to the receive power floor. The imbalance threshold may be further based on
interference levels and thermal levels. It should be further appreciated that in some cases
the LUT may define a fixed or “flat” threshold.

[0094] FIG. 10A shows an example of a LUT 1000 that may be used to
determine an imbalance threshold as indexed by the corresponding receive power level in
accordance with some embodiments. The first column of the LUT 1000 provides various
receive power levels. The choices of values for the first column may allow for controlling
or limiting the imbalance threshold. The second column indicates the imbalance threshold
according to the receive power level. To provide for dynamic adjustment of thresholds
based on operating conditions, a different LUT 1000 may be provided for any number of
operating modes, for example as determined by device state indexes (DSI) as described

above where each DSI corresponds to a different operating condition or mode or
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combination thereof. The LUT 1000 shown in FIG. 10A shows five different imbalance
thresholds; however, any number of different transmission power levels may be used. The
LUT 1000 may be stored in a memory unit 308.

[0095] FIG. 10B shows a table 1002 that illustrates how the LUT 1000 may be
used to determine the imbalance threshold based on the receive power levels for an antenna
370a or 370b in accordance with some embodiments. The receive power level is compared
against the receive power levels defined in the LUT 1000. If the receive power level is
between the first and second levels as defined by the LUT 1002, then the associated
imbalance threshold may be applied. Thereafter, if the current receive power level is
between the second and third levels as defined by the LUT 1002, then the associated
imbalance threshold associated with the second receive power level may be applied and so
on.

[0096] In addition, if both the first receive power level and the second receive
power level are below a threshold, the controller 320 may be configured to switch to the
default configuration as described above.

[0097] Moreover, when a switch takes place, the access terminal 106 may
perform various actions in response. For example, the controller 320 may be configured to
perform the switch immediately before the start of searches for pilots in the active set.
Moreover, after the controller 320 switches, the controller 320 may further be configured to
reset the pilot filter (i.e., set the pilot filters to acquisition mode). In addition, after the
controller 320 switches, the controller 320 and or receive circuits 340a and 340b may be
configured to ignore reverse power control (RPC) commands for a determined amount of
time. In fact, the controller 320 may be configured to declare RPC erasure (i.e., hold
transmit power).

[0098] In the event that antennas 370a and 370b have different transmit power
limits (e.g., as could be determined by the corresponding transmit circuit 330 according to a
particular RAT), then the controller 320 may be further configured to switch based on
associated transmit power limits. In accordance, the process for deciding when/how to
switch may be dependent on the transmit power limits. As such, the switching may be
some function of not only the receive power levels but the current transmit power limits

that may be determined as descried above. For example, in one embodiment, the transmit

-30 -



WO 2013/176786 PCT/US2013/035414

circuit 330 and the first receive circuit 340a may be in a configuration to transmit and
receive via the first antenna 370a. In this case, the controller 320 may be configured to
switch the transmit circuit 330 and receive circuit 340a to respectively transmit and receive
via the second antenna 370D if:
o the first receive power level is greater than the second receive power level; and
o the difference between the first receive power level and the second receive power
level added to the difference between a first transmit power limit of the first antenna
370a and a second transmit power limit of the second antenna 3700 is greater than
the imbalance threshold.
In an embodiment, the imbalance threshold may be determined via a LUT indexed by the
first receive power level.

[0099] Likewise, the transmit circuit 330 and the first receive circuit 340a may
be in a configuration to transmit and receive via the second antenna 370b. In this case, the
controller 320 may be configured to switch the transmit circuit 330 and receive circuit 340a
to respectively transmit and receive via the first antenna 370a if:

o the first receive power level is greater than the second receive power level; and

o the difference between the first receive power level and the second receive

power level added to the difference between the second transmit power limit of
the second antenna 370b and the first transmit power limit of the first antenna
370a is greater than the imbalance threshold.
The imbalance threshold may be determined via a LUT indexed by the first receive power
level.

[0100] Using the transmit power limits as just described may relax the standard
by which the controller 320 switches when the “other” antenna has a higher transmit power
limit. Similarly, the standard by which the controller 320 switches may be more strict
when the “other” antenna has a lower transmit power limit.

[0101] It should be appreciated that the principles described above with
reference to FIGs. 9-10 may be applied similarly where the number of transmit circuits is
greater than one and with multiple antennas. Accordingly, the controller 320 may be
configured to autonomously switch multiple transmit circuits 330a, 330b, and 330n (FIG.

3) based on receive power levels of multiple receive circuits 340a, 340c, and 340n.
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[0102] FIG. 11 shows a flowchart of an implementation of an exemplary
method 1100 implemented by a wireless communication apparatus in accordance with
some embodiments. The method 1100 may be implemented at a wireless communication
apparatus implemented as an access terminal 106, for example. Although the method 1100
is described below with respect to clements of the access terminal 106, those having
ordinary skill in the art will appreciate that other components may be used to implement
one or more of the blocks described herein.

[0103] At block 1102, an indication is received of a first power level of a first
antenna 370a and a second power level of a second antenna 370b. In one aspect, the
indication may be received at a controller 320. At block 1104, a transmit circuit 330 and
receive circuit 340a may be switched from transmitting and receiving wireless
communications via the first antenna 370a to transmit and receive wireless communications
via the second antenna 370b in response to detecting that a first receive power level of the
first antenna 370a is less than a second receive power level of the second antenna 370b and
a difference between the second receive power level and the first receive power level is
greater than a threshold. In one aspect, a controller 320 may control switching circuitry
360 to perform the switching.

[0104] FIG. 12 shows a flowchart of an implementation of an exemplary
method 1200 implemented by a wireless communication apparatus in accordance with
some embodiments. The method 1200 may be implemented at a wireless communication
apparatus implemented as an access terminal 106. Although the method 1200 is described
below with respect to elements of the access terminal 106, those having ordinary skill in the
art will appreciate that other components may be used to implement one or more of the
blocks described herein.

[0105] At block 1202, an indication is received of at least one of priority levels
of data for each one of a plurality of transmit circuits 330a, 330b, and 330n and a detected
operating mode of a wireless communication apparatus, cach of the plurality of transmit
circuits 330a, 330b, and 330n being configured to transmit according to a different radio
access technology. In one aspect, the indication may be received by controller 320. At
block 1204, each of the transmit circuits 330a, 330b, and 330n of the plurality of transmit

circuits is selectively switched to transmit wireless communications via a corresponding
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one of a plurality of antennas 370a, 370b, and 370n based on the priority levels of data for
cach of the transmit circuits and the detected operating mode of the wireless
communications apparatus. The switching may be performed by a controller 320.

[0106] FIG. 13 is a functional block diagram of another exemplary wireless
communication apparatus 1300 that may be employed within the wireless communication
system 100 in accordance with some embodiments. Those skilled in the art will appreciate
that a wireless communication device 1300 may have more components, such as any one or
more of the components shown in FIG. 3. The wireless communication device 1300 shown
includes only those components useful for describing some prominent features of certain
embodiments. The device 1300 includes a receiving module 1302 and a transmitting
module 1304. In some cases, a means for receiving may include the receiving module
1302. In some cases, a means for transmitting may include a transmitting module 1304.
The device 1300 further includes a first antenna 1306 and second antenna 1308. The
device 1300 further includes a switching module 1310. The switching module 1310 may
be configured to perform one or more of the functions described above with respect to
blocks 1102 and 1104 of FIG. 11. In some cases, a means for switching may include the
switching module 1310. The switching module may be a controller 320 and may include
switching circuitry 360.

[0107] FIG. 14 is a functional block diagram of another exemplary wireless
device 1400 that may be employed within the wireless communication system 100 in
accordance with some embodiments. Those skilled in the art will appreciate that a wireless
communication device 1400 may have more components, such as any one or more of the
components shown in FIG. 3. The wireless communication device 1400 shown includes
only those components useful for describing some prominent features of certain
embodiments. The device 1400 includes transmitting modules 1402. In some cases, a
means for transmitting may include one of the transmitting modules 1402. The device
1400 further includes a plurality of antennas 1404. The device 1400 further includes a
switching module 1406. The switching module 1406 may be configured to perform one or
more of the functions described above with respect to blocks 1202 and 1204 of FIG. 12. In
some cases, a means for switching may include the switching module 1406. The switching

module 1406 may be a controller 320 and may include switching circuitry 360.
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[0108] If implemented in software, the functions may be stored on or
transmitted over as one or more instructions or code on a computer-readable medium. The
steps of a method or algorithm disclosed herein may be implemented in a processor-
executable software module which may reside on a computer-readable medium. Computer-
readable media includes both computer storage media and communication media including
any medium that can be enabled to transfer a computer program from one place to another.
A storage media may be any available media that may be accessed by a computer. By way
of example, and not limitation, such computer-readable media may include RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that may be used to store desired program code in the
form of instructions or data structures and that may be accessed by a computer. Also, any
connection can be properly termed a computer-readable medium. Disk and disc, as used
herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk, and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media. Additionally, the operations of a method or
algorithm may reside as one or any combination or set of codes and instructions on a
machine readable medium and computer-readable medium, which may be incorporated into
a computer program product.

[0109] Furthermore, as indicated by the systems and methods described above,
the teachings herein may be incorporated into a node (e.g., a device) employing various
components for communicating with at least one other node. FIG. 15 depicts several
sample components that may be employed to facilitate communication between nodes in
accordance with some embodiments. Specifically, FIG. 15 is a simplified block diagram of
a first wireless device 1510 (e.g., an access point) and a second wireless device 1550 (e.g.,
an access terminal) of a multiple-in-multiple-out (MIMO) system 1500. At the first device
1510, traffic data for a number of data streams is provided from a data source 1512 to a
transmit (TX) data processor 1514.

[0110] In some aspects, each data stream is transmitted over a respective

transmit antenna. The TX data processor 1514 formats, codes, and interleaves the traffic
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data for each data stream based on a particular coding scheme selected for that data stream
to provide coded data.

[0111] The coded data for each data stream may be multiplexed with pilot data
using OFDM techniques. The pilot data is typically a known data pattern that is processed
in a known manner and may be used at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data stream is then modulated
(i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M-
PSK, or M-QAM) selected for that data stream to provide modulation symbols. The data
rate, coding, and modulation for cach data stream may be determined by instructions
performed by a processor 1530. A data memory 1532 may store program code, data, and
other information used by the processor 1530 or other components of the device 1510.

[0112] The modulation symbols for all data streams are then provided to a TX
MIMO processor 1520, which may further process the modulation symbols (e.g., for
OFDM). The TX MIMO processor 1520 then provides Nt modulation symbol streams to
Nr transceivers (XCVR) 1522A through 1522T. In some aspects, the TX MIMO processor
1520 applies beam-forming weights to the symbols of the data streams and to the antenna
from which the symbol is being transmitted.

[0113] Each transceiver 1522 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters, and up
converts) the analog signals to provide a modulated signal suitable for transmission over
the MIMO channel. Nt modulated signals from transceivers 1522A through 1522T are
then transmitted from Nt antennas 1524 A through 1524T, respectively.

[0114] At the second device 1550, the transmitted modulated signals are
received by Ny antennas 1552A through 1552R and the received signal from each antenna
1552 is provided to a respective transceiver (XCVR) 1554A through 1554R. Each
transceiver 1554 conditions (e.g., filters, amplifies, and down converts) a respective
received signal, digitizes the conditioned signal to provide samples, and further processes
the samples to provide a corresponding "received” symbol stream.

[0115] A receive (RX) data processor 1560 then receives and processes the Ng
received symbol streams from Ngr transceivers 1554 based on a particular receiver

processing technique to provide Nt "detected” symbol streams. The RX data processor
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1560 then demodulates, deinterleaves, and decodes each detected symbol stream to recover
the traffic data for the data stream. The processing by the RX data processor 1560 is
complementary to that performed by the TX MIMO processor 1520 and the TX data
processor 1514 at the device 1510.

[0116] A processor 1570 periodically determines which pre-coding matrix to
use (discussed below). The processor 1570 formulates a reverse link message comprising a
matrix index portion and a rank value portion. A data memory 1572 may store program
code, data, and other information used by the processor 1570 or other components of the
second device 1550.

[0117] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message 1s then processed by a TX data processor 1538, which also receives traffic data for
a number of data streams from a data source 1536, modulated by a modulator 1580,
conditioned by the transceivers 1554A through 1554R, and transmitted back to the device
1510.

[0118] At the device 1510, the modulated signals from the second device 1550
are received by the antennas 1524, conditioned by the transceivers 1522, demodulated by a
demodulator (DEMOD) 1540, and processed by a RX data processor 1542 to extract the
reverse link message transmitted by the second device 1550. The processor 1530 then
determines which pre-coding matrix to use for determining the beam-forming weights then
processes the extracted message.

[0119] FIG. 15 also illustrates that the communication components may include
one or more components that perform access control operations as taught herein. For
example, an access control component 1590 may cooperate with the processor 1530 and/or
other components of the device 1510 to send/receive signals to/from another device (e.g.,
device 1550) as taught herein. Similarly, an access control component 1592 may cooperate
with the processor 1570 and/or other components of the device 1550 to send/receive signals
to/from another device (e.g., device 1510). It should be appreciated that for each device
1510 and 1550 the functionality of two or more of the described components may be
provided by a single component. For example, a single processing component may provide

the functionality of the access control component 1590 and the processor 1530 and a single
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processing component may provide the functionality of the access control component 1592
and the processor 1570. Furthermore, the components of the apparatus 1500 described with
reference to FIG. 3 may be incorporated with/into the components of FIG. 15.

[0120] It should be understood that any reference to an element herein using a
designation such as "first," "second,” and so forth does not generally limit the quantity or
order of those elements. Rather, these designations may be used herein as a convenient
method of distinguishing between two or more elements or instances of an element. Thus,
a reference to first and second elements does not mean that only two elements may be
employed there or that the first element must precede the second element in some manner.
Also, unless stated otherwise a set of elements may include one or more elements.

[0121] A person/one having ordinary skill in the art would understand that
information and signals may be represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

[0122] A person/one having ordinary skill in the art would further appreciate
that any of the various illustrative logical blocks, modules, processors, means, circuits, and
algorithm steps described in connection with the aspects disclosed herein may be
implemented as electronic hardware (e.g., a digital implementation, an analog
implementation, or a combination of the two, which may be designed using source coding
or some other technique), various forms of program or design code incorporating
instructions (which may be referred to herein, for convenience, as "software” or a "software
module), or combinations of both. To clearly illustrate this interchangeability of hardware
and software, various illustrative components, blocks, modules, circuits, and steps have
been described above generally in terms of their functionality. Whether such functionality
is implemented as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present

disclosure.
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[0123] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein and in connection with FIGs. 1-15 may be
implemented within or performed by an integrated circuit (IC), an access terminal, or an
access point. The IC may include a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic, discrete
hardware components, electrical components, optical components, mechanical components,
or any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. The
logical blocks, modules, and circuits may include antennas and/or transceivers to
communicate with various components within the network or within the device. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor may
also be implemented as a combination of computing devices, ¢.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration. The functionality of the
modules may be implemented in some other manner as taught herein. The functionality
described herein (e.g., with regard to one or more of the accompanying figures) may
correspond in some aspects to similarly designated “means for” functionality in the
appended claims.

[0124] It is understood that any specific order or hierarchy of steps in any
disclosed process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be rearranged
while remaining within the scope of the present disclosure. 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.

[0125] Various modifications to the embodiments described in this disclosure
may be readily apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without departing from the spirit or scope of this
disclosure. Thus, the disclosure is not intended to be limited to the embodiments shown

herein, but is to be accorded the widest scope consistent with the claims, the principles and
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the novel features disclosed herein. The word “exemplary” is used exclusively herein to
mean “serving as an example, instance, or illustration.” Any embodiment described herein
as “exemplary” is not necessarily to be construed as preferred or advantageous over other
embodiments.

[0126] Certain features that are described in this specification in the context of
separate embodiments also can be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment also
can be implemented in multiple embodiments separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination.

[0127] Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be performed,
to achieve desirable results. In certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various system components in the
embodiments described above should not be understood as requiring such separation in all
embodiments, and it should be understood that the described program components and
systems can generally be integrated together in a single software product or packaged into
multiple software products. Additionally, other embodiments are within the scope of the
following claims. In some cases, the actions recited in the claims can be performed in a

different order and still achieve desirable results.
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WHAT IS CLAIMED IS:

1. A wireless communication apparatus, comprising:
a transmit circuit configured to transmit wireless communications via either
a first antenna or a second antenna,
a receive circuit configured to receive wireless communications using either
the first antenna or the second antenna; and
a controller configured to switch the transmit circuit and the receive circuit
from transmitting and receiving wireless communications via the first antenna to
transmit and receive wireless communications via the second antenna in response to
detecting:
a first receive power level of the first antenna is less than a second
receive power level of the second antenna; and
a difference between the second receive power level and the first

receive power level is greater than a threshold.

2. The wireless communication apparatus of claim 1, wherein the threshold is

based on a difference between the first receive power level and a thermal noise limit.

3. The wireless communication apparatus of claim 2, wherein the threshold is

obtained via a look up table indexed by the first receive power level.

4. The wireless communication apparatus of claim 1, wherein the threshold
comprises a first threshold, and wherein the controller is configured to switch the transmit
circuit and the receive circuit to transmit and receive wireless communications via the
second antenna further in response to detecting that the difference between the second
receive power level and the first receive power level added to a difference between a
second transmit power limit of the second antenna and a first transmit power limit of the

first antenna is greater than a second threshold.

5. The wireless communication apparatus of claim 4, wherein the second
threshold is based on a difference between the first receive power level and a thermal noise

limit.
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6. The wireless communication apparatus of claim 1, wherein the controller is
configured to reset a pilot filter in response to switching the transmit circuit and the receive

circuit to transmit and receive wireless communications via the second antenna.

7. The wireless communication apparatus of claim 1, wherein the controller is
configured to disregard reverse link power control commands for adjusting transmit power
levels during a time interval in response to switching the transmit circuit and the receive

circuit to transmit and receive wireless communications via the second antenna.

8. The wireless communication apparatus of claim 1, wherein the controller is
configured to transmit and receive wireless communications via the second antenna before
a time interval begins in which the controller is configured to search for pilots signals in an

active pilot set.

9. The wireless communication apparatus of claim 1, wherein the receive
circuit is a first receive circuit, wherein the wireless communication apparatus comprises a
second receive circuit configured to receive wireless communications using either the first
antenna or the second antenna, and wherein the controller comprises a measurement circuit
configured to:
sample a first automatic gain control measurement using either the first
receive circuit or the second receive circuit that is connected to the first antenna at a
predetermined time interval,
sample a second automatic gain control measurement using either the first
receive circuit or the second receive circuit that is connected to the second antenna
at the predetermined time interval;
filter the first automatic gain control measurement using a first single pole
infinite impulse response (IIR) filter, wherein the first receive power level is based
on the filtered first automatic gain control measurement; and
filter the second automatic gain control measurement using a second single
pole infinite impulse response (IIR) filter, wherein the second receive power level is

based on the filtered second automatic gain control measurement.
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10.  The wireless communication apparatus of claim 1, wherein a default
configuration corresponds to when the transmit circuit and the receive circuit are
configured to transmit and receive via the first antenna, and wherein the controller is
configured to switch to the default configuration if the first receive power level and the

second receive power level are below a receive power level threshold.

11.  The wireless communication apparatus of claim 1, wherein the transmit
circuit comprises one or more components forming a transmit chain for transmitting
wireless communications based on a radio access technology type, and wherein the receive
circuit comprises one or more other components forming a receive chain for transmitting

wireless communications based on the radio access technology type.

12. A method of wireless communications, comprising:
receiving an indication of a first receive power level of a first antenna and a
second receive power level of a second antenna; and
switching a transmit circuit and a receive circuit from transmitting and
receiving wireless communications via the first antenna to transmit and receive
wireless communications via the second antenna in response to detecting:
a first receive power level of the first antenna is less than a second
receive power level of the second antenna; and
a difference between the second receive power level and the first

receive power level is greater than a threshold.

13.  The method of claim 12, further comprising determining the threshold based

on a difference between the first receive power level and a thermal noise limit.

14. The method of claim 13, wherein determining the threshold comprises

determining the threshold via a look up table indexed by the first receive power level.

15. The method of claim 12, wherein the threshold comprises a first threshold,
and wherein switching the transmit circuit and the receive circuit to transmit and receive
wireless communications via the second antenna comprises switching further in response to

detecting that the difference between the second receive power level and the first receive
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power level added to a difference between a second transmit power limit of the second
antenna and a first transmit power limit of the first antenna is greater than a second

threshold.

16.  The method of claim 15, further comprising determining the second
threshold based on a difference between the first receive power level and a thermal noise

limit.

17.  The method of claim 12, further comprising resetting a pilot signal filter in
response to switching the transmit circuit and the receive circuit to transmit and receive

wireless communications via the second antenna.

18.  The method of claim 12, further comprising disregarding reverse link power
control commands for adjusting transmit power levels during a time interval in response to
switching the transmit circuit and the receive circuit to transmit and receive wireless

communications via the second antenna.

19.  The method of claim 12, further comprising performing a search for pilot

signals in an active pilot set in response to switching.

20. The method of claim 12, wherein the receive circuit is a first receive circuit
and wherein receiving an indication of a first receive power level and a second receive
power level comprises determining the first power level and the second power level,
comprising:

sampling a first automatic gain control measurement using either the first
receive circuit or a second receive circuit that is connected to the first antenna at a
predetermined time interval,

sampling a second automatic gain control measurement using either the first
receive circuit or the second receive circuit that is connected to the second antenna
at the predetermined time interval;

filtering the first automatic gain control measurement using a first single
pole infinite impulse response (IIR) filter, wherein the first receive power level is

based on the filtered first automatic gain control measurement; and
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filtering the second automatic gain control measurement using a second
single pole infinite impulse response (IIR) filter, wherein the second receive power

level is based on the filtered second automatic gain control measurement.

21.  The method of claim 12, wherein a default configuration corresponds to
when the transmit circuit and the receive circuit are configured to transmit and receive via
the first antenna, and wherein the method further comprises switching to the default
configuration if the first receive power level and the second receive power level are below a

receive power level threshold.

22.  The method of claim 12, wherein the transmit circuit comprises one or more
components forming a transmit chain for transmitting wireless communications based on a
radio access technology type, and wherein the receive circuit comprises one or more other
components forming a receive chain for transmitting wireless communications based on the

radio access technology type.

23. A wireless communication apparatus, comprising:
means for transmitting wireless communications via either a first antenna or
a second antenna;
means for receiving wireless communications using either the first antenna
or the second antenna; and
means for switching the transmitting means and the receiving means from
transmitting and receiving wireless communications via the first antenna to transmit
and receive wireless communications via the second antenna in response to
detecting:
a first receive power level of the first antenna is less than a second
receive power level of the second antenna; and
a difference between the second receive power level and the first

receive power level is greater than a threshold.

24.  The wireless communication apparatus of claim 23, further comprising
means for determining the threshold based on a difference between the first receive power

level and a thermal noise limit.
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25.  The wireless communication apparatus of claim 24, wherein the means for
determining the threshold comprises means for determining the threshold via a look up

table indexed by the first receive power level.

26.  The wireless communication apparatus of claim 23, wherein the threshold
comprises a first threshold, and wherein the means for switching the transmitting means
and the receiving means to transmit and receive wireless communications via the second
antenna comprises means for switching further in response to detecting that the difference
between the second receive power level and the first receive power level added to a
difference between a second transmit power limit of the second antenna and a first transmit

power limit of the first antenna is greater than a second threshold.

27.  The wireless communication apparatus of claim 26, further comprising
means for determining the second threshold based on a difference between the first receive

power level and a thermal noise limit.

28.  The wireless communication apparatus of claim 23, wherein the receiving
means is a first receiving means and wherein the means for receiving an indication of a first
receive power level and a second receive power level comprises means for determining the
first power level and the second power level, the determining means comprising:

means for sampling a first automatic gain control measurement using either
the first receiving means or a second receiving means that is connected to the first
antenna at a predetermined time interval;

means for sampling a second automatic gain control measurement using
cither the first receiving means or the second receiving means that is connected to
the second antenna at the predetermined time interval;

means for filtering the first automatic gain control measurement using a first
single pole infinite impulse response (IIR) filter, wherein the first receive power
level is based on the filtered first automatic gain control measurement; and

means for filtering the second automatic gain control measurement using a
second single pole infinite impulse response (IIR) filter, wherein the second receive

power level is based on the filtered second automatic gain control measurement.
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29.  The wireless communication apparatus of claim 23, wherein a default
configuration corresponds to when the transmitting means and the receiving means are
configured to transmit and receive via the first antenna, and wherein the apparatus further
comprises means for switching to the default configuration if the first receive power level

and the second receive power level are below a receive power level threshold.

30.  The wireless communication apparatus of claim 23, wherein the transmitting
means comprises one or more components forming a transmit chain for transmitting
wireless communications based on a radio access technology type, and wherein the
receiving means comprises one or more other components forming a receive chain for

transmitting wireless communications based on the radio access technology type.

31. A computer program product, comprising:
computer readable medium comprising:
code for receiving an indication of a first receive power level of a
first antenna and a second receive power level of a second antenna; and
code for switching a transmit circuit and a receive circuit from
transmitting and receiving wireless communications via the first antenna to
transmit and receive wireless communications via the second antenna in
response to detecting:
a first receive power level of the first antenna is less than a
second receive power level of the second antenna; and
a difference between the second receive power level and the

first receive power level is greater than a threshold.

32. The computer program product of claim 31, further comprising code for
determining the threshold based on a difference between the first receive power level and a

thermal noise limit.

33. The computer program product of claim 32, wherein the code for
determining the threshold comprises code for determining the threshold via a look up table

indexed by the first receive power level.
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34, The computer program product of claim 31, wherein the threshold comprises
a first threshold, and wherein the code for switching the transmit circuit and the receive
circuit to transmit and receive wireless communications via the second antenna comprises
code for switching further in response to detecting that the difference between the second
receive power level and the first receive power level added to a difference between a
second transmit power limit of the second antenna and a first transmit power limit of the

first antenna is greater than a second threshold.

35. The computer program product of claim 34, further comprising code for
determining the second threshold based on a difference between the first receive power

level and a thermal noise limit.

36.  The computer program product of claim 31, wherein the receive circuit is a
first receive circuit and wherein the code for receiving an indication of a first receive power
level and a second receive power level comprises code for determining the first power level
and the second power level, comprising:

code for sampling a first automatic gain control measurement using either
the first receive circuit or a second receive circuit that is connected to the first
antenna at a predetermined time interval;

code for sampling a second automatic gain control measurement using either
the first receive circuit or the second receive circuit that is connected to the second
antenna at the predetermined time interval;

code for filtering the first automatic gain control measurement using a first
single pole infinite impulse response (IIR) filter, wherein the first receive power
level is based on the filtered first automatic gain control measurement; and

code for filtering the second automatic gain control measurement using a
second single pole infinite impulse response (IIR) filter, wherein the second receive

power level is based on the filtered second automatic gain control measurement.

37. The computer program product of claim 31, wherein a default configuration
corresponds to when the transmit circuit and the receive circuit are configured to transmit

and receive via the first antenna, and wherein the computer programmable medium further
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comprises code for switching to the default configuration if the first receive power level

and the second receive power level are below a receive power level threshold.

- 48 -



WO 2013/176786 PCT/US2013/035414

113

102a 102b




WO 2013/176786 PCT/US2013/035414

2113

220

Bluetooth

FIG. 2



WO 2013/176786 PCT/US2013/035414
313
— 106
304 ~ 4
: ~330a 360
302a~ ) ——
| Transmit Switching
RAT Module 1 Circuit 1 . Circuit
3062~ "
wh,
Controller AN
(Y
302b~ £330b [ AN 370a
RAT Module 2 | Transmit (NN
306b~ Circuit 2 WL N
Controller ] R Vo TS >
¢ \ \ ’/://i
302 ' ©an | S| 37
RAT Module 3 ; BARNY)
306¢ _ | Transmit L AJY
- Circuit N SRR AN
Controller AV
\ AR ;
302d~ N )(r
RAT Module 4 ~340a // i ¥ \v// .
7 Aot b
306(?\t " | Receive e /\,/,‘\‘)\' )
ontroller ircui . o
Circuit 1 ., ’ VA 370N
. Il II\\ \\‘\
. / \/i \\ \‘\
. II,/ [ RN \\\\\
~340b | /s Ny
320~ | Receive Vet }§
Processor / Circuit 2 ;
Controller ,’I/ s
. U 4
308~ ’
Memory ~340n |/,
/,’
Unit <> [ | Receive 2
350~ Circuit N
Device State |
Sensor
L

FIG. 3



WO 2013/176786 PCT/US2013/035414
4/13
~-T
330 360
317~ Transmit Circuit 1 Switching
- Circuit 370a
~340a A~
Receive Circuit 1 \ /I
320~ - 342a
Processor / R Meg_surgtm ent v
Controller i ireurtry \
F 370b
~340b | /N
Receive Circuit 2 ,’I \\
R ~342b L \
- || Measurement
Circuitry
~Ll

FIG. 4



WO 2013/176786 PCT/US2013/035414
5/13
504~ 502~ 506

Receive indication of
change in number of
active transmit circuits

Receive indication of
change in operating
mode

Receive indication of
change in transmit
circuit priorities

508~

A 4

Determine mapping between transmit
circuits and antennas based on the
operating mode, active transmit
circuits, and transmit circuit priorities

510~

Y
Switch transmit circuits to
communicate via corresponding
antennas according to mapping

512~

Y

Retrieve power transmission levels
for each RAT and corresponding
transmit circuit based on operating
mode, and antenna for RAT

configurations

514~

Y

Adjust power transmission levels
according to the determined power

transmission limits

FIG. 5



PCT/US2013/035414

WO 2013/176786

6/13

9 "Old

1NTHOV3 ¥O4
SLINIT NOISSINSNY¥L
d3IMOd FAJIM13H OL
S1NTOL X3ANI 3LV1S
301A30 3AIAOY™d

209

A _ A A _ A
X 1vd 40 X X1vd 401
i SSY10 ANVE HO4 S1NT | |SSVY1D ANVYE ¥04 81N
. 919~ 1 _ - -egl9
X LINJHID LINSNVHL/X 1Vd X LINDHID LINSNVHL/X 1Y
HO4d X YNNILNV HO4 Sint H04 | YNNILNY 404 S1n1
a9 1t | b eplg
(X LINDYID LINSNYHL/X 1vd 404 S1NT|
219
. ~0€9
| Ivd d0¢ l Ivd40¢ | Ivd 401 I Ivd 40 1
SSY10 ANVE 40| |SSV1D ANV 40 SSV1D ANV 40| |SSY1D ANVE 40
Z TANNVHO X TANNVHO Z TANNVHD X TANNVHO
1N {04 LN 1N ¥O4 1N1 1N {04 1N1 1N JO04 LN
polo- % | + o019 qoL9-/ % | + \egl9
” I IVd 402 SSV10 L Ivd 40 1L SSV10
. aNv8 ¥04 S1N1 aNvd ¥04 S1N1
4 _ + qgo9/ 1% _ * Negog
L LINOHID LINSNVYYHL /L 1vY L LINOHID LINSNVYYHL /L 1VY
H04d ¢ YNNILINY HO4 SN HO04d | YNNILINY HO4 SN
qo09-” % _ + \egpg
(L LINDHID LINSNVYL/L 1YY ¥04 S1N1|

109

\-029




WO 2013/176786

713

Device Tx Power
State Index Limit (dBm)
DSI=0 24.0
DSI=1 23.0
DSI=2 22.0
DSI=3 21.0
DSI=4 20.0
DSI=5 19.0
DSI=6 18.0
DSI=7 17.0
DSI=8 16.0
FIG. 7A
Device Tx Power
State Index Limit (dBm)
DSI=0 23.0
DSI=1 22.5
DSI=2 21.5
DSI=3 20.5
DSI=4 19.5
DSI=5 18.5
DSI=6 17.5
DSI=7 16.5
DSI=8 15.5

FIG. 7B

PCT/US2013/035414



PCT/US2013/035414

WO 2013/176786

8/13

8 9Old

0'€e Jpeweyd | (AL [ Z | ) |oxsziva | €l

G'8l Q [suuey Sﬁ_m?‘ Z | |exueivd|el

55l |soL |21 |58l |6l S0z |91z |92z oez | areuveun | (XOOL |z | [Zxuzivd| b

oleuveyd | WN z | v |owzlvd|ol

oo e oo e oo e o e o 6

glouueyd | YN L |z [bxunive] 8

Visuueyd | WN Ll oz (b L

Gl {9 |2 |8 |6l |0z]|lz |2z |vz|geuey| WN Ll oL (b 9

Visuueyd | WN Ll oL (b s

0%z glouueyd | WN 0| 7 [Ixubivd| v

0¥z Visuueyd | WN 0| z [bxurivd|e

091|021 [0'8L | 061 [002 |02 |02z |06z 0%z | @louveyd | WN 0| 1 [Ixurivd| g

0ve Visuueyd | WN 0| 1+ [bxuiivd| )

i6a |60 |iba | i€a | 150 | i6a | 6a | ika | 18G | " an ' |uonemBuuog [pugg euay | XLV - |Moy
(wgp) Hwi Jamod x| Sol)SliajoBIRYJ/SIajewrIed UOeDdJuNWWo)

®-008




WO 2013/176786

PCT/US2013/035414

9/13
900\
902>
»( Begin )«
904~ i \

Measure first Rx
power level using Rx
circuit connected to
the first antenna

908~ \
Filter first Rx
power level

906

Measure second Rx
power level using Rx
circuit connected to
the second antenna

~910

y

Filter second Rx
power level

ol
<

Y
TX
circuit and first
Rx circuit configured to ~No

912

transmit.and receive via
the first antenna

914

level > first Rx power
level and Difference >
imbalance
threghold

Yes

916~
Switch Tx circuit and
first Rx circuit to
transmit and receive
using second antenna

Is 918

first Rx power
level > second Rx power
level and Difference >
imbalance
thre§)hold

Yes

920

Switch Tx circuit and
first Rx circuit to

trarysmi’g and receive
using first antenna

FIG. 9



PCT/US2013/035414

WO 2013/176786

10/13

g0l "Old

G oN[eA pPloysaiy L [oAS7 JaMOd XY => G [oA9]

i oN[e/ ploysaly L G [9A9T > [OA8T] JOMOd XY => ¥ [9AST]

¢ aN[e/ ploysaly L b [9A9] > [9A9T JoMOd XY => € [ATT]

Z aN[e/ ploysaly L € [9A9] > [OA9T JoMOd XY => ¢ [9A9T]

| N[EA PlOYsaIy L 7 [9A9] > [9A9T JoMOd XY => | [OATT]
plOYSaly | 9ouBjequi| 19MOd SAISIY [9A97 JaMOd SAI999Y

X200}
Vol '9ld

G an[e/ ploysaly] G [9A9] JoMO A998y

b ON[eA PlOySaIy | b [9A9 JaMO OAI809Y

¢ an[e/ ploysaly ¢ [9A97] JaMO SAI89aY

Z ON[EA PIOySaly | Z |95 JamMOd oAI809Yy

L 9N[BA PIoySaiy L | [9AS JaMOd SAI809Y

ploysaiy] asuejequi| Jamod aAIa9aY

(wgp) [9Aa7 Jamod aA1999Y

R—000}




WO 2013/176786 PCT/US2013/035414

1113

1102~

Receive an indication of a first power level
of a first antenna and an indication of a
second power level of a second antenna

1104~ !

Switch a transmit circuit and a receive circuit
from transmitting and receiving wireless
communications via the first antenna to transmit
and receive wireless communications via the
second antenna in response to detecting that a
first receive power level of the first antenna is
less than a second receive power level of the
second antenna and a difference between the
second receive power level and the first receive
power level is greater than a threshold

FIG. 11

1202~

Receive an indication of at least one of priority
levels of data for each one of a plurality of
transmit circuits and a detected operating mode
of a wireless communication apparatus, each of
the plurality of transmit circuits being configured
to transmit according to a different radio access
technology

1204~ !

Selectively switch each of the transmit circuits of
the plurality of transmit circuits to transmit
wireless communications via a corresponding
one of a plurality of antennas based on the
priority levels of data for each of the transmit
circuits and the detected operating mode of the
wireless communication apparatus

FIG. 12



WO 2013/176786

PCT/US2013/035414

12113
N 1300
1310~
Switching
Module
1302~ 1306
Receiving ] First
Module i Antenna
J
1304~ : ~1308
Transmitting n Second
Module Antenna
FIG. 13
1406~
Switching
Module
1402~ 1404
Transmitting Antennas
Modules _T _T

I 7

FIG. 14



PCT/US2013/035414
1313

WO 2013/176786

Gl "Old

JO4NOS
viva
\-9¢G1]
V 866l  -08G) PSSl 12281 ~0vS) TS
HOSSI00NUd| > dlAL UAOY > - [40SS3004d
vivaxy [ [IONVINGONL Foiow ] [ WL Jes| 2N 7 wivaxa
‘ A NIA ) "
ISO “1 ||||||||| . 1¥2S _‘r bmm—————— « :_ SO
- g . TO¥.LNOD
HO0SSIA00Hdl«—>| AHOW3IW . . AHONIAN [«—>{40SSIO0Hd SSII0V
061~ 1 eer: . . NgegL | 0651 065
\ 4
JOMINOD |, [doss3ooud[€ > dINL [ /N | dAOd |7 TH0SSIO0Nd|,  [HOSS3I00Hd[* 304N0S
SS302V VIVA XY | HADY d1ANL < ONINXL | Viva X1 vivd
2651~ 0951  VbGSL- } }rﬁmﬁ 0251 rsmg 2161
101Id
V251 S 74
065 "-015)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/035414

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4B7/06 HO4B7/08
ADD.

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

B. FIELDS SEARCHED

HO4B

Minimum documentation searched {classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 10 May 2012 (2012-05-10)

A paragraphs [0042] - [0046],
[0051], [0069],

8 July 2010 (2010-07-08)

paragraphs [0030], [0032],
[6042]; figures 1-3

[0050],
[0070]; figures 3-7,10

A US 2010/172426 Al (CHANG CHUNG-YAO [TW])

[0034],

X US 20127115553 Al (MAHE ISABEL G [US] ET 1-3,

6-14,
17-25,
28-33,
36,37
4,5,15,
16,26,
27,34,35

2.3,13,
14,24,
25,32,33

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" documentwhich 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 sannot 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

18 June 2013

Date of mailing of the international search report

01/07/2013

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Franz, Volker

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




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/US2013/035414
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012115553 Al 10-05-2012 NL 2007673 C 08-05-2012
TW 201225560 A 16-06-2012
US 2012115553 Al 10-05-2012
WO 2012061414 Al 10-05-2012
US 2010172426 Al 08-07-2010 TW 201027942 A 16-07-2010
US 2010172426 Al 08-07-2010

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report

