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WIRELESS RADIO SYSTEM OPTIMIZATION BY PERSISTENT SPECTRUM ANALYSIS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to U.S. provisional patent application no. 61/890,073, filed on

10/1 1/2013, and titled "SPURIOUS FREQUENCY ELIMINATION IN RADIO SYSTEMS FOR LONG-RANGE

HIGH-SPEED WIRELESS COMMUNICATION", and U.S. provisional patent application no. 62/019,359, filed on

6/30/2014, and titled "WIRELESS RADIO SYSTEM OPTIMIZATION BY PERSISTENT SPECTRUM

ANALYSIS."

[0002] This patent application may be related to U.S. Patent Application No. 13/871,882, filed on April 26,

2013, which is a continuation of U.S. Patent Application No. 13/448,610 (now U.S. Patent No. 8,467,759), filed on

April 17, 2012, which is a continuation of U.S. Patent Application No. 12/61 8,690, filed on November 13, 2009

(now U.S. Patent No. 8,219,059), each of which is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE

[0003] All publications and patent applications mentioned in this specification are herein incorporated by

reference in their entirety to the same extent as if each individual publication or patent application was specifically

and individually indicated to be incorporated by reference.

FIELD

[0004] Described herein are wireless communications systems and methods, including broadband wireless

radios such as IEEE 802. 11 radios that independently and continuously monitor the spectrum of the operating band.

In some variations, these radios are adapted to use the spectrum information (either local or regional) to avoid

spurious interference from interferers, such as the half-IF frequency.

BACKGROUND

[0005] Wireless communication devices and wireless networks have proliferated in recent years. This has

resulted in region having different electromagnetic spectrum profiles. For example, in some regions geographic as

well as population conditions have resulted in relatively crowded local frequency spectra. Although both regulatory

agencies (such as the FCC in the United States) and manufacturers have attempted to regulate and minimize such

crowding, it has proven difficult to optimize and prevent interference across commercially relevant portions of the

electromagnetic spectrum. In particular, electromagnetic interference, from both natural and man-made sources, is

difficult to predict and to avoid. Unfortunately, electromagnetic interference causes significant problems for

wireless devices and networks. Electromagnetic interference can arise from other communication devices even if

those other devices use a different carrier frequency. For example, a cordless telephone using a first carrier

frequency could generate electromagnetic interference that makes it difficult for a communication device using a

second carrier frequency to maintain connection to a local area network (LAN). Electromagnetic interference might

also arise from electronic devices other than communication devices (e.g., microwave ovens, etc.).

[0006] Determining the source of interference and/or preventing or avoiding it has proven difficult. One

reason for the challenge is that the interference may be sporadic. Another reason is that device could be mobile, as

could sources of interference.



[0007] Since electromagnetic interference can be highly local, and interference in the electromagnetic

spectrum seen by some devices may not be seen by other devices even in the same network, it would be helpful to

be able to monitor local interference at a wireless radio device, including at both ends of link in a network, such as at

an access point (AP) and at an end device (e.g. a customer provided equipment, or CPE). In addition, since

electromagnetic "traffic" and interference may vary greatly over time, it would be helpful to monitor continuously.

[0008] As an example, a particular wireless communication device that operates in compliance with an 802.1

protocol might be experiencing periodic problems associated with electromagnetic interference. An analysis of the

local frequency spectrum content of the operating band may be used to optimize performance of the local device as

well an entire network. Spectrum content can be determined by a spectrum analyzer, which can monitor frequency

domain.

[0009] Thus, there is a need for devices and systems, and particularly wireless radio devices and systems, that

provide both local monitoring of the frequency spectrum of a broadly-defined operating band while concurrently

(and in some cases independently) receiving and transmitting wireless radio frequency signals.

[00010] In superheterodyne receivers there are known vulnerabilities or spurious responses which may interfere

with signal transmission. There are many types spurious interference, including, for example, the half-intermediate

frequency (or "half-IF") response. In such receiver circuits, mixers typically translate a high input radio frequency

(RF) to a lower intermediate frequency (IF). This process is known as down-conversion utilizing the difference

term between a mixer's RF input and a local oscillator input (LO) for low-side injection (LO frequency < RF

frequency) or the difference term between the mixer's LO and RF for high-side injection. This down conversion

process can be described by the following equation: fIF = i ± f 0 , where ¾ is the intermediate frequency at the

mixer's output port, f is any RF signal applied to the mixer's RF input port, and f >is the local oscillator signal

applied to the mixer's LO input port.

[0001 1] Ideally, the mixer output signal amplitude and phase are proportional to the input signal's amplitude

and phase and independent of the LO signal characteristics. Under this assumption, the amplitude response of the

mixer is linear for the RF input and is independent of the LO input. However, mixer nonlinearities may produce

undesired mixing products called spurious responses, which are caused by undesired signals reaching the mixer's

RF input port and producing a response at the IF frequency. The signals reaching the RF input port do not

necessarily have to fall into the desired RF band to be troublesome. Many of these signals are sufficiently high in

power level that the RF filters preceding the mixer don't provide enough selectivity (e.g., rejection) to keep them

from causing additional spurious responses. When they interfere with the desired IF frequency, the mixing

mechanism can be described by: f = ±m*iw ±n*t' . Note that m and n are integer harmonics of both the RF and

LO frequencies that mix to create numerous combinations of spurious products. The amplitude of these spurious

components typically decreases as the value of m or n increases.

[00012] Knowing the desired RF frequency range, frequency planning is used to carefully select the IF and

resulting LO frequency selections to avoid spurious mixing products whenever possible. Filters are typically used to

reject out-of-band RF signals that might cause in-band IF responses. IF filter selectivity following the mixer is

specified to pass only the desired frequencies thereby filtering the spurious response signals ahead of the final

detector. However, spurious responses that appear within the IF band will not be attenuated by the IF filter.

[000 13] The half-IF spurious response is a particularly troublesome 2nd-order spurious response, which may be

defined for the mixer indices of = 2, n = -2) for low-side injection and (m = -2, n = 2) for high-side injection. For



low-side injection, the input frequency that creates the half-IF spurious response is located below the desired RF

frequency by an amount fI /2 from the desired RF input frequency.

[00014] The half-IF frequency represents a frequency where interference will be converted to the IF frequency

just like the desired receiver signal, but at a reduced efficiency. Unlike the image which is relatively easy to filter

out due to the large frequency difference from the desired signal, or signals that may cause blocking (which require

very large signals), the half-IF response can significantly impact achievable performance. Other spurious responses

may be found at other frequencies within the transmission bandwidth. In order to make a broadband wireless radio

device more selective, described herein are superheterodyne receivers that may mitigate the vulnerabilities/side-

effects described above. In particular, described herein are devices and mechanisms that alter the intermediate

frequency based on the detected or predicted distractors (e.g., spurious responses) at predetermined frequencies,

including in particular the half-IF spurious response. This mechanism of dynamically changing the frequency plan

in response to actual interference to avoid predictable spurious is applicable to other spurious vulnerabilities as well

as the half-IF frequency (e.g., adjacent channel interference, 2x2 spurious responses, and other interferers).

SUMMARY OF THE DISCLOSURE

[000 5] Described herein are wireless radio apparatuses (devices and systems) that include integrated spectrum

analyzers. For example, described herein are devices and systems that include a first wireless radio receiver and

transmitter (or transceiver) that operates in parallel with a second receiver; the second receiver may be configured as

a spectrum analyzer, and continuously scans the operating band. Thus, in any of the devices described herein, the

spectrum analyzer portion and the first receiver may be operated concurrently and independently of each other.

Information on the spectrum that comes from monitoring the operating band may be stored, analyzed and/or

transmitted by a processor that is associated with the spectrum analyzer, referred to herein as a spectrum processor.

The spectrum information may be encrypted and may be transmitted to one or more remote processors (including

servers) using the transmitter (Tx) that is used for normal operation of the wireless radio, or the spectrum analyzer

may include a dedicated transmitter (or transceiver).

[000 16] For example, described herein are wireless radio devices that are configured to wirelessly receive and

transmit radio frequency signals in an operating band and have an integrated spectrum analyzer. The spectrum

analyzer may be configured to operate continuously or continuously or constantly. For example, the spectrum

analyzer may be adapted to constantly scan an operating band, and after one or more (predetermined) scan, may

pause before starting the next scan or sets of scans. For example, a wireless radio device configured to wirelessly

receive and transmit radio frequency signals in an operating band having an integrated spectrum analyzer may

include: an antenna (e.g., a receive antenna); a first receiver coupled to the antenna by a first receiving path for

receiving a radio frequency signal within the operating band from the antenna; a spectrum analyzer operating in

parallel with the first receiving path, wherein the spectrum analyzer is configured to continuously scan through the

operating band and collect spectrum information on the operating band concurrent with the first receiver receiving

the radio frequency signal; and a spectrum processor coupled to the spectrum analyzer and configured to wirelessly

transmit the spectrum information to a remote spectrum analysis unit.

[000 17] The antenna may be for both receiving and transmission, or it may be a dedicated receive antenna.

Although the primary receiver (or transceiver) may operate with the same antenna (and in parallel) as the receiver

adapted to operate as the spectrum analyzers, the spectrum analyzer may use a separate (e.g., dedicated) antenna.

[000 18] The general-purpose receiver of the device or system typically receives radio frequency signals within

an operating band, as described in greater detail below, may operate in one or more channels and may be switches



between channels within the operating band. The spectrum analyzer typically scans through all of the channels of

the operating band. In some variations, the spectrum analyzer may scan though a band that is larger than the

operating band, for example, bracketing the operating band on one or both sides of the spectrum.

[000 19] A wireless radio device configured to wirelessly receive and transmit radio frequency signals in an

operating band may include: an antenna; a first receiver coupled to the antenna by a first receiving path for receiving

a radio frequency signal from the antenna; a second receiving path in parallel with the first receiving path, the

second receiving path coupled to the antenna and connected to a spectrum analyzer, wherein the spectrum analyzer

is configured to continuously scan the operating band while the first receiver receives the radio frequency signal and

to record spectrum information on the operating band; and a spectrum processor coupled to the spectrum analyzer

and configured to encode the spectrum information for transmission to a remote spectrum analysis unit.

[00020] Any of these devices may also include a first transmitter coupled to the antenna for transmitting radio

frequency signals from the antenna. A high-selectivity receiver may also be included in the first receiving path, and

configured to select an operational frequency (e.g., channel) for the first receiver from within the operating band.

[0002 1] The first receiver may be part of a transceiver comprising both a transmitter and a receiver. In general,

the first receiver may operate independently of (and simultaneously with) the spectrum analyzer.

[00022] In general, the spectrum processor may be separate than a processor that operates/control operation of

the primary receiver (and/or transmitter and/or transceiver). For example, the spectrum processor may be

configured to store, transmit, and/or analyze the spectrum information, as well as control the scanning of the

spectrum by the spectrum analyzer (secondary receiver). For example, a spectrum processor of a spectrum analyzer

may be configured to store spectrum information for later transmission. In some variations the spectrum processor

may be configured to prepare the spectrum information for storage and/or transmission. For example, the spectrum

processor may be configured to compress, extract, or encode the spectrum information for storage and/or

transmission. For example, the spectrum processor may also attach additional information, such as identifying

information for the device (wireless radio device) including a unique identifier specific to the device, and/or

information about the general type of the device (model, year, etc.), time/date information may also be bundled with

the spectrum information. The spectrum processor may therefore store the information and transmit it either

continuously or discretely. The spectrum processor may use a dedicated transmitter and/or it may use the primary

transmitter of the wireless radio device. For example, the spectrum information may be encoded and passed for

transmission by the device (e.g. to a remote server) in a manner that does not interrupt normal operation of the

wireless radio device (in the absence of the dedicated transmitter).

[00023] Also described herein are general methods of simultaneously monitoring a frequency spectrum of an

operating band and transmitting and receiving wireless information within the operating band. Any of these

methods may be performed by the apparatuses (device and systems) described herein. For example, a method of

simultaneously monitoring a frequency spectrum of an operating band and transmitting and receiving wireless

information within the operating band may include: receiving and transmitting radio frequency signals within the

operating band using a, wireless radio device including an integrated spectrum analyzer; continuously monitoring

the frequency spectrum of the operating band concurrently with receiving and transmitting the radio frequency

signals using the spectrum analyzer of the wireless radio device; and transmitting spectrum information collected

from the spectrum analyzer to a remote spectrum analysis unit.

[00024] Another method of simultaneously and independently monitoring a frequency spectrum of an operating

band and transmitting and receiving wireless information within the operating band may include: receiving and



transmitting a radio frequency signal within the operating band using a wireless radio device having an integrated

spectrum analyzer; continuously monitoring the frequency spectrum of the operating band and encoding the

spectrum information using the spectrum analyzer of the wireless radio device concurrently with receiving and

transmitting the radio frequency signal within the operating band; and transmitting the spectrum information to a

remote spectrum analysis unit.

[00025] As mentioned, in any of these methods, the spectrum information in the wireless radio device may be

stored, for later analysis and/or transmission.. Any of the methods described herein may also include encoding the

spectrum information in the wireless radio device.

[00026] The primary receiver may operate completely or partially independent of the spectrum analyzer (e.g., a

secondary receiver configured to operate as a spectrum analyzer). For example, receiving (and transmitting) radio

frequency signals may include operating a receiver, transmitter or transceiver of the wireless radio device without

input from the spectrum analyzer. For example, in some variations the devices described herein are adapted to

provide local frequency spectrum information about the frequency environment of the device to a remote spectrum

analysis apparatus. However, as described below, in some variations information about certain specific frequencies

may be used by the primary receiver (and/or transmitter) to modify the operation of the device.

[00027] For example in some variations a device having a primary receiver and a secondary receiver may be

configured so that the secondary receiver (which may be configured as a spectrum analyzer) looks at specific (e.g.,

predetermined) frequencies in order to avoid interference. In particular, described herein are apparatuses and

methods for wireless broadband radio reception that prevent or avoid interferers, including in particular half-IF

interferers. In general, described herein are apparatuses, including systems and devices, and methods that adjust the

intermediate frequency in a superheterodyne receiver to select an intermediate frequency that minimizes interference

at one or more predetermined frequencies. In particular, described herein are apparatuses and methods that use a

second receiver, which is independent of the first receiver, and may be connected to the same receiving antenna, to

detect the frequency location(s) of spurious interferers, and select or adjust the intermediate frequency using this

information. The predetermined location of the spurious interferer may be calculated (e.g., the half-IF frequency of

the system) or it may be determined empirically, by scanning or otherwise examining the bandwidth before or

concurrently with operating the receiver, e.g., using a second receiver, spectrum analyzer, or receiver configured as

a spectrum analyzer.

[00028] For example, described herein are methods of controlling reception for a wireless broadband radio by

selecting between a plurality of intermediate frequencies (IFs) to minimize interference at first predetermined

frequency (such as the half-IF frequency interference). Any of these methods may include: receiving a radio

frequency (RF) signal having a frequency fsg in a first receive path having a mixer for generating an intermediate

frequency (IF) signal from the RF signal by mixing the RF signal with a local oscillation (LO) signal having a local

oscillation frequency f ; , wherein the intermediate frequency is initially set to a first intermediate frequency, f ;

determining an interference in the RF signal at the first predetermined frequency; and switching the intermediate

frequency to a second intermediate frequency, f1F2, and generating the IF signal from the RF signal at the second

intermediate frequency if the interference in the RF signal at the first predetermined frequency exceeds a threshold

level. When the first predetermined frequency is the half-IF frequency it may correspond to the one-half of f^i (a

half-IF 1 frequency).

[00029] As mentioned above, the predetermined frequency may be the half-IF frequency. Spurious interferers

at other predetermined frequencies may also be avoided. As used herein, the first (or second, third, etc.)

predetermined frequency is predetermined in that it is known ahead of time by the receiver. It may be calculated



from a current or proposed IF (e.g., the half-IF frequency) or it may be identified ahead of time by scanning the

bandwidth (e.g., using a spectrum analyzer, receiver operating as a spectrum analyzer, etc.). In particular, the

predetermined frequency may be determined by scanning the bandwidth using an auxiliary receiver (which may also

be referred to as a monitoring receiver) that is independent of the primary receiver. In general, the first or other

predetermined frequencies may also be referred to as spurious interferer frequencies. For example, the first

predetermined frequency may be referred to as a first spurious interferer frequency; the frequency may or may not

actual include spurious interference. In some variations the first predetermined frequency is a frequency in which it

is likely that spurious interference will be present.

[00030] In any of these examples, generating the IF signal at the second intermediate frequency may include

modifying fLo to shift the IF to

[0003 1] Any of these methods may also include receiving the RF signal in a wireless broadband radio

comprising a first receiver having the first receive path and a second receiver having a second receive path, wherein

the first and second receivers are both coupled to the same receiving antenna configured to receive an RF band. The

second receiver may be a monitoring receiver configured to scan the band for interference independently of the first

receiver. Either or both the first and second receivers may be 802.1 1 receivers.

[00032] In general, a second receiver (e.g., a monitoring receiver) may be used as a backup or redundant

channel. For example, switching the intermediate frequency to a second intermediate frequency may further

comprise receiving the RF signal in a second receive path while switching the IF to f 2 to prevent an interruption in

data traffic during switching.

[00033] Further, determining the interference in the RF signal at the first predetermined frequency (such as the

half-IF 1 frequency) may comprise monitoring a band including the RF frequency and the first predetermined

frequency (e.g., half-IFl) on a second receive path that is independent of the first receive path. In general, the

method may also include determining an interference signal/level in the RF signal at a second predetermined

frequency. For example, the second predetermined frequency may be the one-half of fIF2 (a half-IF2 frequency).

[00034] The threshold for determining switching of the IF frequency (e.g., from IF1 to IF2) may include a

comparison between the energy in the RF band at the first predetermined frequency (such as the half-IF frequency of

the first IF, IF1) and energy in the RF band at the second predetermined frequency (such as the half-IF frequency of

the second IF, IF2). For example, switching may comprise switching the intermediate frequency to the second

intermediate frequency and generating the IF signal from the RF signal at the second intermediate frequency if the

interference in the RF signal at the half-IFl frequency is greater than the interference in the RF signal at the half-IF2

frequency. In some variations, the switch may be triggered if the interference in the first predetermined frequency is

more than an offset (e.g. a predetermined offset) from the interference at the second predetermined frequency; for

example, the method (or an apparatus implementing the method) may trigger switching if the interference at the first

predetermined frequency is more than 10 dB greater than the interference at the second predetermined frequency.

[00035] Thus, in general, the method may include switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if an interference in the RF signal at the second

predetermined frequency exceeds a threshold level. For example, the method may include switching the

intermediate frequency from the second intermediate frequency back to the first intermediate frequency if an

interference in the RF signal at the second predetermined frequency exceeds the interference in the RF signal at the

first predetermined frequency.



[00036] In any of the methods and apparatuses described herein, the IF may be switched from an initial IF to a

new IF that is slightly shifted relative the initial IF. The initial IF may be referred to as a "first IF" and the new IF

may be referred to as a "second IF" (or additional IFs, e.g., third IF, fourth IF, fifth IF, etc.). The frequencies of the

first IF (IF1) and second IF (IF2) may be slightly shifted relative to each other. For example, the frequency of the

second IF may be laterally shifted relative to the first IF (e.g., the new IF may be shifted relative to the initial IF by

between about 10 MHz and about 250 MHz, between about 20 MHz and 200 MHz, between about 40 MHz and 150

MHz, etc.). In some embodiments, the initial IF and the new IF may be selected to be sufficiently nearby to permit

the same filters that are adapted for use with the initial IF to be used with the new (shifted) IF, e.g., shifting within

the bandwidth of the filter of the apparatus, while still providing sufficiently different the first and second

predetermined frequencies (e.g., the half-IF) to avoid a spurious interferer that may be at or near one of the

predetermined frequencies. In some variations the methods and apparatuses may switch to a new (e.g., second) set

of filters for use with the second IF (IF2). For example, switching the intermediate frequency to the second

intermediate frequency may comprise switching the intermediate frequency from the first intermediate frequency to

an intermediate frequency that is between about 10 MHz and about 250 MHz from the first intermediate frequency.

One of skill in the art should understand that the terms "first IF" and "second IF" as used herein does not refer to

cascading or using an intermediate step-down in frequency that may be used during superheterodying (e.g.,

converting from 150 MHz down to 10.7 MHz, then down to 455 kHz before demodulating). In contrast, the first IF

and second IF described herein typically refer to alternative configurations of the IF, and may be referred to as "first

configuration" and "second configuration".

[00037] Thus, the methods described herein may also include switching in the first receiving path from a first

filter configured to operate at the first intermediate frequency to a second filter configured to operate at the second

intermediate frequency.

[00038] Interference in the RF band at a particular frequency (or frequency range) such as the half-IF 1 or half-

IF2 frequencies, may be determined in any appropriate manner. For example, determining the interference in the RF

signal at a first predetermined frequency (including but not limited to the half-IFl frequency) may comprise

determining an error rate at the first predetermined frequency. In some variations, the interference may be

determined based on the signal strength (e.g., energy) at the frequency or range of frequencies, and particularly the

non-signal energy at those frequencies.

[00039] Any of the methods of controlling reception for a wireless broadband radio by selecting between a

plurality of intermediate frequencies (IFs) to minimize a predetermined frequency interference may include all or

some of the steps such as: receiving a radio frequency (RF) signal having a frequency fsg in a first receive path

having a mixer for generating an intermediate frequency (IF) signal from the RF signal by mixing the RF signal with

a local oscillation (LO) signal having a local oscillation frequency f o; wherein the intermediate frequency is

initially set to a first intermediate frequency, determining an interference in the RF signal at a first

predetermined frequency; determining an interference in the RF signal at a second predetermined frequency; and

switching the intermediate frequency to the second intermediate frequency and generating the IF signal from the RF

signal at the second intermediate frequency if the interference in the RF signal at the first predetermined frequency

exceeds the interference in the RF signal at the second predetermined frequency by a threshold amount. As

mentioned, the first predetermined frequency may be any appropriate predetermined spurious interferer frequency,

including (but not limited to) the half-IF frequency; for example, the first predetermined frequency may be one-half

of f j (a half-IFl frequency), and the second predetermined frequency may be one-half of a second intermediate

frequency, frF2 ( half-IF2 frequency).



[00040] As mentioned above, determining an interference in the RF signal at the first predetermined frequency

and determining the interference in the RF signal at the second predetermined frequency may include monitoring a

band including the RF frequency, the first predetermined frequency and the second predetermined frequency on a

second receive path that is independent of the first receive path.

[0004 1] As mentioned above and in general, switching the IF frequency may also include adjusting the local

oscillator based on the new IF. For example, generating the IF signal at the second intermediate frequency

comprises modifying to shift the IF to ¾2·

[00042] Any of the methods and apparatuses described herein may be configured for operation with a second

(e.g., monitoring) receiver that is also connected to the same receiving antenna as the first receiver. For example,

the method of operation may also include receiving the RF signal in a wireless broadband radio comprising a first

receiver having the first receive path and a second receiver having a second receive path, wherein the first and

second receivers are both coupled to the same receiving antenna configured to receive an RF band. The second

receiver may be a monitoring receiver configured to scan the band for interference independently of the first

receiver. Either or both the first and second receivers may be 802. 11 receivers. Switching the intermediate

frequency to a second intermediate frequency may further comprise receiving the RF signal in a second receive path

while switching the IF to f 2 to prevent an interruption in data traffic during switching. Further, determining the

interference in the RF signal at the predetermined frequency may comprises monitoring a band including the RF

frequency and the predetermined frequency on a second receive path that is independent of the first receive path.

[00043] Switching may comprise switching the intermediate frequency to the second intermediate frequency

and generating the IF signal from the RF signal at the second intermediate frequency if the interference in the RF

signal at the first predetermined frequency is greater than the interference in the RF signal at the second

predetermined frequency by any amount; however, in some variations if the interference in the RF signal at the half-

IF1 is the same (or approximately the same) as the interference at the second predetermined frequency, then the

method or any of the apparatuses implementing the method may remain at IF2, and not switch.

[00044] As already described, switching may comprise switching the intermediate frequency to the second

intermediate frequency and generating the IF signal from the RF signal at the second intermediate frequency if the

interference in the RF signal at the first predetermined frequency is greater than the interference in the RF signal at

the second predetermined frequency by some predetermined amount (e.g., about 10 dB).

[00045] Any of the methods (and/or apparatuses for implementing them) described herein may also include

switching the intermediate frequency from the second intermediate frequency back to the first intermediate

frequency (or to a third IF) if the interference in the RF signal at the second predetermined frequency exceeds the

interference in the RF signal at the first predetermined frequency (or the third frequency) by a second threshold. As

before the threshold may be the same as for switching from IF to IF2 (including simply that the interference at IF2

> interference at IF1).

[00046] For example, the method may also include switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if the interference in the RF signal at the half-IF2

frequency exceeds the interference in the RF signal at the half-IFl frequency. As described above, switching the

intermediate frequency to the second intermediate frequency may comprise switching the intermediate frequency

from the first intermediate frequency to an intermediate frequency that is between about 10 MHz and about 250

MHz from the first intermediate frequency.



[00047] Also as mentioned above, in general, the method (or an apparatus implementing the method) may

include switching in the first receiving path from a first filter configured to operate at the first intermediate

frequency to a second filter configured to operate at the second intermediate frequency. In other variations the same

filter (or filter set) may be used with any of the intermediate frequencies selected (e.g., IF1, IF2, etc.).

[00048] Also described herein are wireless broadband radio apparatuses adapted to select between a plurality of

intermediate frequencies (IFs) to minimize interference (and particularly spurious interference at specific

frequencies such as the half-IF interference). For example, an apparatus may include: a receiving antenna; a first

receiver coupled to the receiving antenna having a first receiving path for receiving a radio frequency (RF) signal

having a frequency fsg ; a mixer in the first receiving path configured to generate an intermediate frequency (IF)

signal from the RF signal by mixing the RF signal with a local oscillation (LO) signal having a local oscillation

frequency fLo and a controller configured to determine if an interference in the RF signal at a first predetermined

frequency (such as, but not limited to, one-half of i , a half-IF 1 frequency) exceeds a threshold, and to switch the

intermediate frequency to a second intermediate frequency, ¾¾ if the interference at the first predetermined

frequency exceeds the threshold.

[00049] The radio frequency (RF) signal may have a frequency f within a band (RF band) and the apparatus

may further comprise a second receiver coupled to the receiving antenna, the second receiver configured to monitor

the band and to scan the band for interference independently of the first receiver.

[00050] In some variations the same filter (or filter sets) may be used by the receiver for both IF1 and IF2; in

other variations different filters (or filter sets) may be used depending on the IF. For example, the first receiving

path may comprise a first filter adapted for use with the first intermediate frequency and a second filter adapted for

use with the second intermediate frequency, wherein the controller is further configured to select the first or second

filter based on the intermediate frequency.

[0005 1] Any of the apparatuses described herein may be configured to also transmit and may therefore include

one or more (preferably 2) transmitters coupled to a transmit antenna.

[00052] In general, the controller (which may also be referred to as a processor, control processor or control

block) may be configured to set f >based on the intermediate frequency, as mentioned above. The controller may

be configured to switch the intermediate frequency to the second intermediate frequency, fIF2, if the interference at

the first predetermined frequency is greater than an interference at the second predetermined frequency. The

controller may be configured to switch the intermediate frequency to the second intermediate frequency, ¾ if the

interference at the first predetermined frequency is greater than interference at a second predetermined frequency by

some threshold value (e.g., 10 dB higher than interference at a second predetermined frequency).

[00053] As mentioned, the second intermediate frequency may be slightly offset relative to the first IF. For

example, the second IF may be between about 0 MHz and about 250 MHz (about 20 MHz and about 200 MHz,

about 40 MHz and about 150 MHz, etc.) from the first intermediate frequency.

[00054] The first (and in some variations, the second) receiver may be a 802.1 1 receiver.

[00055] Any of the apparatuses may also include a second receiver coupled to receive input from the first

antenna, wherein the controller is configured to process received RF signals using the second receiver while

switching the intermediate frequency to f 2 to prevent an interruption in data traffic during switching.

[00056] As mentioned, the controller may be configured to determine if the interference in the RF signal at a

first predetermined frequency (such as the half-IF 1 frequency) exceeds the threshold by comparing the interference

in the RF signal at the first predetermined frequency with an interference in the RF signal at a second predetermined



frequency (e.g., in some variations one-half of a half-IF2 frequency). The controller may be configured to

determine if the interference in the RF signal at the first predetermined frequency exceeds the threshold by

comparing an error rate at the second predetermined frequency with the threshold. In any of these variations, the

threshold may not depend on the error rate at a second (or other) frequency, but may be based on an absolute

threshold level.

[00057] Also described herein are wireless broadband radio apparatuses adapted to select between a plurality of

intermediate frequencies (IFs) to minimize interference, the apparatus comprising: a receiving antenna; a first

receiver coupled to the receiving antenna having a first receiving path configured to receive a radio frequency (RF)

signal having a frequency fsg within a band; a second receiver coupled to the receiving antenna configured to

monitor the band and to scan the band for interference independently of the first receiver; a mixer in the first

receiving path configured to generate an intermediate frequency (IF) signal from the RF signal by mixing the RF

signal with a local oscillation (LO) signal having a local oscillation frequency f 0 ; a controller configured to receive

input from the second receiver to determine if an interference in the RF signal at a first predetermined frequency

(e.g., one-half of f , a half-IFl frequency) exceeds a threshold, and to switch the intermediate frequency to a

second intermediate frequency, 2, when the interference in the RF signal at the first predetermined frequency

exceeds the threshold.

[00058] In some variations, the first receiving path may comprises a first filter adapted for use with the first

intermediate frequency and a second filter adapted for use with the second intermediate frequency, wherein the

controller is further configured to select the first or second filter based on the intermediate frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

[00059] FIG. 1A schematically illustrates one example of a device having an integrated spectrum analyzer for

independently and continuously monitoring the operating band.

[00060] FIG. IB schematically illustrates another example of a device having an integrated spectrum analyzer

for independently and continuously monitoring the operating band.

[0006 1] FIG. 1C is a schematic illustration of a wireless radio device including a persistent spectrum analyzer

operating in parallel with a high-selectivity receiver.

[00062] FIG. 2A is schematic diagrams showing one variation of a wireless broadband radio apparatus adapted

to select between a plurality of intermediate frequencies (IFs) to minimize interference, as described herein.

[00063] FIGS. 2B and 2C show variations of wireless broadband radio apparatuses adapted to select between a

plurality of intermediate frequencies (IFs) to minimize interference; FIG. 2B shows a device having two antenna; in

FIG. 2C, the device has two parabolic antenna.

[00064] FIG. 3 is a schematic illustrating one variation of a wireless broadband radio apparatus adapted to

select between a plurality of intermediate frequencies (IFs) to minimize interference, including a primary receiver

(having a receiving path) and a secondary or monitoring receiver, with both primary and secondary receivers

connected to the same receiving antenna.

[00065] FIG. 4 is a schematic illustration of another variation of a wireless broadband radio apparatus adapted

to select between a plurality of intermediate frequencies (IFs) to minimize interference. In FIG. 4, the first receiving

path (in the primary receiver) includes two filter sets; a first filter is matched to the first IF, and the second filter is

matched to the second IF. Switching between the first and second IFs will also switch the first receiver between the

appropriate filters to match the IF.



[00066] FIG. 5 illustrates another schematic of a wireless broadband radio apparatus adapted to select between

a plurality of intermediate frequencies (IFs) to minimize interference. In this variation the apparatus is also

optimized to reduce adjacent channel interference; a high-selectivity RF circuit is coupled between the antenna and a

first radio receiver. Either or both the first radio receiver and/or the high-selectivity RF circuit may be adapted as

described herein to switch the IF.

[00067] FIGS. 6A and 6B illustrate schematics of wireless broadband radio apparatus adapted to select between

a plurality of intermediate frequencies (IFs) to minimize interference. In FIG. 6A the apparatus includes a

secondary radio receiver that is adapted to monitor the RF band of interest. In FIG. 6B, the secondary radio receiver

may also be configured to act as a receiver for receiving wireless data when the first receiver is switching or

otherwise not available.

[00068] FIG. 7A is a frequency spectrum diagram for a radio channel showing an interferer near two half-IF

frequencies for a first IF and a second (or alternate) IF, respectively.

[00069] FIG. 7B illustrates a method of controlling reception for a wireless broadband radio by selecting

between a plurality of intermediate frequencies (IFs) to minimize a half-IF frequency interference.

[00070] FIGS. 8A-8B illustrate a frequency spectrum diagram for a radio channel and an adjacent channel

desired band strong interferer.

DETAILED DESCRIPTION

[00071] In general, described herein are wireless radio apparatuses that include a first (primary) receiver and a

second (secondary) receiver that are connected in parallel, for example, to the same receiving antenna. The primary

receiver may be a high-selectivity receiver, and may be configured to receive radio-frequency signals within an

operating frequency band. The second receiver may be configured as a spectrum analyzer, that analyzes all or a

portion (e.g., at predetermined frequency locations) of the operating band. The secondary receiver typically

operates simultaneously with the first receiver, and may operate continuously or periodically (e.g., at regular

intervals) to scan the operating band or predetermined portions of the operating band. The second receiver may be

controlled by a secondary processor, which may be configured as a spectrum processor for controlling operation of

the secondary receiver as a spectrum analyzer.

[00072] For example, FIGS. 1A and IB schematically illustrate two generic variations of devices that include a

primary receiver (or a receiver portion of a transmitter) that is used to receive wireless data and operates at one or

more frequency channels within an operating band; these devices also include a secondary receiver that, in

conjunction with a secondary processor, simultaneously scans the frequency spectrum of the operating band.

[00073] In FIG. 1A, the device 101 includes an antenna 102 to which a primary receiver 108 is connected via a

receiving path (line 112). The primary receiver 108 is connected to (and may be controlled by) a primary processor

106 or controller. In some variations the receiver is part of a transceiver. In some variations (not shown) a separate

transmitter may be connected to the processor 106 and/or the antenna 102. This 'primary' pathway may operate to

wirelessly communicate with one or more other devices and typically transmits and receives radio-frequency

information using one or more channels that are part of an operating frequency band. In this example, a secondary

receiver 124 is connected in parallel with the primary receiver 108 to the same antenna 102 which is also connected

to a secondary processor 122. In some variations a separate antenna may be used. In FIG. 1A, the secondary

receiver 124 is configured as a spectrum analyzer 120, and the secondary processor 122 is configured as a spectrum

processor 122. The spectrum processor can control the spectrum analyzer 120 and process spectrum information



about the frequency band (or specific, predetermined sub-portions of the frequency band). In particular, the

spectrum analyzers (e.g., the spectrum processor portion of the spectrum analyzer) may store (e.g., in a memory

130), analyze, encode, and/or transmit the spectrum information.

[00074] For example, a spectrum processor may cause the secondary receiver to scan through the operating

band (frequency band) collecting frequency spectrum information, including process frequency information at

specific predetermined frequencies. In FIG. A the spectrum information (encoded or otherwise) may be

transmitted (e.g., using the shared antenna 102 or a dedicated spectrum analyzer antenna or another secondary

antenna), stored, presented (e.g., displayed) or analyzed.

[00075] In use, there are many functions that may be performed by apparatuses including a primary receiver

and a secondary receiver adapted to analyze the local frequency spectrum of the apparatus. In some examples, such

an apparatus may be used for simultaneously communicating wirelessly (e.g., via the primary receiver, a primary

transmitter and/or a primary transceiver) and monitoring the local frequency spectrum over the operating band. The

frequency information may be collected, analyzed, stored and/or transmitted. Spectrum information (data) from the

spectrum analyzer may be processed by filtering or the like. A spectrum analyzer may process signals continuously,

e.g., without consideration of protocol preambles or data coding as would be used in the primary receiver. Thus

packet detection is not required. Frequency domain information may describe power versus frequency for the real

and imaginary component.

[00076] Spectrum information may be encoded with additional information such as one or more of: temporal

information (date/time the frequency information was collected), location/position information (e.g., GPS

information locating the device geographically), orientation information (e.g., direction orientation), device-

identifying information (unique identifiers for a particular device, information about the make/model of the device,

lot number, etc.), or the like.

[00077] Any of the frequency information (including encoded information) may be stored and/or transmitted.

For example, in FIG., 1A, the spectrum analyzer is shown connected to the antenna so that it can be transmitted.

[00078] FIG. IB is another example of a device including a spectrum analyzer 120 connected in parallel to a

primary receiver 108. In this example, the primary receiver is also connected to a processor 106 along with a

primary transmitter 110. A second antenna 104 is used to transmit, while a receiving antenna 102 is used for

receiving wireless radio-frequency information. In FIG. IB, the same device may be transmitting and receiving

simultaneously, and at the same time monitoring (using the spectrum analyzer 120) the frequency spectrum of the

operating band.

[00079] In both FIG. 1A and FIG. IB, the spectrum analyzers may wirelessly transmit spectrum information

(encoded or not). The spectrum information may be transmitted by primary transmitter and/or directly by the

antenna (e.g., in FIG. IB, the transmission antenna), as indicated by the dashed lines in FIG. IB.

[00080] As mentioned above, described herein are radio devices that include at least two sets of radio receivers,

where the first (primary) one of the receivers may be configured to act as a wireless radio for receiving data and the

second receiver may be adapted to do persistent spectrum analysis of the band that the first receiver is operating in.

In some variations, the device may modify the first receiver based on information from spectrum analysis. In some

variations, the device does not modify the first receiver based on information from the spectrum analysis. The

device may be adapted to transmit information about the local radio frequency (RF) environment from the spectrum

analyzer and report this information to an aggregator (e.g., a remote processor/server) that can combine this



information with other frequency spectrum information from other locations (or overlapping locations). This

collected information may be used to optimize the network frequency channel planning, for example.

[0008 1] Thus, described herein are apparatuses and methods that use a secondary receiver set, which may

be independent of the first receiver set and may be connected to the same receiving antenna or may have a separate

antenna, and is configured as a spectrum analyzer. In the example, shown in FIG. 1C, a radio device that is

configured as an 802.1 1 device operating in the 5 GHz band and includes pair of receivers 1 , 113. One of the

receivers is adapted as a spectrum analysis receiver that is continuously sweeping the full 5GHz band. In FIG. 1C,

both receivers are connected to the same front-end, including an antenna adapted to receive in the 5GHz band 103

and pre-filtering, such as a low-noise amplifier 105. The first receiver 111 is a high-selectivity receiver (HSR) for

processing data within the 5 GHz band. In parallel with the high-selectivity receiver 111, a second receiver 113

operates as a spectrum analyzer to monitor the 5GHz band used by the first receiver 11 . A wireless chipset 109

and processor 107 may be used by either or both receivers. For example, an 802. 1l(n) 5GHz radio may be used as a

spectrum analyzer along with another (data) receiver (primary receiver 111) as part of an 802. 1lac radio. The

802. 1l(n) receiver may perform persistent spectrum analysis in the background as the other receiver receives data.

[00082] The spectrum information may be used to modify or adjust the operation of a network that includes

one or more of the devices described above. In particular, similar devices may all report back to a processor

(aggregator) that can monitor the overall RF environment status of a network or of multiple networks. This

information may be used, for example, to optimize network, by optimizing frequency channel planning or other

means, or for optimizing the positioning or operation of individual devices within the network.

[00083] In some variations, the devices having a primary receiver that is used to receive wireless data and a

secondary receiver connected in parallel with the primary receiver that can act as part of a spectrum analyzer may be

configured to optimize performance of the primary receiver by monitoring specific frequencies in the frequency

spectrum using the secondary receiver operating as a frequency analyzer in order to avoid interferers. For example,

described herein are methods and apparatuses that minimize interference by selecting between a plurality of

intermediate frequencies (IFs) using the secondary receiver to control selection. In particular, the methods and

apparatuses described herein may be useful to reduce or eliminate the problem of spurious interferers.

[00084] Spurious interferes may be at specific, e.g., pre-determined, frequencies. For example, the spurious

interferer may be half-IF interferences. Any of the apparatuses or methods described herein may utilize two (or

more) receivers that both (or all) receive input from a single receiving antenna. These receivers may be independent

of each other. In some variations the receivers may be configured nearly identically. In some variations the

receivers may be configured to act redundantly. In some variations one of the receivers may be a primary receiver

and one may be a secondary receiver. The secondary receiver may be configured as a monitor, to monitor the

desired band of the RF signals (including monitoring as a spectrum analyzer).

[00085] As used herein the desired band may refer to the frequency band or spectrum where the specified

service is permitted to operate. For example, for IEEE 802.1 l b systems, the "desired band" spectrum is the

spectrum encompassing channels permitted by the IEEE 802.1 l b radio standard. For the U.S. this spectrum

includes the 11 channels located within the band 2412 MHz to 2462 MHz. IEEE 802. i l systems may also operate

in other bands such as 5.0 GHz frequency band. The desired band spectrum is also referred to as the in-band

spectrum. A filter that filters the desired band spectrum may be referred to as a "band select filter". "Frequency

band" or "frequency spectrum" may be used interchangeable, and these terms may also have the same meaning as

the term "band" or "spectrum". The phrase out-of-band spectrum may refer to the frequency band or spectrum

outside of the desired band spectrum. For IEEE 802.1 l b systems operating in the 2.4 GHz band, the "out-of-band"



spectrum encompasses frequencies outside of the 2.4 GHz frequency range. A typical out-of-band filter may filter

frequencies outside the frequency band of 2400 MHz and 2484 MHz.

[00086] The phrase "desired channel" may refer to the frequency band or spectrum within the desired band

spectrum where a specific channel may operate. For IEEE 802. 1In systems, the desired channel bandwidth may be

5, 10, 20, or 40 MHz. A filter that selects the desired channel bandwidth may be referred to as a "channel select

filter". For IEEE 802.1 lb systems operating in the 2.4 GHz band, the channel assignments are within the 2412 MHz

to 2462 MHz frequency range and the channel bandwidth may be 5, 10, 20 or 40 MHz. The term "radio signal"

may refer to the radio frequency signal received by the antenna of a radio receiver. The radio signal may comprise

the information signal and the interferer signals. The phrase "RF signal" may refer to a signal operating at radio

frequencies. An RF signal may be the radio signal or may be a signal located in the high selectivity RF circuit. An

"information signal" may refer to the portion of the RF signal that comprises the desired signal or information to be

received. An "interferer signals" may refer to the portion of an RF signal that does not comprise any components of

the information signal. The interferer signals may be desired band (in-band) or out-of-band. Desired band interferer

signals may be located within a desired channel band, or may be located adjacent to a desired channel band. A

strong interferer signal typically has a signal strength that is greater than the information signal, and a lesser

interferer has a signal strength that is less than the information signal. IEEE 802.1 1 refers to the following

standards: IEEE 802.1 In (2.4 GHz and 5 GHz bands), IEEE 802.1 l b (2.4 GHz band), IEEE 802.1 lg (2.4 GHz

band), and IEEE 802.1 l a (5 GHz band). There is also a public safety band available in the U.S. operating with a 4.9

GHz band. Refer to appropriate IEEE standard for further details. For example, IEEE Std 802.1 1-2007.

[00087] A superheterodyne (or "superhet") architecture in a radio receiver may provide superior performance,

especially to address adjacent channel interference (ACI). Heterodyne means to mix two frequencies together to

produce a beat frequency, or the difference between the two frequencies. Amplitude modulation is an example of a

heterodyne process where the information signal is mixed with the carrier to produce side bands. Side-bands occur

at precisely the sum and difference frequencies (beat frequencies) of the carrier and the information signal.

Normally the beat frequency associated with the lower side band is utilized in the radio system. The center

frequency of the lower side-band is the intermediate frequency (IF).

[00088] When a radio system utilizes the lower side-band, a superheterodyne process is implemented. That is,

the term superheterodyne may refer to creating a beat frequency that is lower than the original signal. Hence,

superheterodying mixes another frequency with the carrier frequency of the information signal so as to reduce the

signal frequency prior to processing.

[00089] As an example, for IEEE 802. l i b systems, the received carrier frequencies include channels in the

frequency band from 2412 MHz to 2462 MHz. Hence, a received signal with a carrier of 2412 MHz may be mixed

with a synthesized reference clock of 2038 MHz to generate an IF of 374 MHz.

[00090] One advantage of superheterodyning is an improvement in signal isolation by arithmetic selectivity,

i.e. increasing the fractional bandwidth. This is the bandwidth of a device divided by its center frequency. For

example, a device that has a bandwidth of 2 MHz with center frequency 0 MHz may have a fractional bandwidth

of 2/10, or 20%.

[00091] The ability to isolate signals, or reject unwanted ones, is a result of the receiver bandwidth. For

example, the band-pass filter in the tuner is what isolates the desired signal from the adjacent ones. In reality, there

are frequently sources that may interfere with the radio signal. The FCC makes frequency assignments that generally

prevent this situation. Depending on the application, one might have a need for very narrow signal isolation. If the



performance of your band-pass filter isn't sufficient to accomplish this, the performance may be improved by

superheterodyning.

[00092] As discussed above in the background section, one undesirable consequence of signal processing such

as superheterodying is the half-IF spurious response, which has proven particularly difficult to ameliorate. The

general description of where this spurious signal occurs is "halfway between the desired Rx signal and the LO

frequency", or "half of the IF frequency offset from the desired Rx signal, in the direction of the Local Oscillator

frequency".

[00093] Assuming "low side injection" where the LO frequency is below the Rx (receiver) frequency, a desired

Rx frequency of 5800 MHz, and an IF frequency of 1200 MHz, the half-IF vulnerability would be at 5200 MHz

(5800 - ½ 1200). As discussed above, this is essentially another undesirable mixing product in the mixer. Two

times the ½ IF frequency mixed with two times the local oscillator frequency results in the same IF output

frequency.

[00094] The traditional method of mitigating the half-IF vulnerability is to use a filter to significantly attenuate

Rx signals at this vulnerable frequency. This can be expensive, and can also limit the frequency coverage range of a

receiver to the point that it is undesirable. Assuming even ideal filters, this traditional method would limit the

frequency coverage to slightly less than one half of the IF frequency. So a receiver designed to receive 5.9 GHz as

its upper frequency limit with a 1.2 GHz IF could not be expected to perform below 5.3 GHz because the ½ IF

vulnerability at 5.3 GHz when receiving 5.9 GHz would not be attenuated at all. The interference at that frequency

would have the full gain/response of the receiver and the only rejection would be that inherent in the down

converting mixer. Further, since ideal band pass filters are not available, this frequency coverage range limitation in

practice is more severe; the pass band of the filter must be reduced to allow some acceptable level of attenuation at

these half-IF frequency offsets from the pass band.

[00095] The proposed methods and apparatuses described herein are a compromise between the strict

traditional method relying strictly on filtering, and one that assumes that while interference can be debilitating, the

probability of having significant interference at more than one "half-IF" type frequency offset at the same time is

unlikely. This method does not eliminate the expectation of brute force filtering of the ½ IF frequency, but may

lessen the impact if interference is experienced due to insufficient filtering.

[00096] In general, described herein are methods and apparatus using an "agile" IF frequency that may be

shifted or changed. The IF frequency may be continuously tuned in some variations, or two or more discrete IF

frequencies may be chosen and selected between; IF frequencies maybe selected based on the availability of filters

so that if interference is experienced when using one IF configuration, the configuration can be changed and the

probability of equal interference at the new vulnerable frequency would be low.

[00097] The switching of the IF in the apparatus and methods as described herein may be guided by an analysis

of the band of interest. This analysis may be performed concurrently with the reception of the RF signal(s), and may

be ongoing. In particular, the systems described herein may include a second, independent, receiver that is adapted

to monitor the desired band. For example, FIGS. 2A-2C illustrate different variations of apparatuses that include a

separate receiver. FIG 2A shows an overall schematic illustration of an apparatus having a single receiving antenna

202 and two (or more) independent receivers 208, 208'. Each receiver may have one or more receiving chains. In

FIG. 2A, the apparatus also includes a transmitting antenna 204 and a plurality of transmitters 210, 210' (which may

also be independent). A controller/processor 206 may be included. The controller/processor may be configured to

switch the IF based on information about the interference at particular frequencies (e.g., half-IF frequencies).



[00098] FIGS. 2B and 2C illustrate wireless broadband radio apparatuses that may be adapted to select between

a plurality of intermediate frequencies (IFs) to minimize spurious interference. FIG. 2B shows the outside of an

apparatus having two antennas; this variation the apparatus is a 5GHz (or alternatively a 2.4 GHz) RF radio with two

external antennas that supports 802.1 In MIMO. In the variation shown in FIG. 2C the apparatus includes two

parabolic antennas; a cover (radome) has been removed to show the two antennas 202, 204. In this example, the

apparatus is configured as a 5GHz apparatus that includes a transmit antenna 204 and a receive antenna 202. The

receive antenna is connected directly to two receivers (receiver circuitry). The first receiver is a primary receiver

and the second receiver is a secondary, or monitoring, receiver. A processor/controller is also included and may

communicate with both. The processor/controller may decide, based on information provided by the monitoring

receiver about interference at specific frequencies, which may be known a priori or determined on the fly, whether

to switch the IF of the apparatus when receiving information (data) from the receive antenna. The frequency (or in

some variations frequencies) of the spurious interferer may be provided to the processor/controller (and thus be

predetermined). For example, the monitoring receiver may determine the frequency of a spurious interferer at a first

and/or second predetermined frequency location. For example, the monitoring receiver may determine the

interference at each of the half-IF frequencies for a first IF (IFl, which can also be denoted herein as f
1

i) and a

second IF (IF2, which can also be denoted herein as flr2 ), and this information may be sent to the

processor/controller to determine if the IF should be switched from the first IF (IFl) to the second IF (IF2), for

example, if the interference at the half-IF2 is less than the interference at the half-IF 1 frequency.

[00099] FIG. 3 illustrates one variation of an apparatus configured to switch or adjust IFs in order to avoid or

minimize interferers in a desired RF band, and particularly half-IF interference. In FIG. 3, the apparatus includes a

single receive antenna 301 that is connected to each of two receivers, including a first receiver 303 and a second

receiver 305, configured as a monitoring receiver. The apparatus also includes a processor or controller

(processor/controller) 307. In this example, the apparatus may analyze, in real time, the RF band using the

monitoring receiver 305. The processor/controller 307, which may be part of a more general processor and/or

controller and encompasses both hardware, software and firmware, may determine if the IF should be switched

based on the interference in the band. For example, the controller/processor may determine that there is more

interference (e.g., a strong interferer) near the half-IF frequency at a first IF (IFl) compared to the interference at a

half-IF (IF2) frequency and therefore the apparatus may switch the IF from IFl to IF2 (or vice versa, depending on

the interference profile). In general, the processor/controller 307 may switch the intermediate frequency (IF) based

on the interference profile of the band, including specifically the half-IF frequencies. The interference profile may

include the time duration, frequency (duty cycle/rate of occurrence), etc. The processor/controller 307 may be

configured to adjust the IF, and may also adjust the local oscillator to accommodate the new IF. Thus, the local

oscillator 3 1 may be a programmable local oscillator that is configured to provide an appropriate LO based on the

radio (receiver) tuning and on the set IF.

[000100] The first receiver 303 in FIG. 3 may be generally set up as a superheterodyne receiver, and may

include typical components, including amplification 321, 323, filtering 327, a demodulator 329, and any other

component as appropriate. In FIG. 3, the filter(s) 327 may be chosen as appropriate over a range of IFs, such as IFl

and IF2, so that if the processor/controller switches the IF based on a detected interference (e.g., a half-IF

interference), the same filter(s) may be used. In other variations, as described in FIG. 4, the filter (filter sets) may be

switched as the IF is switched. The first receiver may be connected to, and may receive input from, the

processor/controller 307, to switch the IF, including adjusting the IF and adjusting the LO (programmable and/or

adjustable LO 311).



[0001 0 1] FIG. 4 illustrates a schematic of another example of a wireless broadband radio that is adapted to select

between a plurality of intermediate frequencies (IFs) to minimize the impact of a spurious interferer frequency (such

as a half-IF) interference. In this example, as in FIG. 3, the same antenna (Rx antenna 401) is connected to two

receivers. The first ("primary") receiver 403 includes appropriate superheterodyne circuitry (e.g., filters 427, 428,

amplification 421, 423, mixer 437, demodulator(s) 429, and local/programmable oscillator 4 1). As discussed

above, the second receiver 405 may scan the band, and may therefore be configured as a monitoring receiver. The

monitoring receiver may generally detect interferers, and provide this information (e.g., frequency location) to the

processor/controller to modify activity of the radio, for example, by modifying the first receiver. For example, the

monitoring receiver 405 may examine the energy at the half-IF frequencies for the various selectable intermediate

frequencies (IF1, IF2, etc.), to determine if there is an interferer at these frequencies. The processor/controller may

then switch between the possible IFs based on the information provided by the monitoring receiver, and set the IF of

the receiver 403 accordingly.

[000 102] In FIG. 4, the primary receiver 403 may include a receive path that can be switched 43 1 by the

processor/controller 407 depending on the IF. Although in general different IFs may be only slightly shifted relative

to each other (e.g., IF2 may be within 20-250 MHz of IF 1, or between about 20 MHz to about 50 MHz of IF1,

etc.), the filter used by the superheterodyne receiver may be selected based on the IF being used (e.g., IF1, IF2,

etc.). Thus, in the receive path, the processor/controller 407 may select between a first IF circuit 435 within the

primary receiver, adapted for use when the IF correspond to IF1, and a second IF circuit 437 within the primary

receiver, adapted for use when the IF corresponds to IF2. The filters 427, 428 may share a common amp 423 and

demodulator 429 in the receive path or the first IF circuit and the second IF circuit may include a specific

demodulator and amplifier (not shown) adapted for use at IF1 and IF2, respectively. The processor/controller 407

may switch/select which IF is applied, and which IF circuit to use ( 1st IF circuit 435 or 2nd IF circuit 437), as

appropriate.

[0001 03] In operation, the processor/controller 407 may, in an ongoing manner, receive information from the

monitoring receiver 405 about the RF band including the signal (region of interest) and any other surrounding

regions, and may control the primary receiver (and in some variations, the secondary receiver) in order to avoid

interferers that may reduce the effectiveness of the radio. In the examples of FIGS. 3 and 4, the processor/controller

407 may adjust the IF of the radio, including adjusting the local oscillator, filters, and the like, so that the radio

switches the intermediate frequency to an intermediate frequency providing enhanced performance, e.g., to avoid

interferers such as the half-IF spurious response. Although FIGS. 3 and 4 show only two IFs (IF1 and IF2), three or

more IFs may be used, and selected between by the processor/controller in the same manner. Additional circuitry

(e.g., filters) appropriate to each IF may be included.

[000 104] In FIGS. 3 and 4, the apparatus adjusts the IF of one (or both in apparatuses in which the secondary

receiver may also be used to receive and process data, for example, during switching) of the receivers within the

superheterodyne circuitry. In any of these variations, the IF may or alternatively be adjusted in any pre-processing

circuits, as described in apparatuses including adjacent channel optimization receivers, as described in US

8,219,059. In these apparatuses, the receiver includes a high-selectivity RF circuit that processes the signal (down-

converting, filtering, and up-converting) to remove interferers that are near but not within a desired bandwidth. FIG.

5 illustrates a variation of a high-selectivity circuit 508 that is connected to a second (monitoring) receiver through a

processor/controller 507 that can select the IF for the high-selectivity circuit. In some variations the

processor/controller may also communicate 541 with the primary receiver and set the IF within the receiver (as

shown in FIGS. 3 and 4, above).



[000 105] FIGS. 6A and 6B schematically illustrate wireless broadband radios that may select between a plurality

of intermediate frequencies (IFs) to minimize a half-IF frequency interference. As mentioned above, any of the

apparatuses and methods described herein may include multiple (independent) receivers that communicate with the

same receiving antenna. One of these receivers may be designated as a primary receiver and the other as a

secondary receiver; in some variations the two receivers may be interchangeable, while in other variations one

receiver may be a dedicated monitoring receiver. For example, in FIG. 6A, the primary receiver is configured as an

802. 11 receiver, and the secondary receiver is a monitoring receiver. A control (e.g., "processor/controller" or IF

controller) 604 receives input from the monitoring receiver 605, and may adjust the primary receiver 603, e.g.,

selecting the IF of the primary receiver. In the variation shown in FIG. 6B, both the primary receiver 603' and the

secondary receiver 605' are be configured as an 802. 11 receiver; the control 604' may communicate with both the

primary and secondary receiver. The primary and secondary receivers may switch between monitoring and data

processing; this switching may be controlled by the controller 603'. In the variation of FIG. 6B, each receiver may

be adapted to operate at a slightly different IF (or more than one IF).

[000106] Any of the apparatuses described herein may be configured to reduce or minimize interference by

taking advantage of a second receiver that operates in parallel with a primary receiver. By concurrently and actively

monitoring the RF band, the second receiver may provide information allowing the apparatus to avoid, minimize or

eliminate interferers. In particular, the apparatus may be specifically configured to avoid spurious interferers at the

half-IF. This is illustrated, for example, in FIG. 7A. FIG. 7A shows a frequency spectrum diagram including a

radio channel of interest. FIG. 7A also indicates the location of the desired signal 701, and the locations of each of

two half-IF positions for two different IFs (e.g., configuration # 1 at IF1 and configuration #2 at IF2). Although the

desired signal 701 is well-separated from the interferer identified 705, the interferer is very near to the half-IF

location of the first configuration (IF1), which would result in a spurious signal due to the half-IF if the first IF

(configuration # 1) were used. In this example, the band may be monitored as shown in FIG. 7A by a second (e.g.,

monitoring) receiver that can determine the location of interferers, including monitoring sensitive locations or

regions of the spectrum (e.g., ½ IF1, ½ IF2, locations of filters etc.). This information may be passed on to a

processor/controller (e.g., IF controller) and used to set or switch the Intermediate Frequency (IF).

[000 107] In the FIG. 7A, some interference is experienced at the half-IF vulnerability for first configuration

(configuration #1) 707. There is some attenuation in the RF band pass filter at this frequency, but not very much.

If the IF configuration were changed to the second configuration ("config #2") which corresponds to a half-IF at

709, the interference would be avoided entirely. FIG. 7A indicates the vulnerable frequency ranges 707, 709 for

each configuration when configured to receive "desired signal".

[000108] Thus, in some variations, a method or apparatus incorporating the method may use two IF frequencies

that are relatively close. For example, a first and second IF that are within 250 MHz or less, where filters that

provide close-in selectivity are available. The method and/or apparatus may adaptively select between these two IF

frequencies to dodge interference. This may not only result in reduced interference susceptibility, but may also

offer a wider frequency coverage range without additional substantial filtering requirements, or without needing

complex and expensive filters.

[000 109] In general, the method switches the IF of an apparatus based on the amount of interference in a

predetermined location (e.g., at the half-IF). The system actively monitors a frequency region such as the half-IF

frequency to determine if there is interference above a threshold and, if so, switches to another IF. In general, a

threshold may be a predetermined value, or it may be based on comparison to another region. For example a

threshold may be the amount of interference at another frequency region, such as the half-IF at the alternate



frequency (IF2). A system may toggle between a first IF (IFl) and a second IF (IF2) by comparing the amount of

interference at each of these susceptible frequencies, choosing the IF having less interference at its half-IF

frequency.

[000 110] FIG. 7B illustrates an example of a method for controlling reception of a wireless broadband radio by

selecting between a plurality of intermediate frequencies (IFs) to minimize half-IF frequency interference. In FIG.

7B, the method includes receiving a radio frequency (RF) signal having a frequency f g in a first receive path 75 1.

The first receive path may have a mixer for generating an intermediate frequency (IF) signal from the RF signal by

mixing the RF signal with a local oscillation (LO) signal having a local oscillation frequency fL0 . The intermediate

frequency may be initially set to a first intermediate frequency (IFl), which may be referred to as the "current IF".

At the same time that the RF signal is received by the first receive path, a second receiver (connected to the same

antenna) may independently determine interference in the RF signal, for example, by monitoring the RF band

(spectrum). In particular, the second receiver may monitor the RF band to determine any interference at a

frequency that is one-half of IFl/f J (a half-IFl frequency) 753. In some variations the second receiver may also

determine the interference at the half-IF frequency for a second (slightly shifted) IF, IF2, which is initially a "new

IF". If the interference at the half-IF for the current IF frequency is greater than a threshold 757 (e.g., greater than

the interference at the half-IF frequency of the new IF), then the IF of the receiver may be switched to the new IF,

by setting the current IF to the new IF (conversely the new IF now becomes the old current IF, allowing the steps to

repeat to switch back if the interference profiles change) 759. Thereafter, the new "current" IF (e.g., IF2) may be

used to generate an IF signal for the RF signal at the "new" current IF if the interference in the RF signal at the half-

IFl frequency exceeded a threshold level. While the interference at the half-IF frequency for the current IF is below

the threshold, the IF may stay the same 760. Monitoring and controlling the IF may be ongoing, while the first

receiver (receiver 1) continues to process received data 755 using whatever IF has been set.

[000 111] For example, for a 5 GHz receiver, the IF may be changed dynamically between 1200 and 1000 MHz

(e.g., IF1=1200 MHz, IF2-1000 MHz), which would move the "vulnerable" (half-IF) frequency by 100 MHz. The

scenario shown in FIG. 7A may represent a worst case, e.g., the nearest "vulnerable" frequencies always occur when

the receiver is configured to receive the highest channels in the frequency range when the local oscillator injection is

on the low side, so the interference and vulnerable regions are shown on the slope of the RF band pass filter

response where the attenuation is a compromise.

[0001 12] In one example, a 5.8 GHz receive frequency is used with an apparatus having an initial (IF2) IF of 1.2

GHz, using low side injection. The local oscillator is initially set at 4.6 GHz (e.g., 5.8 GHz - 1.2 GHz). In this

mode of operation, the half-IF vulnerability is at 5.2 GHz (e.g., 5.8 GHz - 1.2 GHz 12), One approach to avoid that

spur of interference may be to shift the IF frequency (either within the pass band of one IF filter or to switch to a

separate IF filters) to 1.0 GHz. In that case, to receive 5.8 GHz, the local oscillator would be tuned to 4.8 GHz

(with 1 GHz IF rather than 4.6 GHz with the 1.2 GHz IF). Switching in this manner may avoid that half-IF spur. In

this example, the monitoring receiver may provide confirmation that the half-IF frequency at 1.0 GHz has a lower

interference than the 1.2 GHz. This is just one example of shifting the IF. The implementation of the shifting may

depend on the bandwidth of the channels; however in general, the shifting may avoid the interference spur while

making the smallest change in the IF. Also, in practice, the methods and apparatuses described herein may be

implemented as part of a MIMO system, using multiple (e.g., four live) receivers and antennas.

[000 113] As mentioned above, the dual receivers described above, as well as the methods and apparatuses for

avoiding the half-IF frequency, may be used to help with adjacent channel optimization, enhancing the methods and



systems described, for example, in US 8,219,059, previously incorporated by reference in its entirely. US 8,219,059

describes devices and methods for adjacent channel optimization.

[000 114] In use, an auxiliary (secondary) receiver may be a fully independent receiver (not affecting main or

primary receiver). A secondary receiver may be exposed to the whole band, and may be used to detect interference.

As discussed above, it may be used to determine interference at known frequencies such as the half-IF frequency,

and may provide pass band tuning opportunities based on states of interference. As mentioned above, the additional

receiver could also handle Rx traffic during a configuration change of main Rx for filtering and/or switching of the

IF, or the like.

[000 115] An adjacent channel optimized receiver as described in the Ό 59 patent may be modified to include two

features; first a bandwidth/filtering selectivity that is known apriori (based on the channel bandwidth used) and a

more adaptive implementation of "pass band tuning". The "pass band tuning" is an optional mode where the

frequency conversion circuitry places the "desired" signal closer to one IF filter pass band edge than another, in

order to take advantage of the higher selectivity that this affords to interference to one side of the desired signal.

The Pass Band Tuning is demonstrated in FIG. 8 below.

[000 116] In FIG. 8, pass-band tuning represents a compromise in that some additional attenuation may be

experienced or flatness of the frequency response of the desired channel could be compromised. These are

considered to be opportunistic improvements, a compromise in operating performance. In the '059 patent, the

receiver/system may adaptively try these pass-band tuning shifts and measure whether improvements were realized.

Although this process of "trial" may be effective, it may be more efficient or robust to performing this step

concurrently with a second receiver, as it could be performed while operating the receiver.

[0001 17] Thus, in some variations, an apparatus having a high-selective RF circuit as described in the Ό 59

patent may include a monitoring receiver that could independently (without impact to the main RX system and data

flow) scan the band for interference, collect statistics, and provide informed decisions to the system as to best use

the "high selectivity" features. In addition to using this receiver for optimally using pass band tuning, the

monitoring receiver could also spot-check for half-IF spurious vulnerability and inform the system of threats as

discussed above. This secondary receiver does not need to be a full 802.1 1 receiver, but could be a simpler

implementation used only for scanning for interference. A secondary (monitoring) receiver may be less sensitive

than a traditional receiver. For example, a monitoring receiver may be a zero-IF receiver. The secondary receiver

may have a different architecture than the primary receiver, which may not suffer from the same spurious

responses/interference as the primary receiver. In some variations the monitoring receiver is a full 802.1 1 receiver;

both the primary and secondary receiver may be full 802. 1 receivers.

[000 118] For example, FIGS. 8A and 8B illustrate the operation of a high-selectivity RF circuit, as described in

the Ό 59 patent. FIG. 8A illustrates frequency spectrum 800, the frequency spectrum of radio signal. Within the

desired band spectrum is the spectrum for the permitted carrier channels. For example, in FIG. 8A, there are 11

radio or carrier channels indicated, representing the 11 channels in the IEEE 802.1 l b standard. The information

signal is illustrated on FIG. 8A by spectrum 801 with the center frequency f of radio channel 3 and bandwidth BW.

Also within the desired band spectrum is a strong interferer 802 and lesser interferers 804.

[000 119] High selectivity RF circuit performance may be further improved by shifting the IF, guided by a

monitoring receiver as discussed above. For example, consider the situation illustrated in FIG. 8B with frequency

spectrum 900, wherein there are lesser interferers 804 and an additional interferer 904 that has slightly stronger

signal power than lesser interferers 804. Additional interferer 904 has a signal power of approximately -77 dBm and



lesser interferers 804 have signal power of approximately -92 dBm. The IF may be shifted (pass band tuned) to a

slightly higher or lower frequency in order to filter a desired band interferer signal. For example, referring to FIG.

8B, frequency spectrum 900 illustrates that if the IF is shifted to a slightly lower frequency, then additional interferer

904 may be partially filtered from the desired band. As shown in FIG. 8B, the IF is shifted from f to f ift , resulting

in spectrum 903 being shifted to a lower frequency than the spectrum 801 of the information signal. In this

situation, additional interferer 904 is filtered such that its signal power is reduced from approximately -77 dBm to

approximately -92 dBm.

[000 120] One method of implementing such a pass band tuning is to have the radio receiver determine if there

are lesser interferers 804 or an additional interferer 904 in the desired band in close proximity of the skirts of the

current channel, at either a higher frequency or lower frequency. If this condition is determined to exist, then the

apparatus may send information on the control signal to shift the IF, and instruct the local oscillator (e.g.,

programmable local oscillator) to generate a new IF that is either slightly higher or slightly lower than the previously

specified IF frequency. The value that the IF may shift may vary depending on the specific design. As one example,

pass band tuning may shift the IF from 5% to 20% of the IF frequency.

[000 1 1] The shifted IF may push a signal up against the edge of the "real" filter. Likely the "real" filter has a

gradual roll-off. In this case, one may find that while the desired signal suffers some distortion due to additional

attenuation from the IF filter at the edge of the filter, there remains more benefit from the additional rejection of a

stronger interferer.

[000122] In any of the apparatus and methods described herein, in addition to not disrupting the main receiver

for spectrum monitoring tasks, the auxiliary (secondary or monitoring) receiver (if of similar type and capability)

could also take over data flow responsibilities briefly while the "high selectivity" receiver is reconfigured, thus

providing less interruption in user traffic. The monitoring receiver would not have the same level of selectivity

(and may be less sensitive, making it less vulnerable to overload and useful for diagnosing interference), but may be

better than having a completely non-functional receiver for the brief time that was needed to reconfigure. The

auxiliary X could also be used for redundancy with the primary receiver.

[000 123] When a feature or element is herein referred to as being "on" another feature or element, it can be

directly on the other feature or element or intervening features and/or elements may also be present. In contrast,

when a feature or element is referred to as being "directly on" another feature or element, there are no intervening

features or elements present. It will also be understood that, when a feature or element is referred to as being

"connected", "attached" or "coupled" to another feature or element, it can be directly connected, attached or coupled

to the other feature or element or intervening features or elements may be present. In contrast, when a feature or

element is referred to as being "directly connected", "directly attached" or "directly coupled" to another feature or

element, there are no intervening features or elements present. Although described or shown with respect to one

embodiment, the features and elements so described or shown can apply to other embodiments. It will also be

appreciated by those of skill in the art that references to a structure or feature that is disposed "adjacent" another

feature may have portions that overlap or underlie the adjacent feature.

[000124] As mentioned above, the methods and apparatuses described herein are not limited to eliminating or

reducing spurious interferers at a half-IF frequency, but may be used to reduce or eliminate other (including

multiple) predictable spurious interferers by dynamically changing the frequency plan in response to actual

interference at known frequencies to avoid spurious interference at or near known frequencies or frequency ranges.

Thus the apparatus and methods described herein are applicable, and may be readily adapted for use, to reduce or

eliminate spurious interference at other vulnerable regions as well. For example, the methods and apparatuses



described herein may be used to detect (e.g., using a monitoring receiver) interference such as adjacent channel

interference, 2x2 spurious responses, and other interferers and shift or adjust the IF accordingly. For example, the

apparatus and systems described herein may be used to examine the frequency spectrum using the auxiliary or

monitoring receiver to select an intermediate frequency that minimizes or eliminates spurious interference by

looking for interferers at predetermined locations based on two or more intermediate frequencies.

[000 1 5] In one example, the desired receiving frequency, Rx, is centered at 5.7 GHz, and the intermediate

frequency (f ) is initially 1.2 GHz. A spurious interferer is located at 5.6 GHz (the interferer is 100 MHz lower than

the desired receiving frequency). The fL0 is 4.5 GHz. The spur (spurious interferer) has a RF harmonic (M) at -3 -

dB (harmonic of interference) and a LO harmonic (N) at 4 -dB (LO harmonic). In the super heterodyne receiver,

the erferen is 1.2 GHz at the IF, resulting in the spur being located directly on the desired channel. However, as

described above, if the intermediate frequency is shifted by 10 MHz, to 1.21 GHz, the spur is displaced by 50 MHz

from the desired channel (e.g., f 0 is 4.49 GHz, and the interference s 1.16 GHz at the IF). The interference converted

up by the system is 5.65 GHz, with an offset of -0.05 GHz (e.g., 50 MHz below the desired signal).

[000 126] Similarly, the spur may be avoided by shifting the IF in the other direction by the same amount, for

example, by using an IF that is 1.19GHz or 10 MHz lower than the initial IF. In this example, the same interferer is

instead shifted during super heterodyning so that fLo is 4.5 1 GHz, and the terf r s 1-24. The interference is

converted up by the system to 5.75 GHz. Thus, a 10 MHz shift in the IF in the other direction moved the

interference to 50 MHz above the desired signal.

[000127] This example illustrates how just shifting the IF 10 MHz can push a spurious response 50 MHz away

from a desired channel (signal), and the shift can move up or down, depending on the IF chosen. This may aid in

determining which IF to apply. For example, the system may be configured to determine which direction to shift the

IF when weighing all other conditions, including the locations of other signals, or even limitations of the hardware.

[000128] In this example, the change in the IF may be triggered when the frequency of the spur would cause it to

overlap or collide with a desired signal during the super heterodyning process. Thus, the decision to shift the IF

based on a predetermined frequency (e.g., a spur whose frequency is determined, e.g., by the monitoring receiver)

may be made in part by comparing the shift in frequency during super heterodyning, to determine if there is

proximity or overlap with a desired signal.

[000 129] Terminology used herein is for the purpose of describing particular embodiments only and is not

intended to be limiting of the invention. For example, as used herein, the singular forms "a", "an" and "the" are

intended to include the plural forms as well, unless the context clearly indicates otherwise. It will be further

understood that the terms "comprises" and/or "comprising," when used in this specification, specify the presence of

stated features, steps, operations, elements, and/or components, but do not preclude the presence or addition of one

or more other features, steps, operations, elements, components, and/or groups thereof. As used herein, the term

"and/or" includes any and all combinations of one or more of the associated listed items and may be abbreviated as

"/".

[000 130] Spatially relative terms, such as "under", "below", "lower", "over", "upper" and the like, may be used

herein for ease of description to describe one element or feature's relationship to another elements) or feature(s) as

illustrated in the figures. It will be understood that the spatially relative terms are intended to encompass different

orientations of the device in use or operation in addition to the orientation depicted in the figures. For example, if a

device in the figures is inverted, elements described as "under" or "beneath" other elements or features would then

be oriented "over" the other elements or features. Thus, the exemplary term "under" can encompass both an



orientation of over and under. The device may be otherwise oriented (rotated 90 degrees or at other orientations) and

the spatially relative descriptors used herein interpreted accordingly. Similarly, the terms "upwardly",

"downwardly", "vertical", "horizontal" and the like are used herein for the purpose of explanation only unless

specifically indicated otherwise.

[000 131] Although the terms "first" and "second" may be used herein to describe various features/elements,

these features/elements should not be limited by these terms, unless the context indicates otherwise. These terms

may be used to distinguish one feature/element from another feature/element. Thus, a first feature/element discussed

below could be termed a second feature/element, and similarly, a second feature/element discussed below could be

termed a first feature/element without departing from the teachings of the present invention.

[000 132] As used herein in the specification and claims, including as used in the examples and unless otherwise

expressly specified, all numbers may be read as if prefaced by the word "about" or "approximately," even if the

term does not expressly appear. The phrase "about" or "approximately" may be used when describing magnitude

and/or position to indicate that the value and/or position described is within a reasonable expected range of values

and/or positions. For example, a numeric value may have a value that is +/- 0.1% of the stated value (or range of

values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value (or range of values), +/- 5% of the

stated value (or range of values), +/- 10% of the stated value (or range of values), etc. Any numerical range recited

herein is intended to include all sub-ranges subsumed therein. Per M.P.E.P. §2173.05(b), one of ordinary skill in

the art would know what is meant by "substantially equal". For example, the phrase "substantially equal" or

"substantially the same" in a statement such as "a fourth RF signal having substantially the same carrier frequency

as a first RF signal" may mean a radio receiver that receives either RF signal may operate in an equivalent manner.

[000 133] Although various illustrative embodiments are described above, any of a number of changes may be

made to various embodiments without departing from the scope of the invention as described by the claims. For

example, the order in which various described method steps are performed may often be changed in alternative

embodiments, and in other alternative embodiments one or more method steps may be skipped altogether. Optional

features of various device and system embodiments may be included in some embodiments and not in others.

Therefore, the foregoing description is provided primarily for exemplary purposes and should not be interpreted to

limit the scope of the invention as it is set forth in the claims.

[000 134] The examples and illustrations included herein show, by way of illustration and not of limitation,

specific embodiments in which the subject matter may be practiced. As mentioned, other embodiments may be

utilized and derived there from, such that structural and logical substitutions and changes may be made without

departing from the scope of this disclosure. Such embodiments of the inventive subject matter may be referred to

herein individually 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, 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.



CLAIMS

What is claimed is:

1. A wireless radio device configured to wirelessly receive and transmit radio frequency signals in an

operating band, the device comprising:

an antenna;

a first receiver coupled to the antenna by a first receiving path for receiving a radio frequency signal

within the operating band from the antenna;

a spectrum analyzer operating in parallel with the first receiving path, wherein the spectrum analyzer is

configured to continuously scan through the operating band and collect spectrum information on

the operating band concurrent with the first receiver receiving the radio frequency signal; and

a spectrum processor coupled to the spectrum analyzer and configured to wirelessly transmit the

spectrum information and geographic location information to a remote spectrum analysis unit.

2. A wireless radio device configured to wirelessly receive and transmit radio frequency signals in an

operating band, the device comprising:

an antenna;

a first receiver coupled to the antenna by a first receiving path for receiving a radio frequency signal

from the antenna;

a second receiving path in parallel with the first receiving path, the second receiving path coupled to

the antenna and connected to a spectrum analyzer, wherein the spectrum analyzer is configured to

continuously scan the operating band while the first receiver receives the radio frequency signal

and to record spectrum information on the operating band; and

a spectrum processor coupled to the spectrum analyzer and configured to encode the spectrum

information and geographic information about the location of the device along with the spectrum

information for transmission to a remote spectrum analysis unit.

3. The device of claim 1, wherein the spectrum processor is configured to encode the geographic information

with the spectrum information.

4. The device of claim 1, further comprising a first transmitter coupled to the antenna for transmitting radio

frequency signals from the antenna.

5. The device of claim 1 or 2, further comprising a high selectivity receiver in the first receiving path

configured to select an operational frequency for the first receiver from within the operating band.

6. The device of claim 1 or 2, wherein the first receiver is part of a transceiver comprising both a transmitter

and a receiver.

7. The device of claim 1 or 2, wherein the first receiver operates independently of the spectrum analyzer.

The device of claim 1 or 2, wherein the spectrum processor comprises a memory configured to

spectrum information for later transmission.

9. The device of claim 1, wherein the spectrum processor is configured to encode the spectrum information.



10. A method of simultaneously monitoring a frequency spectrum of an operating band and transmitting and

receiving wireless information within the operating band, the method comprising:

receiving and transmitting radio frequency signals within the operating band using a primary receiver

and transmitter or a primary transceiver of a wireless radio device that includes an integrated

spectrum analyzer;

continuously monitoring the frequency spectrum of the operating band using the spectrum analyzer of

the wireless radio device concurrently with receiving and transmitting the radio frequency signals;

and

transmitting spectrum information collected from the spectrum analyzer to a remote spectrum analysis

unit.

11. A method of simultaneously and independently monitoring a frequency spectrum of an operating band and

transmitting and receiving wireless information within the operating band, the method comprising:

receiving and transmitting radio frequency signals within the operating band using a primary receiver

and transmitter or a primary transceiver of a wireless radio device that includes an integrated

spectrum analyzer;

continuously monitoring the frequency spectrum of the operating band and encoding collected

spectrum information using a spectrum processor portion of the spectrum analyzer of the wireless

radio device concurrently with receiving and transmitting the radio frequency signal within the

operating band; and

transmitting the spectrum information to a remote spectrum analysis unit.

12. The method of claim 10 and 11, wherein transmitting spectrum information comprises transmitting

spectrum information along with geographic information.

13. The method of claim 10 and 11, wherein transmitting spectrum information comprises transmitting

spectrum information along with geographic information and information identifying the wireless radio

device.

14. The method of claim 10 and 11, further comprising storing the spectrum information in the wireless radio

device.

15. The method of claim 10 and 11, further comprising encoding the spectrum information in the wireless radio

device.

16. The method of claim 10 and 11, wherein receiving and transmitting radio frequency signals comprises

operating a receiver, transmitter or transceiver of the wireless radio device without input from the spectrum

analyzer.

17. A method of controlling reception for a wireless broadband radio by selecting between a plurality of

intermediate frequencies (IFs) to minimize spurious interference at a predetermined frequency, the method

comprising:

receiving a radio frequency (RF) signal having a frequency f in a first receive path having a mixer for

generating an intermediate frequency (IF) signal from the RF signal by mixing the RF signal with



a local oscillation (LO) signal having a local oscillation frequency f o, wherein the intermediate

frequency is initially set to a first intermediate frequency, f 1;

determining an interference in the RF signal at a first predetermined frequency; and

switching the intermediate frequency to a second intermediate frequency, f , and generating the IF

signal from the RF signal at the second intermediate frequency if the interference in the RF signal

at the first predetermined frequency exceeds a threshold level.

18. The method of claim 17, wherein the first predetermined frequency is one-half of f F , a half-IFl frequency.

19. The method of claim 17, wherein generating the IF signal at the second intermediate frequency comprises

modifying fL0 to shift the IF to fe.

20. The method of claim 17, wherein receiving the RF signal comprises receiving the RF signal in a wireless

broadband radio comprising a first receiver having the first receive path and a second receiver having a

second receive path, wherein the first and second receivers are both coupled to the same receiving antenna

configured to receive an RF band.

2 1. The method of claim 20, wherein the second receiver is a monitoring receiver configured to scan the band

for interference independently of the first receiver.

22. The method of claim 20, wherein the first and second receivers are both 802.1 1 receivers.

23. The method of claim 17, wherein switching the intermediate frequency to a second intermediate frequency

further comprises receiving the RF signal in a second receive path while switching the IF to F 2 to prevent

an interruption in data traffic during switching.

24. The method of claim 17, wherein determining the interference in the RF signal at the first predetermined

frequency comprises monitoring a band including the RF signal frequency and the first predetermined

frequency on a second receive path that is independent of the first receive path.

25. The method of claim 17, further comprising determining an interference in the RF signal at a second

predetermined frequency that is one-half of f 2 (a ha!f-IF2 frequency).

26. The method of claim 25, wherein switching comprises switching the intermediate frequency to the second

intermediate frequency and generating the IF signal from the RF signal at the second intermediate

frequency if the interference in the RF signal at the first predetermined frequency is greater than the

interference in the RF signal at the second predetermined frequency.

27. The method of claim 25, further comprising switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if an interference in the RF signal at the

second predetermined frequency exceeds a second threshold level.

28. The method of claim 25, further comprising switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if an interference in the RF signal at the



second predetermined frequency exceeds the interference in the RF signal at the first predetermined

frequency.

29. The method of claim 17, wherein switching the intermediate frequency to the second intermediate

frequency comprises switching the intermediate frequency from the first intermediate frequency to an

intermediate frequency that is between about 10 MHz and about 250 MHz from the first intermediate

frequency.

30. The method of claim 17, further comprising switching in the first receiving path from a first filter

configured to operate at the first intermediate frequency to a second filter configured to operate at the

second intermediate frequency.

31. The method of claim 17, wherein determining the interference in the RF signal at the first predetermined

frequency comprises determining an error rate at the first predetermined frequency.

32. A method of controlling reception for a wireless broadband radio by selecting between a plurality of

intermediate frequencies (IFs) to minimize a interference at a predetermined frequency, the method

comprising:

receiving a radio frequency (RF) signal having a frequency fs in a first receive path having a mixer for

generating an intermediate frequency (IF) signal from the RF signal by mixing the RF signal with

a local oscillation (LO) signal having a local oscillation frequency fLo, wherein the intermediate

frequency is initially set to a first intermediate frequency, f

determining an interference in the RF signal at a first predetermined frequency;

determining an interference in the RF signal at a second predetermined frequency; and

switching the intermediate frequency to a second intermediate frequency ¾2, and generating the IF

signal from the RF signal at the second intermediate frequency if the interference in the RF signal

at the first predetermined frequency exceeds the interference in the RF signal at the second

predetermined frequency by a threshold amount.

33. The method of claim 32, wherein the first predetermined frequency is one-half f (half-IFl frequency),

and the second predetermined frequency is one-half of f (a half-IF2 frequency).

34. The method of claim 32, wherein determining an interference in the RF signal at the first predetermined

frequency and determining the interference in the RF signal at the second predetermined frequency

comprises monitoring a band including the RF signal frequency, first predetermined frequency and the

second predetermined frequency on a second receive path that is independent of the first receive path.

35. The method of claim 32, wherein generating the IF signal at the second intermediate frequency comprises

modifying fL0 to shift the IF to fI 2 -

36. The method of claim 32, wherein receiving the RF signal comprises receiving the RF signal in a wireless

broadband radio comprising a first receiver having the first receive path and a second receiver having a

second receive path, wherein the first and second receivers are both coupled to the same receiving antenna

configured to receive an RF band.



37. The method of claim 36, wherein the second receiver is a monitoring receiver configured to scan the band

for interference independently of the first receiver.

38. The method of claim 36, wherein the first and second receivers are both 802.1 1 receivers.

39. The method of claim 32, wherein switching the intermediate frequency to a second intermediate frequency

further comprises receiving the RF signal in a second receive path while switching the IF to FIF2 to prevent

an interruption in data traffic during switching.

40. The method of claim 32, wherein determining the interference in the RF signal at the first predetermined

frequency comprises monitoring a band including the RF signal frequency and the first intermediate

frequency on a second receive path that is independent of the first receive path.

4 . The method of claim 32, wherein switching comprises switching the intermediate frequency to the second

intermediate frequency and generating the IF signal from the RF signal at the second intermediate

frequency if the interference in the RF signal at the first predetermined frequency is greater than the

interference in the RF signal at the second predetermined frequency.

42. The method of claim 32, wherein switching comprises switching the intermediate frequency to the second

intermediate frequency and generating the IF signal from the RF signal at the second intermediate

frequency if the interference in the RF signal at the first predetermined frequency is greater than the

interference in the RF signal at the second predetermined frequency by about 10 dB.

43. The method of claim 32, further comprising switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if the interference in the RF signal at the

second predetermined frequency exceeds the interference in the RF signal at the first predetermined

frequency by a second threshold.

44. The method of claim 32, further comprising switching the intermediate frequency from the second

intermediate frequency back to the first intermediate frequency if the interference in the RF signal at the

second predetermined frequency exceeds the interference in the RF signal at the first predetermined

frequency.

45. The method of claim 32, wherein switching the intermediate frequency to the second intermediate

frequency comprises switching the intermediate frequency from the first intermediate frequency to an

intermediate frequency that is between about 0 MHz and about 250 MHz from the first intermediate

frequency.

46. The method of claim 32, further comprising switching in the first receiving path from a first filter

configured to operate at the first intermediate frequency to a second filter configured to operate at the

second intermediate frequency.

47. The method of claim 32, wherein determining the interference in the RF signal at the first predetermined

frequency comprises determining an error rate at the first predetermined frequency.



48. A wireless broadband radio apparatus adapted to select between a plurality of intermediate frequencies

(IFs) to minimize interference, the apparatus comprising:

a receiving antenna;

a first receiver coupled to the receiving antenna having a first receiving path for receiving a radio

frequency (RF) signal having a frequency fsg;

a mixer in the first receiving path configured to generate an intermediate frequency (IF) signal from the

RF signal by mixing the RF signal with a local oscillation (LO) signal having a local oscillation

frequency , wherein the intermediate frequency is initially set to a first intermediate frequency,

f i ; and

a controller configured to determine if an interference in the RF signal at a first predetermined

frequency exceeds a threshold, and to switch the intermediate frequency to a second intermediate

frequency, if the interference in the RF signal at the first predetermined frequency exceeds the

threshold.

49. The apparatus of claim 48, wherein the first predetermined frequency is one-half of f 1 (a half-IFl

frequency).

50. The apparatus of claim 48, wherein the radio frequency (RF) signal has a frequency f within a band and

wherein the apparatus further comprises a second receiver coupled to the receiving antenna, the second

receiver configured to monitor the band and to scan the band for interference independently of the first

receiver.

51. The apparatus of claim 48, wherein the first receiving path comprises a first filter adapted for use with the

first intermediate frequency and a second filter adapted for use with the second intermediate frequency,

wherein the controller is further configured to select the first or second filter based on the intermediate

frequency.

52. The apparatus of claim 48, further comprising a transmit antenna and a transmitter configured to transmit

an RF signal.

53. The apparatus of claim 48, wherein the controller is configured to set fLo based on the intermediate

frequency.

54. The apparatus of claim 48, wherein the controller is configured to switch the intermediate frequency to the

second intermediate frequency, fIF2, if the interference at the first predetermined frequency is greater than

an interference at a second predetermined frequency.

55. The apparatus of claim 48, wherein the controller is configured to switch the intermediate frequency to the

second intermediate frequency, ¾¾ if the interference at the first predetermined frequency is greater than

0 dB higher than an interference at a second predetermined frequency.

56. The apparatus of claim 48, wherein the second intermediate frequency is between about 10 MHz and about

250 MHz from the first intermediate frequency.

57. The apparatus of claim 48, wherein the first receiver is a 802.1 1 receiver.



58. The apparatus of claim 48, further comprising a second receiver coupled to receive input from the receiving

antenna, wherein the controller is configured to process received RF signals using the second receiver

while switching the intermediate frequency to fIF2 to prevent an interruption in data traffic during switching.

59. The apparatus of claim 48, wherein the controller is configured to determine if the interference in the RF

signal at the first predetermined frequency exceeds the threshold by comparing the interference in the RF

signal at the first predetermined frequency with an interference in the RF signal at a second predetermined

frequency.

60. The apparatus of claim 48, wherein the controller is configured to determine if the interference in the RF

signal at the first predetermined frequency exceeds the threshold by comparing an error rate at the first

predetermined frequency with the threshold.

6 1. A wireless broadband radio apparatus adapted to select between a plurality of intermediate frequencies

(IFs) to minimize interference, the apparatus comprising:

a receiving antenna;

a first receiver coupled to the receiving antenna having a first receiving path configured to receive a

radio frequency (RF) signal having a frequency fs within a band;

a second receiver coupled to the receiving antenna configured to monitor the band and to scan the band

for interference independently of the first receiver;

a mixer in the first receiving path configured to generate an intermediate frequency (IF) signal from the

RF signal by mixing the RF signal with a local oscillation (LO) signal having a local oscillation

frequency fLo;

a controller configured to receive input from the second receiver to determine if an interference in the

RF signal at a first predetermined frequency exceeds a threshold, and to switch the intermediate

frequency to a second intermediate frequency, ΐ , when the first predetermined frequency

exceeds the threshold.

62. The apparatus of claim 61, wherein the first receiving path comprises a first filter adapted for use with the

first intermediate frequency and a second filter adapted for use with the second intermediate frequency,

wherein the controller is further configured to select the first or second filter based on the intermediate

frequency.

63. The apparatus of claim 61, further comprising a transmit antenna and a transmitter configured to transmit

an RF signal.

64. The apparatus of claim 61, wherein the controller is configured to set fLo based on the intermediate

frequency.

65. The apparatus of claim 61, wherein the controller is configured to switch the intermediate frequency to the

second intermediate frequency, f 2, if the interference at the first predetermined frequency is greater than

an interference at a second predetermined frequency.



66. The apparatus of claim 61, wherein the controller is configured to switch the intermediate frequency to the

second intermediate frequency, if the first predetermined frequency is one-half of f i (the half-IFl

frequency) and the interference at the first predetermined frequency is greater than an interference at a

second predetermined frequency that is one-half the second intermediate frequency, a half-IF2 frequency.

67. The apparatus of claim 61, wherein the controller is configured to switch the intermediate frequency to the

second intermediate frequency, fiF2, if the interference at the first predetermined frequency is greater than

10 dB higher than an interference at a second predetermined frequency.

68. The apparatus of claim 61, wherein the second intermediate frequency is between about 10 MHz and about

250 MHz from the first intermediate frequency.

69. The apparatus of claim 61, wherein the first and second receivers are 802.1 1 receivers.

70. The apparatus of claim 61, wherein the controller is configured to process received RF signals using the

second receiver while switching the intermediate frequency to f
2

to prevent an interruption in data traffic

during switching.

71. The apparatus of claim 61, wherein the controller is configured to determine if the interference in the RF

signal at the first predetermined frequency exceeds the threshold by comparing an error rate at the first

predetermined frequency with the threshold.

72. The apparatus of claim 61, wherein the controller is configured to determine if the interference in the RF

signal at the first predetermined frequency exceeds the threshold by comparing an error rate at the first

predetermined frequency with an error rate at a second predetermined frequency.
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