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(57) Abstract: When a wireless communications device intends to communicate with another device over a wide channel consisting
of multiple narrow channels, but detects interference on one or more of those narrow channels, it may restrict subsequent communic -
ations with that other device to those narrow channels that don't suffer from the interference. In one embodiment the device may
simply refuse to monitor the interfering channel(s) for signals for a particular period of time. In another embodiment the device may
use a CTS to signal the other device not to use the interfering narrow channel(s). That may result in using a wide channel with a re -
duced bandwidth for communications.
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DYNAMIC BANDWIDTH CONTROL IN INTERFERENCE SITUATIONS

BACKGROUND

Although earlier versions of WiFi limited channel bandwidth to 20 MHz, later
improvements in wireless technology have expanded channel bandwidth, while remaining
compatible with older versions, by combining multiple existing 20 MHz-wide channels into
channels that have a bandwidth of 40, 80, or even 160 MHz. However, this expanded bandwidth
can cause problems when networks overlap. For example, a first network controller may
communicate with a first mobile device using an 80 MHz bandwidth, made up of four 20 MHz
channels, thus achieving high throughput and efficiency. But that first mobile device may be
near a second mobile device that is communicating with a second network controller on one or
more of the same 20 MHz channels. Transmissions from the second network may be strong
enough to be overheard by the first mobile device, resulting in interference to the
communications between the first network controller and first mobile device. Unless the first
network controller can directly hear these interfering transmissions from the second network, it
has no direct way of determining why its transmissions are not being correctly received by the
first mobile device.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention may be better understood by referring to the
following description and accompanying drawings that are used to illustrate embodiments of the
invention. In the drawings:

Fig. 1 shows two devices communicating with each other in a network, with potential
interference from another network, according to an embodiment of the invention.

Fig. 2 shows a timing diagram of two devices exchanging an RTS/CTS and then
communicating data over a resulting wide channel, according to an embodiment of the invention.

Fig. 3 shows a flow diagram of a method of establishing a set of narrow channels for a
data transfer through an RTS/CTS exchange, according to an embodiment of the invention.

Fig. 4 shows a flow diagram of a method of reducing the monitored bandwidth,

according to an embodiment of the invention.

DETAILED DESCRIPTION
In the following description, numerous specific details are set forth. However, it is

understood that embodiments of the invention may be practiced without these specific details. In
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other instances, well-known circuits, structures and techniques have not been shown in detail in
order not to obscure an understanding of this description.

References to “one embodiment”, “an embodiment”, “example embodiment”, “various
embodiments”, etc., indicate that the embodiment(s) of the invention so described may include
particular features, structures, or characteristics, but not every embodiment necessarily includes
the particular features, structures, or characteristics. Further, some embodiments may have some,
all, or none of the features described for other embodiments.

In the following description and claims, the terms “coupled” and “connected,” along with
their derivatives, may be used. It should be understood that these terms are not intended as
synonyms for each other. Rather, in particular embodiments, “connected” is used to indicate that
two or more elements are in direct physical or electrical contact with each other. “Coupled” is
used to indicate that two or more elements co-operate or interact with each other, but they may
or may not have intervening physical or electrical components between them.

As used in the claims, unless otherwise specified the use of the ordinal adjectives “first”,
“second”, “third”, etc., to describe a common element, merely indicate that different instances of
like elements are being referred to, and are not intended to imply that the elements so described
must be in a given sequence, either temporally, spatially, in ranking, or in any other manner.

Various embodiments of the invention may be implemented in one or any combination of
hardware, firmware, and software. The invention may also be implemented as instructions
contained in or on a tangible non-transient computer-readable medium, which may be read and
executed by one or more processors to enable performance of the operations described herein.
Such a computer-readable medium may include any tangible non-transient mechanism for
storing information in a form readable by one or more computers, such as but not limited to read
only memory (ROM); random access memory (RAM); magnetic disk storage media; optical
storage media; a flash memory device, etc.

The term “wireless” may be used to describe circuits, devices, systems, methods,
techniques, communications channels, etc., that communicate data by using modulated
electromagnetic radiation through a non-solid (e.g., wireless) medium. The term does not imply
that the associated devices do not contain any wires. A wireless device may comprise at least
one antenna, at least one radio, at least one memory, and at least one processor, where the radio
transmits signals through the antenna that represent data and receives signals through the antenna
that represent data, while the processor may process the data to be transmitted and the data that
has been received. The processor may also process other data which is neither transmitted nor
received.

As used within this document, the term “network controller” is intended to cover devices
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that schedule and control, at least partially, wireless communications by other devices in the

network. A network controller may also be known as a base station (BS), access point (AP),
central point (CP), or any other term that may arise to describe the functionality of a network
controller.

As used within this document, the term “mobile device” is intended to cover those
devices whose wireless communications are at least partially scheduled and controlled by the
network controller. A mobile device (MD) may also be known as a mobile station (MS), STA,
subscriber station (SS), user equipment (UE), or any other term that may arise to describe the
functionality of a mobile device. Mobile devices may move during such communications, but
movement is not required.

As used in this document, a ‘narrow’ channel is a channel having a pre-defined
continuous bandwidth in the frequency spectrum, which will not be separated into multiple
smaller sub-channels for independent communication in the network. As used in this document,
a ‘wide’ channel is a channel having the combined portions of the frequency spectrum occupied
by multiple ones of these narrow channels. That is, multiple specified narrow channels may
collectively constitute a specified wide channel. In some embodiments, a wide channel contains
only contiguous narrow channels, but in other embodiments these narrow channels don’t have to
be contiguous, i.e., two narrow channels that are included in the wide channel may be separated
by one or more narrow channels that are not included in the wide channel. For simplicity of
description, the narrow channels may sometimes be described as having a 20 MHz bandwidth,
while the wide channels may be described as having a bandwidth that is an integer multiple of 20
MHz, but other embodiments may use narrow-channel bandwidths other than 20 MHz. Within
this document, the term ‘channel’ by itself refers to a narrow channel unless specifically
indicated by surrounding text as a wide channel.

In various embodiments, a device that would normally communicate with another device
over a wide channel of a particular bandwidth may detect a signal, representing potential
interference, on one or more of the narrow channels that make up that wide channel. When the
device receives a Request-to-Send (RTS) indicating the wide channel, it may respond with a
Clear-to-Send (CTS) indicating a wide channel with fewer narrow channels, and that excludes
the potentially interfering narrow channel. When the originator of the RTS subsequently begins
transmitting data, it may restrict that transmission to only the narrow channels indicated by the
CTS. In this manner, the interference with that data communication may be avoided, while still
retaining some of the benefits of using a wide channel. The reduced wide channel may be
indicated by inserting the relevant information in a defined field in the CTS, which in some

embodiments may be a field that was previously reserved in prior art versions of a CTS.
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Fig. 1 shows two devices communicating with each other in a network, with potential
interference from another network, according to an embodiment of the invention. In the
illustrated embodiment, a network controller NC1 may be able to transmit to a mobile device
MDI1 in a first network, over an 80 MHz wide channel consisting of 20 MHz narrow channels #
36, 40, 44, and 48. The dashed line around both NC1 and MD1 shows the approximate network
coverage area for this first network. At the same time, in a second network a network controller
NC2 may transmit to a second mobile device MD2 over a single 20 MHz narrow channel # 44.
The dashed line around NC2 and MD2 shows the approximate network coverage area for this
second network. With the proliferation of wireless networks, such overlapping coverage areas
have become common.

Since device MD1 can receive simultaneous signals on narrow channel 44 from both
network controllers, any transmission from NCI that involves narrow channel 44 might be
received by MD1 in a garbled state, thus subjecting the entire 80 MHz wide channel to errors
and the possible need for retransmissions. This unfortunate situation may be avoided by
avoiding use of the interfering channel 44 in communications from NC1 to MD1. However,
NCI1 may be too far from NC2 to detect the interference on channel 44. Note: although network
controllers and mobile devices are playing particular roles in the example of Fig. 1, the same
principles may be applied to any two devices that are to communicate with each other but
receive interference from another device on at least one narrow channel.

Fig. 2 shows a timing diagram of two devices exchanging an RTS/CTS and then
communicating data over a resulting wide channel, according to an embodiment of the invention.
In the illustrated embodiment, device B may receive a potentially interfering signal on a
particular narrow channel. (The single arrow indicates a single narrow channel is involved,
while two or four arrows in other parts of the diagram indicate that two or four narrow channels
are involved.)

The term ‘potentially interfering’ indicates the signal is on a narrow channel that device
B may use for communication in its own network, and that the signal level is strong enough on
that narrow channel to possibly interfere with device B’s communications in its own network,
but such communication within its own network may not be taking place at the time the
potentially interfering signal is detected. In many instances, the potentially interfering signal
may have an extra-network source (i.c., the signal that does not appear to originate from any of
the devices in the network to which devices A and B both belong), and may in fact come from a
device belonging to another network whose coverage area overlaps that of the current network.
Although this document typically describes interference on a single narrow channel, it is obvious

that the description and ensuing embodiments may easily be expanded to include interference on
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multiple narrow channels.

Device B may monitor multiple narrow channels to determine if there are potentially
interfering signals on any of those narrow channels. The particular narrow channels to be
monitored in this way may be determined in various ways. For example, one or more wide
channels, each with a predetermined set of narrow channels, may have been established for
communications with device B. Monitoring may take any of various forms, such as but not
limited to a clear channel assessment (CCA) of each narrow channel. In the example of Fig. 2,
potential interference is detected only on a single narrow channel (e.g., a 20 MHz channel).

Subsequently, device A may transmit an RTS to device B, requesting communication
over a wide channel (e.g., 80 MHz) that includes four narrow channels. But device B, wishing to
avoid communicating over the potentially interfering channel, may transmit back a CTS
indicating only two narrow channels (e.g., 40 MHz), neither of which is the potentially
interfering channel. The subsequent data transmission from device A and acknowledgement
from device B may then take place over the 40 MHz wide channel indicated by the CTS.

The RTS and CTS may contain the necessary channel information in any feasible form.
In some embodiments, the RTS and/or CTS may be conveyed in an action frame, and the
channel information contained within that action frame. In some embodiments, the channel
information may be contained within a information element. Other formats may also be used.

Fig. 3 shows a flow diagram of a method of establishing a set of narrow channels for a
data transfer through an RTS/CTS exchange, according to an embodiment of the invention. At
310, the device may monitor all the narrow channels that it may potentially use in
communicating with another device. For example, if it has previously been restricted to using
eight specific narrow channels, each having a 20 MHz bandwidth, then it may monitor those
cight narrow channels, even though several times that many may be allowed by industry
standards. Monitoring may include monitoring for legitimate signals from devices within its
own network and monitoring for potentially interfering signals.

As long as no potentially interfering signal is received on any of those narrow channels,
the device may consider all of them to be available for a subsequent communication. But if an
interfering signal is detected at 320, then at 330 the device may reduce the potential bandwidth
that it intends to use for communicating so that that bandwidth excludes the potentially
interfering channel. The term ‘potentially interfering’ is used here because the device is not yet
trying to communicate, so there is no actual interference. ‘Reducing’ the potential bandwidth
may be handled in various ways. For example, in one embodiment the device may merely
exclude the potentially interfering channel from any wide channels that it might consider using.

In another embodiment the device may choose from a predetermined list of wide channels that
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are not as wide as maximum available wide channel (for example, one or more 40 MHz wide
channels might be considered when an 80 MHz channel would be available if there were no
interfering narrow channels).

At 340, the device may receive an RTS that specifies a particular set of narrow channels
for a subsequent communication, one of which is the potentially interfering narrow channel
identified at 320. The RTS may indicate the requested set of narrow channels in various ways.
In one embodiment, the RTS may be transmitted separately and in parallel on each of the
requested narrow channels. In another embodiment, the RTS may contain one or more fields
indicating the requested narrow channels.

The device may respond with a CTS at 350, but the CTS may indicate that the acceptable
narrow channels do not include the potentially interfering channel. Thus, the CTS may indicate
that the acceptable narrow channels are a subset of the narrow channels indicated in the RTS, a
subset that excludes the potentially interfering narrow channel and may exclude other narrow
channels as well. The CTS may indicate the acceptable narrow channels in various ways. In one
embodiment, the CTS may be transmitted separately and in parallel on each of the acceptable
narrow channels but not on any other narrow channel. In another embodiment, the CTS may
contain one or more fields indicating the acceptable narrow channels.

Once the acceptable narrow channels have been indicated through the CTS, the device
that transmitted the RTS may communicate with the device that transmitted the CTS, using no
more than the channels indicated by the CTS. This is indicated by receipt of data at 360 and by
transmission of an acknowledgement at 370. The actual channels used in this communication
may use all the narrow channels indicated by the CTS, but sometimes may use only a portion of
them. For example, in some embodiments, the requesting device (the device transmitting the
RTS) may restrict subsequent communications to less than the full range of available narrow
channels for reasons that don’t involve interference sensed by the other device. In such an
instance, the subsequent communications may be restricted to only those narrow channels that
are acceptable to both devices, which may be a subset of the narrow channels indicated in the
CTS.

Fig. 4 shows a flow diagram of a method of reducing the monitored bandwidth,
according to an embodiment of the invention. In the illustrated embodiment, at 410 a device
may monitor all relevant narrow channels. Monitoring may include monitoring for signals from
within its own network and monitoring for potential interference. The ‘relevant’ narrow
channels may be all available narrow channels specified by a standard, a communications
directive, a policy decision, or similar directive, may have been specified by the network

controller, or may have been specified in any other feasible way. When a potentially interfering
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signal is detected on one or more of the narrow channels at 420, the device may reduce the
number of channels it monitors at 430 so that it no longer monitors the potentially interfering
narrow channel(s).

Determining which reduced set of narrow channels to monitor now may be done in
various ways, such as but not limited to: 1) excluding only the potentially interfering channel(s),
2) excluding enough channels so that the number of monitored channels is a power of 2 (2, 4,
etc.), 3) monitoring the narrow channels in a pre-defined set of narrow channels (monitoring
channels 36 and 40, for example), 4) monitoring narrow channels that produce a particular
bandwidth (40 MHz or 80 MHz, for example), 5) etc.

Many sources of interference are temporary in nature, so at 450 the device may monitor
this reduced set of narrow channels for only a predetermined maximum period of time, as
measured by setting a timer at 440. The length of time measured by the timer may represent any
feasible value, such as but not limited to a transmit opportunity (TXOP), a network allocation
vector (NAV), or any other relevant period of time. Once the timer has expired at 460, the
device may resume monitoring the full set of narrow channels at 410.

During the time that the device is only monitoring a subset of the potential narrow
channels (while the timer is counting), it will only be able to receive an RTS on that subset of
narrow channels, and will therefore only respond with a CTS on, at most, that subset of narrow
channels. In some embodiments, this alone may assure that it will not agree to communicate
with another device over more than that subset of narrow channels, and will therefore not agree
to communicate over the potentially interfering narrow channel.

The foregoing description is intended to be illustrative and not limiting. Variations will
occur to those of skill in the art. Those variations are intended to be included in the various

embodiments of the invention, which are limited only by the scope of the following claims.
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What is claimed is:
1. A method, comprising:
monitoring for signals on all narrow channels of a first wide channel;
detecting a potentially interfering signal on a particular one of the narrow channels; and
avoiding communicating with another device over the particular one of the narrow
channels, while communicating with the other device over at least some others of the narrow

channels.

2. The method of claim 1, wherein said avoiding comprises:
stopping said monitoring of the particular narrow channel, while continuing to monitor
said at least some others of the narrow channels, for a particular period of time; and

resuming monitoring all the narrow channels after expiration of the particular period of

time.

3. The method of claim 2, wherein the period of time is selected from a list consisting of:
a network allocation vector; and
a transmit opportunity.

4. The method of claim 1, wherein said avoiding comprises transmitting a clear-to-send

(CTS) to the network controller, wherein:

the CTS indicates a second wide channel to use for a subsequent communication, the
narrow channels of the second wide channel being a subset of the narrow channels of the first
wide channel; and

the second wide channel excludes the particular narrow channel.
5. The method of claim 4, further comprising receiving a request-to-send (RTS), wherein
the CTS is transmitted in response to the RTS, and the RTS indicates a request for a
communication that includes the particular narrow channel.

6. The method of claim 1, wherein each of the narrow channels has a bandwidth of 20 MHz.

7. The method of claim 1, wherein said potentially interfering signal is determined to have

an extra-network source.

8. An apparatus comprising a processor, a memory, a radio, and an antenna, the apparatus
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to:
monitor for signals on all narrow channels of a first wide channel,;
detect a potentially interfering signal on a particular one of the narrow channels; and
avoid communicating with another device over the particular one of the narrow channels,

while communicating with the other device over at least some others of the narrow channels.

9. The apparatus of claim 8, wherein said avoiding is to comprise:

stopping said monitoring of the particular narrow channel, while continuing to monitor
said at least some others of the narrow channels, for a particular period of time; and

resuming monitoring all the narrow channels after expiration of the particular period of

time.

10. The apparatus of claim 9, wherein the period of time is to be selected from a list
consisting of:
a network allocation vector; and

a transmit opportunity.

11. The apparatus of claim 8, wherein said avoiding is to comprise transmitting a clear-to-
send (CTS) to the network controller, wherein:

the CTS indicates a second wide channel to use for a subsequent communication, the
narrow channels of the second wide channel being a subset of the narrow channels of the first
wide channel; and

the second wide channel excludes the particular narrow channel.

12. The apparatus of claim 11, wherein:
the apparatus is further to receive a request-to-send (RTS);
the CTS is to be transmitted in response to the RTS; and
the RTS is to indicate a request for a communication that includes the particular narrow

channel.

13. The apparatus of claim 8, wherein each of the narrow channels is to have a bandwidth of

20 MHz.

14. The apparatus of claim 8, wherein said potentially interfering signal is to be determined

to have an extra-network source.
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15. An article comprising
a computer-readable non-transitory storage medium that contains instructions, which
when executed by one or more processors result in performing operations comprising:
monitoring for signals on all narrow channels of a first wide channel;
detecting a potentially interfering signal on a particular one of the narrow channels; and
avoiding communicating with another device over the particular one of the narrow
channels, while communicating with the other device over at least some others of the narrow

channels.

16. The article of claim 15, wherein the operation of avoiding comprises:
stopping said monitoring of the particular narrow channel, while continuing to monitor
said at least some others of the narrow channels, for a particular period of time; and

resuming monitoring all the narrow channels after expiration of the particular period of

time.
17. The article of claim 16, wherein the period of time is selected from a list consisting of:
a network allocation vector; and
a transmit opportunity.
18. The article of claim 15, wherein the operation of avoiding comprises transmitting a clear-

to-send (CTS) to the network controller, wherein:

the CTS indicates a second wide channel to use for a subsequent communication, the
narrow channels of the second wide channel being a subset of the narrow channels of the first
wide channel; and

the second wide channel excludes the particular narrow channel.

19. The article of claim 18, wherein the operations further comprise receiving a request-to-
send (RTS), wherein the CTS is transmitted in response to the RTS, and the RTS indicates a

request for a communication that includes the particular narrow channel.

20. The article of claim 15, wherein each of the narrow channels has a bandwidth of 20 MHz.

21. The article of claim 15, wherein said potentially interfering signal is determined to have

an extra-network source.

10
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