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ADJUSTABLE RECEIVE FILTER

BACKGROUND

Field
[0001] The present application relates generally to communication, and more

specifically to filters.

Background

[0002] Wireless communication devices typically must transmit and receive signals
in accordance with regulatory requirements that may vary between geographical
regions. As a result, wireless communication devices must either be specifically
manufactured for a particular region or must be able to operate in accordance with the
regulatory requirements of multiple regions. Receivers and transmitters include signal
filters for attenuating unwanted signals and noise. Receivers within wireless
communication devices typically include a front end and a back end where the front end
includes a front end filter for filtering the incoming spectrum to minimize the amplitude
of undesired signals while passing the desired signals. The front end filter, therefore,
should minimize attenuation of signals of the receive band and maximize attenuation of
signals outside the receive band. In addition to front end filters, receivers may include
other interstage filters within the receiver lineup. Regulatory requirements often dictate
the characteristics of the front end filter due to the differences in the location and size of
the receive band and the differences in restrictions in the location and authorized energy
of transmitted signals and spurious emissions near or within the receive band.
Conventional wireless communication devices either include a front end filter that
meets the requirements of a specific region or include multiple front end filters. These
conventional techniques are limited in that some devices may only operate in certain
regions and that they result in increased manufacturing cost.

[0003] Therefore, there is need for a communication device with an adjustable filter.
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SUMMARY
[0004] An adjustable filter is responsive to a control signal to change a frequency
response of the adjustable filter based on at least one of a geographic location,
frequency spectrum information, and a status of a secondary internal radio. The control
signal may shift a center of the pass band from a first center frequency to a second
center frequency and/or change a pass band bandwidth from a first bandwidth to a
second bandwidth. A receiver includes an adjustable filter responsive to a control signal
and controller configured to select a frequency response of the adjustable filter by
generating the control signal based on a geographical location. In one aspect the
geographical location indicates a region of operation of the receiver and the frequency

response is selected in accordance with the region.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1A is block diagram of an adjustable filter and a controller.
[0006] FIG. 1B is a block diagram of a receiver with an adjustable filter.
[0007] FIG. 2 is an illustration of a sample region arrangement.
[0008] FIG. 3 is a graphical representation of a frequency spectrum for an example
of a frequency response adjustment.
[0009] FIG. 4 is a graphical representation of a frequency spectrum for an example
of a frequency response adjustment.
[0010] FIG. 5 is a graphical representation of a frequency spectrum for an example
of a frequency response adjustment.
[0011] FIG. 6 is a graphical representation of a frequency spectrum for an example
of a frequency response adjustment.
[0012] FIG. 7 is a graphical representation of a frequency spectrum for an example
of a frequency response adjustment.
[0013] FIG. 8 is a graphical representation of a frequency spectrum with band
groups for an example of a frequency response adjustment.
[0014] FIG. 9 is a block diagram of a receiver where the geographic location

information is received from a Global Positioning System (GPS) receiver.
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[0015] FIG. 10A is a block diagram of a receiver where the geographic location
information is received from one or more base stations of a wireless communication
system.

[0016] FIG. 10B is a block diagram of the receiver where the geographic location
information is received from one or more base stations of a wireless communication
system through a secondary radio.

[0017] FIG. 10C is a block diagram of a receiver where the geographic location
information is programmed into memory of a wireless communications device.

[0018] FIG. 10D is a block diagram of the receiver 100 where the controller 130
adjusts the filter 102 based on transmission codes 11.

[0019] FIG. 11A is a block diagram of the receiver where the controller adjusts the
frequency response based on spectral conditions.

[0020] FIG. 11B is a block diagram of the receiver where the controller adjusts the
frequency response based on a status of an internal radio within the device housing the
receiver.

[0021] FIG. 12 is a block diagram of a transmitter with an adjustable filter.

[0022] FIG. 13A is a block diagram of the transmitter where the geographic location
information is received from a Global Positioning System (GPS) receiver.

[0023] FIG. 13B is a block diagram of transmitter where the geographic location
information is received from one or more base stations and/or base station controllers
(not shown) of a wireless communication system.

[0024] FIG. 13C is a block diagram of transmitter 1200 where the geographic
location information 1236 is received through a secondary radio 1306.

[0025] FIG. 13D is a block diagram of the transmitter 1200 where the controller
1234 adjusts the filter 102 based on transmission codes 11.FIG. 14 is a block diagram of
transmitter where the geographic location information is programmed into memory.
[0026] FIG. 15A is a block diagram of the transmitter where the controller adjusts
the frequency response based on frequency spectrum information.

[0027] FIG. 15B is a block diagram of the transmitter where the controller adjusts
the frequency response based on a status of an internal radio (secondary radio) within
the device housing the transmitter.

[0028] FIG. 16 is a flow chart of a method of establishing a frequency response of

an adjustable filter with a control signal.
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[0029] FIG. 17 is a flow chart of a method of adjusting a filter based on location
information.
[0030] FIG. 18 is a flow chart of a method of adjusting a filter based on spectrum
information.
[0031] FIG. 19 is a flow chart of a method of adjusting a filter based on secondary
radio status.
[0032] FIG. 20 is a flow chart of a method of adjusting filter based on transmission

codes.

DETAILED DESCRIPTION

[0033] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or aspect described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other embodiments or

29 CC

aspects. In addition, references to “an,” “one,” “other,” or “various” embodiments or
aspects should not be construed as limiting since various aspects of the disclosed
embodiments may be used interchangeably within other embodiments.

[0034] The filter devices and methods described below can be used in any device,
apparatus, or system that could benefit from signal filtering, including, for example,
channelized receivers, mobile/cellular telephones, multi-band radios and/or transceivers
(e.g., wired or wireless), and base stations that may be part of a wireless communication
system. As used herein, the term “filter” may be used to describe a device through
which a signal may be passed in order to remove unwanted components of the signal,
which may include, for example, component at certain frequencies, noise, and
interference. The filter has a frequency response that may be characterized by a pass
band and a stop band where signals within the pass band are attenuated less than signals
that are attenuated within the stop band.

[0035] The term “adjustable filter” is used herein to describe a filter that has a
frequency response that can be adjusted with a control signal. An “adjustable receive
band filter” refers to an adjustable filter that may be used to filter an incoming signal

and/or a previously received signal. An “adjustable transmission filter” refers to an
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adjustable filter that may be used to filter an outgoing signal and/or a signal being
conditioned prior to transmission.

[0036] In addition, an adjustable filter as described herein may be located within a
receiver, a transmitter, or a device that is capable of functioning as both a receiver and a
transmitter. For example, a mobile wireless communication device and a base station
within a wireless communication system may both be capable of transmitting and
receiving. Thus, an adjustable receive band filter or an adjustable transmit band filter
(or both) may be used in a mobile wireless communication device or in a base station.
[0037] When selected filter elements are connected in a particular arrangement, the
arrangement forms a filter that has a particular frequency response dependent on the
selected filter elements. The response of the filter formed by the arrangement of filter
elements may have a band pass filter response where signals within a desired frequency
band are attenuated less than frequencies outside the desired frequency band. Also, the
filter may have a stop-band filter response where signals within a stop band are
attenuated more than frequencies outside the desired frequency band. The filter may
have low pass filter response where signals below a selected frequency are attenuated
less than frequencies above the frequency. Where signals below a selected frequency
are attenuated more than frequencies above the frequency, the filter has a high pass filter
response.

[0038] FIG. 1A is block diagram of an adjustable filter 2 and a controller 4. The
adjustable filter 2 is implemented within a wireless communication device and may be a
component of a transmitter or receiver. The controller 4 adjusts the frequency response
18 of the filter 2 based on location information 8, radio activity information 10, assigned
transmission codes 11 and/or a combination of the three. Radio activity information 10
may include information regarding radio transmissions from other devices 12 such as
frequency spectrum information, information regarding a status of an internal radio 14,
and/or a combination of the two. The internal radio is a transmitter and/or receiver
within the wireless communication device other than the transmitter or receiver that
includes the adjustable filter 2. In some circumstances, the other internal radio may also
have adjustable filters.

[0039] Signals received at a signal input 16 are processed by the filter 2 in
accordance with the frequency response 18 of the filter and a filtered output signal 20 is

presented at a signal output 22. The filter 2 is responsive to a control signal 24 received
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at a control input 26 and the frequency response 18 can be changed by the controller 4
using a control signal 24. The frequency response may be a high pass, low pass, notch,
band pass, or band stop response or may be combined response.

[0040] FIG. 1B is a block diagram of receiver 100 with adjustable filter 102.
Signals received through the antenna are processed by a receiver (RX) front end (FE)
104 before processing by a receiver (RX) back end 106. For this example, the receiver
front end 104 includes at least one adjustable filter 102 and a low noise amplifier (not
shown) and may include other components such as mixers, oscillators, analog to digital
converters, and/or other analog devices. The adjustable filter 102 may be a front end
(FE) filter near the antenna or an inter-stage filter (not shown). The receiver front end
104 sufficiently processes the incoming signals to provide a portion of the spectrum that
includes the desired signal at an adequately high energy to allow the receiver back end
106 to demodulate and otherwise process the incoming signal to recover the transmitted
data, which is output as received data 108.

[0041] In accordance with the example discussed with reference to FIG. 1B, a
controller 4, such as the controller 130, generates control signal 122 to adjust the
adjustable filter 102 based on a geographic location of receiver 100. The geographic
location information 132, indicating the geographic location of receiver 100, may be
determined and/or received from any of several sources. Examples of suitable location
information sources include GPS location information, location data transmitted from
base stations, and programmed location data within the wireless communication device.
These examples are discussed more fully below. Where the geographical location data
is based on programmed data, the location may not reflect the actual geographical
location of the device at all times. Therefore, programmed data (e.g., stored in the
wireless communication device) is based on the anticipated location of operation of the
receiver and it does not reflect the actual location of the receiver when the receiver is
operating outside of the anticipated region. Further, the location information 132 may
include region information indicting the operation region where the receiver is located.
[0042] The various functions and operations of the blocks described with reference
to the receiver 100 may be implemented in any number of devices, circuits, or elements
using any combination of software, hardware and/or firmware. Two or more of the
functional blocks may be integrated in a single device, and the functions described as

performed in any single device may be implemented over several devices. For example,
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at least portions of the functions of the RX (e.g., receiver) back end 106 may be
performed by the controller 130 in some circumstances.

[0043] The adjustable filter 102 has a frequency response 110 that includes a pass
band 112 and a stop band 114 where signals within pass band 112 are attenuated less
than signals attenuated within the stop band 114. The adjustable filter 102 is typically a
band pass filter where the stop band 114 includes one portion 116 above and another
portion 118 below the pass band 112 in frequency. In some circumstances, the filter
102 may be another type of filter such as a high pass filter or a low pass filter. A
bandpass filter may also be constructed from a series combination of a low pass and a
high pass filter, one or both of which may be tunable, or fix tuned, as desired.
Additional transmission zeros may be added as well to any of the filter types. They too
may be fix tuned or tunable. The frequency response 110 has a center frequency (Fc)
120 and a pass band 112. The bandwidth (Fgw) is the width of the pass band 112
typically defined between the 3 decibel (dB) points where the frequency response is 3
dB lower than the response at the center frequency 120.

[0044] The adjustable filter 102 is responsive to a control signal 122 allowing the
frequency response 110 to be changed by the control signal 122. For example, the pass
band 112 and/or the center frequency 120 may be adjusted with the control signal 122.
The center frequency 120 of the frequency response 110, therefore, can be shifted from
a first center frequency (Fc;) 124 to a second center frequency (Fcz) 126 where the first
center frequency 124 may either be higher or lower than the second center frequency
126. The pass band 112 can be changed from a first bandwidth to a second bandwidth.
[0045] The control signal 122 may include any number of signals that may be direct
current (DC), alternating current (AC), pulse width modulated (PWM), digital, and/or
analog voltages. Further, the control signal 122 may be a digital word or other digital
representation where the adjustable filter 102 includes adequate hardware and/or
software for deciphering the control data. Accordingly, the control input 128 of the
adjustable filter 102 may include a single conductor or multiple conductors depending
on the particular adjustable filter 102 design. An example of a suitable adjustable filter
102 includes a filter having fixed filter elements 127 and one or more tunable elements
129 such as voltage variable capacitors (VVCs), Microelectromechanical systems
(MEMS) components, diodes, and varactors. The number, type and size of fixed filter

clements 127 and tunable elements 129 may depend on several factors such as center
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frequency, bandwidth, required change in center frequency and/or bandwidth, rejection,
and maximum loss, for example.

[0046] FIG. 2 is an illustration of a sample region arrangement. For the example
illustrated in FIG. 2, three regions 202, 204, 206 are shown. The total number of
regions, however, may be any number equal to two or more depending on the particular
system and implementation. Each region 202, 204, 206 has at least one geographic
location within the region and typically will have numerous geographic locations
contained within the particular region. Accordingly, for the example of FIG. 2, the first
region 202 includes at least one geographic location 208, second region 204 includes at
least one geographic location 210, and third region 206 includes at least one geographic
location 212. The regions may have any of numerous sizes, shapes and relative
positions to other regions. The closed shaped regions shown in FIG. 2 do not
necessarily depict any size, shape, relative position, or scale.

[0047] In one aspect, the controller 130 may evaluate location information 132 to
determine the region within which the receiver 100 is located. Any one of numerous
known techniques can be used to determine if the geographic location of the receiver
100 is within a particular region. Examples include GPS techniques and base station
triangulation techniques. After determining the region, the controller 130 may provide
the appropriate control signal 122 to the control input 128 to adjust the frequency
response 110 to a response that corresponds to the region within which the receiver 100
is located. As discussed below, controller 130 may further adjust the adjustable filter
102 based on other factors in addition to region. In some circumstances, the location
information 132 includes region information that may directly indicate the region in
which the receiver is located.

[0048] FIG. 3, FIG. 4, FIG. 5, FIG. 6, and FIG. 7 are graphical representations of
frequency spectrum for the examples of the frequency response 110 adjustment. The
designation of “first” and “second” in the FIGs 3-7 do not necessarily represent first
response and second response as established in time. In other words, the frequency
response 110 can be adjusted from a second frequency response to a first frequency
response and vice versa, depending on the particular situation.

[0049] FIG. 3 is a graphical representation of a frequency spectrum 300 of an
example of a first frequency response 302 and a second frequency response 304 where

the pass band 112 is adjusted and the center frequency is unchanged. The first
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frequency response bandwidth (Fgw;) 306 is wider than the second frequency response
bandwidth (Fgw») 308 for the example of FIG. 3. Accordingly, the controller 130 may
select the first frequency response 302 for a region where a wider pass band is preferred
to a response with a narrower pass band, and the second frequency response 304 may be
selected for a region where a narrower pass band is preferred to a wider pass band.
[0050] FIG. 4 is a graphical representation of a frequency spectrum 400 of an
example of a first frequency response 402 and a second frequency response 404 where
the pass band 112 is not adjusted and the center frequency is adjusted from a first center
frequency to a second center frequency. The first frequency response center frequency
(Fep) 406 is lower than the second frequency response center frequency (Fep) 408 for
the example of FIG. 4. Accordingly, the controller 130 may select the first frequency
response 402 for a region where a lower center frequency is preferred to a response with
a higher center frequency, and second frequency response 404 may be selected for a
region where a higher center frequency is preferred to a lower center frequency.

[0051] FIG. 5 is a graphical representation of a frequency spectrum 500 of an
example of the first frequency response 502 and the second frequency response 504
where the center frequency is adjusted and the first and second frequency responses at
least partially overlap. The first frequency response bandwidth 506 is the same as the
second frequency response bandwidth 508 for the example of FIG. 5. Accordingly, the
controller 130 may select the first frequency response 502 for a region where the
communication channels are centered at the first frequency response center frequency
(Fer) 510. The second filter frequency response 504 may be selected for a region where
the communication channels are centered at second frequency response center
frequency (Fep) 512.

[0052] FIG. 6 is a graphical representation of a frequency spectrum 600 of an
example of the first frequency response 602 and the second frequency response 604
where the pass band 112 is adjusted and the first and second frequency responses at
least partially overlap. The first frequency response bandwidth 606 is wider than the
second frequency response bandwidth 608 for the example of FIG. 6. Accordingly, the
controller 130 may select the first frequency response 602 for a region where a wider
pass band is preferred to a response with a narrower pass band, and second frequency
response 604 may be selected for a region where a narrower pass band is preferred to a

wider pass band. The first frequency response center frequency (Fcp) 610 is higher than
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the second frequency response center frequency (Fcp) 612 in this example. Other
arrangements are possible.

[0053] FIG. 7 is a graphical representation of a frequency spectrum 700 of an
example of a first frequency response 702 and a second frequency response 704 where
the pass band 112 and the center frequency are adjusted such that the first frequency
response 702 and the second frequency response 704 do not overlap. The first
frequency response bandwidth (Fgw;) 706 is wider than the second frequency response
bandwidth (Fgw,) 708 for the example of FIG. 7. Accordingly, the controller 130 may
select the first frequency response 702 for a region where a wider pass band is preferred
to a response with a narrower pass band, and the second frequency response 704 may be
selected for a region where a narrower pass band is preferred to a wider pass band. The
first frequency response center frequency (Fc;) 710 is lower than the second frequency
response center frequency (Fcp) 712 for the example of FIG. 7. Accordingly, the
controller 130 may select first frequency response 702 for a region where a lower center
frequency is preferred to a response with a higher center frequency, and the second
frequency response 704 may be selected for a region where a higher center frequency is
preferred to a lower center frequency.

[0054] FIG. 8 is a graphical representation of a frequency spectrum 800 for a filter
adjustment within a system having channel allocation in accordance with an Ultra-
wideband (UWB) channel allocation. The UWB plan allocates 14 channel bands that
are assigned to six band groups. All band groups include 3 channel bands except for
Band Group 5 which includes two channel bands. No band groups overlap except for
Band Group 6 which includes channel band #9 from Band Group 3 and channel bands
#10 and #11 from Band Group 4. Different regulatory regions have restricted the use of
the UWB channel bands to sclected channel bands. For example, the United States
permits the use of channel bands #1-#14. The European Union permits the use of
channel bands #7-#10 and bands #1, #2, #3, and #11 with some restrictions. Japan
permits the use of channel bands #9-#13 and bands #2 and #3 with some restrictions.
Other regions may have their own requirements. In addition to operating within a
specific Band Group, a wireless device may have an assigned transmission code
indicating at least one assigned channel band, and the frequency response may be based

on this assigned transmission code.
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[0055] For the example in FIG. &, first frequency response 802 covers Band Group
1, which may be used, for example, in the United States. Second frequency response
804 covers Band Group 6, which may be used, for example, in Japan. Based on the
established UWB standard, center frequency (Fc;) 806 of Band Group 1 is 3960 MHz,
and center frequency (Fc2) 808 of Band Group 6 is 8184 MHz. The pass band
bandwidth of both Band Group 1 and Band Group 6 is 1584 MHz since each channel
band has a bandwidth of 528 MHz and both Band Group 1 and Band Group 6 each
contain three channel bands.

[0056] In accordance with an example of adjusting an adjustable filter, the
adjustable filter could be adjusted in the example of FIG. 8 in a manner similar to that
shown in FIG. 4 in which the center frequency is changed and the pass band bandwidth
is kept the same. This type of filter adjustment capability can advantageously permit
the same device to be used in regions with different communications standards and
regulations. It is worth noting that other filter adjustment combinations (e.g., center
frequency and pass band bandwidth) may be used. Any of the frequency response
adjustments discussed with reference to FIG.s 3-7 may be applied to the UWB channel
allocation as well as other frequency response adjustments depending on the particular
circumstances.

[0057] FIG. 9 is a block diagram of receiver 100 where the geographic location
information is received from a Global Positioning System (GPS) receiver 902. The
GPS receiver 902 receives signals from satellites to determine a geographic location. In
some circumstances, assist data may be provided to the receiver 100 through a wircless
communication system. FIG. 9 shows a dashed line extending from the data 108 to the
GPS receiver 902 and the controller 130 to illustrate that in some circumstances, GPS
related data may be provided by the network from which the receiver is receiving
signals. In addition, some GPS or location information may be provided by a secondary
radio 904, the memory or other sources. Further, calculations to determine the
geographic location may be performed, at least partially, by a position determining
entity (PDE) or other network equipment. Location information 132 received by the
controller 130 from the GPS receiver 902 is processed to determine the service region in
which the mobile device is located.

[0058] FIG. 10A is a block diagram of the receiver 100 where the geographic

location information is received from one or more base stations of a wireless
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communication system. For example, the receiver 100 receives signals from a base
station and processes the received signals with the receiver front end 104 and the
receiver back end 106 in order to send geographic location information 132 to the
controller 130. Location information 132 received by the controller 130 is processed to
determine the service region in which the mobile device is located. Where the adjustable
filter is within the receiver, a default state for the filter is established based on a last
known location or other criteria. Accordingly, the initial parameters of the adjustable
filter are determined to establish the best performance before additional location
information is received.

[0059] FIG. 10B is a block diagram of the receiver 100 where the geographic
location information is received from one or more base stations of a wireless
communication system through a secondary radio 1002. The secondary radio 1002 may
receive signals from a second network different from the network from which the
receiver is receiving signals. The geographic location information 132 is received by the
secondary radio 1002 and provided to the controller 130. Location information 132
received by controller 130 is processed to determine the service region in which the
mobile device is located.

[0060] FIG. 10C is a block diagram of the receiver 100 where the geographic
location information is programmed into the memory 134 of a wireless communications
device. The location information may be entered into the memory during the
manufacturing process, during initialization, or at other times. Where a particular device
is designated to be shipped to a particular region where the device will be used, the
location information may be entered to reflect that region. Further, the location
information may be programmed when the device is purchased and initialized. If a
device is moved to a new region, a re-initialization procedure invoked by the user or
service provider may include changing the location information. Thus, the receiver 100
receives geographic location information 132 from the memory 134. Location
information 132 received by the controller 130 from memory 134 is processed to
determine the service region in which the mobile device is located. The filter settings
corresponding to the preferred filter response are established by sending the appropriate
control signals to the adjustable filter.

[0061] FIG. 10D is a block diagram of the receiver 100 where the controller 130

adjusts the filter 102 based on transmission codes 11. The transmission codes may be
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assigned prior to operation and stored in memory 134 or may be assigned dynamically
by the network. Further, the transmission codes 11 may be assigned by the network and
subsequently stored in memory 134 for later retrieval. The dashed lines in FIG. 10D
indicate that the transmission codes may be received through any of numerous sources
or combination of sources depending on the particular situation and implementation.
The controller 130 may adjust the filter 102 at least partially on the transmission codes
11. In some circumstances, the assigned transmission codes may indicate the geographic
location of the device including the receiver 100 since a particular transmission code
may only be assigned in a particular region. Accordingly, the transmission codes 11
may be location information 132 in some situations. The controller 130 may adjust the
filter based on a combination of transmission code 11 information, location information
and/or radio activity information. An example of a filter adjustment based on
transmission codes 11 includes a situation where less than all of the channels within a
band group are assigned by the transmission codes 11, the controller 134 adjusts the
center frequency and/or bandwidth to maximize efficiency and minimize noise for the
particular channel allocation.

[0062] FIG. 11A and FIG. 11B are block diagrams of the receiver 100 where the
controller adjusts the frequency response based on radio activity. Radio activity
information 10 describing the radio activity may include frequency spectrum
information 12, internal radio status information 14 or a combination of the two. FIG.
11A illustrates an example where the radio activity information includes spectrum
information and FIG. 11B illustrates an example where the radio activity information 10
includes internal radio information 14. In some circumstances, the spectrum
information 12 may provide information regarding the status of an internal radio. This
may occur, for example, where the device used to capture the spectrum information
(spectrum analyzer) detects energy transmitted by the secondary internal radio of the
communication device that also includes receiver 100.

[0063] FIG. 11A is a block diagram of the receiver 100 where the controller adjusts
the frequency response based on frequency spectrum information 12. A spectrum
analyzer 1102 provides information 12 regarding the frequency spectrum. The spectrum
analyzer 1102 is any combination of hardware, software and/or firmware that provide
information regarding transmitted signals within a selected frequency band. Examples

of the spectrum analyzer include energy detectors, power detectors, and signal detectors.
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Implementations of the spectrum analyzer 1102 include a receivers connected to
processors where the processor determines that transmitted energy is present at a
particular frequency or within a particular frequency band. Accordingly, a processor
may integrate over a frequency band and process the data to determine whether a
transmitted signal is present. Therefore, at least portions of the controller 130 and the
receiver front end 104 may be used to implement the spectrum analyzer 1102 in some
situations. Further, the spectrum analyzer may be implemented with a separate
processor memory and hardware components in some circumstances.

[0064] The controller 130 evaluates the spectrum information 12 to determine an
appropriate frequency response for the adjustable filter based on the signals that are
detected. Interference from a detected signal may be reduced by increasing rejection
(increasing attenuation) of the adjustable filter at frequencies near the frequency of the
interfering signal. In some circumstances, characteristics of the detected signals, such
as frequency and modulation, may indicate the type of device that is transmitted the
signal and the controller may adjust the filter based on an anticipated signal that is not
yet detected but anticipated based on the identification of the interfering device. Further,
characteristics of the detected signal may indicate a geographical region and the
controller may adjust the filter based on the indentified geographical region.
Accordingly, spectrum analysis may reveal information that indirectly results in the
adjustment of the filter. In addition, the controller may adjust the level of rejection of
the frequency response based on an energy, power, or amplitude of the detected signal.
[0065] In some circumstances, the bandwidth of the filter may be increased or the
rejection decreased based on the spectrum analysis. For example, if no signals, or very
few low level signals, are detected near the receive frequency, the controller may reduce
rejection in order to increase the signal-to-noise ratio of the desired received signals.
[0066] The adjustment to the frequency response may be variable based on a
calculated value or may be one of a limited number of predetermined responses. Where
a calculation is performed, the control signals are based on calculated values and may
be any of numerous values and combinations to set the bandwidth, center frequency or
other characteristics. Where a response is selected from a set of frequency responses, the
spectrum analysis indicates a circumstance that dictates a particular preferred frequency
response that can be selected from a table or other correlation technique. For example, if

a detected signal indicates that nearby devices are engaging in Bluetooth radio
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communications, a frequency response designed to minimize all or most interference
from Bluetooth communications is employed by providing control signals in accordance
with stored parameters corresponding to the frequency response.

[0067] FIG. 11B is a block diagram of the receiver 100 where the controller adjusts
the frequency response based on a status of an internal radio within the device housing
the receiver 100. Therefore, the device that includes the receiver 100 is a dual mode
communication device or a multimode communication device that is capable of
transmitting signals within at least two frequency bands. FIG. 11B illustrates a single
secondary radio 1104. The device housing the receiver 100 however, may include more
than one additional internal radio 1104. Further, the secondary radio 1104 may be
capable of operating within more than one frequency band.

[0068] The secondary radio 1104 provides information 14 regarding the status of
the radio 1104. The status may include one or more of the following parameters as well
as others: on/off status (whether the radio is activated and operating), transmission
status (whether the radio is transmitting), receive status (whether the radio is receiving
signals), transmission frequency status (frequencies or frequency band of transmitted
signals), receive frequency status (frequencies or frequency band of received signals),
modulation status (type of modulation used for transmitted signals), and signal power
status (power level of transmitted signals). Controller 130 processes the information 14
and selects an appropriate frequency response based on information to maximize the
signal-to-noise ratio of the received signals of the receiver 100 of the primary radio. The
selection of the frequency response may be based on any of numerous calculations or
factors. Some examples include narrowing the pass band and/or shifting the center
frequency to minimize interference from secondary radio transmitted signals that are
near the receive band of the receiver 100, narrowing the pass band and/or shifting the
center frequency to minimize interference from spurious emissions and intermodulation
components, and widening the pass band and/or shifting the center frequency to
increase signal-to-noise ratio when the secondary radio is inactive, not transmitting or
transmitting at a low power level. Further, where adjustable filter is within an inter-
stage of the receiver rather than the front end, the frequency response may be adjusted
to avoid intermodulation distortion of signals components leaking into the receiver 100

from the transmitter (or receiver) of the secondary radio
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[0069] The above discussions provide examples of a receiver 100 having an
adjustable filter having a frequency response that is adjusted based on geographic
location, frequency spectrum information, and the status of a secondary radio within the
device housing the receiver 100. In some circumstances, the frequency response may be
adjusted based on more than one set of information. For example, location information
indicating the region where the receiver is operating and information indicating the
presence of other device transmissions can both be evaluated by the controller 130 in
determining the optimum frequency response. Although at least some of the examples
provided above discuss the adjustable filter implemented within the front end of the
receiver, the adjustable filter may be implemented within any portion of the receive
chain. In addition, a receiver may include multiple adjustable filters where some or all
of the filters are within a particular receive stage or are distributed throughout the
receiver lineup.

[0070] FIGs 12-15 provide examples of an adjustable filter implemented within a
transmitter. The examples discussed below may be implemented in a device where
adjustable filter techniques are applied only in the transmitter or may be implemented in
devices where the adjustable filters are included in the receiver of the device and
managed as discussed above. Adjustment of the transmission filter may include, for
example, adjustment of a center frequency and/or a pass band bandwidth. The main
reason to filter the TX signal is for harmonic rejection. There may be cases where close-
in interference rejection is desired as well. Thus the transmission filter may contain
tunable high pass, low pass, band pass and/or notch filters as required.

[0071] Some examples of how an adjustable transmission filter center frequency
and/or pass band bandwidth may be adjusted are shown in FIGs. 3-8.

[0072] FIG. 12 is a block diagram of a transmitter 1200 with an adjustable filter
1202. In the example of FIG. 12, the adjustable filter 1202 is an adjustable transmit
(TX) band filter. The transmission data 1204 is data to be transmitted by the transmitter
1200. Before transmission, the transmit data 1204 may be conditioned and processed
by a signal processor 1206. For example, signal processor 1206 may perform various
functions such as modulating, scrambling, upconverting, and amplifying the
transmission data 1204 prior to transmission. The signal processor 1206 may perform
any additional signal processing that could enhance or improve the ability of the

transmitter 1200 to transmit data. Although not shown, the transmitter 1200 may
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include other components such as mixers, oscillators, digital to analog converters,
and/or other devices. Although the filter 1202 is illustrated immediately prior to the
antenna 1208 in FIG. 12, the filter 1202 may be positioned anywhere within the
transmitter 1200 relative to other components. For example, the filter 1202 may be
positioned prior at an input or output of a mixer in some circumstances.

[0073] The adjustable filter 1202 sufficiently processes the outgoing signals to
provide a portion of the spectrum that includes the desired signal at an adequately high
energy to allow transmission via the antenna 1208. The adjustable filter 1202 has a
frequency response 1210 that includes a pass band 1212 and a stop band 1214 where
signals within the pass band 1212 are attenuated less than signals are attenuated within
the stop band 1214. The adjustable filter 1202 is typically a band pass filter where the
stop band 1214 includes one portion 1216 above and another portion 1218 below the
pass band 1212. In some circumstances, the filter 1202 may be another type of filter
such as a high pass filter or a low pass filter. The frequency response 1210 has a center
frequency (F¢) 1220 and a pass band 1212. The bandwidth (Fgw) is the width of pass
band 1212 typically defined between the 3 decibel (dB) points where the frequency
response is 3 dB lower than the response at the center frequency 1220.

[0074] The adjustable filter 1202 is responsive to a control signal 1222 allowing the
frequency response 1210 to be changed by the control signal 1222. For example, pass
band 1212 and/or center frequency 1220 may be adjusted with control signal 1222.
Center frequency 1220 of frequency response 1210, therefore, can be shifted from the
first center frequency (Fcp) 1224 to the second center frequency (Fcp) 1226 where the
first center frequency 1224 may either be higher or lower than the second center
frequency 1226. The pass band 1212 can be changed from a first bandwidth to a second
bandwidth.

[0075] The control signal 1222 may include any number of signals that may be
direct current (DC), alternating current (AC), pulse width modulated (PWM), digital,
and/or analog voltages. Further, the control signal 1222 may be a digital word or other
digital representation where the adjustable filter 1202 includes adequate hardware
and/or software for deciphering the control data. Accordingly, the control input 1228 of
the adjustable filter 1202 may include a single conductor or multiple conductors
depending on the particular adjustable filter 1202 design. An example of a suitable

adjustable filter 1202 includes a filter having fixed filter elements 1230 and one or more



WO 2010/091194 PCT/US2010/023221

18

tunable elements 1232 such as voltage variable capacitors (VVCs),
Microelectromechanical systems (MEMS) components, diodes, and varactors. The
number, type and size of the fixed filter elements 1230 and tunable elements 1232 may
depend on several factors such as center frequency, bandwidth, required change in
center frequency and/or bandwidth, rejection, and maximum loss, for example.

[0076] In accordance with the example discussed with reference to FIG. 12, the
controller 1234 generates one or more control signals 1222 to adjust the adjustable filter
1202 based on a geographic location of the transmitter 1200. The geographic location
information 1236, indicating the geographic location of transmitter 1200, may be
determined and/or received from any of several sources. Examples of suitable location
information sources include GPS location information, location data transmitted from
base stations, and programmed location data within a device in a memory 1238. These
examples are discussed more fully below. Although programmed data (e.g., stored in a
wireless communication device/base station) is based on the anticipated location of
operation of the transmitter 1200, it may not reflect the actual location of the transmitter
1200 when the transmitter 1200 is operating outside of the anticipated region of
operation.

[0077] The various functions and operations of the blocks described with reference
to transmitter 1200 may be implemented in any number of devices, circuits, or elements
using any combination of software, hardware and/or firmware. Two or more of the
functional blocks may be integrated in a single device, and the functions described as
performed in any single device may be implemented over several devices. For example,
at least portions of the functions of signal processor 1206 may be performed by
controller 1234 in some circumstances. In addition, other configurations of transmitter
1200 could be implemented in which the signal processing performed by signal
processor 1206 could be performed after the transmission data 1204 is filtered by the
adjustable filter 1202,

[0078] As described above, FIG. 2 shows an example of a sample region
arrangement. For the example illustrated in FIG. 2, three regions 202, 204, 206 are
shown.

[0079] In one aspect, the controller 1234 may evaluate location information 1236 to
determine the region within which transmitter 1200 is located. Any one of numerous

known techniques can be used to determine if the geographic location of the transmitter
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1200 is within a particular region. After determining the region, the controller 1234
may provide the appropriate control signal 1222 to the control input 1228 to adjust the
frequency response 1210 to a response that corresponds to the region within which
transmitter 1200 is located. As discussed herein, the controller 1234 may further adjust
the adjustable filter 1202 based on other factors in addition to, or alternatively to, the
region.

[0080] FIGs. 3-8, discussed in detail above, are graphical representations of
frequency spectrum for examples of frequency response adjustment that can be applied
to an adjustable transmission filter. The adjustments shown in FIGS. 3-8 may be made
for a variety of reasons and in connection with a variety of filter types.

[0081] FIG. 13A is a block diagram of the transmitter 1200 where the geographic
location information 1236 is received from a Global Positioning System (GPS) receiver
1302. As discussed above, a GPS receiver 1302 receives signals from satellites to
determine a geographic location. In some circumstances, assist data may be provided to
the device housing the transmitter 1200 through a wireless communication system.
Further, calculations to determine the geographic location may be performed, at least
partially, by a position determining entity (PDE) or other network equipment. A
secondary radio 904 and receiver are illustrated with dashed lines to indicate that in
some circumstances, GPS related information may be received from a radio.
Accordingly, a receiver 100 communicating with the same network as the transmitter
1200 and/or a receiver in secondary radio 904 communicating within a different
frequency band may provide at least some information related to determining the
location GPS location. The location information 1236 received by the controller 1234
from the GPS receiver 1302 is processed to determine the service region in which the
transmitter is located.

[0082] FIG. 13B is a block diagram of transmitter 1200 where the geographic
location information 1236 is received from one or more base stations and/or base station
controllers (not shown) of a wireless communication system. For example, a receiver
1304 receives location information 1236 from a base station. The location information
1236 received by the controller 1234 is processed to determine the service region in
which the transmitter is located.

[0083] FIG. 13C is a block diagram of transmitter 1200 where the geographic

location information 1236 is received through a secondary radio 1306. The receiver in
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the secondary radio receives location information from one or more base stations and/or
base station controllers (not shown) of a wireless communication system that is different
that the wireless communication system with which the transmitter 1200 is
communicating. The location information 1236 received by the controller 1234 is
processed to determine the service region in which the transmitter 1200 is located.

[0084] FIG. 13D is a block diagram of the transmitter 1200 where the controller
1234 adjusts the filter 102 based on transmission codes 11. The transmission codes may
be assigned prior to operation and stored in memory 1238 or may be assigned
dynamically by the network. Further the transmission codes 11 may be assigned by the
network and subsequently stored in memory 1238 for later retrieval. The dashed lines in
FIG. 13D indicate that the transmission codes may be received through any of numerous
sources or combination of sources depending on the particular situation and
implementation. The controller 1234 may adjust the filter 102 at least partially on the
transmission codes 11. In some circumstances, the assigned transmission codes may
indicate the geographic location of the device including the transmitter 1200 since a
particular transmission code may only be assigned in a particular region. Accordingly,
the transmission codes 11 may be location information 132 in some situations. The
controller 1234 may adjust the filter 102 based on a combination of transmission code
11 information, location information and/or spectral conditions. An example of a filter
adjustment based on transmission codes 11 includes a situation where less than all of the
channels within a band group are assigned for transmission by the transmission codes
11, the controller 1234 adjusts the center frequency and/or bandwidth to maximize
efficiency and minimize noise for the particular channel allocation.

[0085] FIG. 14 is a block diagram of transmitter 1200 where the geographic
location information is programmed into memory 1238 associated with a transmitter
(e.g., base station or a mobile wireless communications device). Thus, transmitter 1200
can receive geographic location information 1236 from memory 1238. The location
information 1236 received by controller 1234 from memory 1238 is processed to
determine the service region in which the transmitter is located. In some circumstances,
the region may be stored in the memory 1238. Further, the parameters corresponding to
generating the control signal may be stored in memory where the controller may process
the location information and select the stored parameters corresponding to the region or

may apply the parameters without processing where the parameters only apply to the
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programmed region. One possible advantage of the example shown in FIG. 14 is that it
may simplify initialization of a transmitter.

[0086] FIG. 15A is a block diagram of the transmitter 1200 where the controller
1234 adjusts the frequency response 1210 based on spectral conditions. A spectrum
analyzer 1502 provides information 20 regarding the frequency spectrum. The spectrum
analyzer 1502 is any combination of hardware, software and/or firmware that provides
information regarding transmitted signals with in a selected frequency band. Examples
of the spectrum analyzer include energy detectors, power detectors, and signal detectors.
Implementations of the spectrum analyzer 1502 include a receiver connected to a
processor where the processor determines that transmitted energy is present at a
particular frequency or within a particular frequency band. Accordingly, a processor
may integrate over a frequency band and process the data to determine whether a
transmitted signal is present. At least portions of the controller 1234 and a receiver
within the device housing the transmitter 1200 may be used to implement the spectrum
analyzer 1502 in some situations.

[0087] The controller 1234 evaluates the spectrum information 20 to determine an
appropriate frequency response for the adjustable filter based on the signals that are
detected. Interference to nearby devices may be reduced by increasing attenuation of the
adjustable filter at frequencies near the frequency of the detected signals. In some
circumstances, characteristics of the detected signals, such as frequency and
modulation, may indicate the type of device that is transmitted the signal and the
controller may adjust the filter based on an anticipated signal that is not yet detected but
anticipated based on the identification of the interfering device. Further, characteristics
of the detected signal may indicate a geographical region and the controller may adjust
the filter based on the indentified geographical region. Accordingly, spectrum analysis
may reveal information that indirectly results in the adjustment of the filter. In addition,
the controller may adjust the level of attenuation of the frequency response based on an
energy, power, or amplitude of the detected signal.

[0088] In some circumstances, the bandwidth of the filter may be increased or the
attenuation of the step band decreased based on the spectrum analysis. For example, if
no signals, or very few low level signals, are detected near the transmission frequency,
the controller 1234 may reduce rejection in order to increase the amplitude of the

transmitted signal.
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[0089] The adjustment to the frequency response may be variable based on a
calculated value or may be one of a limited number of predetermined responses. Where
a calculation is performed, the control signals are based on calculated values and may
be any of numerous values and combinations to set the bandwidth, center frequency or
other characteristics. Where a response is selected from a set of frequency responses, the
spectrum analysis indicates a circumstance that dictates a particular preferred frequency
response that can be selected from a table or other correlation technique. For example, if
a detected signal indicates that nearby devices are engaging in Bluetooth radio
communications, a frequency response designed to minimize all or most interference to
Bluetooth communications is employed by providing control signals in accordance with
stored parameters corresponding to the frequency response.

[0090] FIG. 15B is a block diagram of the transmitter 1200 where the controller
1234 adjusts the frequency response based on a status of an internal radio (secondary
radio) 1504 within the device housing the transmitter 1200. Therefore, the device that
includes the transmitter 1200 is a dual mode communication device or a multimode
communication device that is capable of receiving signals within at least two frequency
bands. FIG. 15B illustrates a single secondary radio 1504. The communication device
within which the transmitter 1200 is implemented, however, may include more that one
additional internal radio 1504. Further, the secondary radio 1504 may be capable of
operating within more than one frequency band.

[0091] The secondary radio 1504 provides information 30 regarding the status of
the radio 1504. The status may include one or more of the following parameters as well
as others: on/off status (whether the radio is activated and operating), transmission
status (whether the radio is transmitting), receive status (whether the radio is receiving
signals), transmission frequency status (frequencies or frequency band of transmitted
signals), receive frequency status (frequencies or frequency band of received signals),
modulation status (type of modulation used for transmitted signals), and signal power
status (power level of transmitted signals). The controller 1234 processes the
information 30 and selects an appropriate frequency response based on information to
minimize interference with the signals received by the secondary internal radio 1504.
The selection of the frequency response may be based on any of numerous calculations
or factors. Some examples include narrowing the pass band and/or shifting the center

frequency to minimize interference to the secondary radio received signals that are near
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the transmission band of the transmitter, narrowing the pass band and/or shifting the
center frequency to minimize interference from spurious emissions and intermodulation
components caused by the transmitter 1200, and widening the pass band and/or shifting
the center frequency to increase signal-to-noise ratio when the secondary radio is
inactive or not receiving signals. Further, where the adjustable filter is within an inter-
stage of the transmitter rather than the front end, the frequency response may be
adjusted to avoid intermodulation distortion of signals components leaking into the
transmitter 1200 from the secondary radio 1504.

[0092] FIG. 16 is a flow chart of a method of establishing a frequency response of
an adjustable filter with a control signal. At step 1602, a desired frequency response of
an adjustable filter (e.g., an adjustable receive band filter or an adjustable transmit band
filter) is established for a receiver or a transmitter. The desired frequency response may
be, for example, based on a geographic location of a receiver or a transmitter, a region
in which a receiver or transmitter is located or expected to be located (e.g., a region
frequency response), a detected signal/interference (e.g., an environmental frequency
response), and/or a determination of a number of radios that are operational within a
device (e.g., an operational frequency response).

[0093] At step 1602, a control signal is generated in order to establish the desired
frequency response. In one aspect, the control signal may be generated by a controller.
[0094] FIG. 17 is a flow chart of a method of adjusting a filter based on location
information. The method may be performed by any combination of hardware, software
and/or firmware. For the example, the method is at least partially performed by
executing code on a controller 130, 1238.

[0095] At step 1702, location information is received. The location information may
be provided by a GPS receiver, received from a base station, retrieved from memory, or
determined by evaluating a spectral analysis of a frequency spectrum.

[0096] At step 1704, the geographical region is determined based on the location
information. The controller determines a geographical region of the location by
comparing the location information to stored data.

[0097] At step 1706, parameters for generating an appropriate control signal are
determined from the region. The desired frequency response of the adjustable filter is
determined based on the region and the parameters corresponding to the frequency

response are determined. An example of suitable technique for determining the control
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signal includes retrieving parameters stored in memory and correlated to the region. For
example, a stored table in memory may provide a parameter or set of parameters
corresponding to each region.

[0098] At step 1708, a control signal is generated based on the parameters. The
parameters may indicate a code, amplitude, frequency, voltage, bit stream or any other
data that allows the controller to generate the control signal to adjust the filter 102.
[0099] FIG. 18 is a flow chart of a method of adjusting a filter based on spectrum
information. The method may be performed by any combination of hardware, software
and/or firmware. For the example, the method is at least partially performed by
executing code on a controller 130, 1238.

[00100] At step 1802, spectrum information 20 is received. The spectrum
information 20 is provided by spectrum analyzer for the example. The spectrum
information may identify particular frequencies or frequency bands where signals had
been detected, energy levels of detected signals noise levels, or any other characteristic
describing the frequency spectrum.

[00101] At step 1804, parameters for generating an appropriate control signal are
determined from the spectrum information 20. The desired frequency response of the
adjustable filter is determined based on the potential for interference and the parameters
corresponding to the frequency response are determined. In some circumstances, the
controller determines the region of operation based on the spectrum analysis and the
region is used to determine the parameters as discussed above.

[00102] At step 1806, a control signal is generated based on the parameters. The
parameters may indicate a code, amplitude, frequency, voltage, bit stream or any other
data that allows the controller to generate the control signal to adjust the filter 102 in
accordance with the desired frequency response.

[00103]  FIG. 19 is a flow chart of a method of adjusting a filter based on secondary
radio status. The method may be performed by any combination of hardware, software
and/or firmware. For the example, the method is at least partially performed by
executing code on a controller 130, 1238.

[00104] At step 1902, radio status information 30 is determined by the controller.
The controller determines from received information or from measured values, the
status of the secondary radio within the device. Accordingly, the controller determines

characteristics regarding the secondary radio current state and operation such as whether
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the secondary radio is transmitting or receiving signals, is active, and what frequencies
are being used by the radio. As discussed above, other characteristics may be evaluated
or determined.

[00105] At step 1904, parameters for generating an appropriate control signal are
determined from the radio status information 30. The desired frequency response of the
adjustable filter is determined based on the potential for interference and the parameters
corresponding to the frequency response are determined.

[00106] At step 1906, a control signal is generated based on the parameters. The
parameters may indicate a code, amplitude, frequency, voltage, bit stream or any other
data that allows the controller to generate the control signal to adjust the filter 102 in
accordance with the desired frequency response.

[00107]  FIG. 20 is a flow chart of a method of adjusting the filter 102 based on
transmission codes 11. The method may be performed by any combination of hardware,
software and/or firmware. For the example, the method is at least partially performed by
executing code on a controller 130, 1238.

[00108] At step 2002, the controller 130, 1238 determines the transmission codes.
The transmission codes are stored in memory and may have been assigned and stored
prior to operation or may have been dynamically assigned by the network and stored.
As explained above, the transmission codes may be received through any of numerous
sources or combination of sources depending on the particular situation and
implementation.

[00109] At step 2004, the controller determines the filter parameters that correspond
to the assigned transmission codes. The determination may be abased solely on the
transmission codes or may be based on a variety of factors and weighting schemes
depending on the particular implementation. In some circumstances, the assigned
transmission codes may indicate the geographic location of the device since a particular
transmission code may only be assigned in a particular regions. Accordingly, the
transmission codes 11 may be location information 132 in some situations. The
controller 134 may determine the filter parameters based on a combination of
transmission code 11 information, location information and/or radio activity
information. An example of a determination of filter parameters based on transmission
codes 11 includes a situation where less than all of the channels within a band group are

assigned by the transmission codes 11, the controller 134 adjusts the center frequency
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and/or bandwidth to maximize efficiency and minimize noise for the particular channel
allocation.

[00110] At step 2006, the controller generates control signals to adjust the filter. The
control signals adjust the filter to configure the filter to have the desired filter

parameters determined.

[00111]  Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[00112]  Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[00113]  The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of
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MIiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00114] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[00115] In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy

disk and blu-ray disc where disks usually reproduce data magnetically, while discs
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reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[00116] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.
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CLAIMS

WHAT IS CLAIMED IS:

1. A wireless receiver comprising:

an adjustable receive band filter responsive to a control signal to establish a
frequency response of the adjustable receive band filter; and

a controller configured to generate the control signal based on a geographic

location of the wireless receiver.

2. The wireless receiver of claim 1, wherein the frequency response comprises a
pass band and a stop band for attenuating an undesired signal having a frequency within
the stop band more than a desired signal having a frequency within the pass band, the
adjustable receive band filter responsive to the control signal to select the frequency
response from a first frequency response having a center of the pass band at a first
center frequency and a second frequency response having a center of the pass band at a

second center frequency.

3. The wireless receiver of claim 2, wherein the first frequency response has a first

bandwidth and the second frequency response has a second bandwidth.

4. The wireless receiver of claim 3, wherein the adjustable receive band filter is
responsive to the control signal to select the frequency response from a plurality of
region frequency responses comprising:

a first region frequency response having a first region pass band including a first
band group of a plurality of channel bands, and

a second region frequency response having a second region pass band including
a second band group of a plurality of channel bands, the first band group including at

least one channel band not included in the second band group.

5. The wireless receiver of claim 4, wherein the plurality of channel bands are

defined by an Ultra-wideband (UWB) communication standard.
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6. The wireless receiver of claim 4, wherein the adjustable receive band filter is
further responsive to the control signal to select the frequency response based on an

assigned transmission code indicating at least one assigned channel band.

7. The wireless receiver of claim 1, wherein location information is received from
a Global Positioning System (GPS) receiver indicating the geographical location of the

wireless receiver.

8. The wireless receiver of claim 7, wherein the controller is further configured to
determine a geographical region based on the geographical location and to generate the

control signal to select a frequency response corresponding to the geographical region.

9. The wireless receiver of claim 1, further comprising a receiver configured to
receive region information indicating a geographical region of a plurality of
geographical regions, the controller further configured to generate the control signal to

select a frequency response corresponding to the geographical region.

10. The wireless receiver of claim 1, further comprising a receiver configured to
receive location information indicating the geographical location, the controller further
configured to determine, based on the geographical location, a geographical region of a
plurality of geographical regions and to generate the control signal to select a frequency

response corresponding to the geographical region.

12. The wireless receiver of claim 1, further comprising a memory configured to
store a geographical region of a plurality of geographical regions, the controller further
configured to generate the control signal to select a frequency response corresponding to

the geographical region.
13.  The wireless receiver of claim 1, wherein the adjustable receive band filter is
further responsive to the control signal to select a frequency response based on detected

interference.

14. A method, comprising:
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establishing, with a control signal, a frequency response of an adjustable receive
band filter in a wireless receiver; and
generating, with a controller, the control signal based on a geographic location

of the wireless receiver.

15. The method of claim 14, wherein establishing the frequency response comprises:
attenuating an undesired signal having a frequency within a stop band more than
a desired signal having a frequency within a pass band; and
selecting the frequency response from a first frequency response having a center
of the pass band at a first center frequency and a second frequency response having a

center of the pass band at a second center frequency.

16. The method of claim 15, wherein the first frequency response has a first

bandwidth and the second frequency response has a second bandwidth.

17.  The method of claim 16, wherein the adjustable receive band filter is responsive
to the control signal to select the frequency response from a plurality of region
frequency responses comprising;:

a first region frequency response having a first region pass band including a first
band group of a plurality of channel bands, and

a second region frequency response having a second region pass band including
a second band group of a plurality of channel bands, the first band group including at

least one channel band not included in the second band group.

18. The method of claim 17, wherein the plurality of channel bands are defined by

an Ultra-wideband (UWB) communication standard.
19. The method of claim 17, wherein the adjustable receive band filter is further
responsive to the control signal to select the frequency response based on an assigned

transmission code indicating at least one assigned channel band.

20. The method of claim 14, further comprising:
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determining the geographical location of the wireless receiver with a Global

Positioning System (GPS) receiver.

21. The method of claim 20, wherein the controller is further configured to
determine a geographical region based on the geographical location and to generate the

control signal to select a frequency response corresponding to the geographical region.

22. The method of claim 14, further comprising:
receiving, from a wireless communication system, location information

identifying the geographical location.

23. The method of claim 14, further comprising:

storing a geographical region of a plurality of geographical regions in a memory;
and

generating the control signal to select a frequency response corresponding to the

geographical region.

24, A computer program product containing instructions that, when executed,
perform the following steps:

establishing, with a control signal, a frequency response of an adjustable receive
band filter in a wireless receiver; and

generating, with a controller, the control signal based on a geographic location

of the wireless receiver.

25. The computer program product of claim 24, wherein establishing the frequency
response comprises:

attenuating an undesired signal having a frequency within a stop band more than
a desired signal having a frequency within a pass band; and

selecting the frequency response from a first frequency response having a center
of the pass band at a first center frequency and a second frequency response having a

center of the pass band at a second center frequency.
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26. The computer program product of claim 25, wherein the first frequency response

has a first bandwidth and the second frequency response has a second bandwidth.

27.  The computer program product of claim 26, wherein the adjustable receive band
filter is responsive to the control signal to select the frequency response from a plurality
of region frequency responses comprising:

a first region frequency response having a first region pass band including a first
band group of a plurality of channel bands, and

a second region frequency response having a second region pass band including
a second band group of a plurality of channel bands, the first band group including at

least one channel band not included in the second band group.

28. The computer program product of claim 27, wherein the plurality of channel

bands are defined by an Ultra-wideband (UWB) communication standard.

29.  The computer program product of claim 27, wherein the adjustable receive band
filter is further responsive to the control signal to select the frequency response based on

an assigned transmission code indicating at least one assigned channel band.

30. The computer program product of claim 24, further containing instructions that,
when executed, perform the following:
determining the geographical location of the wireless receiver with a Global

Positioning System (GPS) receiver.

31. The computer program product of claim 30, wherein the controller is further
configured to determine a geographical region based on the geographical location and to
generate the control signal to select a frequency response corresponding to the

geographical region.

32. The computer program product of claim 24, further containing instructions that,
when executed, perform the following:
storing a geographical region of a plurality of geographical regions in a memory;

and
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generating the control signal to select a frequency response corresponding to the

geographical region.

33. A wireless receiver means comprising;:

an adjustable receive band filter means responsive to a control signal to establish
a frequency response of the adjustable receive band filter; and

a controller means configured to generate the control signal based on geographic

location of the wireless receiver.

34.  The wireless receiver means of claim 33, wherein the frequency response
comprises a pass band and a stop band for attenuating an undesired signal having a
frequency within the stop band more than a desired signal having a frequency within the
pass band, the adjustable receive band filter means responsive to the control signal to
select the frequency response from a first frequency response having a center of the pass
band at a first center frequency and a second frequency response having a center of the

pass band at a second center frequency.

35.  The wireless receiver means of claim 34, wherein the first frequency response

has a first bandwidth and the second frequency response has a second bandwidth.

36.  The wireless receiver means of claim 35, wherein the adjustable receive band
filter means is responsive to the control signal to select the frequency response from a
plurality of region frequency responses comprising:

a first region frequency response having a first region pass band including a first
band group of a plurality of channel bands, and

a second region frequency response having a second region pass band including
a second band group of a plurality of channel bands, the first band group including at

least one channel band not included in the second band group.

37.  The wireless receiver means of claim 36, wherein the plurality of channel bands

are defined by an Ultra-wideband (UWB) communication standard.



WO 2010/091194 PCT/US2010/023221

35

38.  The wireless receiver means of claim 37, wherein the adjustable receive band
filter means is further responsive to the control signal to select the frequency response

based on an assigned transmission code indicating at least one assigned channel band.

39.  The wireless receiver means of claim 33, further comprising a Global
Positioning System (GPS) receiver to indicate the geographical location of the wireless

receiver means.

40. The wireless receiver means of claim 39, wherein the controller means is further
configured to determine a geographical region based on the geographical location and to
generate the control signal to select a frequency response corresponding to the

geographical region.

41. The wireless receiver means of claim 33, further comprising a memory means
configured to store a geographical region of a plurality of geographical regions, the
controller means further configured to generate the control signal to select a frequency

response corresponding to the geographical region.

42, The wireless receiver means of claim 33, wherein the adjustable receive band
filter means is further responsive to the control signal to select a frequency response

based on detected interference.
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