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METHOD AND APPARATUS FOR TUNING A COMMUNICATION DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application Serial No.
13/035,417 filed on Fcbruary 25, 2011

FIELD OF THE DISCLOSURE
[0002] The present disclosure relates generally to communication devices, and

more specifically to a method and apparatus for tuning a communication device.

BACKGROUND

(0003] The human body can reduce the overall efficiency of a radio. Two of the
mechanisms for this loss can be mismatch loss and absorptive loss. As the phone's
environment changes and the user holds the phone 1n various ways, the antenna ot the
radio 15 "de-tuned", which can cause an impedance mismatch between the antenna and
the rest of the radio. This results 1n power being reflected and wasted as heat. An

even greater amount of power can also be lost due to absorption of energy into the

human body.

[0004] Electrically steerable antennas for communication devices are known.
Etther the main lobe of the antenna or the null(s) of the antenna can be stecred by
means of altering the RF currents on the antenna or ground plane below the antenna,
or changing the phase of the signal applied to the antenna(s). Furthermore, analog or
digital components can be placed on the antenna itself to change the electrical
characternistics and thus "steer" the antenna. Often, when the ground plane of the
antenna 18 as small as the main circuit board found in typical mobile phones, the

amount ot steering achievable by such methods is limited. However, the amount of
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antenna pattern steering may be sufficient to steer a significant amount of the pattern

away from near ficld objects, such as the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 depicts an illustrative embodiment of a communication device;
[0006] FIG.2 depicts an 1llustrative embodiment of a portion of the
communication device of FIG. 1 that can perform tuning for reducing absorption
losses and SAR;

[0007] FIG. 3 depicts an illustrative embodiment of a mobile communication
device with a steerable antenna used to move an antenna pattern away from a user or
any object 1n close proximity to the antenna;

[0008] FIG. 4 depicts an exemplary method operating in portions of the
communication devices of FIGs. 1-3;

[0009] FIG. 5 depicts another exemplary method operating 1n portions of the
communication devices of FIGs. 1-3;

[00010] FIG. 6 depicts an 1llustrative embodiment of a portion of a transceiver of
the communication device of FIG. 1;

[00011] FIGs. 7-8 depict illustrative embodiments of a tunable matching network
of the transceiver of FIG. 6;

[00012] FIGs. 9-10 depict illustrative embodiments of a tunable reactive element of
the tunable matching network; and

[00013] FIG. 11 depicts an exemplary diagrammatic representation of a machine in
the form of a computer system within which a set of instructions, when executed, may

cause the machine to perform any one or more of the methodologies disclosed herein.

DETAILED DESCRIPTION

[00014] One embodiment of the present disclosure entails a method including

obtaining at lcast one operational parameter associated with a steerable antenna of a
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mobile communication device, determining whether the mobile communication
device satisties an impedance threshold based on the at least one operational
parameter, and adjusting the steerable antenna when the mobile communication
device does not satisty the impedance threshold.

[00015] One embodiment of the present disclosure entails an apparatus operably
coupled with a mobile communication device. The apparatus can include a memory
and a controller. The controller can be configured for adjusting a steerable antenna of
the mobile communication device to reduce obstruction 1n a near field of the steerable
antenna, and adjusting a matching network of the mobile communication device in
response to an antenna mismatch.

[00016] One embodiment of the present disclosure entails non-transitory computer-
readable storage medium that include computer instructions to obtain at Ieast one
operational parameter associated with a communication device and to adjust a
steerable antenna of the communication device when the communication device does
not satisfy an impedance threshold, where the satisfying of the impedance threshold 1s
determined based on the at least one operational parameter.

[00017] FIG. 1 depicts an exemplary embodiment of a communication device 100.
The communication device 100 can comprise a wireless transceiver 102 (herein
having independent transmit and receiver sections, a user interface (UI) 104, a power
supply 114, and a controller 106 for managing operations thercof. The wireless
transceiver 102 can utilize short-range or long-range wireless access technologies
such as Bluetooth, WiF1, Digital Enhanced Cordless Telecommunications (DECT), or
cellular communication technologies, just to mention a few. Cellular technologies can
include, for example, CDMA-1X, WCDMA, UMTS/HSDPA, GSM/GPRS,
TDMA/EDGE, EV/DO, WIMAX, and next generation cellular wireless
communication technologies as they arise.

[00018] The UI 104 can include a depressible or touch-sensitive keypad 108 with a
navigation mechanism such as a roller ball, joystick, mouse, or navigation disk for
manipulating operations of the communication device 100. The keypad 108 can be an
integral part of a housing assembly of the communication device 100 or an

independent device operably coupled thereto by a tethered wireline iterface (such as
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a flex cable) or a wireless interface supporting for example Bluetooth. The keypad
108 can represent a numeric dialing keypad commonly used by phones, and/or a
Qwerty keypad with alphanumeric keys. The UI 104 can further include a display
110 such as monochrome or color LCD (Liquid Crystal Display), OLED (Organic
Light Emitting Diode) or other suitable display technology for conveying images to
an end user of the communication device 100. In an embodiment where the display
110 1s a touch-sensitive display, a portion or all of the keypad 108 can be presented by
way of the display.

[00019] The power supply 114 can utilize common power management
technologies (such as replaceable batteries, supply regulation technologies, and
charging system technologies) for supplying energy to the components of the
communication device 100 to facilitate portable applications. The controller 106 can
utilize computing technologies such as a microprocessor and/or digital signal
processor (DSP) with associated storage memory such a Flash, ROM, RAM, SRAM,
DRAM or other like technologies.

[00020] Referring to FIG. 2, a mobile device 200 1s shown which allows for
antenna steering. The mobile device 200 can have an antenna 150 and an RF front
end module 210 which are designed such that that their performance m free space 1s
improved (e.g., optimized), and intentionally detuned when any objects (e.g., the user
of the device) 1s near or touching the mobile device.

[00021] Mobile device 200 can include a closed loop system 225 to control the
steerable antenna 150. The mput to this closed loop system 225 can be various
information, including information acting as a measure of how much energy 1s
cfficiently being transmitted and/or recerved by the mobile device 200 with respect to
the intended communication point, such as a base station, as compared with how
much energy 1s being wasted or lost due to absorption into near field objects, such as
the user's hand or head. In one preferred embodiment, the information used for this
comparison of the power properly transmitted versus absorbed, can be the impedance
of the antenna 150.

[00022] In one embodiment, the closed-loop system 225 can include one or more

bi-directional couplers 230 and RF sensors 240 which serve to monitor the antenna
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match. However, the present disclosure contemplates the use of other components for
monitoring of the antenna match. In this exemplary embodiment, the antenna 150 can
be designed with a S0 ohm match in free space, which allows deviations, including
major deviations, from this "baseline antenna match" to be recognized as being caused
by objccts ncar the antenna such as the uscr's hand or head. However, the present
disclosure contemplates the antenna 150 being designed with other matches in free
space, which can be less than or greater than 50 ohms, resulting in a “baseline antenna
match” which 1s not nccessarily 50 ohms.
[00023] In another embodiment, a baseline of the actual antenna impedance 1n free
space or other baseline values can be stored in a memory, (e.g., storing the antenna
impedance and mismatch in free space), rather than using a pertect 50 ohm match as a
baseline. For instance, the use of values stored in memory can be applied when the
antenna 150 cannot be perfectly matched in free space for all required frequency
bands or all mechanical configurations of the mobile phonc 200. In one embodiment,
this can be performed without using proximity sensors, and/or can be used 1n
conjunction with various typcs of stecrable antennas 150 undcr the control of the
closed-loop controller 250. Impedance matching for the antenna 150 can be
performed in addition to this closed-loop antenna steering, by using a tunable RF
matching network 275, which can also be controlled by the same closed-loop controller
250 and/or other control devices.
[00024] Referring to Figure 3, a mobile device 300 1s shown having an internal
steerable antenna 325, The mobile device 300 allows for adjustment to an antenna
pattern of the internal steerable antenna 325, such that the pattern 1s adjusted, steered
or moved away from a user 375. For example, the main steerable lobe 350 can be
adjusted through movement away from the user and/or through moving a steerable
null towards the user. Mobile device 300 can utilize the impedance of the antenna
325 as the feedback paramcter to sense¢ or otherwise determine 1f there 18 an object
closc to the mobile device.
[00025] In one embodiment, mobile device 300 docs not rely upon the type of
steerable antenna and/or the end product it 1s used in for determining if there 1s an

object in close proximity to the antenna 325 or mobile device. In another
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embodiment, the determination of whether an object 1s 1n proximity to the antenna
and/or the adjustment of the position of the steerable antenna 325 can be performed
based only on monitoring impedance of the antenna. As an example, the antenna's
impedance 1n free space can be used as the "baseline” impedance. Deviation from this
impedance can be monitored as an indication that an object 1s detuning the antenna
with power being either absorbed and/or reflected by the object.

[00026] In onec embodiment, by measuring the reflected power with a coupler to
determine magnitude and phase of the reflections, at any channel / frequency of
operation, one can determine the impedance of the antenna 1n free space. Continuing
with this example under normal use of the portable wireless device 300, a dual
directional coupler can be used to continuously monitor the magnitude and phase of
both the forward and reflected RF signal as the radio transmits and receives
communication signals. This coupler can be placed 1n close proximity to the
antenna's mput port, with the output of the coupler fed into a detector to convert these
RF signals to usable voltage levels which 1n turn are used in a closed loop feedback
system to adjust the antenna steering.

[00027] Referring to Figure 4, method 400 1s generally 1llustrated which allows for
adjusting of an antenna in a communication device, such as shown in Figures 1-3.
Method 400 can begin with monitoring or otherwise determining the impedance
and/or the mismatch of the antenna at 402. This determination can be performed in a
number of different ways using a number of different components. For example, bi-
directional couplers can be used to perform the monitoring. In another embodiment,
the couplers can obtain both magnitude and phase information. In 404, if the
impedance of the antenna 1s not equal to a baseline impedance of the same antenna 1n
free space, then an assumption can be made that there 1s an object near the antenna
which 1s either absorbing or reflecting the antenna's radiation.

[00028] In 406, the antenna can be steered or otherwise adjusted when the baseline
impedance threshold 1s not satistied. Method 400 can return to 402 to monitor the
impedance and determine if the absorption or reflection of the object has been
accounted for. The steering of the antenna can be performed 1n an analog manner

and/or 1n discrete steps. For example, the antenna can be steered 1n a number of
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different directions while monitoring the antenna's impedance during steer to
determine 1f any of the positions satisfy the baseline impedance threshold. In another
embodiment, the impedance values for various positions can be utilized as feedback
to determine other positions in which to steer the antenna to satisty the baseline
impedance threshold.

[00029] Method 400 allows for steering of the antenna based on antenna
impedance, such as by rapidly steering the antenna until a minimum difference
between the baseline impedance and measured impedance 1s achieved. Method 400
can be repeated periodically to further steer the antenna and optimize the system as
objects around the antenna shift.

[00030] Method 400 1llustrates a closed loop steerable system that can
automatically reduce or minimize unwanted absorption of power 1into objects 1n close
proximity to the antenna since the antenna will be steered away from the objects 1n
order to achieve reduced or minimal de-tuning of the antenna. The system can seek to
achieve 1terative measurements that become closest to the baseline measurement of
the antenna. By steering the antenna for minimum deviation from baseline free space
conditions, the absorption into that same object can be minimized. This also can
increase or maximize the energy radiated to the desired communication point and
reduce or minimize the energy wasted as absorbed energy into nearby objects, such as
the user. Method 400 can also reduce Specific Absorption Rate (SAR) for the mobile
communication device. Method 400 can work with either a fixed match for the
antenna, or an RF tunable match for the antenna, such as variable capacitor antenna
tuners.

[00031] Referring to Figure 5, method 500 1s generally 1llustrated which allows for
adjusting of an antenna 1n a communication device, such as shown in Figures 1-3.
Method 500, similar to method 400, provides for monitoring antenna impedance,
determining satisfaction of a baseline impedance threshold and steering of the antenna
1in 502, 504 and 506. In 508, 1t can be determined 1f the steering of the antenna has
resulted 1n a minimum difference between the baseline impedance and the measured
impedance so as to carry out impedance matching. The antenna steering position can

be held constant while the antenna match 1s now optimized or otherwise improved.
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[00032] In 510, information can be obtained or otherwise measured to determine
the antenna mismatch. In 512, the antenna matching network can be tuned based on
the obtained information to reduce or minimize mismatch loss. For example, the
same bi-directional couplers can be used to obtain information for this closed loop
network as was used for the antenna steering closed loop. In one embodiment, all of
the components for the two closed loop algorithms can be shared, except for the RF
tuning clements themselves, with the steering tuning elements on the antenna and the
matching tuning elements in the antenna match network.

[00033] In method 500, once the antenna match has been improved or optimized,
the method can return to 502 to further improve or optimize the antenna steering.
Method 500 can be repeated, such as alternating between improvement or
optimization of steering (minimizing absorption losses) and improvement or
optimization of antenna match (minimizing mismatch losses).

[00034] Methods 400 and/or 500 can be implemented utilizing other parameters
and/or other steps. For example, other parameters other than return loss may be used
1in conjunction with, or in place of, a direct measurement of antenna impedance
through amplitude and phase measurement of the reflected power in the forward and
reverse directions at or near the antenna port. For instance, the mobile device can
have an internal measure of Received Signal Strength Indicator (RSSI). This 1s a
measure of the reception of communication signals (data or voice) from a base station
to a handheld device, such as mobile phone. The RSSI signal can be utilized to
determine 1f the antenna 1s being blocked by the user or other objects such that signals
arc being absorbed. The steerable antenna can be steered, such as described 1n
methods 400 and/or 500, until the RSSI signal 1s improved or maximized, and then
the antenna can be further matched via a tunable RF matching network. This
improvement or optimization can be repeated 1n a closed loop manner until the
antenna performance 18 increased or maximized for both RSSI and antenna
impedance.

[00035] In another embodiment, the base station (or similar infrastructure hub for
any wireless device) to which the mobile device 1s communicating to, can be used as

the controlling portion of the system. The base station can send out commands or
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instructions to the steerable antenna until 1t maximizes the RF link 1n transmit and/or
recerve directions (uplink/downlink) of communications.

[00036] The software utilized to perform methods 400 and/or 500 for closed loop
control of the steerable antenna and/or the RF tunable antenna match can reside
anywhere 1n the system. For example, the software can reside i dedicated
microprocessors for this function, either in the portable device or the base station. In
another embodiment, the software can reside 1n pre-existing microprocessors, such as
those 1n the handset's baseband chipset or RF front end transceiver, or in one of many
processors in the base station.

[00037] Methods 400 and/or 500 can reduce energy wasted as absorbed or
reflected power due to objects/user 1n close proximity to the mobile device, and can
max1imize the energy reaching the base station as desired 1in the communication link.
This optimization of transmitted and/or received energy can result in better
communication quality for voice and/or data traffic, reduce dropped calls and missed
pages, Increase coverage/range, and improve battery life. Additional secondary
benefits can also be realized, such as reduction in SAR. The steerable antenna of
methods 400 and/or 500 can direct the majority of the radiation away from the user
and towards the base station, as desired.

[00038] In one embodiment, less power wasted as absorbed energy 1nto the user or
reflected energy (e.g., in a purse or on a metal table) not reaching the base station, can
also allow for reducing the power output of the main power amplifier in the portable
device. The main power amplifier may not have to put out as much power 1f the
steerable antenna directs the majority of the energy away from the user and towards
the base station. As a result, smaller and more efficient main power amplifiers can be
utilized, which will further save power/battery life, reduce cost of the power
amplifier, and reduce the size of the power amplifier. Also, power amplifiers that
have to generate high power levels also tend to generate significant heat 1in portable
handheld devices. Smaller more etficient power amplifiers operating at lower power
levels can also result in lower overall temperatures for these wireless products.
[00039] Methods 400 and/or 500 provide a steerable antenna to reduce absorption

losses, regardless of which type of steerable antenna 1s used. Additionally, any type



CA 02828170 2013-08-22
WO 2012/116258 PCT/US2012/026458

of RF tuning clement may be used 1n the steerable antenna or the tunable RF antenna
match. Such tuning technologies include, but are not limited to, doped BST, pure
BST, RF switches, MEMS tunable capacitors and varactors, and so forth.

[00040] Methods 400 and/or 500 can also be applied to a variety of devices, which
arc not limited to mobile phones. For example, methods 400 and/or 500 can be
applied to WLAN applications, military systems, Bluetooth accessories, notebooks,
laptops, wireless gaming, private radio (emergency services) and so forth.

[00041] In another embodiment, methods 400 and/or 500 can also be applied to
Multiple-Input-Multiple-Output, or MIMO systems. In one embodiment, multiple-
antenna diversity systems (e.g., two antennas) can utilize methods 400 and/or 500 to
reduce absorption losses.

[00042] FIG. 6 depicts an 1llustrative embodiment of a portion of the wireless
transceiver 102 of the communication device 100 of FIG. 1. In GSM applications, the
transmit and receive portions of the transceiver 102 can include common amplifiers
601, 603 coupled to a tunable matching network 602 and an impedance load 606 by
way of a switch 604. The load 606 1n the present illustration can an antenna as shown
in FIG. 1 (herein antenna 606). A transmit signal in the form of a radio frequency
(RF) signal (TX) can be directed to the amplifier 601 which amplifies the signal and
directs the amplified signal to the antenna 606 by way of the tunable matching
network 602 when switch 604 1s enabled for a transmission session. The receive
portion of the transceiver 102 can utilize a pre-amplifier 603 which amplifies signals
received from the antenna 606 by way of the tunable matching network 602 when
switch 604 1s enabled for a receive session. Other configurations of FIG. 6 are
possible for other types of cellular access technologies such as CDMA. These
undisclosed configurations are contemplated by the present disclosure.

[00043] FIGs. 7-8 depict illustrative embodiments of the tunable matching network
602 of the transceiver 102 of FIG. 6. In one embodiment, the tunable matching
network 602 can comprise a control circuit 702 and a tunable reactive element 710.
The control circuit 702 can comprise a DC-to-DC converter 704, one or more digital
to analog converters (DACs) 706 and one or more corresponding buffers 708 to

amplity the voltage generated by each DAC. The amplified signal can be fed to one

10
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or more tunable reactive components 904, 906 and 908 such as shown 1n FIG. 9,
which depicts a possible circuit configuration for the tunable reactive element 710. In
this 1llustration, the tunable reactive element 710 includes three tunable capacitors
904-908 and an inductor 902 with a fixed inductance. Other circuit configurations are
possible, and thereby contemplated by the present disclosure.

[00044] The tunable capacitors 904-908 can cach utilize technology that enables
tunability of the capacitance of said component. One embodiment of the tunable
capacitors 904-908 can utilize voltage or current tunable dielectric materials such as a
composition of barium strontium titanate (BST). An illustration of a BST
composition 18 the Parascan® Tunable Capacitor. In another embodiment, the tunable
reactive element 710 can utilize semiconductor varactors. Other present or next
generation methods or material compositions that can support a means for a voltage or
current tunable reactive element are contemplated by the present disclosure.

[00045] The DC-to-DC converter 704 can receive a power signal such as 3 Volts
from the power supply 114 of the communication device 100 in FIG. 1. The DC-to-
DC converter 704 can use common technology to amplify this power signal to a
higher range (¢.g., 30 Volts) such as shown. The controller 106 can supply digital
signals to each of the DACs 706 by way of a control bus of “n” or more wires to
individually control the capacitance of tunable capacitors 904-908, thereby varying
the collective reactance of the tunable matching network 602. The control bus can be
implemented with a two-wire common serial communications technology such as a
Serial Peripheral Interface (SPI) bus. With an SPI bus, the controller 106 can submit
serialized digital signals to configure each DAC 1n FIG. 7 or the switches of the
tunable reactive element 804 of FIG. 8. The control circuit 702 of FIG. 7 can utilize
common digital logic to implement the SPI bus and to direct digital signals supplied
by the controller 106 to the DAC:s:.

[00046] In another embodiment, the tunable matching network 602 can comprise a
control circuit 802 1n the form of a decoder and the tunable reactive element 304
comprising switchable reactive elements such as shown in FIG. 10. In this

embodiment, the controller 106 can supply the control circuit 802 signals via the SPI

bus which can be decoded with common Boolean or state machine logic to

11
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individually enable or disable the switching elements 1002, The switching elements
1002 can be implemented with semiconductor switches or micro-machined switches
such as utilized 1n micro-electromechanical systems (MEMS). By independently
enabling and disabling the reactive elements (capacitor or inductor) of FIG. 10 with
the switching clements 1002, the collective reactance of the tunable reactive clement
304 can be varied. Other components can also be utilized, such as piezoelectric
components.

100047] Thc tunability of the tunablec matching nctworks 602, 604 provides the
controller 106 a means to optimize performance parameters of the transceiver 102
such as, for example, but not limited to, transmitter power, transmitter efficiency,
receiver sensitivity, power consumption of the communication device, a specific
absorption rate (SAR) of energy by a human body, frequency band performance
parameters, and $o on.

[00048] From the foregoing descriptions, it would be evident to an artisan with
ordinary skill in the art that the aforementioned embodiments can be modified,
reduced, or cnhanced without departing from the scope of thc claims
described below. A number of the embodiments described above, include a closed
loop iterative system for steering the antenna and/or tuning the matching network.
However, the present disclosure also contemplates utilizing an open loop system for
stcering the antenna and/or tuning the matching network which can includc onc or
more of the steps described herein and/or utilize one or more of the components
described herein. Methods 400 and/or 500 can be applied to innumerable

combinations of use cases, bands, sub-channels of bands, and other performance

parameters which have not been addressed in the present disclosure. These
undisclosed combinations are contemplated by the present disclosure.

[00049] In one exemplary embodiment, the steering of the antenna can be
optimized or otherwise adjusted for low SAR and maximizing or improving the link
to a bascstation, such as bascd on monitoring an antcnna impcdance and/or using a
closed loop process. The exemplary embodiment can also further optimize or
otherwise adjust antenna impedance match, using either or both of an open loop

tuning methodology or a closed loop tuning methodology. The exemplary
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embodiments can utilize various components and combinations of components to
perform antenna steering and/or impedance matching. The present disclosure also
contemplates utilizing one or more techniques and/or components described herein
with respect to the exemplary embodiments with other methods and/or components
for RF tuning and/or antenna steering that are not described herein.

[00050] In one exemplary embodiment, the system can perform a number of
iterations of the adjusting of the steerable antenna to satisfy an impedance threshold.
However, the steerable antenna may not reach the threshold. An iteration threshold
can be established. For example, a closed loop impedance matching process can be
implemented when the number of iterations for adjusting the steerable antenna
exceeds a pre-determined value. In one embodiment, the closed loop impedance
matching process can utilize a last known antenna steering position when the pre-
determined value was exceeded.

[00051] Other suitable modifications can be applied to the present disclosure.
Accordingly, the reader 1s directed to the claims for a fuller understanding of the
breadth and scope of the present disclosure.

[00052] FIG. 11 depicts an exemplary diagrammatic representation of a machine 1n
the form of a computer system 1100 within which a set of instructions, when
executed, may cause the machine to perform any one or more of the methodologies
discussed above. In some embodiments, the machine operates as a standalone device.
In some embodiments, the machine may be connected (e.g., using a network) to other
machines. In a networked deployment, the machine may operate in the capacity of a
server or a client user machine in server-client user network environment, or as a peer
machine 1n a peer-to-peer (or distributed) network environment.

[00053] The machine may comprise a server computer, a client user computer, a
personal computer (PC), a tablet PC, a laptop computer, a desktop computer, a control
system, a network router, switch or bridge, or any machine capable of executing a set
of mstructions (sequential or otherwise) that specity actions to be taken by that
machine. It will be understood that a device of the present disclosure includes
broadly any electronic device that provides voice, video or data communication.

Further, while a single machine 1s 1llustrated, the term “machine” shall also be taken

13



CA 02828170 2013-08-22
WO 2012/116258 PCT/US2012/026458

to include any collection of machines that individually or jointly execute a set (or
multiple sets) of mstructions to perform any one or more of the methodologies
discussed herein.

[00054] The computer system 1100 may include a processor 1102 (e.g., a central
processing unit (CPU), a graphics processing unit (GPU, or both), a main memory
1104 and a static memory 1106, which communicate with each other via a bus 1108.
The computer system 1100 may further include a video display unit 1110 (e.g., a
liquid crystal display (LCD), a flat panel, a solid state display, or a cathode ray tube
(CRT)). The computer system 1100 may include an input device 1112 (e.g., a
keyboard), a cursor control device 1114 (e.g., a mouse), a disk driveunit 1116, a
signal generation device 1118 (e.g., a speaker or remote control) and a network
interface device 1120.

[00055] The disk drive unit 1116 may include a machine-readable medium 1122 on
which 1s stored one or more sets of instructions (e.g., software 1124) embodying any
one or more of the methodologies or functions described herein, including those
methods 1llustrated above. The mstructions 1124 may also reside, completely or at
least partially, within the main memory 1104, the static memory 1106, and/or within
the processor 1102 during execution thereof by the computer system 1100. The main
memory 1104 and the processor 1102 also may constitute machine-readable media.
[00056] Dedicated hardware implementations including, but not limited to,
application specific integrated circuits, programmable logic arrays and other hardware
devices can likewise be constructed to implement the methods described herein.
Applications that may include the apparatus and systems of various embodiments
broadly include a variety of electronic and computer systems. Some embodiments
implement functions in two or more specific interconnected hardware modules or
devices with related control and data signals communicated between and through the
modules, or as portions of an application-specific integrated circuit. Thus, the
example system 18 applicable to software, firmware, and hardware implementations.
[00057] In accordance with various embodiments of the present disclosure, the
methods described herein are intended for operation as software programs running on

a computer processor. Furthermore, software implementations can include, but not
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limited to, distributed processing or component/object distributed processing, parallel
processing, or virtual machine processing can also be constructed to implement the
methods described herein.

[00058] The present disclosure contemplates a machine readable medium
containing instructions 1124, or that which receives and executes mstructions 1124
from a propagated signal so that a device connected to a network environment 1126
can send or recerve voice, video or data, and to communicate over the network 1126
using the instructions 1124. The instructions 1124 may further be transmitted or
recetved over a network 1126 via the network interface device 1120.

[00059] While the machine-readable medium 1122 1s shown 1n an example
embodiment to be a single medium, the term "machine-readable medium" should be
taken to include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more sets of
instructions. The term "machine-readable medium" shall also be taken to include any
medium that 18 capable of storing, encoding or carrying a set of instructions for
execution by the machine and that cause the machine to pertorm any one or more of
the methodologies of the present disclosure.

[00060] The term "machine-readable medium” shall accordingly be taken to
include, but not be limited to: solid-state memories such as a memory card or other
package that houses one or more read-only (non-volatile) memories, random access
memories, or other re-writable (volatile) memories; magneto-optical or optical
medium such as a disk or tape; and/or a digital file attachment to e-mail or other self-
contained information archive or set of archives 1s considered a distribution medium
equivalent to a tangible storage medium. Accordingly, the disclosure 1s considered to
include any one or more of a machine-readable medium or a distribution medium, as
listed herein and including art-recognized equivalents and successor media, in which
the software implementations herein are stored.

[00061] Although the present specification describes components and functions
implemented 1n the embodiments with reference to particular standards and protocols,
the disclosure 18 not limited to such standards and protocols. Each of the standards for

Internet and other packet switched network transmission (e.g., TCP/IP, UDP/IP,
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HTML, HTTP) represent examples of the state of the art. Such standards are
periodically superseded by faster or more efficient equivalents having essentially the
same functions. Accordingly, replacement standards and protocols having the same
functions are considered equivalents.

[00062] The illustrations of embodiments described herein are intended to provide
a general understanding of the structure of various embodiments, and they are not
intended to serve as a complete description of all the elements and features of
apparatus and systems that might make use of the structures described herein. Many
other embodiments will be apparent to those of skill in the art upon reviewing the
above description. Other embodiments may be utilized and derived therefrom, such
that structural and logical substitutions and changes may be made without departing
from the scope of this disclosure. Figures are also merely representational and may
not be drawn to scale. Certain proportions therecof may be exaggerated, while others
may be minimized. Accordingly, the specification and drawings are to be regarded 1n
an 1llustrative rather than a restrictive sense.

[00063] Such embodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this application to
any single invention or inventive concept 1f more than one 1s 1n fact disclosed. Thus,
although specific embodiments have been 1llustrated and described herein, 1t should
be appreciated that any arrangement calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This disclosure 1s intended to cover
any and all adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically described herein, will be
apparent to those of skill 1in the art upon reviewing the above description.

[00064] The Abstract of the Disclosure 1s provided that will allow the reader to
quickly ascertain the nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t can be seen that various
features are grouped together 1n a single embodiment for the purpose of streamlining

the disclosure. This method of disclosure 1s not to be interpreted as reflecting an
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intention that the claimed embodiments require more features than are expressly
recited i each claim. Rather, as the following claims retlect, inventive subject matter
lies 1n less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on 1ts own as a separately claimed subject matter.
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CLAIMS
What 1s claimed 1s:

1. A method, comprising:
obtaining, by a system, at least one operational parameter associated with a steerable

antenna of a mobile communication device;

determining, by the system, whether the mobile communication device satisfies an
impedance threshold based on the at least one operational parameter; and

responsive to a determination that the mobile communication device does not satisty the
impedance threshold and without using proximity sensors, adjusting the steerable antenna by

moving a steerable lobe pattern associated with the steerable antenna.

2. The method of claim 1, comprising obtaining the at least one operational parameter

before and after adjusting the steerable antenna.

3. The method of claim 2, wherein changes 1n the at least one operational parameter are
utilized as feedback for determining a position for the steerable antenna during the adjusting of

the steerable antenna.

4, The method of claim 1, comprising:

performing a number of iterations of the adjusting of the steerable antenna to satisfy the
impedance threshold; and

implementing a closed loop impedance matching process when the number of iterations
exceeds a pre-determined value, wherein the closed loop impedance matching process utilizes a
last known antenna steering position when the pre-determined value is exceeded, and wherein
the impedance threshold is based on a desired impedance of the steerable antenna when the

mobile communication device is in free space.

. The method of claim 1, wherein the impedance threshold is based on one or more values

stored 1n a memory of the mobile communication device.
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0. The method of claim 1, wherein the moving of the steerable lobe associated with the

steerable antenna away includes a movement away from a user of the mobile communication

device.

7. The method of claim 1, wherein the at least one operational parameter comprises a

magnitude and a phase of a reflected power associated with the steerable antenna.

8. The method of claim 1, wherein the obtaining of the at least one operational parameter 1s

performed using a directional coupler.

9. The method of claim 1, comprising adjusting a matching network of the mobile

communication device in response to an antenna mismatch.

10.  The method of claim 9, wherein the adjusting of the matching network 1s based at least in

part on the at least one operational parameter.

11.  The method of claim 9, wherein the adjusting of the matching network or the adjusting of
the steerable antenna utilizes at least one of an electrically tunable capacitor, a semiconductor
varactor, a micro-electro-mechanical systems (MEMS) varactor, a MEMS switched reactive

element, a piezoelectric components or a semiconductor switched reactive element.

12. An apparatus operably coupled with a mobile communication device, the apparatus
comprising:

a memory; and

a controller coupled with the memory, wherein the controller performs operations
comprising:

adjusting an antenna pattern of a steerable antenna of the mobile communication
device to reduce obstruction in a near field of the steerable antenna in response to a
determination of an antenna mismatch; and

adjusting a matching network of the mobile communication device.

19



CA 02828170 2015-03-30

13.  The apparatus of claim 12, wherein the adjusting of the antenna pattern of the steerable
antenna 1s based on a received signal strength indicator, and wherein the adjusting of antenna

pattern of the steerable antenna and the adjusting of the matching network are based on closed

loop 1terations.
14.  The apparatus ot claim 12, wherein the adjusting of the matching network 1s performed

while an antenna steering position 1s held constant.

15.  The apparatus of claim 12, wherein the controller obtains an RF voltage associated with
the steerable antenna, and wherein the adjusting of the steerable antenna and the adjusting of the

matching network 1s based on the RF voltage.

16. The apparatus of claim 15, wherein the RF voltage is obtained from a directional coupler

operably coupled with the steerable antenna.

17. The apparatus of claim 12, wherein the mobile communication device comprises a

multiple antenna system.

18.  The apparatus of claim 12, wherein the controller communicates steering data with a base

station and adjusts the steerable antenna based on the steering data.

19. A non-transitory computer-readable storage medium, comprising computer instructions
which, responsive to being executed by a processor, cause the processor to perform operations
comprising:
obtaining at least one operational parameter associated with a communication device; and
adjusting an antenna pattern of a steerable antenna of the communication device

responsive to a determination that the communication device does not satisfy an impedance
threshold, wherein the satistying of the impedance threshold is determined based on the at least

one operational parameter.

20.  The non-transitory computer-readable storage medium of claim 19, comprising computer

instructions to adjust a matching network of the communication device based on the at least one
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operational parameter, wherein the adjusting of the matching network is performed while an
antenna steering position is held constant, wherein the adjusting of the steerable antenna is
performed without using proximity sensors, and wherein the adjusting of the steerable antenna

includes moving a steerable lobe pattern associated with the steerable antenna.
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