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57 ABSTRACT

An improved system and method for wireless communica-
tions, as well as a method for configuring wireless commu-
nication devices for use in such a system, are disclosed. In at
least some embodiments, the system for wireless communi-
cations includes a first wireless communication device con-
figured for communication within a first frequency range, and
a second wireless communication device configured for com-
munication within a second frequency range, where the first
and second frequency ranges substantially but not entirely
overlap one another. Also, in at least some embodiments, the
present invention relates to a method that wireless communi-
cating devices can use in order to co-exist or utilize wireless
channels that need not be non-overlapping. By allowing wire-
less devices to do this, it is possible to achieve greater usage
of'the wireless spectrum and as a result superior performance
of the wireless communication system as a whole.

14 Claims, 3 Drawing Sheets
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SYSTEM AND METHOD FOR ACHIEVING
WIRELESS COMMUNICATIONS WITH
ENHANCED USAGE OF SPECTRUM
THROUGH EFFICIENT USE OF
OVERLAPPING CHANNELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. provi-
sional patent application No. 60/816,020 filed Jun. 23, 2006
and entitled “SYSTEM AND METHOD FOR ACHIEVING
WIRELESS COMMUNICATIONS WITH ENHANCED
USAGE OF SPECTRUM THROUGH EFFICIENT USE OF
OVERLAPPING CHANNELS”, which is hereby incorpo-
rated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with United States Government
support awarded by the following agency: NSF under Grant
#CNS-0520152.The United States Federal Government has
certain rights in this invention.

FIELD OF THE INVENTION

The present invention relates to wireless communications
and, more particularly, relates to methods and systems for
achieving enhanced usage of the electromagnetic spectrum in
achieving wireless communications.

BACKGROUND OF THE INVENTION

Wireless communication devices are ubiquitous. Among
the many wireless communication devices that are now in
operation are wireless communication devices that operate in
accordance with one or more of the 802.11 family of proto-
cols, for example, wireless communication devices used in
wireless local-area networks (LANs), wireless mesh net-
works and Wi-Fi applications.

In many applications involving multiple wireless commu-
nication devices, the signals generated by the multiple wire-
less communication devices can interfere with one another.
This is particularly the case in applications, such as applica-
tions involving [LANs, wireless mesh networks and/or Wi-Fi,
in which the multiple wireless communications device are in
relatively close proximity of one another, for example, within
a building.

Communication in accordance with the 802.11 family of
protocols typically takes place in one of two different bands
of the electromagnetic spectrum, namely, bands surrounding
5 GHz and 2.4 GHz. The bands in turn are divided into several
channels centered at center frequencies that are approxi-
mately 5 MHz apart, where each channel occupies a band of
approximately plus or minus 11 MHz about the respective
center frequency of the channel, and each channel has an
overall bandwidth of approximately 44 MHz. As such, adja-
cent or neighboring channels overlap one another to some
extent.

Wireless communication devices operating in accordance
with the different families of protocols, such as 802.11 and
802.16, typically are capable of selecting a specific channel
for operation and then adhere to that selected channel. Con-
ventional wireless communication devices have the capabil-
ity of detecting when other wireless communication devices
are operating in the same channel, and of adjusting to account
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for interference that can occur due to the shared usage of the
same channel (e.g., through the use of a random access con-
tention mechanism such as RTS-CTS handshakes).

As noted above, the various channels available in accor-
dance with the 802.11 family of protocols overlap with one
another to a fair degree. For example, the 802.11(b) protocol
employed in applications such as Wi-Fi applications has 11
channels defined in the standard. Each given channel overlaps
in its spectral width not only with neighboring channels (e.g.,
channel 6 tends to overlap channels 5 and 7) but also with
channels that are non-neighbors (e.g., channel 6 also tends to
overlap each of channels 2-5 and 7-10, albeit it does not
overlap at all channels 1 or 11).

Further, while conventional wireless communication
devices are generally capable of adjusting for and overcom-
ing the effects of interference that arise from sharing a given
channel among multiple wireless communication devices,
conventional wireless communication devices tend to have
difficulty adjusting for and overcoming interference that
arises when other wireless communication devices are oper-
ating in neighboring, overlapping channels. Indeed, in many
such cases, conventional wireless communication devices are
unable even to detect that other wireless communication
devices are operating in neighboring, overlapping channels,
notwithstanding the fact that the wireless communication
devices are experiencing inhibited performance due to inter-
ference from those other wireless communication devices.

Given these problems, conventional arrangements of wire-
less communication devices typically are set to minimize the
amount of interference that can occur when multiple wireless
communication devices are communicating in different chan-
nels. For example, again with respect to applications involv-
ing the 802.11(b) protocol having 11 channels, if two access
points at which wireless communication devices are located
are positioned nearby one another, the wireless communica-
tion devices at those access points are assigned entirely (or
substantially) nonoverlapping and noninterfering channels
(e.g., channels 1 and 6 or 6 and 11).

However, while this solution reduces the amount of inter-
ference, this solution is not ideal insofar as it limits the effec-
tive overall bandwidth that is available for communication
among different wireless communication devices. That is, by
restricting wireless communication devices to nonoverlap-
ping and noninterfering channels, one avoids any use of the
neighboring or intermediate channels (e.g., channels 2-5 and
7-10) for the communication of any information. Given that
the use of wireless communication devices in a variety of
applications continues to increase, and given that the amount
of'information being communicated among wireless commu-
nication devices also continues to increase, the decision to
limit communication among devices to nonoverlapping, non-
interfering channels increasingly threatens to hamper the per-
formance of, or to dampen the development of, wireless com-
munication systems.

For at least these reasons, therefore, it would be advanta-
geous if an improved method and/or system for wireless
communications, and/or method of making or constructing
such a system, could be developed in which the use of avail-
able electromagnetic spectrum for communications by such a
system was enhanced and yet, at the same time, the operation
of'the system was not significantly compromised by interfer-
ence among the devices.

BRIEF SUMMARY OF THE INVENTION

The present inventors have recognized that it would be
desirable to have an improved method and/or system for
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wireless communications that in at least some embodiments
achieved higher usage of the available electromagnetic spec-
trum than conventional arrangements yet at the same time was
able to avoid and/or adjust/compensate for interference to a
similar (or at least acceptable) extent as in conventional
arrangements. The present inventors have additionally recog-
nized that one reason why conventional arrangements do not
make as effective use of the available electromagnetic spec-
trum as one might desire is that conventional arrangements
presuppose that, to minimize and/or compensate for interfer-
ence, wireless communication devices must either use chan-
nels that do not overlap, or must share the same channels such
that interference can be detected and dealt with.

The present inventors have farther recognized that this
assumption is not in actuality a physical requirement and that
in fact, wireless communication devices could utilize mul-
tiple channels that do overlap to a more significant degree so
long as the resulting interference levels created by the inter-
play of the signals from the different wireless communication
devices were not excessive and/or could be accounted for by
the devices. The present inventors have additionally devel-
oped criteria for characterizing the interference level(s) that
can arise as a result of any given arrangement of wireless
communication devices operating at different channels, and
recognized that an improved system for wireless communi-
cations in at least some embodiments can be achieved by a
method involving arranging wireless communication devices
and setting the channels in which those devices operate in a
manner tending to keep interference levels within acceptable
bounds.

More particularly, in at least some embodiments the
present invention relates to a method of configuring first and
second wireless communication devices for wireless commu-
nication within first and second overlapping frequency
ranges, respectively. The method includes (a) determining a
first interference value that would occur if both the first and
second overlapping frequency ranges were substantially
identical, and (b) determining a second interference value that
would occur if the first overlapping frequency range differed
from second overlapping frequency range by a specified
amount. The method further includes (c) determining
whether an overall interference value based at least in part
upon the first and second interference values satisfies a
threshold criterion, and (d) if the threshold criterion is met,
then configuring at least one of the first and second wireless
communication devices so that the first and second overlap-
ping frequency ranges of the first and second wireless com-
munication devices differ by substantially the specified
amount.

Additionally, in at least some embodiments the present
invention relates to a wireless communication system. The
system includes a first wireless communication device con-
figured for communication within a first frequency range, and
a second wireless communication device configured for com-
munication within a second frequency range, where the first
and second frequency ranges substantially but not entirely
overlap one another.

Further, in at least some embodiments the present inven-
tion relates to a method of operating first and second pairs of
wireless communication devices. The method includes trans-
mitting first communication signals within a first frequency
range between the wireless communication devices of the
first pair, and transmitting second communication signals
within a second frequency range between the wireless com-
munication devices of the second pair, with the second fre-
quency range substantially overlapping but not identical to
the first frequency range. Interaction of the first and second
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communication signals produces interference, and an amount
related to the interference is less than a threshold, whereby the
wireless communication devices of the first pair are able to
communicate with one another and the wireless communica-
tion devices of the second pair are able to communicate with
one another in a manner that is substantially unimpeded by
the interference.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows in schematic form an exemplary set of wire-
less communication devices that are capable of communicat-
ing via two different channels and which may experience
interference as a result thereof;,

FIG. 2 shows in schematic form an exemplary set of neigh-
boring and, in some cases, overlapping channels;

FIG. 3 is a flow chart showing exemplary steps of a process
for determining appropriate overlapping channels that can be
used for communication among wireless communication
devices such as those of FIG. 1; and

FIG. 4 is a graph showing an exemplary transmit spectrum
mask applicable for communication by way of the 802.1 (b)
protocol.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, embodiments of the present invention
are applicable to systems and applications in which multiple
wireless communication devices communicate with one
another within multiple frequency ranges and/or multiple
different channels. FIG. 1 shows in particular one exemplary
wireless communication system 1 that includes a first pair 2 of
wireless communication devices that includes first and sec-
ond wireless communication devices 4 and 6, respectively,
and a second pair 8 of wireless communication devices that
includes third and fourth wireless communication devices 10
and 12, respectively. The devices 4 and 6 of the first pair 2
communicate with one another via a first channel (or fre-
quency range) 14, while the devices 10 and 12 of the second
pair 8 communicate with one another via a second channel (or
frequency range) 16.

In the example of FIG. 1, the wireless communication
devices 4 and 12 are laptop or notebook personal computers
while the devices 6 and 10 are personal digital assistants
(PDAs). However, FIG. 1 is intended to be generally repre-
sentative of any wireless communication devices including,
for example, desktop computers, handheld devices (other
than PDAs), cellular telephones, and other wireless commu-
nication devices. Each of the wireless communication
devices typically includes a transmitter and a receiver (or a
transceiver combining both), as well as a processing/control
device such as a microprocessor. The wireless communica-
tion devices 4, 6, 10 and 12 can be implemented as (or as part
of) any of a variety of types of wireless systems and/or appli-
cations including, for example, wireless LANs (e.g.,
WLAN:S), wireless mesh networks (with multi-node-hopping
communications), Wi-Fi or BlueTooth.

Referring additionally to FIG. 2, for the purposes of the
present example, it is assumed that the wireless communica-
tion devices 4, 6, 10 and 12 are configured for communication
in accordance with the 802.11(b) protocol. That is, as shown
in FIG. 2, each of'the wireless communication devices 4, 6, 10
and 12 is configured for communication in one of eleven
different channels (numbered I to XI), where the devices of
each respective pair 2 and 8 in particular communicate within
a given one of the channels. FIG. 2 in particular shows, by
way of demarcation lines 24, idealized frequency ranges of
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each of the channels I-XI. However, as illustrated by curves
18, 20, 22 and 26, the actual portions of the frequency domain
within which signals are transmitted in a given channel
extend beyond the demarcation lines 24 associated with that
given channel and spill over into other neighboring channels.

More specifically, FIG. 2 illustrates that an actual extent of
the frequency range of signals transmitted by way of the
channel VI, represented by the curve 18, overlaps an actual
extent of the frequency range of signals transmitted by way of
the channel III, represented by the curve 26. Thus, channels
V1 and IIT overlap one another to a fair degree. At the same
time, the actual extents of the frequency ranges of signals
transmitted by way of the channels I and XI, represented by
the curves 20 and 22, respectively, do not overlap the actual
extent of the frequency range of signals transmitted by way of
channel VI (represented by the curve 18), and consequently
no interference would occur between two sets of devices
communicating respectively on two different ones of the
channels I, VI and X1.

Although in the present example the devices 4, 6, 10 and 12
are configured for operation in accordance with the 802.11(b)
protocol, the present invention is intended to encompass a
zvariety of other embodiments in which wireless communi-
cation devices communicate in accordance with protocols
other than the 802.11 (b) protocol including, for example,
other members of the 802.11 family of protocols (e.g., the
802.11a and 802.11g protocols) and other protocols, for
example, the 802.16 protocols. Additionally, the present
invention is not only intended to encompass embodiments in
which wireless communication devices communicate within
frequency ranges of the electromagnetic spectrum used by the
802.11(b) protocol, other members of the 802.11 family of
protocols, and other commonly-used protocols such as the
802.16 protocols, but also is intended to encompass embodi-
ments in which the devices communicate within other fre-
quency ranges as well.

Further, while due to the fact that the present example
relates to use of the 802.11(b) protocol, the present example
presumes that the wireless communication devices 4, 6, 10
and 12 are capable of being configured for communication in
any of eleven different channels. Nevertheless, the present
invention is also intended to encompass embodiments in
which wireless communication devices can be configured for
operation in overlapping channels of any set of channels of
arbitrary number, and indeed for operation in accordance
with protocols or formats in which channels are not distinctly
defined, but rather the wireless communication devices are
potentially capable of transmitting and/or receiving signals
within overlapping frequency ranges within the electromag-
netic spectrum.

As described above, in conventional embodiments two
pairs of wireless communication devices such as those shown
in FIG. 1 would typically be configured so that either both of
the channels 14, 16 were the same, or that the channels 14, 16
were substantially nonoverlapping and noninterfering chan-
nels. Thus as shown in FIG. 2, the wireless communication
devices 4, 6 of the first pair 2 could be configured to commu-
nicate by way of channel VI, while the wireless communica-
tion devices 10, 12 of the second pair 8 could be configured to
communicate by way of either channel VI (e.g., such that both
pairs shared the same channel) or to communicate by way of
either channel I or channel XI.

In contrast to conventional embodiments, and in accor-
dance with embodiments of the present invention, it is also
possible for the first and second pairs 2, 8 of wireless com-
munication devices to communicate by way of channels (or
frequency ranges) that overlap to some degree even though
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the channels are not the same. For example, with reference to
FIG. 2, it is possible that the wireless communication devices
4, 6 of the first pair 2 could be configured to communicate by
way of channel VI while the wireless communication devices
10, 12 of the second pair 8 could be configured to communi-
cate by way of the channel II1. As a result of communicating
in such overlapping (but non-identical) channels, as shown in
FIG. 1, interference 28 between the pairs 2, 8 of wireless
communication devices results. While the existence of such
interference 28 would in conventional embodiments be
understood as rendering the wireless communication devices
inoperable (or at least highly inefficient), embodiments of the
present invention allow a wireless communication system to
operate in many cases notwithstanding the presence of such
interference.

In accordance with at least some embodiments of the
present invention, to achieve a wireless communication sys-
tem in which communication among devices can occur on
two (or possibly more) overlapping channels, a process rep-
resented by a flow chart 30 shown in FIG. 3 is performed. The
present invention does not envision that effective communi-
cations between wireless communication devices can be
always achieved for any arbitrary set of wireless communi-
cation devices that are communicating by way of any arbi-
trary set of overlapping channels. Rather, the present inven-
tion envisions that it is possible to achieve effective
communications among many sets of wireless communica-
tion devices communicating by way of different channels (or
frequency ranges) that to some degree overlap, and the pro-
cess of FIG. 3 is a process that, if followed, allows for deter-
minations to be made as to which such arrangements and
configurations of wireless communication devices are suit-
able for achieving effective communications.

Thus, referring to FIG. 3, upon starting the process at a step
32, one identifies two wireless communication devices (e.g.,
devices A and B) that are potentially capable of communica-
tions in two different channels. The devices could be, for
example, one of the devices of the first pair 2 and one of the
devices of the second pair 8 of FIG. 1 or, also for example,
could be two access points of a WLAN. Next, at a step 36, a
same channel interference between the devices, Pz is deter-
mined.

The same channel interference P is intended to be rep-
resentative of the interference that would occur between the
two devices if the two devices were operating on the same
channel (e.g., operating within frequency ranges that identi-
cally, or nearly-identically, overlapped one another). The
same channel interference provides an indication, among
other things, of the degree of interference that exists due to
physical factors such as the physical distance between the two
devices. Although theoretical models (e.g., radio signal
propagation models) can be used to determine the same chan-
nel interference, this interference can also be determined
empirically and, in fact, often is done so today in conventional
wireless communication systems in which multiple devices
are communicating within the same channel.

Upon determining the same channel interference at step 36,
then at a step 38 a routine is performed to determine a closest
pair of overlapping channels that still would allow for effec-
tive or acceptable communications by the two devices (e.g.,
communications by those devices with other devices by way
of'the two overlapping channels, respectively). Although the
routine of step 38 can take a variety of forms, one exemplary
routine 44 that could be employed as step 38 is expressed in
pseudocode in FIG. 3. As shown in the routine 44, perfor-
mance of the routine utilizes not only the same channel inter-
ference P,z value determined in step 36, but also involves the
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calculation of interference factors (which also can be termed
“IFACTORSs”). An interference factor is a function that takes
as its arguments two frequency bands (or channels) corre-
sponding to the two communicating devices under question
(potentially using different wireless communication meth-
ods). For a given assignment of the frequency bands to the two
communicating devices, the value of the interference factor
function represents the amount of overlap between the trans-
mission frequency (or frequency band, e.g., channel) of one
device and the reception frequency (or frequency band, e.g.,
channel) of another device. Overall, as a function, the inter-
ference factor is representative of the interference associated
with different possible combinations of overlapping fre-
quency bands (or channels) being used by the two devices.

As shown more particularly by Equation (1), an interfer-
ence factor IF ;. \(t) capturing an amount of overlap can be
determined quantitatively by calculating an area of intersec-
tion between a transmitted signal’s spectrum and a receiver’s
band-pass filter. With F - being a center frequency of a trans-
mission frequency band or channel, F5 being a center fre-
quency of a reception frequency band or channel, T being the
difference between those two center frequencies, S,{f) being
the transmitted signal’s power distribution across the fre-
quency spectrum, and B (1) being the frequency response of
the band-pass filter of the receiving device, the interference
factor Iz, £,(T) concerning a transmitting device operating at
the transmission frequency band and a receiving device oper-
ating at the reception frequency band can be calculated as
follows:

il 1
1Frpy(T) = f ST(F)Br(F -7)d f W

—co

Equation (1) allows for calculation of interference factors
where the difference in center frequencies r can take any
arbitrary amount within a continuous range of values. For
circumstances where the wireless communication devices are
intended to communicate in accordance with a particular
format or protocol, certain simplifying assumptions can often
be made resulting in a discrete version of the interference
factor calculation. For example, if the wireless communica-
tion devices as discussed above are intended to operate in
accordance with the 802.11(b) protocol (e.g., within any one
of eleven particular channels), then the center frequencies of
neighboring channels are spaced apart by 5 MHz. Conse-
quently, T for any given pair of different channel numbers is
equal to 5 li-j|, where i and j are the channel numbers (e.g., if
channels I1T and VI were proposed to be used, then Tt would be
15 MHz).

In at least some embodiments, the success of the present
invention in terms of allowing wireless communication
devices to communicate within overlapping, but not identical,
frequency ranges stems at least in part from the fact that
conventional wireless communication devices have imper-
fect transmit masks such that such devices fail to fully utilize
the spectra associated with the particular channels assigned to
those devices. For example, where use of the 802.11(b) pro-
tocol is presumed, one can assume that the power distribution
for the transmitted signal (transmitted by one of the devices)
substantially takes the form of a transmit spectrum mask as
shown in FIG. 4. Additionally, since it is advantageous for a
wireless card designer to use the same filter for transmitting a
signal and band-limiting the reception, one can also assume
that the receiving device’s band-pass filter will have the same
transmission characteristic as the transmit spectrum mask.

—
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Given these assumptions, one can employ the following val-
ues into Equation (1) in calculating an interference factor,
where F_ is the channel center frequency:

=50 dB if|f - F,| > 22 MH,
-30dB if 11 MH, <|f - F.,| <22 MH,
0 dB  Otherwise

@
Br(f)=5r(f) =

Referring again to FIG. 3, in accordance with step 38,
multiple frequency range/channel combinations are poten-
tially (and typically) considered in determining whether the
overall interference encompassing both same channel inter-
ference (P ,5) and overlapping channel interference (IF ; x,
(T)) exceeds or falls below a desired threshold. Typically, the
closer that two frequency ranges/channels are, the higher
their overlapping channel interference. At the same time, it is
desirable to be able to accommodate overlapping frequency
ranges/channels that are as close together as possible, so as to
enhance the overall usage of all of the possible frequency
ranges/channels, e.g., to enhance the overall usage of the
entire available portion of the electromagnetic spectrum.
Thus, the routine performed in step 38 typically considers a
series of different combinations of frequency ranges/chan-
nels, starting with frequency ranges/channels that are closer
together and proceeding to frequency ranges/channels that
are farther apart, and continues until a pair of frequency
ranges/channels satisfies the interference threshold (which
can also be considered a noise threshold).

The exemplary routine 44 shown in FIG. 3 is representative
of a variety of routines that can be employed to determine a
closest pair of frequency ranges/channels that are compatible
with acceptable communications performance, and that oper-
ate by comparing the product of a same channel interference
value and an overlapping channel interference value with a
threshold interference value. Yet the exemplary routine 44 is
also in particular suited for use in determining the channels
for two devices that are intended for communications in
accordance with the 802.11(b) protocol.

More particularly, as discussed above, two channels in
accordance with the 802.11(b) protocol will overlap one
another unless the two channels are five or more channels
apart from one another. Thus, for any given device intended
for operation on one of the eleven channels of the 802.11(b)
protocol, there are six different possible levels of interference
that could be experienced from a second device depending
upon whether that second device is operating on the same
channel, an adjacent channel, or channels two, three, four, or
five channels away from the channel of the given device.

The routine 44 of F1G. 3 thus is configured to loop through
up to six different calculations of interference factors and six
different comparisons of those interference factors with a
desired threshold, beginning with the interference factor
existing when both of the devices are operating on the same
channel (albeit this iteration in some embodiments could be
skipped), and continuing with interference factors existing
when the devices are operating on channels that are increas-
ingly far apart, until the channels are so far apart (e.g., five
channels apart) that they are no longer overlapping. As soon
as a particular iteration of the loop arrives at an interference
factor resulting in the threshold criterion being met, then the
routine is complete and the channel separation associated
with that interference factor is returned.

Once the performance of step 38 identifies the closest
overlapping pair of channels (or other frequency ranges) that
satisfies the interference threshold, then step 40 is performed.
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In this step, the two devices are set to two different channels
having the channel separation identified in step 38. If a chan-
nel selection has already been mandated or otherwise deter-
mined for one of the devices, then the channel selection for
the second device can be automatically determined (or, in
some circumstances, two possible candidates for the channel
of'the second device are readily identifiable). For example, if
the channel separation identified in step 38 is three channels,
and the first device is already set to channel VI, then the
second device should be set to either channel III or channel
IX.

The setting of channels performed in step 40 can be auto-
matically performed, e.g., under the control of one or more
processing devices (e.g., a microprocessor) associated with
the wireless communication devices or system, or in some
circumstances can be manually determined. Also, in some
cases, wireless communication devices or systems are manu-
factured with their channel settings preset. Indeed, from the
above discussion in should be noted that, in at least some
embodiments, the interference factors for a given device are
determined solely by the radio characteristics of the commu-
nicating or interfering entities, and this determination does
not depend on the environment of use. Thus, computing the
interference factor values once can be sufficient for the life-
time of the given device (and this can greatly improve/speed
up the method used to determine the interference values).
Finally, regardless of whether the interference factor values
and/or channel settings are determined once or repeatedly,
once the channel setting step 40 is performed in any given
performance of the routine of F1G. 3, then the routine is ended
at a step 42.

Although the routine performed in step 38 as described
above considers different frequency range/channel possibili-
ties in an order ranging from where the frequency ranges/
channels are closer together to where they are farther apart, in
alternate embodiments the various possibilities could be con-
sidered in any order. Further, while the above description
largely focuses upon embodiments in which wireless com-
munication devices are configured for communication within
two different overlapping frequency ranges/channels, the
present invention is also intended to encompass embodiments
in which numerous wireless communication devices are con-
figured for communication within three or more different
overlapping frequency ranges/channels.

It is specifically intended that the present invention not be
limited to the embodiments and illustrations contained
herein, but include modified forms of those embodiments
including portions of the embodiments and combinations of
elements of different embodiments as come within the scope
of the following claims.

We claim:

1. A method of configuring first and second wireless com-
munication devices for wireless communication within first
and second overlapping frequency ranges, respectively, the
method comprising;

(a) determining a first interference value that would occur
if both the first and second overlapping frequency ranges
were substantially identical;

(b) determining a second interference value that would
occur if the first overlapping frequency range differed
from second overlapping frequency range by a specified
amount;

(c) determining whether an overall interference value
based at least in part upon the first and second interfer-
ence values satisfies a threshold criterion; and

(d) if the threshold criterion is met, then configuring at least
one of the first and second wireless communication
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devices so that the first and second overlapping fre-
quency ranges of the first and second wireless commu-
nication devices differ by substantially the specified
amount,

wherein if a threshold criterion is not met, then varying the
specified amount and repeating (b), (c) and (d)

wherein the second interference value is a function of an
overlap between a transmitter’s signal power distribu-
tion across the frequency spectrum and a corresponding
frequency response of receiver’s band-pass filter, each
associated with different of the first and second wireless
communication devices.

2. The method of claim 1, wherein the specified amount is

increased every time (b) is repeated.

3. The method of claim 1, wherein the first and second
overlapping frequency ranges are selected from a plurality of
channels, and the specified amount is a difference between
center frequencies of two of the channels.

4. The method of claim 3, wherein the first and second
wireless communication devices are configured for operation
in accordance at least one protocol selected from the 802.11
family of protocols.

5. The method of claim 4, wherein the first and second
wireless communication devices are configured for operation
in accordance with the 802.11(b) protocol.

6. The method of claim 1, wherein the first interference
value depends at least in part upon a physical proximity of the
first wireless communication device in relation to the second
wireless communication device.

7. The method of claim 1, wherein the first and second
wireless communication devices are configured for operation
in at least one of a WLAN, a mesh network, and a Wi-Fi
application.

8. The method of claim 1, wherein each of the first and
second wireless communication devices is selected from the
group consisting of a portable computer, a desktop computer,
a personal digital assistant, a handheld device, and a cellular
telephone.

9. The method of claim 1, wherein the second interference
value is indicative of an intersection between a transmitted
signal characteristic of the first wireless communication
device and a receiver filter characteristic of the second wire-
less communication device.

10. The method of claim 9, wherein the transmitted signal
characteristic is a transmit spectrum mask characteristic, and
wherein the receiver filter characteristic is a receiver band-
pass filter characteristic.

11. A method of configuring first and second wireless
communication devices for wireless communication within
first and second overlapping frequency ranges, respectively,
the method comprising;

(a) determining a first interference value that would occur
if both the first and second overlapping frequency ranges
were substantially identical;

(b) determining a second interference value that would
occur if the first overlapping frequency range differed
from second overlapping frequency range by a specified
amount;

(c) determining whether an overall interference value
based at least in part upon the first and second interfer-
ence values satisfies a threshold criterion; and

(d)if the threshold criterion is met, then configuring at least
one of the first and second wireless communication
devices so that the first and second overlapping fre-
quency ranges of the first and second wireless commu-
nication devices differ by substantially the specified
amount,
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wherein if a threshold criterion is not met, then varying the
specified amount and repeating (b), (c) and (d)

wherein the second interference value is an interference
factor value representable by IF ;. z,(T), and wherein

Frr(T) = f St(F)BR(F -7)d f.

12. A wireless communication device configured in accor-

dance with the method of claim 1.

13. A further method of operating first and second pairs of

wireless communication devices, the further method com-
prising the method of configuring of claim 1 and additionally
comprising:

transmitting first communication signals within the first
overlapping frequency range between the wireless com-
munication devices of the first pair, wherein the wireless
communication devices of the first pair include the first
wireless communication device and a third wireless
communication device; and

transmitting second communication signals within the sec-
ond overlapping frequency range between the wireless
communication devices of the second pair, the wireless
communication devices of the second pair including a
second wireless communication device and a fourth
wireless communication device, the second overlapping
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frequency range substantially overlapping but not iden-
tical to the first overlapping frequency range;

wherein interaction of the first and second communication
signals produces interference, and wherein an amount
related to the interference is less than a threshold,

whereby the wireless communication devices of the first
pair are able to communicate with one another and the
wireless communication devices of the second pair are
able to communicate with one another in a manner that
is substantially unimpeded by the interference

including the step of selecting the first and second fre-
quency range according to a determination of the inter-
ference by evaluating a function of an overlap between a
transmitter signal’s power distribution across the fre-
quency spectrum for the first communication signals and
a frequency response of a receiver’s band-pass filter
each for the second communications signals.

14. The method of claim 13, wherein the interference is

determined from an interference factor value representable by
IF (7.)(T), and wherein

IF(T,R)(T):f ST(F)BR(F -7)d f.



