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CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Provisional Patent Application Serial

No. 61/515,424 filed on August 5, 2011, the disclosure of which is hereby

incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to communication systems, and more

specifically to a method and apparatus for tuning of communication devices.

BACKGROUND

[0003] When tuning is implemented in a cellular handset, it is at times not

possible or otherwise difficult to achieve an ideal or desired solution due to different

constraints in the realization of the tuning control in the handset. These constraints

can be due to a number of factors such as real-time constraints in the handset software

making it difficult to program the tuner with correct timing, programming interface

for the tuner cannot be operated to achieve proper timing for the tuner, and/or

frequency, channel, or sub-band information not being available in real-time to the

tuning control software. The end result can be that the tuner is unable to be

adequately synchronized with all transmit, receive, time slot, and/or frequency change

events that occur in the RF.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 depicts an illustrative embodiment of a process for determining power

offsets for a communication device;



[0005] FIG. 2 depicts an illustrative embodiment of a process that can be used with

the process of FIG. 1 for adjusting power levels of the communication device;

[0006] FIG. 3 depicts an illustrative embodiment of a process for determining power

offsets associated with a neighboring cell(s);

[0007] FIG. 4 depicts an illustrative embodiment of a process that can be used with

the process of FIG. 3 for adjusting power levels of the communication device;

[0008] FIG. 5 depicts an illustrative embodiment of a look-up table that can be used

by a communication device in accordance with one or more of the processes of FIGs.

1-4;

[0009] FIG. 6 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.

[00010] FIG. 7 illustrates a coverage area for a wireless communication device

including serving and neighbor cells;

[00011] FIGs. 8-10 illustrate power versus frequency data for various tuning

schemes;

[00012] FIG. 11 depicts an illustrative embodiment of a communication device;

[00013] FIG. 12 depicts an illustrative embodiment of a portion of a transceiver

of the communication device of FIG. 11;

[00014] FIGs. 13-14 depict illustrative embodiments of a tunable matching

network of the transceiver of FIG. 12; and

[00015] FIGs. 15-16 depict illustrative embodiments of a tunable reactive

element of the tunable matching network.

DETAILED DESCRIPTION

[00016] Radio band information is generally available or otherwise retrievable

in communication devices, which provides the broadest definition of where in the

spectrum the handset is operating (e.g., transmitting). In communication systems

(e.g., cellular systems), frequencies are commonly allocated for usage in a block or

range of frequencies. This block or range of frequencies is commonly known as a



radio band. Multiple radio bands can be present in any given cellular system, and in

any geographic location there can be multiple cellular systems present.

[00017] A radio channel identifies a discrete set of frequencies in a cellular

system that contains the downlink (from base station to the handset) and uplink (from

handset to base station) radio signals. Downlink is also referred to as Rx and uplink is

also referred to as Tx. In most systems, such as Wideband Code Division Multiple

Access (WCDMA), uplink and downlink use separate frequencies that are separated

by the duplex distance, which is the number of Hz separating the uplink and downlink

paths. For other systems, such as Time Division Long Term Evolution (TD-LTE), the

uplink and downlink use the same frequency.

[00018] One or more of the exemplary embodiments can utilize radio band

information, including only radio band information in some embodiments, for antenna

tuning. The exemplary embodiments can apply to various types of communication

devices, including wireless handsets operating utilizing one or more of various

communication protocols.

[00019] RF tuning based on limited information, such as only the radio band,

can create a number of problems. In an ideal cellular system that employs RF tuning,

the tuner would be set to match every frequency on which the radio receives or

transmits, with the understanding that typically a single antenna is used for both Rx

and Tx which requires the RF tuner to change tuning state as the RF signal on the

antenna changes frequency. For half-duplex systems, such as GSM that would be for

every Rx and Tx, including neighbor cells. In full-duplex systems, such as WCDMA

where both Rx and Tx are present concurrently, the RF tuner has to change when the

frequency changes for handoffs and neighbor cell monitoring, and additionally the

tuning state has to be a duplex setting for Rx and Tx on a frequency between the Rx

and Tx frequencies. Similar principles can be applied to other existing wireless access

technologies (e.g., UMTS, etc.) as well as future generation access technologies.

[00020] In order to perform RF tuning in such an ideal system, the entity

controlling the tuner could require exact knowledge in real time of all relevant

information pertaining to operating the tuner, such as the radio timing, radio band,

radio channel, RF duplex information, and transmit state. Tuning based on limited



information occurs when the entity controlling the tuner does not have all the

information required to set the RF tuner to match an exact frequency at a given time.

For example, real time channel information could be missing, in which case the tuner

control entity could set the RF tuner based on information pertaining to the Radio

Band only.

[00021] Transmit (Tx) and Receive (Rx) operations often cannot or are not

tuned in real-time. This can result in or necessitate a broader duplex type tuning.

Duplex tuning refers to where the tunable element for a particular sub-band or radio

channel is tuned to a frequency between uplink and downlink; one tuning state can be

used for both Rx and Tx in this case. In some systems that are full-duplex (concurrent

uplink and downlink, such as WCDMA), duplex tuning is commonly used. Other

systems that are half-duplex (uplink and downlink are not concurrent, such as GSM),

the tuner can be tuned for both Rx and Tx.

[00022] Sub-band describes a grouping of frequencies (e.g., radio channels)

consisting of one or more radio channels. In tuning applications, sub-dividing a radio

band into multiple sub-bands can provide the advantage of being able to apply a

particular tuning state to a small or smaller range of radio channels. Sub-bands can be

used in conjunction with storage and application of calibration data in cellular

handsets, providing a compromise between accuracy and amount of storage needed to

hold said calibration data.

[00023] An example of a radio band is the GSM 900 band, in which the uplink

frequencies can occupy the range 880.0 to 915.0 MHz and the downlink frequencies

can occupy the range 925.0 to 960.0 MHz. The duplex spacing can be 45 MHz. The

first channel can be channel 975 which has uplink at 880.2 MHz and downlink at

915.2 MHz. The last channel can be channel 124 which has uplink at 914.8 MHz and

downlink at 959.8 MHz.

[00024] The GSM 900 band can, for example, be subdivided into 3 sub bands

as follows: Sub band 1 ranging from channel 975 to channel 1023 (48 channels, 9.6

MHz wide), Sub Band 2 ranging from channel 0 to channel 66 (66 channels, 13.2

MHz wide), and sub band 3 ranging from channel 67 to channel 124 (57 channels,



11.4 MHz wide). This is an example of a radio band and sub-bands, and the present

disclosure can include various configurations of radio bands and sub-bands.

[00025] In one exemplary embodiment, duplex tuning can be provided for all

types of radio access technologies. Without channel or sub-band information, tuning

may not be done on smaller frequency ranges than a radio band. Measurements at

frequencies far from the center of the tuning band need to be corrected for the

frequency response of the tuning network. These measurements may exhibit lower

RF power levels, i.e., values that are erroneously low (as compared to error-free

values) due to the frequency response of the communication device.

[00026] Neighbor cells may or may not be in the radio band but since the radio

band only refers to where the handset is transmitting, tuning may not be done

specifically to the neighbor. Neighbor cells may, when measured by the handset,

exhibit lower RF power levels, in particular when the Neighbor channel is in a

different radio band than where the handset is transmitting. For the cellular system,

this can result in poor handover performance in cell fringe areas negating the positive

effect of antenna tuning. As such any RF power level measured on any frequency

away from the reference frequency of the tuner will diverge. If the tuner can be tuned

to said frequency, it removes the divergence. If the tuner cannot be tuned to said

frequency, the measured power will degrade.

[00027] In one exemplary embodiment, a method, to be performed by a

communication device, can include adjusting a tuning state of a matching network of

the communication device. A tuning state is a setting in the RF tuner where the

tunable elements are placed in a particular state to match a specific impedance. The

tuning state can be adjusted (e.g., via changing of values to match the specific desired

impedance).

[00028] The method can include selecting a power offset from among a group

of power offsets, where the selected power offset is associated with a sub-band of

operation of the communication device, and where the group of power offsets is

empirical data for power measurements for tuning states at frequencies relative to a

reference frequency of a radio band. The method can include adjusting, by the

communication device, a value associated with a measured receive power or a



transmit power of the communication device based on the selected power offset to

generate an offset power value. The offset is a value that is added to or subtracted

from another value to produce a result. The adjusting is the act of adding or

subtracting.

[00029] In one exemplary embodiment, a wireless communication device can

include a matching network and a controller coupled with the matching network. The

controller can adjust a tuning state of the matching network. The controller can select

a power offset from among a group of power offsets, where the selected power offset

is associated with a sub-band of operation of the wireless communication device, and

where the group of power offsets is empirical data for power measurements for tuning

states at frequencies relative to a reference frequency of a radio band. The controller

can adjust a value associated with a measured receive power or a transmit power of

the wireless communication device based on the selected power offset to generate an

offset power value.

[00030] In one exemplary embodiment, a non-transitory computer-readable

storage medium includes computer instructions which, responsive to being executed

by a processor of a communication device, cause the processor to perform operations

comprising adjusting a tuning state of a matching network of the communication

device. The computer instructions enable selecting a power offset from among a

group of power offsets, where the selected power offset is associated with a sub-band

of operation of the communication device, and where the group of power offsets is

empirical data for power measurements for tuning states at frequencies relative to a

reference frequency of a radio band. The computer instructions enable adjusting a

value associated with a measured receive power or a transmit power of the

communication device based on the selected power offset to generate an offset power

value.

[00031] Referring generally to FIGs. 1 and 2, a set of offsets can be created for

Tx and Rx power for any frequency relative to the chosen reference frequency in the

band. The offsets can be established via measurements. The power offsets can be

empirical data for power measurements for tuning states at frequencies relative to a

reference frequency of a radio band. The empirical data can be based on measured



receive and transmit powers for different tuning states of the matching network for the

reference frequency of the radio band and is based on measured receive and transmit

powers for the different tuning states of the matching network for sub-band

frequencies of the radio band.

[00032] The empirical data can also be done for various use cases and/or each

use case. The use case can be of various types such as one or more of antenna

position, slider position, hands-free operation, speaker-phone mode, location of

device, flip open state, slider out state, hand-held operation state, ear-piece speaker

operation state, or a speaker-phone operation state.

[00033] In the handset, during normal operation, the Tx power offset and Rx

power offsets can be added to the actual Tx power or actual measured Rx power

compensate for the degradation away from the band reference frequency. Use cases

can be applied so that each band has a separate set of offsets for each use case.

[00034] Method 100 is a process that can be utilized for gathering the empirical

data that enables offsetting measured receive power and/or transmit power during

operation of a communication device based on indexing of sub-band frequencies. In

step 110, tuning states of a variable matching network can be defined or otherwise

implemented and Rx and Tx power can be measured for a reference frequency of a

radio band. In step 120, Rx and Tx power can be measured for each of the sub-bands

utilizing the defined tuning states for the band reference frequency. In step 130, the

Rx and Tx power empirical data can be stored as an offset from the band reference

frequency Rx and Tx power gathered in step 110. This process can be repeated for

various radio bands and each of the sub-bands of each of the radio bands. As

described elsewhere herein, the offset empirical data can be stored in a

communication device for use during operation of the communication device, such as

being stored in a look-up table accessible by a controller or processor of the

communication device.

[00035] Method 200 is a process for adjusting power levels of a

communication device that can be performed by the communication device. In step

210, the communication device can perform tuning of a matching network that has

one or more variable reactance elements. For instance, the adjustment of the tuning



state of the matching network can be based on various factors, including one or both

of the radio band that the communication device is operating in and a use case(s) for

the communication device. The term use case is used to distinguish different antenna

impedances that arise from external loading of the antenna, for example placing a

hand over the antenna would be referred to as "Hand Use Case." There are many

possible use cases including one or more of antenna position, slider position, hands-

free operation, speaker-phone mode, location of device, flip open state, slider out

state, hand-held operation state, ear-piece speaker operation state, or a speaker-phone

operation state.

[00036] The tuning of the matching network can be performed using various

techniques and components. For instance, the matching network can include one or

more variable reactance elements, such as a voltage tunable dielectric capacitor, a

semiconductor varactor, a micro-electro-mechanical systems (MEMS) varactor, a

semiconductor switched capacitor, and/or a MEMS switched capacitor. These

elements can be adjusted by the communication device, such as in a closed-loop

feedback process and/or an open-loop feedback process. The feedback can include

the factors described above (e.g., radio band and/or use case(s)) and/or other factors,

including performance parameters of the communication device, such as transmit

linearity, power amplifier efficiency, receive sensitivity, uplink or downlink

throughput, total radiated power and/or total isotropic sensitivity.

[00037] In step 220, in association with Tx operation, the Tx power offset can

be selected or retrieved from a group of power offsets (e.g., stored in a look-up table)

based on the sub-band frequency at which the communication device is operating.

The selected Tx power offset can be applied to the Tx power setting to generate a

modified or offset Tx power setting. In step 230, in association with Rx operation, the

Rx power offset can be selected or retrieved from the group of power offsets (e.g.,

stored in a look-up table) based on the sub-band frequency at which the

communication device is operating. The selected Rx power offset can be applied to

the measured Rx power to generate a modified or offset Rx power level.

[00038] The following is an example illustrating the application of the offsets

during operation of the communication device whereby the Tx power offset is, if



intended, applied to the output power level, and the Rx power offset is applied to the

measured receive power level. During Rx mode, we can assume that due to a tuner

being tuned to an alternate frequency than the Rx reference frequency, then the

received power measured on the Rx frequency is Pin and the loss in the tuner is Ploss.

In this situation, the actual input power is Pinact, such that Pin = Pinact - Ploss. To

obtain a power measurement in proximity to the actual input power, the selected Rx

power offset for the Rx frequency (Prxo) can be applied to the measured receive

power value to generate a measurement close to the actual input power such that the

measured power Pin = Pinact - Ploss + Prxo. If Prxo = Ploss then Pin = Pinact.

[00039] In this same example during Tx mode, we can assume that due to the

tuner being tuned to an alternate frequency than the Tx reference frequency then the

intended output power setting on the Tx frequency is Pout and the loss in the tuner is

Ploss. The resulting actual output power Ptx = Pout - Ploss. Pout is the setting that is

programmed in to the power amplifier of the communication device. The selected Tx

power offset stored for the Tx frequency (Ptxo) can be applied to Pout resulting in a

new output power setting Poutxo = Pout + Ptxo. The power amplifier can then be

programmed to or implemented with Poutxo, such that the actual output power Ptx =

Poutxo - Ploss = Pout + Ptxo - Ploss. In the case where Ptxo = Ploss then Ptx = Pout.

[00040] Other factors can be utilized in generating the modified or offset

measured receive power or transmit power levels so as to more closely approximate

actual receive or transmit power.

[00041] Referring generally to FIGs. 3 and 4, a set of offsets can be created for

the frequencies in each band (e.g., sub-bands) as well as neighbor cell(s) (e.g.,

neighbor sub-bands) relative to the chosen reference frequency in each band.

Neighbor cells generally refer to frequencies in radio bands other than the band

containing the reference frequency. A sub-band can refer to a single frequency or a

set of frequencies within the radio band. The offsets can be created via

measurements. This can also be done for each use case. In the handset, during

normal operation, the neighbor power offsets and sub-band offsets can be added to

compensate for the degradation away from the band reference frequency. Use cases

can be applied so that each band has a separate set of offsets for each use case.



[00042] Method 300 is a process that can be utilized for gathering the empirical

data that enables offsetting measured receive power and/or transmit power during

operation of a communication device based on indexing of sub-band frequencies in

association with neighboring cells. In step 310, tuning states of a variable matching

network can be defined or otherwise implemented and Rx and Tx power can be

measured for a reference frequency of a radio band. In step 320, Rx power can be

measured for each of the sub-bands of neighboring cells utilizing the defined tuning

states for the band reference frequency. In step 330, the Rx power empirical data can

be stored as an offset from the band reference frequency Rx and Tx power gathered in

step 310. This process can be repeated for various radio bands and each of the

neighboring cell sub-bands. As described elsewhere herein, the offset empirical data

can be stored in a communication device for use during operation of the

communication device, such as being stored in a look-up table accessible by a

controller or processor of the communication device, including in conjunction with a

handover operation between network cells.

[00043] Method 400 is a process for adjusting power levels of a

communication device that can be performed by the communication device. In step

410, the communication device can perform tuning of a matching network that has

one or more variable reactance elements, including tuning based on various factors,

such as one or both of the radio band that the communication device is operating in

and a use case(s) for the communication device.

[00044] In step 420, in association with Rx operation, the Rx power offset can

be selected or retrieved from the group of power offsets (e.g., stored in a look-up

table) based on the sub-band frequency at which the communication device is

operating. The selected Rx power offset can be applied to the measured Rx power of

a neighboring cell to generate a modified or offset Rx power level.

[00045] Referring generally to FIG. 5, a look-up table 500 that can be utilized

by a communication device is shown. The look-up table 500 can be stored in a

memory of the communication device and accessed during operation (such as a

wireless voice communication or wireless data communication) to enable control and

adjustment of measured receive power and/or transmit power levels. The look-up



table 500, which can be generated according to one or both of methods 100 and 300,

can be provisioned into the wireless communication device. The look-up table 500

can include various categorizations for empirical data including use cases and radio

bands. The look-up table 500 can also include tuning, sub-band offsets and neighbor

band settings, as well as neighbor band offsets. In one embodiment, the offset data

can be stored per sub-band to save memory resources of the communication device.

[00046] As an example illustrated in FIG. 5, a communication device, in

conjunction with a handover operation between a serving cell and a neighboring cell,

can utilize a current use case (such as use case 1) and a current radio band of the

serving cell (such as Radio Band GSM 900) to index via table 500 to a radio band of

the neighboring cell (such as Radio Band GSM 1800) and further index to power

offset data associated with a sub-band frequency of the neighboring cell radio band.

In this example, the empirical data for the power offsets includes Rx offset data for

neighboring cell sub-bands 0-n. The empirical data can be utilized by the

communication device for adjusting the measured receive power level and for making

radio resource decisions based on the adjusted level and/or providing the adjusted

level to a network element which makes a radio resource decision, such as a handover

decision.

[00047] FIG. 6 depicts an exemplary diagrammatic representation of a machine

in the form of a computer system 600 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 in a peer-to-peer (or distributed) network environment. The machine can be

representative of communication device 1100 or a portion thereof.

[00048] 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 instructions (sequential or otherwise) that specify 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 is illustrated, the term "machine"

shall also be taken to include any collection of machines that individually or jointly

execute a set (or multiple sets) of instructions to perform any one or more of the

methodologies discussed herein.

[00049] The computer system 600 may include a processor 602 (e.g., a central

processing unit (CPU), a graphics processing unit (GPU, or both), a main memory

604 and a static memory 606, which communicate with each other via a bus 608. The

computer system 600 may further include a video display unit 610 (e.g., a liquid

crystal display (LCD), a flat panel, a solid state display, or a cathode ray tube (CRT)).

The computer system 600 may include an input device 612 (e.g., a keyboard), a cursor

control device 614 (e.g., a mouse), a disk drive unit 616, a signal generation device

618 (e.g., a speaker or remote control) and a network interface device 620.

[00050] The disk drive unit 616 may include a machine-readable medium 622

on which is stored one or more sets of instructions (e.g., software 624) embodying

any one or more of the methodologies or functions described herein, including those

methods illustrated above. The instructions 624 may also reside, completely or at least

partially, within the main memory 604, the static memory 606, and/or within the

processor 602 during execution thereof by the computer system 600. The main

memory 604 and the processor 602 also may constitute machine-readable media.

[00051] 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 is applicable to software, firmware, and hardware implementations.



[00052] 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

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.

[00053] The present disclosure contemplates a machine readable medium

containing instructions 624, or that which receives and executes instructions 624 from

a propagated signal so that a device connected to a network environment 626 can send

or receive voice, video or data, and to communicate over the network 626 using the

instructions 624. The instructions 624 may further be transmitted or received over a

network 626 via the network interface device 620.

[00054] While the machine-readable medium 622 is shown in 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 is capable of storing, encoding or carrying a set of instructions for

execution by the machine and that cause the machine to perform any one or more of

the methodologies of the present disclosure.

[00055] 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 is considered a distribution medium

equivalent to a tangible storage medium. Accordingly, the disclosure is 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.



[00056] Referring to FIG. 7, a coverage area for a wireless communication

device is illustrated in which there is a serving cell and multiple neighboring cells that

operate according to various radio bands and channels. In FIG. 8, relative power

(depicted in -dB) is illustrated when the tuner of the communication device is set at

channel a of radio band A (serving cell of FIG. 7). In FIG. 9, relative power (depicted

in -dB) is illustrated when the tuner of the communication device is set at channel y

of radio band C (neighbor cell of FIG. 7). As FIGs. 8-9 illustrate, tuning to the

serving cell only and not to neighbor cells can result in undesired conditions,

including call drops and reduced data rates.

[00057] FIG. 10 illustrates relative power (depicted in -dB) when the tuner of

the communication device is tuned to each of the corresponding frequencies. By

tuning to the neighboring cells as well, the communication device can avoid a

neighbor signal strength being perceived lower than nominal strength which would

cause the communication device to report too low neighbors to the network and which

would cause network to delay handover command to the communication device until

reported neighbor strength is above handover threshold. By including the neighboring

cells as a factor in the tuning of the matching network, the communication device can

avoid a delayed handover. Avoiding a delayed handover can be beneficial as it may

force the communication device to use a serving channel for a longer than desired

time period at lower signal quality levels, which would reduce the data rate to

maintain the link margin. As shown in FIG. 10, the Resulting Response is the peak

relative power as the tuning frequency is swept through the radio band(s).

[00058] FIG. 11 depicts an exemplary embodiment of a communication device

1100 which can implement the power level adjustments via empirical offset data as

described with respect to FIGs 1-10. The communication device 1100 can comprise a

wireless transceiver 1102 (herein having independent transmit and receive sections

and having one or more antennas 1145 (two of which are shown in this example)), a

user interface (UI) 1104, a power supply 1114, and a controller 1106 for managing

operations thereof. The wireless transceiver 1102 can utilize short-range or long-

range wireless access technologies such as Bluetooth, WiFi, Digital Enhanced

Cordless Telecommunications (DECT), or cellular communication technologies, just



to mention a few. Cellular technologies can include, for example, CDMA- IX,

WCDMA, UMTS/HSDPA, GSM/GPRS, TDMA/EDGE, EV/DO, WiMAX, and next

generation cellular wireless communication technologies as they arise.

[00059] The UI 1104 can include a depressible or touch-sensitive keypad 1108

with a navigation mechanism such as a roller ball, joystick, mouse, or navigation disk

for manipulating operations of the communication device 1100. The keypad 1108 can

be an integral part of a housing assembly of the communication device 1100 or an

independent device operably coupled thereto by a tethered wireline interface (such as

a flex cable) or a wireless interface supporting for example Bluetooth. The keypad

1108 can represent a numeric dialing keypad commonly used by phones, and/or a

Qwerty keypad with alphanumeric keys. The UI 1104 can further include a display

1110 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 1100. In an embodiment where the display

1110 is a touch-sensitive display, a portion or all of the keypad 1108 can be presented

by way of the display.

[00060] The power supply 1114 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 1100 to facilitate portable applications. The controller 1106

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.

[00061] The communication device 1100 can utilize an on-antenna tuning

element 1150 (and/or an independent matching network), which can be directly

connected with the radiating element(s), including high band (HB) and low band (LB)

radiating elements and/or a portion of the radiating elements. Tuning elements can be

a number of components in a number of different configurations, including variable

capacitors such as electrically tunable capacitors, although other tunable elements are

also contemplated by the present disclosure including a semiconductor varactor, a



micro-electro-mechanical systems (MEMS) varactor, a MEMS switched reactive

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

[00062] FIG. 12 depicts an illustrative embodiment of a portion of the wireless

transceiver 1102 of the communication device 1100 of FIG. 11. In GSM applications,

the transmit and receive portions of the transceiver 1102 can include common

amplifiers 1201, 1203 coupled to a tunable matching network 1202 and an impedance

load 1206 by way of a switch 1204. The load 1206 in the present illustration can be

an antenna as shown in FIG. 11 (herein antenna 1206). A transmit signal in the form

of a radio frequency (RF) signal (Tx) can be directed to the amplifier 1201 which

amplifies the signal and directs the amplified signal to the antenna 1206 by way of the

tunable matching network 1202 when switch 1204 is enabled for a transmission

session. The receive portion of the transceiver 1102 can utilize a pre-amplifier 1203

which amplifies signals received from the antenna 1206 by way of the tunable

matching network 1202 when switch 1204 is enabled for a receive session. Other

configurations of FIG. 12 are possible for other types of cellular access technologies

such as CDMA. These undisclosed configurations are contemplated by the present

disclosure. As explained above, the transmit power can be amplified based on the

modified offset value which is determined based on empirical data such as included in

look-up table 500.

[00063] FIGs. 13-14 depict illustrative embodiments of the tunable matching

network 1202 of the transceiver 1102 of FIG. 12. In one embodiment, the tunable

matching network 1202 can comprise a control circuit 1302 and a tunable reactive

element 1310. The control circuit 1302 can comprise a DC-to-DC converter 1304,

one or more digital to analog converters (DACs) 1306 and one or more corresponding

buffers 1308 to amplify the voltage generated by each DAC. The amplified signal

can be fed to one or more tunable reactive components 1504, 1506 and 1508 such as

shown in FIG. 15, which depicts a possible circuit configuration for the tunable

reactive element 1310. In this illustration, the tunable reactive element 1310 includes

three tunable capacitors 1504-1508 and an inductor 1502 with a fixed inductance.

Other circuit configurations are possible, and thereby contemplated by the present

disclosure.



[00064] The tunable capacitors 1504-1508 can each utilize technology that

enables tunability of the capacitance of said component. One embodiment of the

tunable capacitors 1504-1508 can utilize voltage or current tunable dielectric

materials such as a composition of barium strontium titanate (BST). An illustration of

a BST composition is the Parascan® Tunable Capacitor. In another embodiment, the

tunable reactive element 1310 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.

[00065] The DC-to-DC converter 1304 can receive a power signal such as 3

Volts from the power supply 1114 of the communication device 1100 in FIG. 11. The

DC-to-DC converter 1304 can use common technology to amplify this power signal

to a higher range (e.g., 30 Volts) such as shown. The controller 1106 can supply

digital signals to each of the DACs 1306 by way of a control bus of "n" or more wires

to individually control the capacitance of tunable capacitors 1504-1508, thereby

varying the collective reactance of the tunable matching network 1202. 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 1106

can submit serialized digital signals to configure each DAC in FIG. 13 or the switches

of the tunable reactive element 1404 of FIG. 14. The control circuit 1302 of FIG. 13

can utilize common digital logic to implement the SPI bus and to direct digital signals

supplied by the controller 1106 to the DACs.

[00066] In another embodiment, the tunable matching network 1202 can

comprise a control circuit 1402 in the form of a decoder and a tunable reactive

element 1404 comprising switchable reactive elements such as shown in FIG. 16. In

this embodiment, the controller 1106 can supply the control circuit 1402 signals via

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

individually enable or disable the switching elements 1602. The switching elements

1602 can be implemented with semiconductor switches or micro-machined switches,

such as utilized in micro-electromechanical systems (MEMS). By independently

enabling and disabling the reactive elements (capacitor or inductor) of FIG. 16 with



the switching elements 1602, the collective reactance of the tunable reactive element

1404 can be varied.

[00067] The tunability of the tunable matching networks 1202, 1204 provides

the controller 1106 a means to optimize, increase or otherwise adjust (including

decreasing in a compromise) performance parameters of the transceiver 1102 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

so on.

[00068] Various tuning techniques can be utilized in the exemplary

embodiments in conjunction with the power control techniques described herein. For

example, in a time division multiplexed (TDM) system in which the transmitter and

the receiver operate at different frequencies but only operate in their respective time

slots (i.e., transmit time slot and receive time slot), this can be accomplished by

identifying an optimal tuning for the transmitter and then adding an empirically

derived adjustment to the tuning circuits in receive mode. As another example, in a

frequency division multiplexed (FDM) system in which the transmitter and receiver

operate simultaneously and at different frequencies, this can be accomplished by

identifying a target operation for the transmitter, and then adjusting the tuning circuits

first to the target value for the transmitter and then adjusting the values to approach a

compromised value proximate to an equal or desired target value for the receiver. In

one embodiment, a predetermined relationship, (e.g., an offset, scaling factor,

translation or other change or modification) can be applied to the adjustments of the

variable components when switching from the transmit mode to the receive mode.

This translation can be a function of the values obtained while adjusting during the

transmit time slot. The translation can then be removed upon return to the transmitter

mode and the adjustment process is resumed. In one embodiment, because any

frequency offset between the transmit signal and the receive signal is known, an

adjustment or modification of the setting of the matching network in the form of a

translation or some other function can be applied to the matching network during the



receive time slot. In another embodiment, the adjustment can be performed in

multiple steps if the transmission and reception frequencies are far apart.

[00069] In another embodiment and in conjunction with the power control

techniques described herein, a Figure of Merit can be utilized that not only

incorporates the transmit metrics, but also incorporates an element to attain a

compromise between optimal transmitter and optimal receiver operation. This can be

accomplished by identifying a target operation goal, such as a desired transmitter and

receiver reflection loss and then identifying an operational setting that is a close

compromise between the two. This embodiment thus can incorporate not only

transmitter metrics but also tuning circuit settings or preferences into the algorithm.

The tuning preferences can be empirically identified to ensure the desired operation.

[00070] 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 thereof may be exaggerated, while others

may be minimized. Accordingly, the specification and drawings are to be regarded in

an illustrative rather than a restrictive sense.

[00071] 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 if more than one is in fact disclosed. Thus,

although specific embodiments have been illustrated and described herein, it should

be appreciated that any arrangement calculated to achieve the same purpose may be

substituted for the specific embodiments shown. This disclosure is 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 in the art upon reviewing the above description. Portions of

the exemplary embodiments can be combined, including combining components from

different embodiment and/or combing steps from different methods.

[00072] The Abstract of the Disclosure is provided with the understanding that

it will not be used to interpret or limit the scope or meaning of the claims. In addition,

in the foregoing Detailed Description, it can be seen that various features are grouped

together in a single embodiment for the purpose of streamlining the disclosure. This

method of disclosure is not to be interpreted as reflecting an intention that the claimed

embodiments require more features than are expressly recited in each claim. Rather,

as the following claims reflect, inventive subject matter lies in 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 its own as a separately

claimed subject matter.



CLAIMS

What is claimed is:

1. A method, to be performed by a communication device, comprising:

adjusting a tuning state of a matching network of the communication device;

selecting a power offset from among a group of power offsets, the selected

power offset being associated with a sub-band of operation of the communication

device, the group of power offsets being empirical data for power measurements for

tuning states at frequencies relative to a reference frequency of a radio band; and

adjusting, by the communication device, a value associated with a measured

receive power or a transmit power of the communication device based on the selected

power offset to generate an offset power value.

2. The method of claim 1, comprising providing power information to a network

element to allow the network element to make a radio resource decision based on the

power information, wherein the power information is based on the offset power value.

3. The method of claim 2, wherein the radio resource decision is a handoff

decision.

4. The method of claim 1, comprising adjusting a power amplifier of the

communication device based on the offset power value.

5. The method of claim 1, wherein the empirical data is based on measured

receive and transmit powers for different tuning states of the matching network for the

reference frequency of the radio band and is based on measured receive and transmit

powers for the different tuning states of the matching network for sub-band

frequencies of the radio band.

6. The method of claim 1, wherein the group of power offsets are stored in a

look-up table of a memory of the communication device.



7. The method of claim 6, wherein the look-up table is categorized by radio

bands, sub-bands, neighbor radio bands and neighbor sub-bands.

8. The method of claim 6, wherein the look-up table includes the group of power

offsets for both the measured receive power and the transmit power of the

communication device.

9. The method of claim 8, wherein the look-up table is categorized by use cases.

10. The method of claim 1, wherein the adjusting of the tuning state is based on

the radio band of operation of the communication device.

11. The method of claim 1, wherein the adjusting of the tuning state is based on a

use case of the communication device.

12. The method of claim 11, wherein the use case corresponds to at least one of a

flip open state, a slider out state, a hand's free operation state, a hand-held operation

state, an ear-piece speaker operation state, or a speaker-phone operation state.

13. The method of claim 1, wherein the adjusting of the tuning state of the

matching network comprises adjusting a reactance of one or more of a voltage tunable

dielectric capacitor, a semiconductor varactor, a micro-electro-mechanical systems

(MEMS) varactor, a semiconductor switched capacitor, or a MEMS switched

capacitor.



14. A wireless communication device comprising:

a matching network; and

a controller coupled with the matching network, wherein the controller:

adjusts a tuning state of the matching network;

selects a power offset from among a group of power offsets, the

selected power offset being associated with a sub-band of operation of the

wireless communication device, the group of power offsets being empirical

data for power measurements for tuning states at frequencies relative to a

reference frequency of a radio band; and

adjusts a value associated with a measured receive power or a transmit

power of the wireless communication device based on the selected power

offset to generate an offset power value.

15. The wireless communication device of claim 14, comprising a power

amplifier, wherein the controller adjusts the power amplifier based on the offset

power value.

16. The wireless communication device of claim 14, wherein the empirical data is

based on measured receive and transmit powers for different tuning states of the

matching network for the reference frequency of the radio band and is based on

measured receive and transmit powers for the different tuning states of the matching

network for sub-band frequencies of the radio band.

17. The wireless communication device of claim 14, comprising a memory,

wherein the group of power offsets are stored in a look-up table in the memory, and

wherein the look-up table is categorized by one or more of radio bands, sub-bands,

neighbor radio bands, neighbor sub-bands or use cases.



18. The wireless communication device of claim 17, wherein the look-up table

includes the group of power offsets for both the measured receive power and the

transmit power of the wireless communication device.

19. The wireless communication device of claim 14, wherein the controller adjusts

the tuning state of the matching network based on at least one of the radio band of

operation of the wireless communication device or a use case of the wireless

communication device.

20. The wireless communication device of claim 14, wherein the matching

network comprises one or more of a voltage tunable dielectric capacitor, a

semiconductor varactor, a micro-electro-mechanical systems (MEMS) varactor, a

semiconductor switched capacitor, or a MEMS switched capacitor.

21. A non-transitory computer-readable storage medium comprising computer

instructions which, responsive to being executed by a processor of a communication

device, cause the processor to perform operations comprising:

adjusting a tuning state of a matching network of the communication device;

selecting a power offset from among a group of power offsets, the selected

power offset being associated with a sub-band of operation of the communication

device, the group of power offsets being empirical data for power measurements for

tuning states at frequencies relative to a reference frequency of a radio band; and

adjusting a value associated with a measured receive power or a transmit

power of the communication device based on the selected power offset to generate an

offset power value.



22. The non-transitory computer-readable storage medium of claim 21,

comprising computer instructions which, responsive to being executed by the

processor of the communication device, cause the processor to perform operations

comprising: adjusting a power amplifier of the communication device based on the

offset power value,

wherein the empirical data is based on measured receive and transmit powers

for different tuning states of the matching network for the reference frequency of the

radio band and is based on measured receive and transmit powers for the different

tuning states of the matching network for sub-band frequencies of the radio band,

wherein the group of power offsets are stored in a look-up table that is

categorized by one or more of radio bands, sub-bands, neighbor radio bands, neighbor

sub-bands or use cases, and

wherein the look-up table includes the group of power offsets for both the

measured receive power and the transmit power of the communication device.
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