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CO-LOCATED FREQUENCY MANAGEMENT AND MITIGATION
BACKGROUND OF THE INVENTION
Statement of the Technical Field

The inventive arrangements relate to RF systems and more particularly to systems in

which multiple transmitters and receivers are located in close physical proximity.
Description of the Related Art

When there are multiple RF transmitters and receivers located at the same physical
location, there is a significant potential for a transmitter to interfere with a receiver at that
location. Such interference is usually caused by strong signals from the transmitter having an
adverse affect on the operation of sensitive receiver circuitry. The interference can arise
regardless of whether the receiver and transmitter are designed to operate on the same band or a
different band. In some instances the occurrence of such interference can be obvious whereas in
other instances the effects of the interference can be more subtle. For example, intermodulation
products created in certain non-linear receiver components (e.g. mixers) can create problems

which are difficult to identify.

Identifying and understanding co-site interference can be a complex process which
involves every part of the communication systems involved. For example, the analysis process
can require analyzing the transmitter signal, modeling the performance of receive and transmit
antennas, receiver front end and characteristics, and RF mixers. All such factors must be
considered and any modeling inaccuracies can result in a failure to identify potential interference
issues. This creates a co-site frequency interference problem which, for many users, can be
difficult to identify, avoid and solve. Consider that a user in such a scenario must not merely
analyze the problem to identify potential interference issues, but must also then determine what
action is appropriate to alleviate the problems. The expertise and equipment required to

accomplish the foregoing is frequently beyond the capabilitics of many users.
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SUMMARY OF THE INVENTION

Embodiments of the invention concern a method for mitigating co-site interference
among two or more transceivers communicating using RF signals and located in close physical
proximity. The method begins by receiving at a computer processor information concerning at
least an operating frequency and a transmitter power output associated with each of the
transceivers. Thereafter, the computer processor determines based on the information whether
optional RF filtering should be used to limit RF signals which are communicated to or from each
transceiver in order mitigate interference among the transceivers. If the determining step
indicates that the optional RF filtering should be used, then RF filtering is automatically

selectively performed to mitigate the interference.

The invention also concerns a system for mitigating co-site interference among two or
more transceivers that communicate using RF signals and which are located in close physical
proximity. The system includes a co-site filter bank comprising a plurality of RF filters which
can be optionally selectively inserted in an antenna input/output path of the transceivers. A
computer processor is configured to receive information concerning at least an operating
frequency and a transmitter power output associated with each of the transceivers. Based on the
information, the computer processor determines whether optional RF filtering should be used to
limit RF signals which are communicated to or from each of the plurality of transceivers so as to
mitigate co-site interference. The computer processor is configured to automatically selectively
perform the RF filtering using the co-site filter bank which is dynamically controlled by the
processor. The filter bank is used by the processor to mitigate co-site interference if the

computer processor determines that the optional RF filtering should be used.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described with reference to the following drawing figures, in

which like numerals represent like items throughout the figures, and in which:

FIG. 1 is a drawing that is useful for understanding a scenario in which co-site

interference can occur.
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FIG. 2 is a drawing that is useful for understanding a system for mitigating co-site

interference.

FIG. 3 is a drawing that is useful for understanding a process for mitigating co-site

interference.

FIG. 4 is an exemplary look-up table which specifics appropriate RF filtering for

mitigating co-site interference in a scenario where there is minimal system knowledge available.

FIG. 5 is an exemplary look-up table which specifies appropriate RF filtering for
mitigating co-site interference in a scenario where there is moderate system knowledge available,

and where the table has been modified in accordance with the available information.

FIG. 6 is a block diagram which is useful for understanding a computer system for

implementing the co-site mitigation methods described herein.

DETAILED DESCRIPTION

The invention is described with reference to the attached figures. The figures are not
drawn to scale and they are provided merely to illustrate the instant invention. Several aspects of
the invention are described below with reference to example applications for illustration. It
should be understood that numerous specific details, relationships, and methods are set forth to
provide a full understanding of the invention. One having ordinary skill in the relevant art,
however, will readily recognize that the invention can be practiced without one or more of the
specific details or with other methods. In other instances, well-known structures or operation are
not shown in detail to avoid obscuring the invention. The invention is not limited by the
illustrated ordering of acts or events, as some acts may occur in different orders and/or
concurrently with other acts or events. Furthermore, not all illustrated acts or events are required

to implement a methodology in accordance with the invention.

Referring now to FIG. 1 there is shown an exemplary scenario in which a plurality of
transceivers 104, 104,, . . . 104, are located at the same physical site 100. The transceivers can
be located at the same geographic location (a communication facility), disposed on the same
physical platform (e.g. a vehicle), or they can be integrated into the same device (e.g., a multi-

transceiver radio). Regardless of the scenario, the close proximity of the plurality of transceivers
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and their associated antennas 110;, 1105, . . .110, in cach case can potentially cause a
performance degradation. The performance degradation typically involves relatively strong
signals from a transmitter having an adverse affect on the operation of sensitive receiver
circuitry. For example transmitter phase noise, harmonics and spurious emissions can all cause
problems in nearby receivers, particularly when there is insufficient isolation among the plurality
of antennas 1103, 110,, .. .110, associated with such devices. The extent of this problem and the
means for mitigating same will depend on a variety of factors including the operating frequency
of a transmitter and receiver, the performance characteristics of such devices, and the degree of
isolation among their associated antennas. The complexity of the problem and the number of
variables creates a co-site interference problem that can be difficult for users to identify, avoid
and detect, particularly in situations where the operating conditions (e.g. frequency, power

output, waveform) are constantly subject to change.

Referring now to FIG. 2, there is shown an exemplary embodiment of an automated
co-site interference mitigation (“CSIM”) system 201 designed to dynamically identify and
mitigate co-site interference. The CSIM system can be implemented in any scenario involving
potential co-site interference. Thus, a plurality of transceivers 204, 204,, . . .204, at a site 200
can be located at the same geographic location (a communication facility), disposed on the same
physical platform (e.g. a vehicle), or they can be integrated into the same device (e.g., a multi-
transceiver radio). Likewise, the antennas 210;, 210,, . . 210, can be situated in close proximity
at a communication site 200 (e.g. on the same antenna tower, on the same vehicle or on the same

multi-transceiver device chassis).

The system 201 includes a control system 900 and a filter bank 208 which operates
under the command of the control system. A control interface 212 facilitates communication of
control signals from control system 900 to the filter bank 208, and communication of operating
data from the filter bank to the control system. The filter bank includes a plurality of filters 206,
206,, . . . 206, which are configured for filtering RF signals. The filters can be sclectively
interposed between a transceiver and its respective antenna 210;, 210,, . . .210, along an antenna
feed line 205, 205,, . . .205, in response to signals received from the control system 900. The
filter bank can also include additional circuitry for detecting faults such as high VSWR.
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In some embodiments, the filter bank 208 can comprise a plurality of filters having
fixed operating characteristics (e.g., passband, stop-band, ctc.) and a switching matrix 220a,
220b configured for routing signals to a particular one of the filters as specified by the control
system 900. More particularly, the switching matrix can route RF signals between respective
ones of transceiver ports 2144, 214,, . . . 214, and antenna ports 216,, 216,, . . . 216, through a
selected one of the filters 2061, 206,, . . . 206,. The switching matrix 220a, 220b can also
selectively cause RF signals from transceiver ports 2141, 214,, . . . 214, and antenna ports 216,
216,, . .. 216, to bypass the filters 2065, 206,, . . . 206, so that such signals are instead
communicated directly from cach transceivers to its respective antenna without performing any

RF filtering in the filter bank 208.

As an alternative to using a bank of filters with fixed transfer characteristics, one
filter 206, 206,, . . . 206, can be provided for each corresponding pair of transceiver ports 214,
214,, ... 214, and antenna ports 2164, 2165, . .. 216,. In such an embodiment, each filter 206,
206,, . . . 206, can be configured as a tunable filter which is responsive to control signals from
control system 201. Each tunable filter can be controlled to provide a desired set of operating
characteristics (e.g., passband, stop-band, etc.) as specified by the control system. In that
scenario, the switching matrix 220a, 220b can primarily function to permit RF signals to
selectively bypass one or more of the filters 206;, 206,, . . . 206, as conditions may require.
Switching matrices and tunable filters are well known in the art and therefore will not be
described here in detail. However, it should be understood that the filters and any switching
matrix are preferably low insertion loss devices designed to accommodate signal power levels

consistent with those transmitted by any of the transceivers 204, 204,, . . .204,,.

Transceiver information concerning the operating status and/or characteristics of the
transceivers 2041, 204,, . . .204, is advantageously provided to the control system 900. The
transceiver information can help facilitate a determination as to the most appropriate measures to
be taken for purposes of mitigating co-site interference. The extent of the available transceiver
information will affect the way in which the control system functions to determine an appropriate
interference mitigation scheme. In this regard it should be understood that the extent of the
transceiver information available for input into the system under various circumstances can be

categorized as minimal, moderate or extensive. For example, if the transceiver information is



10

15

20

25

30

WO 2014/130495 PCT/US2014/017017

generally limited to the transmitter operating frequency and the power level, then the extent of

the available transceiver information is deemed minimal.

If the transceiver information also includes other information such as order of
magnitude information regarding transmitter phase noise and receiver blocking performance,
then the extent of available transceiver information can be differentiated from the minimal
information scenario described above. In such a scenario, the overall level of information could
be described as comprising a moderate level of information. For example, one could designate
an available level of information as “moderate” where the information included transmitter
power, frequency, and waveform, and further included order of magnitude information with
respect to transmitter phase noise and receiver blocking performance. As used herein, order of
magnitude information concerning transmitter phase noise and receiver blocking performance
refers to an estimate of the referenced information which is presented as a single overall system
value. In reality, the actual values would be frequency dependent. Accordingly, the order of
magnitude representation described herein may be contrasted with a more precise representation

which would specify these receiver or transmitter characteristics as a function of frequency.

Other scenarios can also be envisioned. For example, in some situations extensive
information can be available with regard to the plurality of transceivers 204, 204,, . . . 204,
Such information might include (in addition to the information specified above) transmitter
phase noise specified as a function of frequency. The information could also include transmitter
harmonic filtering, receiver harmonic filtering, a value specifying receiver noise figure and a
value specifying receiver blocking performance figures. In addition, such transceiver
information could advantageously include information sufficient to specify the extent of isolation

which exists between and among antennas 2104, 210,, . . .210,.

Transceiver information concerning the operating status and/or characteristics of the
transceivers 2041, 204,, . . .204, can be provided to the control system 900 by various means.
For example, in some embodiments, the available information can be manually entered into the
control system by a user, after which the information can be stored in a memory location
associated with the control system. For example, the user can directly enter into the control
system (e.g. using a keypad or keyboard) known information concerning transmitter frequency

and transmitter power level.



10

15

20

25

30

WO 2014/130495 PCT/US2014/017017

As an alternative to a user manually entering transceiver information data, such
information can be acquired automatically and dynamically by the control system. For example,
transmitter power and frequency can be dynamically detected in filter bank 208 using one or
more sensors 218 and this information can then be communicated to the control system 900 by
way of a wired or wireless control interface 212. In some embodiments of the invention, the
transceivers 2041, 204,, . . . 204, can also be configured to communicate certain transceiver
information directly to the control system 900. One or more wired or wircless data
communication interfaces 202;, 202,, . . . 202, can be used for this purpose. The transceiver
information thus communicated can include any one or more of the information types described
above with regard to minimal, moderate and extensive levels of information. For example, the
communicated transceiver information can include transmitter power output, frequency, and
waveform type. The transceiver information can also include phase noise specified as an order
of magnitude or as a function of frequency. The transceiver information could also include
transmitter harmonic filtering information, receiver harmonic filtering information, a value
specifying receiver noise figure and/or a value specifying receiver blocking performance, and
antenna isolation data. Other transceiver information can also be communicated to the control

system and the examples provided herein are not intended to limit the invention.

It will be appreciated that some transceiver information is dynamic and must be
actively provided to the control system 201. Such data can be provided cither by manually
entering such data, sensing the data using one or more sensors 218, or by communicating the
data directly from the transceivers using communication interfaces 2025, 2025, . . . 202,,.
However, certain transceiver information is of a fixed nature and/or can be presented in a
database form. For example, transceiver phase noise as a function of frequency could be
presented this way. Accordingly, the control system 201 can include one or more data storage
devices in which certain transceiver information can be stored.. In such a scenario, the
transceiver information can be accessed by the control system 201 when a user manually
identifies a particular transceiver model or type. Alternatively, the control system 201 can use
the communication interfaces 202;, 202,, . . . 202, to interrogate cach transceiver to obtain
transceiver model and/or type information. Based on this transceiver identification information,
the control system could then automatically query its database to ascertain detailed transceiver

information applicable to a particular transceiver.
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As noted above, the transceiver information which is available can vary in different
scenarios. For example, the amount and quality of transceiver information can be minimal,
moderate or extensive. Given the foregoing, the manner in which the control system selects an
applicable filter 206, 206,, . . . 206, will advantageously vary depending upon the type and

extent of available transceiver information.

Notably, when the available transceiver information is sufficient to conclude that no
co-site interference is likely to occur, then it is preferable to avoid the use of filters 206,, 206, . .
206,. Such filters inevitably have a certain amount of insertion loss which will cause a reduction
in transmitted power and an increase in the receiver noise figure. Accordingly, when not
required to mitigate co-site interference, one or more of the filters 206;, 206,, . . .206, arc
advantageously bypassed. Still, a determination to bypass co-site filtering requires significant
amounts of knowledge. And such information may not always be available. In fact, it is not
possible to reliably determine whether such filtering is needed to avoid co-site interference in
situations where there is only minimal system knowledge available. Also, in the absence of
sufficient knowledge, the decision making process requires a more conservative approach.
Additional transceiver information allows the evaluation of co-site filtering needs to proceed in a
more nuanced way. For example, in those scenarios where extensive system knowledge exists,
precise mathematical modeling can be used to potentially exclude the need for filtering whereas

in the absence of such information, filtering would be used as a precautionary measure.

Referring now to FIG. 3, there is shown a flowchart which is useful for understanding
the way in which the process for mitigating co-site interference can vary depending upon the
available transceiver information. The process can begin at 302 and continues on to 304 where
the system is initialized by bypassing all of the filters 206;, 206,, . . . 206,. The initialization
process continues with step 306 by checking to determine if there are any faults reported by the
filter bank 208. Thercafter, at 308 the control system 201 accesses its memory and or data
buffers to determine the available transceiver information. The information which is accessed
can include information which has been manually entered by the user, information
communicated to the control system from the filter bank 208, information communicated directly

from the transceivers using communication interfaces 2021, 202,, . . . 202, , and/or information
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obtained from any pertinent databases accessible to the control system based on the other sources

of information.

After all available transceiver information has been identified in 308, a determination
is made with regard to the state of the available knowledge concerning transceivers at the site
(e.g. site 200). More particularly, the control system determines whether there exists minimal
system knowledge, moderate system knowledge or extensive system knowledge. Where there is
only minimal system knowledge (310: Yes) a conservative approach must be adopted for co-site
filtering to accommodate worst case scenarios with respect to transceiver performance and/or
antenna isolation. Accordingly, when there is only minimal system knowledge available, the
control system 900 will choose to always perform co-site filtering on each transceiver using

filters 2061, 2062, . . . 206, .

Selection of the appropriate filter for cach transceiver is preferably made at 316. The
selection can be based on a look-up table (LUT) or database. For each transceiver, the LUT can
specify a particular one of the filters 2064, 206,, . . . 206, having a fixed transfer function, or can
specify how a tunable filter is to be adjusted to have certain desired transfer characteristics (pass-
band, stop band, and so on). In either case, the LUT will specify in step 316 the most
appropriate filter for each transceiver so as to mitigate potential co-site interference, given the
limited available transceiver information. No filters can be bypassed because insufficient

information is available to exclude the possibility of co-site interference.

Referring now to FIG. 4, there is shown an exemplary LUT 400 that can be used at
step 316 for a scenario involving two transceivers, namely Radio Module 1 (RM1) and Radio
Module 2 (RM2), which are located at a particular site (e.g. site 200). To use the LUT, the
system first identifies an operating frequency band which is to be used by each of RM1 and
RM2. The system then selects the appropriate filters by identifying the column corresponding to
the operating frequency of RM1 and the row corresponding to the operating frequency of RM2.
The correct filter selection is specified by the cell of the LUT where the selected column and row
intersect. For example, if RM1 has a frequency between 108-224.999 MHz and RM2 has a
frequency of between 1625-1890 MHz, then the control system would be instructed to use the
filters identified in box 402. Specifically, RM1 would use filter B1 (corresponding to Band 1)
and RM2 would use filter B7 (corresponding to B2). Similarly, for the conditions corresponding
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to cell 404, filters (i.e., RM1 = 1350-1525 MHz, RM2 = 1625-1890 MHz), filter B6 is indicated
for RM1 and B7 is indicated for RM2.

Referring once again to FIG. 3, if the available transceiver information is not minimal
(310: No), the system next determines whether the available information comprises a moderate
level of system knowledge. If so (312: Yes), then the system is essentially concluding that it has
enough information to selectively identify at least some scenarios in which one or more filters
2061, 206,, . . . 206, can be bypassed without risk of co-site interference. Thereafter, in step
318, the LUT is selectively modified based on the available transceiver information to specify
conditions under which co-site filtering can be bypassed. The LUT is then used at 320 to
determine whether a filter 2061, 206,, . . . 206, should be bypassed in the operating scenario
specified by the transceiver information. If a filter cannot be bypassed without the risk of co-site
interference, the LUT will specify a filter (or a filter transfer characteristic) which is appropriate

based on the available transceiver information.

There is shown in FIG. 5 an exemplary LUT 400a which has been modified at step
318 as compared to the LUT 400. For example, it can be observed that the filters specified in
cell 402a are different as compared to the filters specified in cell 402. Specifically, in cell 402a,
the LUT has now been modified to indicate that for the conditions as specified, the filters for
cach of the transceivers RM1 and RM2 can be bypassed. This reflects the preference for
avoiding the use of such filters when the available transceiver information suggest that there is
little potential for co-site interference. Conversely, for the conditions corresponding to cell 404a,
filters (i.e., RM1 = 1350-1525 MHz, RM2 = 1625-1890 MHz), filters B6 and B7 are still

indicated.

Referring once again to FIG. 3, if the available transceiver information is not minimal
or moderate, then the system concludes at 314 that there is extensive system knowledge
available. In a scenario where the control system has available to it extensive system knowledge,
the LUT can be modified or refined further to potentially indicate additional scenarios where one
or more filter 2064, 206,, . . . 206, can be bypassed. However, in a preferred embodiment the
detailed information can be used at step 322 to facilitate precise computer modeling of the
communication system as implemented at site 200. This modeling can facilitate a highly

nuanced approach for determining when one or more filter 2064, 206, . . . 206, should be used

10
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(or bypassed) and the required transfer characteristics of those filters when they are needed. The
modeling can take account of all relevant aspects of transceiver system behavior at site 200,
including isolation among the various antennas. Once such modeling is completed, the
necessary filters can be bypassed or connected at 324 by means of the switching matrix 220a,
220b. If tunable filters arc used, the transfer function of the filters can also be adjusted at this

step to provide the required filtering.

At 326 a determination is made as to whether the filtering session is to be terminated.
For example, co-site filtering can be discontinued if the communication site 200 is shut down or
suspended for maintenance. If so, then the process terminates at 328; otherwise the process
returns to step 306 where the process continues. Notably, any changes in the transceiver
information will be dynamically identified at 308 so that an necessary modifications can be made

with regard to the filtering performed by the filter band 208.

As noted above, there are some scenarios in which the control system 900 can have
available to it extensive transceiver system information which can facilitate computer modeling.
Typically, such extensive system knowledge will include data specifying antenna isolation
versus frequency, for all antenna combinations of interest. Similarly, the control system will
have information concerning important transceiver radio module specifications and operating
details, including a lookup table for phase noise as a function of frequency. The decision to use
or bypass co-site filters as described herein will depend at least in part on whether or not the
antennas provide enough isolation between the in-band transmit noise power and the receive

sensitivity level. This can be determined from the following equations:

In - band Transmit Noise Power (dBm):
PN (| fix - fxx|) (dBc/Hz) + Py (dBm) +10log (BW)

Receiver Sensitivity (dBm) :
Py (dBm)+10 log (BW)+ NFy (dB)+ SNR

where:

PN is the transmit phase noise at a certain offset frequency
NFgx is the noise figure of the radio module.

Prx is the transmit power, and

11
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BW 1s the bandwidth of the radio channel
P~ is the thermal noise power is constant, -174 dBm for a 1 Hz bandwidth.

A target SNR of at least 10 or 12 is usually the desired goals assumed.

In the harshest communication conditions, filtering is required both at the transmitter
side of a communications link, as well as the receive side. Specifically, phase noise present at
the receiver, at the desired receive frequency of operation input can only be mitigated (in
practice) by way of transmitter filtering. Conversely, receiver blocking due to relatively high
power nearby transmissions can only be mitigated (in practice) by way of a receive side filter.
Thus, a comprehensive co-site mitigation solution for harsh conditions would require filtering at
both the transmitter output and receiver input. For example, with reference to FIG. 2, such a
scenario might occur when a first transceiver 204, is transmitting at a transmit frequency and a
second transceiver 204, is concurrently trying to receive at a receive frequency, where the
receive frequency is close in frequency relative to the transmit frequency. In such scenarios, it is
anticipated that two filters could be required; one for transmitted signals and one for received
signals. In such scenarios, the switch matrix 220a, 220b can be used to insert the required filter
as needed. Applications requiring such two channel co-site mitigation, can be determined based
upon the frequency separation of the two radio modules and the blocking specification for
frequency offset, specific to the radios. For many receivers, the potential for blocking at a
receiver in the presence of two RF signals f1x, frx can be assumed to occur when the frequency
difference between the two signals is less than 10-20%, which value will represent the radio
blocking specification. In such a scenario, the receiver filters will be applied if the following

relationship is not upheld:

|fTX _fRX|

> Radio Blocking Specification
max(fry, far)

where:

frx 1s the transmitter frequency, and

frx is the receiver frequency

12



10

15

20

25

WO 2014/130495 PCT/US2014/017017

The invention is not limited to the computer modeling described herein and other
calculations and/or modeling can be performed for evaluating co-site interference when there is
extensive knowledge available. In fact any suitable computer modeling can be used for this
purpose provided that it is useful for determining whether filtering is needed to prevent co-site
interference, and if so, to identify what the transfer characteristics of such filters should be. Such
alternative modeling solutions can be used for purposes of identifying filters to be selected

and/or bypassed from filter bank 208.

The methods described herein can be implemented on a computer system. More
particularly, a control system for implementing the methods (e.g. control system 900) can
comprise various types of computing systems and devices, including a server computer, a client
user computer, a personal computer (PC), a tablet PC, a laptop computer, or a desktop computer.
The control system can also include dedicated hardware and software including at least one
computer processing device capable of executing a set of instructions (sequential or otherwise)
that specifies actions to be taken by that device. Further, while a single control system 900 is
illustrated, the phrase “control system” shall be understood to include any collection of
computing devices that individually or jointly execute a set (or multiple sets) of instructions to

perform any one or more of the methodologies discussed herein.

Referring now to FIG. 6, a control system 900 includes a processor 914 (such as a
central processing unit (CPU), a disk drive unit 906, a main memory 922 and a static memory
926, which communicate with each other via a bus 928. The control system 900 can further
include a display unit 902, such as a video display (e.g., a liquid crystal display or LCD), a flat
panel, or a solid state display. The control system 900 can include a user input device 904 (e.g.,

a keyboard), a cursor control device 916 (e.g., a mouse) and a network interface device 918.

The disk drive unit 906 includes a computer-readable storage medium 910 on which
is stored one or more sets of instructions 908 (e.g., software code) configured to implement one
or more of the methodologies, procedures, or functions described herein. The instructions 908
can also reside, completely or at least partially, within the main memory 922, the static memory
924, and/or within the processor 914 during execution thereof by the control system. The main

memory 922 and the processor 914 can also include machine-readable media.
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A transceiver interface device 928 can be used to facilitate data communications with
one or more of the transceivers 204;, 204,, . . . 204,. Similarly, a filter bank interface device can
be used to facilitate communications with filter bank 208. In the various embodiments of the
present invention a network interface device 916 connected to a network environment can be
used to communicates over a network using the instructions 908. For example, such network
interface can be used to access a database, to communicate with the transceivers, or to

communicate with filter bank 208.

Those skilled in the art will appreciate that the control system architecture illustrated
in FIG. 6 is one possible example of a control system. However, the invention is not limited in
this regard and any other suitable control system architecture can also be used without limitation.
Dedicated hardware implementations including, but not limited to, application-specific
integrated circuits, programmable logic arrays, and other hardware devices can likewise be
constructed to implement the methods described herein. Applications that can include the
apparatus and systems of various embodiments broadly include a variety of electronic and
computer systems. Some embodiments may implement functions in two or more specific
interconnected hardware modules or devices with related control and data signals communicated
between and through the modules, or as portions of an application-specific integrated circuit.

Thus, the exemplary system is applicable to software, firmware, and hardware implementations.

In accordance with various embodiments of the present invention, the methods
described herein are stored as software programs in a computer-readable storage medium and are
configured for running on a computer processor. Furthermore, software implementations can
include, but are not limited to, distributed processing, component/object distributed processing,
parallel processing, virtual machine processing, which can also be constructed to implement the
methods described herein. While the computer-readable storage medium 910 is shown in an
exemplary embodiment to be a single storage medium, the term "computer-readable storage
medium" should be taken to include a single medium or multiple media (e.g., a centralized or
distributed database, and/or associated caches and servers) that store the one or more sets of
instructions. The term "computer-readable storage medium" shall also be taken to include any

medium that is capable of storing, encoding or carrying a sct of instructions for execution by the
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machine and that cause the machine to perform any one or more of the methodologies of the

present disclosure.

The term "computer-readable medium" shall accordingly be taken to include, but not
be limited to, solid-state memories such as a memory card or other package that houses one or
more read-only (non-volatile) memories, random access memories, or other re-writable (volatile)
memories; magneto-optical or optical mediums such as a disk or tape. Accordingly, the
disclosure is considered to include any one or more of a computer-readable medium as listed
herein and to include recognized equivalents and successor media, in which the software

implementations herein are stored.

Although the invention has been illustrated and described with respect to one or more
implementations, equivalent alterations and modifications will occur to others skilled in the art
upon the reading and understanding of this specification and the annexed drawings. In addition,
while a particular feature of the invention may have been disclosed with respect to only one of
several implementations, such feature may be combined with one or more other features of the
other implementations as may be desired and advantageous for any given or particular
application. Thus, the breadth and scope of the present invention should not be limited by any of
the above described embodiments. Rather, the scope of the invention should be defined in

accordance with the following claims and their equivalents.
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CLAIMS

l. A method for mitigating interference among a plurality of transceivers communicating
using RF signals and located in close physical proximity, comprising:

receiving at a computer processor information concerning at least an operating frequency
and a transmitter power output associated with each of said plurality of transceivers;

determining with said computer processor based on said information whether optional RF
filtering should be used to limit RF signals which are communicated to or from each transceiver
in order mitigate interference among said plurality of transceivers;

if said determining indicates that said optional RF filtering should be used, then

automatically selectively performing said RF filtering to mitigate said interference.

2. The method according to claim 1, wherein said determining step comprises determining
that said optional RF filtering should be used if detailed transceiver information other than said
operating frequency and said transmitter power is lacking for at least one of said plurality of

transceivers.

3. The method according to claim 2, wherein said detailed transceiver information is
selected from the group consisting of a transmitter noise profile and a receiver blocking

performance.

4. The method according to claim 2, wherein at least one of a passband and a stop band of
said RF filtering is determined in accordance with a pre-defined look-up table when said detailed

transceiver information is lacking.

5. The method according to claim 1, wherein said determining step comprises selectively
determining if said optional RF filtering should be used when detailed transceiver information
other than said operating frequency and said transmitter power is available for each of said

plurality of transceivers.
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6. The method according to claim 5, wherein said selective determination as to whether said
optional RF filtering should be used is based on a look-up table, and wherein said look-up table

is selectively dynamically modified based on said detailed transceiver information.

7. The method according to claim 5, wherein said detailed transceiver information includes
at least one of a transmitter noise profile, a receiver blocking performance, and a transmitter

output waveform.

8. The method according to claim 5, wherein said selective determination as to whether said
optional RF filtering should be used is based on a calculation based on said detailed transceiver

information.

9. The method according to claim 8, wherein said calculation includes an evaluation of at
least one input variable which specifies an isolation as between a first antenna associated with a
first transceiver of said plurality of transceivers and a second antenna associated with a second

transceiver of said plurality of transceivers.
10. The method according to claim 6, wherein said detailed transceiver information includes

at least one of transmitter phase noise as a function of frequency, receiver blocking performance,

receiver harmonic filtering and receiver noise figure.
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