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DETERMINING A COMMUNICATION CHANNEL FROM A PLURALITY OF
POSSIBLE CHANNEL BANDWIDTHS

Cross-References to Related Application

[0001] This disclosure claims the benefit of the following U.S. Provisional Patent

Applications:

U.S. Provisional Patent Application No. 61/389,664, entitled “Chinese 125MHz Band
Support,” filed on October 4, 2010; and

U.S. Provisional Patent Application No. 61/392,614, entitled “Chinese 125MHz Band
Support,” filed October 13, 2010.

[0002] The disclosures of both of the above-referenced patent applications are hereby

incorporated by reference herein in their entireties.

[0003] The present application is related to U.S. Patent Application No.
(Attorney Docket No. MP3837.C1), entitled “Determining a Communication Channel from a
Plurality of Possible Channel Bandwidths,” filed on the same day as the present application, and

which is hereby incorporated by reference herein in its entirety.

Field of Technology

[0004] The present disclosure relates generally to communication systems and, more

particularly, to wireless networks that can operate on different communication channels.

Background

[0005] The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the extent it
is described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly admitted as

prior art against the present disclosure.

[0006] Wireless local area network (WLAN) technology has evolved rapidly over the
past decade. Development of WLAN standards such as the Institute for Electrical and
Electronics Engineers (IEEE) 802.11a, 802.11b, 802.11g, and 802.11n Standards has improved
single-user peak data throughput. For example, the IEEE 802.11b Standard specifies a single-
user peak throughput of 11 megabits per second (Mbps), the IEEE 802.11a and 802.11g
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Standards specify a single-user peak throughput of 54 Mbps, and the IEEE 802.11n Standard
specifies a single-user peak throughput of 600 Mbps. Work has begun on a new standard, IEEE

802.11ac, that promises to provide even greater throughput.

Summary

[0007] In one embodiment, a method of determining an available channel bandwidth in
a communication system, wherein the communication system utilizes i) a set of component
channels for transmitting data streams and ii) a set of access control channels, and wherein each
of at least some of the access control channels partially overlaps, in frequency, at least one of the
component channels, includes determining whether a primary channel of the access control
channels is idle. The primary channel partially overlaps, in frequency, at least a first one of the
component channels. The method also includes determining that a composite channel includes
one or more of the component channels based at least on a determination of whether the primary
channel is idle. The method further includes causing a signal to be transmitted via the composite
channel after determining that the composite channel includes one or more of the component

channels.

[0008] In another embodiment, a communication device includes a network interface
configured to determine whether a primary channel of a set of access control channels is idle.
Each of the access control channels partially overlaps, in frequency, at least one channel of a set
of component channels. The network interface is also configured to determine that a composite
channel includes one or more of the component channels based at least on a determination of
whether the primary channel is idle. The network interface is further configured to cause a
signal to be transmitted via the composite channel after determining that the composite channel

includes one or more of the component channels.

[0009] In another embodiment, a method of determining an available channel
bandwidth in a communication system, wherein the communication system utilizes 1) a set of
component channels and ii) at least one channel of a set of access control channels for
transmitting data streams, includes determining which channels of the set of access control
channels are idle. Each of the access control channels partially overlaps, in frequency, at least
one of the component channels. The method also includes determining that a composite channel
includes one or more channels of a set of channels. The set of channels is chosen from 1) the set

of component channels and ii) the set of access control channels based at least on a determination

S
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of which of the access control channels are idle. The method further includes causing a signal to
be transmitted via the composite channel after determining that the composite channel includes

one or more channels of a set of channels.

[0010] In another embodiment, a communication device includes a network interface
configured to determine which channels of a set of access control channels are idle. Each of the
access control channels partially overlaps, in frequency, at least one channel of a set of
component channels. The network interface is also configured to determine that a composite
channel includes one or more channels of a set of channels. The set of channels is chosen from 1)
the set of component channels and ii) the set of access control channels based at least on a
determination of which of the access control channels are idle. The network interface is further
configured to cause a signal to be transmitted via the composite channel after determining that

the composite channel includes one or more channels of a set of channels.

[0011] In one embodiment, a method of determining a set of communication channels
for a first basic service set from at least i) a first set of channels and ii) a second set of channels,
wherein each of at least some of the channels in the second set of channels partially overlaps, in
frequency, at least one of the channels in the first set of channels, includes determining whether
the second set of channels is being utilized by a second basic service set. The method also
includes determining that the set of communication channels for the first basic service set
includes either 1) the first set of channels or ii) the second set of channels based at least on a
determination of whether the second set of channels is being utilized by the second basic service

set.

[0012] In another embodiment, a communication device capable of utilizing a first set
of channels and a second set of channels for communications within a first basic service set,
wherein each of at least some of the channels in the second set of channels partially overlaps, in
frequency, at least one of the channels in the first set of channels, includes a network interface
configured to determine whether the second set of channels is being utilized by a second basic
service set. The network interface is also configured to determine that a set of communication
channels for the first basic service set includes either 1) the first set of channels or ii) the second
set of channels based at least on a determination of whether the second set of channels is being

utilized by the second basic service set.
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[0013] In another embodiment, a method of a basic service set service set that utilizes
either a first set of channels or a second set of channels for communications, wherein each of at
least some channels in the second set of channels partially overlaps, in frequency, at least one of
the channels in the first set of channels, includes determining that the first set of channels is
being utilized by a first basic service set. The method also includes determining that the second
set of channels is being utilized by a second basic service set. The method further includes
joining a selected basic service set. The selected basic service set is one of the first basic service
set or the second basic service set, and an unselected basic service set is a different one of the
first basic service set or the second basic service set. The method further includes reporting the

unselected basic service set to a communication device in the selected basic service set.

[0014] In another embodiment, a communication device capable of utilizing a first set
of channels and a second set of channels for communications, wherein each of at least some of
the channels in the second set of channels partially overlaps, in frequency, at least one of the
channels in the first set of channels, includes a network interface configured to determine that the
first set of channels is being utilized by a first basic service set. The network interface is also
configured to determine that the second set of channels is being utilized by a second basic
service set. The network interface is further configured to join a selected basic service set. The
selected basic service set is one of the first basic service set or the second basic service set, and
an unselected basic service set is a different one of the first basic service set or the second basic
service set. The network interface is further configured to report the unselected basic service set

to a different communication device in the selected basic service set.

Brief Description of the Drawings

[0015] Fig. 1is a block diagram of an example system that utilizes channel access

techniques of the present disclosure, according to an embodiment.

[0016] Fig. 2 is a block diagram of an example of an environment in which a system

such as the system of Fig. 1 operates, according to an embodiment.

[0017] Fig. 3 is a diagram of an example data unit format, according to an

embodiment.
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[0018] Fig. 4 is a diagram illustrating examples of channels utilized for data stream
transmission by a communication system such as the system of Fig. 1, according to an

embodiment.

[0019] Fig. 5 is a diagram illustrating examples of channels utilized for data stream
transmission and channels utilized for access control by a communication system such as the

system of Fig. 1, according to an embodiment.

[0020] Fig. 6 is a flow diagram of an example method for determining and utilizing a
composite communication channel formed from one or more component channels based on a
determination of which channels of a set of access control channels are idle, according to an

embodiment.

[0021] Fig. 7A is a diagram of an example transmission in a communication system
utilizing a composite channel based on a determination of which channels of a set of access

control channels are idle, according to an embodiment.

[0022] Fig. 7B is a diagram of another example transmission in a communication
system utilizing a composite channel based on a determination of which channels of a set of

access control channels are idle, according to an embodiment.

[0023] Fig. 7C is a diagram of yet another example transmission in a communication
system utilizing a composite channel based on a determination of which channels of a set of

access control channels are idle, according to an embodiment.

[0024] Fig. 8A is a diagram of an example transmission in a communication system
utilizing a composite channel having a preamble in the access control channels, according to an

embodiment.

[0025] Fig. 8B is a diagram of another example transmission in a communication
system utilizing a composite channel having a preamble in the access control channels, according

to an embodiment.

[0026] Fig. 9A is a diagram illustrating examples of channels utilized for data stream
transmission and/or access control by a communication system such as the system of Fig. 1,

according to an embodiment.
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[0027] Fig. 9B is a diagram illustrating further examples of channels utilized for data
stream transmission and/or access control by a communication system such as the system of Fig.

1, according to an embodiment.

[0028] Fig. 10 is a flow diagram of an example method for determining and utilizing a
composite communication channel formed either from one or more component channels or from
one or more access control channels based on a determination of which access control channels

are idle, according to an embodiment.

[0029] Fig. 11 is a diagram illustrating examples of a first set of channels utilized for
data stream transmission by a communication system such as the system of Fig. 1, according to

an embodiment.

[0030] Fig. 12 is a diagram illustrating examples of a second set of channels utilized
for data stream transmission by a communication system such as the system of Fig. 1, according

to an embodiment.

[0031] Fig. 13 is a flow diagram of an example method for selecting a set of channels

for a basic service set, according to an embodiment.

[0032] Fig. 14 is a flow diagram of an example method for selecting a basic service set

to be joined, according to an embodiment.

Detailed Description

[0033] In embodiments described below, a first communication device, such as an
access point (AP) of a wireless local area network (WLAN), transmits a data stream to a second
communication device, such as a client station, via a composite communication channel formed
using a set of one or more component channels, where a component channel is included or
excluded from the composite channel based on status (e.g., busy or idle) of one or more access
control channels. Generally, and subject in some embodiments to certain combination rules, a
particular component channel is available for use in forming the composite channel if each of the
access control channels that overlaps a part of that component channel is idle (i.e., not busy), in
some embodiments. In some embodiments, a first communication device can form a composite
channel from one or more channels of a set of channels, where the set of channels is chosen from
a set of one or more component channels and a set of one or more access control channels,

depending on which access control channels are idle.
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[0034] In some embodiments, each access control channel partially overlaps one or
more of the component channels. As used herein, a first channel is said to “overlap” a second
channel if at least a portion of the first channel occupies the same frequency as at least a portion
of the second channel, regardless of whether the two channels are coextensive in frequency (i.e.,
regardless of whether the two channels have the same beginning and end frequencies), and
regardless of whether one channel includes the entirety of the other channel. Also as used
herein, a first channel is said to “partially overlap” a second channel if the first and second

channels intersect in frequency without either channel being entirely included within the other.

[0035] In some embodiments, the access control channels are non-overlapping
channels all having the same bandwidth, and in some embodiments, the component channels are
non-overlapping channels all having the same bandwidth. Each of the access control channels
may have the same bandwidth as each of the component channels, in some embodiments. The
total bandwidth of a combination of all the component channels may be greater than the total

bandwidth of a combination of all the access control channels, in some embodiments.

[0036] In some embodiments, some or all of the access control channels used by the
first and second communication devices are identical to a set of communication channels used by
a third communication device (e.g., a second AP) to transmit a data stream to a fourth
communication device (e.g., a second client station). The third and fourth communication
devices may be a part of a basic service set (BSS) different than a BSS that includes the first and

second communication devices, for example.

[0037] In an embodiment, a first communication device transmits a first portion of a
data frame using access control channels that are determined to be idle, and a second portion of
the data frame using a composite channel formed using one or more of the component channels.
The first portion of the data frame is a first preamble containing a first set of training fields, in an
embodiment. The second portion of the data frame includes both a second preamble containing a

second set of training fields and a data portion, in an embodiment.

[0038] Fig. 1is a block diagram of an example WLAN 10, according to an
embodiment. An AP 14 includes a host processor 15 coupled to a network interface 16. The
network interface 16 includes a medium access control (MAC) processing unit 18 and a physical
layer (PHY) processing unit 20. The PHY processing unit 20 includes a plurality of transceivers

21, and the transceivers are coupled to a plurality of antennas 24. Although three transceivers 21
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and three antennas 24 are illustrated in Fig. 1, the AP 14 can include different numbers (e.g., 1,
2,4, 5, etc.) of transceivers 21 and antennas 24 in other embodiments. In one embodiment, the
MAC processing unit 18 and the PHY processing unit 20 are configured to operate according to
a first communication protocol that supports aggregating three or more communication channels
into a composite communication channel (e.g., the IEEE 802.11ac Standard, now in the process
of being standardized), which is referred to herein as a “very high throughput (VHT) protocol.”
In another embodiment, the MAC unit 18 and the PHY unit 20 are also configured to operate
according to a second communication protocol that supports aggregating at most two
communication channels into a composite communication channel (e.g., the IEEE 802.11n
Standard), which is referred to herein as a “high throughput (HT) protocol.” In yet another
embodiment, the MAC unit 18 and the PHY unit 20 are additionally configured to operate
according to the second communication protocol and a third communication protocol that does
not support aggregating communication channels into a composite communication channel (e.g.,

the IEEE 802.11a Standard) ), which is referred to herein as a “legacy protocol.”

[0039] The WLAN 10 includes a plurality of client stations 25. Although four client
stations 25 are illustrated in Fig. 1, the WLAN 10 can include different numbers (e.g., 1, 2, 3, 5,
6, etc.) of client stations 25 in various scenarios and embodiments. At least one of the client
stations 25 (e.g., client station 25-1) is configured to operate at least according to the first
communication protocol. In some embodiments, at least one of the client stations 25 (e.g., client
station 25-4) is not configured to operate according to the first communication protocol but is
configured to operate according to at least one of the second communication protocol or the third

communication protocol (referred to herein as a “legacy client station”).

[0040] The client station 25-1 includes a host processor 26 coupled to a network
interface 27. The network interface 27 includes a MAC processing unit 28 and a PHY
processing unit 29. The PHY processing unit 29 includes a plurality of transceivers 30, and the
transceivers are coupled to a plurality of antennas 34. Although three transceivers 30 and three
antennas 34 are illustrated in Fig. 1, the client station 25-1 can include different numbers (e.g., 1,

2,4, 5, etc.) of transceivers 30 and antennas 34 in other embodiments.

[0041] In an embodiment, one or both of the client stations 25-2 and 25-3 has a
structure the same as or similar to the client station 25-1. In these embodiments, the client

stations 25 structured like the client station 25-1 have the same or a different number of
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transceivers and antennas. For example, the client station 25-2 has only two transceivers and

two antennas, according to an embodiment.

[0042] According to an embodiment, the client station 25-4 is a legacy client station,
i.e., the client station 25-4 is not enabled to receive and fully decode a data unit that is
transmitted by the AP 14 or another client station 25 according to the first communication
protocol. Similarly, according to an embodiment, the legacy client station 25-4 is not enabled to
transmit data units according to the first communication protocol. On the other hand, the legacy
client station 25-4 is enabled to receive and fully decode and transmit data units according to the

second communication protocol.

[0043] In various embodiments, the PHY processing unit 20 of the AP 14 is configured
to generate data units conforming to the first communication protocol and having formats
described hereinafter. The transceiver(s) 21 is/are configured to transmit the generated data units
via the antenna(s) 24. Similarly, the transceiver(s) 21 is/are configured to receive the data units
via the antenna(s) 24. The PHY processing unit 20 of the AP 14 is configured to process
received data units conforming to the first communication protocol and having a format

described below, according to various embodiments.

[0044] In various embodiments, the PHY unit 29 of the client station 25-1 is
configured to generate data units conforming to the first communication protocol and having
formats described hereinafter. The transceiver(s) 30 is/are configured to transmit the generated
data units via the antenna(s) 34. Similarly, the transceiver(s) 30 is/are configured to receive data
units via the antenna(s) 34. The PHY unit 29 of the client station 25-1 is configured to process
received data units conforming to the first communication protocol and having a format

described below, according to various embodiments.

[0045] In some embodiments, a communication device in a wireless communication
system such as the system 10 of Fig. 1 (e.g., the AP 14 and/or the client station 25-1) maintains a
network allocation vector (NAV) which is used to keep track of a duration of a current
transmission. In some embodiments, the NAV is a counter. For example, when a
communication device receives a valid frame indicating a duration of an upcoming transmission

to the device, the device sets the NAV to the duration indicated.
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[0046] Fig. 2 is a block diagram of an example of an environment in which a system
such as the system 10 of Fig. 1 operates, according to an embodiment. In an embodiment, the
WLAN 10 that includes the AP 14 and client stations 25 is included in a first BSS, and is similar
to the WLAN 10 of Fig. 1, for example. The WLAN 10 is in proximity to another WLAN 30,
which is included in a second BSS, in an embodiment. The WLAN 30 includes an AP 34 which
is similar to the AP 14 and client stations 45 which may be similar to the client stations 25, in an
embodiment. The AP 34 and client stations 45 of the WLAN 30 include MAC and PHY
processing units that operate according to one or more of the same protocol(s) used by the AP 14
and client stations 25 of the WLAN 10, in an embodiment. For example, the AP 34 is
configured to operate according to the first communication protocol (and possibly the second
and/or third communication protocol), and the client stations 45 (e.g., client station 45-1) are
configured to operate at least according to the first communication protocol, in an embodiment.
As another example, one or more of the client stations 45 is a legacy client station as discussed

above, in an embodiment.

[0047] In some embodiments, the AP 34 and client stations 45 of the WLAN 30 utilize
a set of communication channels that overlaps the set of communication channels utilized by the
AP 14 and client stations 25 of the WLAN 10. In one scenario, the WLAN 30 communication
channels are arranged to make efficient use of IEEE 802.11 frequency bands within the United
States (e.g., including the frequency band between 5735 and 5835 MHz), while the WLAN 10
communication channels are arranged to make efficient use of a currently planned Chinese band
for IEEE 802.11 standard communications (i.e., a frequency band between 5725 and 5850 MHz).
Where the communication channels utilized by the WLAN 30 and the WLAN 10 overlap in a
manner such as this, transmissions within WLAN 30 channels can cause interference that
significantly degrades the signal quality of simultaneous transmissions within the WLAN 10

channels, and vice versa.

[0048] Fig. 3 is a diagram of an example data unit 50 that a first communication device
is configured to transmit to a second communication device, according to an embodiment. The
data unit 50 conforms to the first communication protocol, in an embodiment. Merely for
illustrative purposes, Fig. 3 will be described with reference to the example embodiment of Fig.
1. In an embodiment, the AP 14 is configured to transmit the data unit 50 to the client station 25-

1 of Fig. 1, for example. In an embodiment, the client station 25-1 is also configured to transmit
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data units of the format of Fig. 3 to the AP 14. The data unit 50 includes a preamble having a
legacy short training field( L-STF) 52, a legacy long training field (L-LTF) 54, a legacy signal
tield(L-SIG) 56, a first very high throughput signal field (VHT-SIGA) 58, a very high
throughput short training field (VHT-STF) 62, N very high throughput long training fields
(VHT-LTFs) 64, where N is an integer, and a second very high throughput signal fields (VHT-
SIGB) 68. The data unit 50 also includes a data portion 72. The data portion 72 includes service

bits and information bits (not shown).

[0049] In an embodiment, the VHT-LTF fields 64 of the data unit 50 include training
data that allows the client station 25-1 to develop an estimate of the communication channel
between the AP 14 and the client station 25-1. The number of VHT-LTF fields included in the
data unit 50 generally corresponds to the number of spatial channels via which the data unit 50 is
to be transmitted, in various embodiments and/or scenarios. In some embodiments, however, the
number of VHT-LTF fields included in the data unit 50 exceeds the number of spatial channels
via which the data unit 50 is to be transmitted, at least in some scenarios. Further, according to
an embodiment, as each VHT-LTF training field is transmitted to the client station 25-1, the AP
14 applies a different mapping of symbols to the spatial streams thereby allowing the client
station 25-1 to develop a full multiple input multiple output (MIMO) channel estimate of the
communication channel. Further still, in an embodiment utilizing orthogonal frequency division
multiplexing (OFDM), the client station 25-1 develops a channel estimate corresponding to each

of the subcarrier tones.

[0050] Fig. 4 is a diagram 75 illustrating examples of communication channels utilized
for data stream transmission by a communication system such as the system 10 of Fig. 1,
according to an embodiment. The component channels 80 may be concatenated to form a larger
communication channel. In some embodiments, there may be more or fewer component
channels 80 than illustrated in Fig. 4, and/or the component channels 80 may not all have the
same bandwidth. In some embodiments, two adjacent component channels 80 can be
concatenated to form a channel 82. For example, component channels 80-1 and 80-2 can be
concatenated to form channel 82-1. Similarly, component channels 80-3 and 80-4 can be
concatenated to form channel 8§2-2. Moreover, in some embodiments, four adjacent component
channels 80 can be concatenated to form a channel 84. For example, channels 80-1 through 80-4

can be concatenated to form channel 84-1. Similarly, channels 80-3 through 80-6 can be
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concatenated to form channel 84-2. Further, in some embodiments, six adjacent component
channels 80 can be concatenated to form a channel 86. For example, channels 80-1 through 80-6
can be concatenated to form channel 86-1. Each channel 80 has a bandwidth of W, each channel
82 has a bandwidth of 2W, each channel 84 has a bandwidth of 4W, and the channel 86-1 has a
bandwidth of 6W, according to an embodiment. W is a suitable bandwidth such as 1 MHz, 5
MHz, 10 MHz, 20 MHz, etc., in some embodiments.

[0051] As discussed above, a plurality of the component channels 80 can be combined
to form a composite channel. In some embodiments, a composite channel can also be formed
using only one or the component channels 80. The composite channel can be used by a
communication device (e.g., the AP 14 of Fig. 1) to transmit a data stream to another
communication device (e.g.., the client station 25-1 of Fig. 1). The data stream can include data
units such as the data unit 50 of Fig. 3. In some embodiments, a composite channel is not limited
to a contiguous frequency band. For example, a composite channel having a bandwidth of 4W
can be formed with component channels 80-1, 80-2, 80-4, and 80-5. As another example,
component channels 80-1 and 80-4 can be combined to form a composite channel having a
bandwidth of 2W. In an embodiment that utilizes non-contiguous composite channels, the

communicating devices each employ two or more radios.

[0052] In some embodiments, not all channel combinations are permissible in forming
a composite channel. In an embodiment, for example, non-contiguous composite channels are
not permitted. For example, a composite channel that combines only component channels 8§0-2
and 80-4 may not be permitted. As another example of a combination rule, in an embodiment
and for a given set of component channels 80, a composite channel is not permitted to partially
overlap with a channel 82. For example, a composite channel consisting of channels §0-2 and
80-3 is not permitted due to partial overlap with channels 82-1 and 82-2, and a composite
channel consisting of channels 80-4 and 80-5 is not permitted due to partial overlap with
channels 82-2 and §82-3, in an embodiment. Similarly, in an embodiment, a composite channel is
not permitted to partially overlap with a channel 84. For example, a composite channel
consisting of component channels 80-1 through 80-5 is not permitted due to partial overlap with
channels 88-1 and 88-2. As yet another example of a combination rule, in an embodiment, only

certain numbers of component channels 80 may be combined to form a composite channel.
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While Fig. 4 illustrates an embodiment in which one, two, four, or six component channels 80

may form a composite channel, more or fewer channels may be combined.

[0053] In addition to possible combination rules of the sort discussed above, the
component channels 80 that are available to form a composite channel may be limited by the
outcome of access control techniques. Fig. 5 is a diagram 88 illustrating examples of component
channels 80 for communications, and access control channels 90 for controlling access to the
component channels 80, that are utilized by a communication system such as the system 10 of
Fig. 1, according to an embodiment. In some embodiments, the access control channels 90 are
used to determine which of the component channels 80 are potentially available for use in a
composite channel before any combination rules (e.g., one or more of the combination rules

discussed above) are applied.

[0054] In some embodiments, a component channel 80 can only be used to form a
composite channel if every access control channel 90 that overlaps the component channel 80 is
idle. For example, the component channel 80-1 can only be used to form a composite channel if
the access control channel 90-1 is idle. As another example, the component channel 80-2 can
only be used to form a composite channel if the access control channels 90-1 and 90-2 are idle.
Thus, for example, a composite channel equal to the channel 82-1 can only be formed if the
access control channels 90-1 and 90-2 are idle, a composite channel equal to the channel §4-1
can only be formed if the access control channels 90-1 through 90-4 are idle, and a composite
channel equal to the channel 86-1 can only be formed if the access control channels 90-1 through
90-5 are idle. Embodiments of techniques to determine whether an access control channel 90 is
idle (i.e., not busy) are discussed below. In some embodiments, the access control channels 90
can themselves be utilized as communication channels for data transmissions in certain
circumstances. Examples of these embodiments are discussed in more detail below in

connection with Figs. 9A, 9B and 10.

[0055] In some embodiments, each of the access control channels 90 partially overlaps
at least one of the component channels 80. In some embodiments, all of the component channels
80 have a same bandwidth and/or all of the access control channels 90 have a same bandwidth.
Moreover, in some embodiments, the component channels 80 have the same bandwidth as the
access control channels 90. In some embodiments, at least some of the component channels 8§80

are adjacent to each other and/or at least some of the access control channels 90 are adjacent to
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each other. A combined bandwidth of all the component channels 80 if greater than a combined
bandwidth of all the access control channels 90, in some embodiments. In other embodiments, a
combined bandwidth of all the component channels 80 is less than a combined bandwidth of all
the access control channels 90. In an embodiment, a combined bandwidth of all the component

channels 80 is the same as a combined bandwidth of all the access control channels 90.

[0056] In an embodiment, the access control channels 90 used by a first
communication device (e.g., the AP 14 of Fig. 1) are utilized by other communication devices
(e.g., communication devices of a different BSS) as communication channels. For example, a
communications device such as the AP 34 of Fig. 2 may use the access control channels 90 to
form a composite channel for transmitting a data stream to another communications device (e.g.,
a client station 45 of Fig. 2) in a manner similar to how the AP 14 of Fig. 1 uses the component
channels 80 to form a composite channel for transmitting a data stream to a client station 25 of
Fig. 1. In one scenario, the component channels 80 are 20 MHz channels (i.e., W = 20 MHz) in
the upper end of the United States 5 GHz band allocated to IEEE 802.11 communications (i.e.,
5735 — 5835 MHz), the access control channels 90 are 20 MHz channels in the planned Chinese
5 GHz band allocated to IEEE 802.11 communications (i.e., 5725 — 5850 MHz), and the
frequencies f1 and {2 shown in Fig. 5 are 5727.5 MHz and 5735 MHz, respectively, for example.

[0057] In some embodiments, the access control channels 90 are each assigned a
priority, such that one or more of channels 90 are primary, one or more of channels 90 are
secondary, etc. For example, as illustrated in the example embodiment of Fig. 5, the channel 90-
3 may be a primary channel, the channel 90-4 may be a secondary channel, the channels 90-1
and 90-2 may be tertiary channels (or may be one tertiary channel of bandwidth 2W), and the
channel 90-5 may be a quaternary channel. Other embodiments may have a different number of
primary, secondary, tertiary, or quaternary access control channels, more or fewer priority levels
and/or different bandwidths for different priority levels. For example, both channel 90-2 and 90-
4 may be secondary channels. As another example, channel 90-1 may be a quaternary channel
and channel 90-5 may be a quinary channel. In an embodiment, one of the communication
devices in a network (e.g., the AP) determines which of the access control channels 90 are

primary, secondary, etc., for a particular BSS.

[0058] For purposes of determining whether a component channel 80 is available to be

used in forming a composite channel, an access control channel 90 having a lower priority is
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treated as busy (regardless of whether the channel 90 is actually busy) if an access control
channel 90 having a higher priority is determined to be busy, in some embodiments. For
example, the quaternary channel 90-5 may be treated as busy if at least one of the tertiary access
control channels 90-1 and 90-2 is determined to be busy. Thus, in this example (and assuming
the primary channel 90-3 and secondary channel 90-4 are idle), only the component channel 80-4
is available to form a composite channel, regardless of whether the quaternary channel 90-5 is

actually busy.

[0059] In some embodiments no transmission is permitted unless a primary channel of
the access control channels 90 is idle. For example, a composite channel may be required to
include at least one component channel 80 that overlaps an idle primary channel of the access
control channels 90. With reference to Fig. 5, for example, the composite channel may be
required to include at least one of the component channels 80-3 and 80-4 if a transmission is to
occur. Depending on which of the access control channels 90 is primary, this may require that
more than one of the access control channels 90 is idle for any transmission to occur. In the
example embodiment of Fig. 5, for example, at least the primary access control channel 90-3 and
the secondary access control channel 90-4 must be idle in order for the component channel §0-4
to be used in forming a composite communication channel. If the primary channel in Fig. 5 were
instead the access control channel 90-1, on the other hand, then a transmission could occur using
a composite channel consisting of the component channel 80-1 even if the channel 90-1 were the

only idle channel, in some embodiments.

[0060] Fig. 6is a flow diagram 100 of an example method for determining and
utilizing a composite communication channel formed from one or more component channels
based on a determination of which channels of a set of access control channels are idle,
according to an embodiment. Referring to Fig. 1, the network interface 16 (e.g., the MAC
processing unit 18 and/or the PHY processing unit 20) of the AP 14 is configured to implement
the method 100, in an embodiment. Additionally or alternatively, the network interface 27 (e.g.,
the MAC processing unit 28 and/or the PHY processing unit 29) of the client 25-1 is configured
to implement the method 100, in an embodiment. The component channels and access control
channels of the method 100 may correspond to the component channels 80 and access control
channels 90 described above in connection with Figs. 4 and 5, for example. Merely for

illustrative purposes, Fig. 6 will be described with reference to the example channels of Fig. 5.
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[0061] Inthe method 100, each of at least some of the component channels overlaps

with at least one of the access control channels.

[0062] At block 101, capabilities, with regard to capabilities of transmitting/ receiving
via one or more of the component channels 80, of the device implementing the method 100 and
of the communication system (e.g., a BSS) in which it operates, are determined. For example,
the device implementing the method 100 may have a maximum bandwidth capability that
precludes it from transmitting/receiving via all of the component channels 8§0. Similarly, other
devices in the communication system may have maximum bandwidth capabilities that preclude

the other devices from transmitting/ receiving via all of the component channels 80.

[0063] Atblock 102, it is determined whether a primary channel is idle. The primary
channel is one of the access control channels 90, in an embodiment. Embodiments of techniques

to determine whether an access control channel 90 is idle (i.e., not busy) are discussed below.

[0064] Atblock 104, it is determined whether a secondary channel is idle. The
secondary channel is one of the access control channels 90, in an embodiment. Embodiments of
techniques to determine whether an access control channel 90 is idle (i.e., not busy) are discussed

below. The secondary channel is adjacent to the primary channel in an embodiment.

[0065] Atblock 106, it is determined whether a tertiary channel is idle. The tertiary
channel is one of the access control channels 90, in an embodiment. Embodiments of techniques
to determine whether an access control channel 90 is idle (i.e., not busy) are discussed below.
The tertiary channel is adjacent to the primary channel or the secondary channel, in an

embodiment.

[0066] At block 108, it is determined whether a quaternary channel is idle. The
quaternary channel is one of the access control channels 90, in an embodiment. Embodiments of
techniques to determine whether an access control channel 90 is idle (i.e., not busy) are discussed
below. The quaternary channel is adjacent to the primary channel, the secondary channel, or the

tertiary channel, in an embodiment.

[0067] Atblock 110, a composite channel is formed from a set of one or more
component channels based on the determinations performed at blocks 101, 102, 104, 106, and
108. The one or more component channels are one or more of the component channels 80, in an

embodiment. In general, the composite channel is formed using component channels that are not
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overlapped by access control channels that are determined to be busy (i.e., not idle) at blocks
102, 104, 106, and 108, provided that the device implementing the method 100 and other devices
in the communication system are capable of transmitting/receiving via all of those component
channels, and subject to any combination rules. For example, if it is determined that the primary
and secondary channels are idle, but that the tertiary and quaternary channels are not idle (i.e.,
busy), the composite channel is formed to consist of the component channels that are not
overlapped by the tertiary or quaternary channels, subject to any combination rules. As another
example, if it is determined that the primary, secondary, and tertiary channels are idle, but that
the quaternary channel is busy, the composite channel is formed to consist of the component

channels that are not overlapped by the quaternary channel, subject to any combination rules.

[0068] Atblock 112, the composite channel determined at block 110 is utilized to
transmit information. For example, referring to Fig. 1, the AP 14 transmits information to one or
more of the clients 25-1, 25-2, and 25-3 using the composite channel, in an embodiment. As
another example, the client 25-1 transmits information to the AP 14 using the composite channel,
in an embodiment. The transmitted information includes one or more data units such as the data

unit 50 of Fig. 3, in an embodiment.

[0069] Some or all of blocks 104, 106, and 108 are skipped based on the determination
made at block 101, in some embodiments. For example, if it is determined at block 101 that the
device implementing the method 100 and/or other devices in the communication system are not
capable of transmitting/receiving via a composite channel that includes any component channels
overlapped by the quaternary channel, then block 108 is skipped and block 110 does not utilize a
determination at block 108, in an embodiment. Further, some or all of blocks 104, 106, and 108
may be skipped if it was determined at an earlier block that a higher priority channel is busy. For
example, if it is determined at block 104 that the secondary channel is busy, then blocks 106 and
108 are skipped and block 110 does not utilize a determination at block 106 and a determination
at block 108, in an embodiment. In some embodiments, if at block 102 it is determined that the
primary channel is busy, none of the other blocks are performed. For example, if the primary
channel is determined to be busy at block 102, it may be determined that no transmission should
occur at the present time, in an embodiment. For example, a network interface such as the
network interface 16 (or the network interface 27) of Fig. 1 may wait for a period of time (e.g., at

least a “back-off” time period) before performing the flow 100 again.
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[0070] As discussed above, in other embodiments there are more or fewer priority
levels than primary, secondary, tertiary, and quaternary, and/or more than one access control
channel corresponding to each priority level. For example, at block 106 it may be determined
whether a first tertiary channel is idle, and at an additional block (not shown) it may be

determined whether a second tertiary channel is idle.

[0071] Embodiments of techniques to determine whether an access control channel is
idle (i.e., not busy) will now be described. Merely for illustrative purposes, the techniques will
be described with reference to Fig. 1, with the AP 14 determining which of the access control
channels are idle before transmitting a data stream to a client station 25-1 using the component
channels. In some embodiments, however, the client station 25-1 or another communication
device may similarly determine whether an access control channel is idle (e.g., before
transmitting a data stream to the AP 14). In an embodiment, the AP 14 may determine whether
an access control channel is idle by determining whether the channel is idle from a standpoint of
the AP 14 and/or by determining whether the channel is idle from a standpoint of the client
station 25-1.

[0072] In some embodiments, the AP 14 determines whether an access control channel
is idle from a standpoint of the AP 14 by using a clear channel assessment (CCA) technique in
the channel. For example, the AP 14 measures a signal level on the channel using a suitable
signal measurement technique, in an embodiment. For instance, the AP 14 may measure an
energy level in the channel. As another example of a CCA technique, the AP 14 determines
whether there is a valid signal on the channel, in an embodiment. For instance, the AP 14 may
determine whether there is a signal on the channel that conforms to the VHT communication
protocol or a legacy communication protocol. In some embodiments, the AP 14 both measures a

signal level on the channel and determines whether there is a valid signal on the channel.

[0073] In some embodiments, the AP 14 determines whether the access control
channel is idle from the standpoint of the AP 14 based on the signal level measured in the
channels. In an embodiment, the AP 14 determines whether the access control channel is idle
from the standpoint of the AP 14 by comparing the measured signal level to a first threshold.
For example, when the signal level measurement meets (e.g., exceeds) the first threshold, it is

determined that the channel is not idle (i.e., is busy). In an embodiment, the first threshold is
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based on a minimum modulation and coding rate sensitivity defined by the legacy

communication protocol and/or the VHT communication protocol.

[0074] In some embodiments, when the AP 14 determines that there is a valid signal
on the access control channel, the AP 14 also compares the measured signal level to a second
threshold. For example, when there is a valid signal on the channel and when the signal level
measurement meets (e.g., exceeds) the second threshold, it is determined that the channel is
busy. In an embodiment, the second threshold is lower than or equal to the first threshold. In an
embodiment, the second threshold is set so that a start of a valid signal on the channel, at a
received signal level equal to or greater than a minimum modulation and coding rate sensitivity
of the legacy communication protocol and/or the VHT communication protocol at a defined
signal level, results in detecting that the primary channel is busy with a defined probability

within a defined amount of time.

[0075] In some scenarios, i) comparing a signal level measurement to the first
threshold and ii) comparing a signal level measurement to the second threshold are not both
performed. For example, if no valid signal is detected on the access control channel, comparing
a signal level measurement to the second threshold is not performed, in an embodiment. As
another example, if comparing a signal level measurement to the first threshold results in
determining that the channel is busy, comparing a signal level measurement to the second
threshold is not performed, in an embodiment. Similarly, as another example, if comparing a
signal level measurement to the second threshold results in determining that the channel is busy,

comparing a signal level measurement to the first threshold is not performed, in an embodiment.

[0076] A CCA technique such as one of the CCA techniques discussed above is used
in each of the access control channels, in an embodiment. For example, the AP 14 may make a
first signal level measurement and determine whether there is a first valid signal on a primary
access control channel, make a second signal level measurement and determine whether there is
a second valid signal on a secondary access control channel, etc. Example techniques for
determining whether communication channels are idle from a standpoint of a first
communication device are described in more detail in U.S. Patent Application No. 13/034,409

(filed February 24, 2011), which is hereby incorporated by reference herein in its entirety.

[0077] In some embodiments, the AP 14 additionally or alternatively determines

whether an access control channel is busy from a standpoint of the client station 25-1. In an
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embodiment, the AP 14 determines this by transmitting a control frame to the client station 25-1
on the access control channel and receiving a response frame from the client station 25-1 on the
access control channel. The control frame is a request-to-send (RTS) frame and the response

frame is a clear-to-send (CTS) frame, in an embodiment.

[0078] In some embodiments, the control frame may include a preamble, which may
include data such as the L-STF, L-LTF and L-SIG discussed above, for example. In some
embodiments, the preamble of the control frame also includes information indicating the
bandwidth of the control frame. For example, the preamble may include information indicating
the bandwidth that the AP 14 utilized to transmit the RTS. In some embodiments, the client
station 25-1 learns the composite channel bandwidth from the control frame. In other
embodiments, the client station 25-1 learns the composite channel bandwidth by determining the
channels on which a control frame is received from the AP 14. The response frame transmitted
by the client station 25-1 to the AP 14 may include information indicating the bandwidth (or a
set of bandwidths) at which the client station 25-1 is able and/or willing to receive data. For
example, an indication of the bandwidth at which the client station 25-1 is able and/or willing to
receive data is included in a preamble of a CTS. In some embodiments, the preamble of the
control frame (e.g., RTS) includes information indicating the time duration of an intended
upcoming transmission by the AP 14. In response to receiving the control frame with the
preamble, the client station 25-1 updates an NAV, in an embodiment. In some embodiments, the
client station 25-1 monitors (e.g., continuously or periodically) the access control channels 90 for
control frames unless the station 25-1 has already completed an RTS-CTS exchange with the AP
14 and the station 25-1 is receiving or waiting to receive a transmission or transmission sequence

from the AP 14.

[0079] In some embodiments, the AP 14 duplicates at least a portion of the control
frame in each access control channel that the AP 14 had determined to be idle from the
standpoint of the AP 14 (e.g., each channel determined to be idle using a CCA technique). For
example, in an embodiment in which the AP 14 uses a CCA method to determine that a primary
and secondary access control channel are idle from the standpoint of the AP 14, at least a portion
of the control frame is duplicated in each of the primary and secondary channels, in an
embodiment. The control frame (e.g., an RTS frame) and/or the response frame (e.g., a CTS

frame) are transmitted in non-HT duplicate mode, in an embodiment.

-20 -



WO 2012/047643 PCT/US2011/053437

[0080] When receiving a control frame from the AP 14 on an access control channel,
the client station 25-1 in some embodiments determines whether the channel has been idle from
a standpoint of the client station 25-1 for a particular time period preceding the time that the
control frame was received. For example, prior to reception of the control frame, the client
station 25-1 may use CCA techniques similar to those discussed above to determine whether the
channel is idle from the standpoint of the client station 25-1. In an embodiment, the client
station 25-1 determines whether a channel has been idle for the requisite time period for each
channel on which the client station 25-1 received a control frame from the AP 14. In some
embodiments, the time period is different for different channels (e.g., the time period may be
longer for a primary channel). For each of those channels that the client station 25-1 determines
to be idle, the client station 25-1 transmits a response frame (e.g., a CTS frame) to the AP 14 on
the channel, in an embodiment. For each of those channels that the client station 25-1
determines to be busy, and for channels on which the client station 25-1 did not receive a control
frame, the client station 25-1 does not transmit a response frame to the AP 14 on the channel, in
an embodiment. Example techniques for determining whether communication channels are idle
from a standpoint of a second communication device are described in more detail in U.S. Patent
Application No. 13/152,040 (filed June 6, 2011), which is hereby incorporated by reference
herein in its entirety. The CTS frame may include in the preamble an indication of the channels
on which the CTS frame is transmitted. This indicates to the AP 14 which channels are

idle/useable from the standpoint of the client station 25-1, in an embodiment.

[0081] Figs. 7A — 7C are diagrams of example transmissions in a communication
system utilizing a composite channel based on a determination of which channels of a set of
access control channels are idle, according to an embodiment. The component channels 80 and
access control channels 90 of Figs. 7A — 7C may correspond to the component channels 80 and
access control channels 90 in Fig. 5, for example. The composite channel transmissions in Figs.
7A - 7C may be generated and transmitted by an AP such as the AP 14 (Fig. 1), or a client
station, such as the client station 25-1 (Fig. 1), for example. Merely for illustrative purposes,
Figs. 7A — 7C will be described with reference to the example embodiment of Fig. 1, with the
composite channel transmission being transmitted by the AP 14 to the client station 25-1. In
some embodiments, however, the client station 25-1 or another communication device may
similarly transmit the composite channel transmissions of Figs. 7A-7C. (e.g., when transmitting a

data stream to the AP 14).
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[0082] In the example scenario illustrated in the diagram 150 of Fig. 7A, all of the
access control channels 90 are determined by the AP 14 to be idle. Prior to the composite
channel transmission 154, the AP 14 determines whether each of the access control channels 90
is idle from the standpoint of the AP 14 and from the standpoint of the client station 25-1, in an
embodiment. In an embodiment, the AP 14 first determines whether each of the access control
channels 90 is idle from the standpoint of the AP 14 by using a CCA technique (e.g., a CCA
technique discussed above), for example. In some embodiments, the AP 14 determines whether
each of the access control channels 90 is idle from the standpoint of the AP 14 (e.g., measures
signal levels and/or determines whether there is a valid signal) for at least a particular period of
time. In some embodiments, the period of time varies depending on the type of channel. For
example, referring to the example embodiment of Fig. 7A, it is determined whether the primary
channel 90-3 is idle from the standpoint of the AP 14 at least for a time period 156, whereas it is
determined whether the secondary channel 90-4, the tertiary channels 90-1 and 90-2, and/or the
quaternary channel 90-5 are idle from the standpoint of the AP 14 at least for a time period 158,
which is different than the time period 156. In an embodiment, the time period 158 is shorter
than the time period 156, at least on average. In the example embodiment illustrated in Fig. 7A,
the primary channel 90-3 is idle for at least the time period 156. Additionally, the secondary
channel, the tertiary channel, and the quaternary channel each are idle for at least for the time
period 158. Thus, the composite channel is determined not to exclude the component channels
80 overlapped by any of the primary channel 90-3, the secondary channel 90-4, the tertiary
channels 90-1 and 90-2, and the quaternary channel 90-5 (i.e., the composite channel includes all

of the component channels §0).

[0083] In some embodiments and/or scenarios, the time period 158 is a suitable
defined and/or determined time period such as the arbitration interframe space (AIFS), the point
coordination function (PCF) interframe space (PIFS), or the distributed coordination function
(DCF) interframe space (DIFS) described in the IEEE 802.11 Standard. In some embodiments
and/or scenarios, the time period 156 is a suitable time period determined based on the time
period 158. For example, in an embodiment, the time period 156 is determined as a sum of the
time period 158 with a suitable additional time period such as a back-off time period. In an
embodiment, the back-off time period is a randomly generated time period such as described in
the IEEE 802.11 Standard. As used herein, the term “randomly generated time period”

encompasses pseudo-randomly generated time periods.
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[0084] In an embodiment, the AP 14 next determines whether each of the access
control channels 90 determined to be idle from the standpoint of the AP 14 is also idle from the
standpoint of the client station 25-1. In the example embodiment illustrated in Fig. 7A, it is
determined that each of the access control channels 90 is idle from the standpoint of the client
station 25-1 by transmitting to the station 25-1 an RTS frame 160 on each of the access control
channels 90 and receiving in response from the station 25-1 a CTS frame 162 on each of the
channels 90. The RTS frame and the RTS-CTS sequence may be similar to that described above,
for example. If an access control channel 90 is determined to be idle both from the standpoint of
the AP 14 and from the standpoint of the client station 25-1, that channel 90 is determined to be
idle, in an embodiment. Conversely, if an access control channel 90 is determined to be busy
either from the standpoint of the AP 14 or from the standpoint of the client station 25-1 (or both,
in some embodiments), that channel 90 is determined to be busy, and the composite channel to
be used for the composite channel transmission 154 cannot use any component channel 80 that is

overlapped by that access control channel 90, in an embodiment.

[0085] Because none of the component channels 80 is overlapped by a busy access
control channel 90 in the example embodiment illustrated in Fig. 7A, all of the component
channels 80 are used to form the composite channel for the composite channel transmission 154,
according to an embodiment. The composite channel corresponds to the channel 86-1 of Fig. 5,
for example. The AP 14 transmits the composite channel transmission 154 to the client station
25-1 via the composite channel. The composite channel transmission 154 is a single data unit
(e.g., the data unit 50 of Fig. 3), in some embodiments. When the client station 25-1 receives the
transmission 154, it sends an acknowledgement (ACK) 164 (e.g., an ACK frame) back to the AP
14 on each of the access control channels 90 that overlaps a component channel 80 of the
composite channel (i.e., channels 90-1 through 90-5), in an embodiment. In some embodiments,
the AP 14 may proceed to transmit one or more additional data frames (e.g., similar to the first
composite channel transmission 154) on the composite channel after receiving an ACK 164
without having to first determine whether any of the access control channels 90 are still idle.
The ACK 164 is transmitted in non-HT duplicate mode, in an embodiment. In another

embodiment, the ACK 164 is transmitted on the composite channel.

[0086] In the example scenario illustrated in diagram 170 of Fig. 7B, all of the access

control channels 90 are determined to be idle except for the quaternary channel 90-5, which is
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determined to be busy. The channel 90-5 may be determined to be busy based on the result of a
CCA technique applied during the time period 158, for example, such as a CCA technique
discussed above. As another example, the channel 90-5 may be determined to be busy based on
a failure to receive a CTS frame such as the CTS frame 162 on the channel 90-5 after

transmitting an RTS frame such as the RTS frame 160 on the channel 90-5.

[0087] Because the busy access control channel 90-5 overlaps the component channels
80-5 and 80-6 in the example illustrated in Fig. 7B, neither of channels 80-5 and 80-6 is
available for use in forming a composite channel, according to an embodiment. Accordingly, the
composite channel is formed using component channels 80-1 through 80-4. The composite
channel corresponds to the channel 84-1 of Fig. 5, for example. The AP 14 transmits the
composite channel transmission 154 to the client station 25-1 via the composite channel. The
composite channel transmission 154 is a single data unit (e.g., the data unit 50 of Fig. 3), in some
embodiments. When the client station 25-1 receives the transmission 154, it sends an ACK 164
back to the AP 14 on each of the access control channels 90 that overlaps a component channel
80 of the composite channel (i.e., channels 90-1 through 90-4), in an embodiment. In another
embodiment, the ACK 164 is transmitted on the composite channel. In some embodiments, the
AP 14 may then proceed to transmit one or more additional data frames (e.g., similar to the first
composite channel transmission 154) on the composite channel without having to first determine

whether any of the access control channels 90 are still idle.

[0088] In the example scenario illustrated in diagram 174 of Fig. 7C, the primary
access control channel 90-3 and the secondary access control channel 90-4 are determined to be
idle and the tertiary access control channels 90-1 and 90-2 and quaternary access control channel
90-5 are determined to be busy. The channels 90-1, 90-2, and 90-5 may be determined to be
busy based on the result of a CCA technique applied during the time period 158, for example,
such as a CCA technique discussed above. As another example, the channels 90-1, 90-2, and 90-
5 may be determined to be busy based on a failure to receive a CTS frame such as the CTS frame
162 on the channels after transmitting an RTS frame such as the RTS frame 160 on each of the
channels. As yet another example, in some embodiments, the quaternary channel 90-5 is not
busy from the standpoint of the AP 14 or client station 25, but is treated as busy (for purposes of
determining which component channels 80 are available) based on a determination that the

tertiary channel 90-1 and/or the tertiary channel 90-2 was busy. In some embodiments, some of
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the channels 90-1, 90-2, and 90-5 are determined based on the result of a CCA technique and

some are determined to be busy based on a failure to receive a CTS frame.

[0089] Because the busy access control channels 90-1, 90-2, and 90-5 overlap the
component channels 80-1 through 80-3, 80-5, and 80-6 in the example illustrated in Fig. 7C,
none of the channels 80-1 through 80-3, 80-5, and 80-6 is available for use in forming a
composite channel, according to an embodiment. Accordingly, the composite channel is formed
using only component channel 8§0-4. The AP 14 transmits the composite channel transmission
154 to the client station 25-1 via the composite channel. The composite channel transmission
154 is a single data unit (e.g., the data unit 50 of Fig. 3), in some embodiments. When the client
station 25-1 receives the transmission 154, it sends an ACK 164 back to the AP 14 on each of the
access control channels 90 that overlaps a component channel 80 of the composite channel (i.e.,
channels 90-3 and 90-4), in an embodiment. In another embodiment, the ACK 164 is transmitted
on the composite channel (i.e., channel §0-4). In some embodiments, the AP 14 may then
proceed to transmit one or more additional data frames (e.g., similar to the first composite
channel transmission 154) on the composite channel without having to first determine whether

any of the access control channels 90 are still idle.

[0090] In some embodiments, the composite channel transmission 154 of Figs. 7A —
7C, transmitted on one or more of the component channels 80, is a part of a single data unit that
also includes a preamble portion transmitted on the one or more component channels 80. In
other embodiments, however, the composite channel transmission 154 of Figs. 7A — 7C,
transmitted on one or more of the component channels 80, is a part of a single data unit that also
includes a preamble portion transmitted on one or more of the access control channels 90. In
these embodiments, the bandwidth of the data unit transmission changes after the transmission of
the data unit begins and before the transmission of the data unit ends. In these embodiments, the
preamble portion on the access control channels 90 is only transmitted on access control
channels 90 that are determined to be idle (e.g., using techniques discussed above), in some
embodiments. Figs. 8A and 8B illustrate examples of a data unit 180 according to these

embodiments.

[0091] In the example scenario illustrated in Fig. 8A, each of the access control
channels 90 is determined to be idle, and therefore the composite channel for the transmission

154 includes all of the component channels 80. A preamble portion 182 is duplicated in whole

- 25 -



WO 2012/047643 PCT/US2011/053437

or in part on each of the access control channels 90 that overlaps the composite channel (i.e.,
channels 90-1 through 90-5), in an embodiment. Each of the preambles 182 includes at least L-
STF, L-LTF, L-SIG, and VHT-SIGA fields (e.g., similar to the fields 52, 54, 56, and 58,
respectively, in Fig. 2), in an embodiment. The transmission 154 (i.e., the portion of the data
unit 180 transmitted on the composite channel formed from the component channels §0) may
include a second preamble with training and/or signal fields, in addition to a data portion (e.g.,
the data portion 72 of Fig. 3), in an embodiment. In an embodiment, the transmission 154 on one
or more of the component channels 80 includes at least the VHT-STF, VHT-LTF, and VHT-
SIGB fields, in addition to a data portion. In some embodiments, the training and/or signal fields
of the transmission 154 portion of the data unit 180 are duplicated in whole or in part on each of

the component channels 80 included in the composite channel utilized for the transmission 154.

[0092] In the example scenario illustrated in Fig. 8B, each of the access control
channels 90 is determined to be idle except for the access control channel 90-5, which is
determined to be busy. Therefore, the composite channel for the transmission 154 includes the
component channels 80-1 through 80-4, in an embodiment. A preamble portion 182 is
duplicated in whole or in part on each of the access control channels 90 that overlaps the
composite channel (i.e., channels 90-1 through 90-4), in an embodiment. The preamble 182 and
the transmission 154 may otherwise be similar to the preamble 182 and the transmission 154 of

Fig. 8A, for example.

[0093] In some embodiments, some or all of the channels used for controlling access to
the composite communication channels can also be utilized as additional communication
channels in some scenarios. Figs. 9A and 9B illustrate examples of component channels used for
transmitting data streams and access control channels used for access control as well as

transmitting data streams.

[0094] Fig. 9A is a diagram 190 illustrating examples of channels utilized for data
stream transmission and/or access control by a communication system such as the system 10 of
Fig. 1, according to an embodiment. The component channels 80 and access control channels 90
may differ in number and/or bandwidth from the example embodiment illustrated in Fig. 9A, as
discussed above in connection with the component channels 80 and access control channels 90 of
Figs. 4 and 5. The frequencies f; and f> may be suitable frequencies, and the bandwidth W may

be a suitable bandwidth, as discussed above in connection with Fig. 4.
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[0095] As discussed above in connection with Fig. 5, a composite communication
channel can be the channel 86-1 when all of the component channels 80 are available (e.g., when
all of the access control channels 90-1 through 90-5 are idle). In contrast to the embodiments
described above in connection with Fig. 5, however, the example embodiment shown in Fig. 9A
also permits a composite communication channel to be formed using at least one of the access
control channels 90. In some embodiments, a composite channel formed using the access control
channels 90 is subject to combination rules similar to those discussed above in connection with
composite channels formed using the component channels 80. In an embodiment, for example,
non-contiguous composite channels formed from one or more of the access control channels 90
are not permitted. For example, a composite channel that combines only access control channels
90-2 and 90-4 may not be permitted. As another example of a combination rule, in an
embodiment and for a given set of access control channels 90, a composite channel formed from
the access control channels 90 is not permitted to partially overlap with a channel 192. For
example, a composite channel consisting of channels 90-2 and 90-3 is not permitted due to
partial overlap with channels 192-1 and 192-2, and a composite channel consisting of channels
90-4 and 90-5 is not permitted due to partial overlap with channel 192-2, in an embodiment.
Similarly, in an embodiment, a composite channel formed from the access control channels 90 is
not permitted to partially overlap with the channel 194-1. For example, a composite channel
consisting of the access control channels 90-1 through 90-5 is not permitted due to partial
overlap with channel 194-1. As yet another example of a combination rule, in an embodiment,
only certain numbers of access control channels 90 may be combined to form a composite
channel. While Fig. 9A illustrates an embodiment in which one, two, or four access control
channels 90 may form a composite channel, more or fewer channels may be combined in other

embodiments.

[0096] In some embodiments, only an access control channel 90 that is idle can be
used to form a composite channel. For example, the access control channel 90-1 can only be
used to form a composite channel if the channel 90-1 is idle. As further examples, a composite
channel equal to the channel 192-1 can only be formed if the access control channels 90-1 and
90-2 are idle, and a composite channel equal to the channel 194-1 can only be formed if the
access control channels 90-1 through 90-4 are idle. The access control channels 90 may be
determined to be idle or not idle (i.e., busy) using techniques such as those discussed above (e.g.,

CCA techniques for determining whether each of the channels 90 is idle from a standpoint of a
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transmitting device, and/or control/response frame techniques for determining whether each of

the channels 90 is idle from a standpoint of a receiving device).

[0097] In some embodiments, the access control channels 90 are arranged according to
a priority scheme similar to that discussed above in connection with the access control channels
90 of Fig. 5. For example, as illustrated in the example embodiment of Fig. 9A, the channel 90-3
may be a primary channel, the channel 90-4 may be a secondary channel, the channels 90-1 and
90-2 may be tertiary channels, and the channel 90-5 may be a quaternary channel. Other
embodiments have a different number of primary, secondary, tertiary, or quaternary access
control channels, and/or have more or fewer priority levels. For example, both channel 90-2 and
90-4 may be secondary channels. As another example, there may be no quaternary channels

(e.g., channel 90-5 may be an additional tertiary channel).

[0098] In some embodiments, a composite communication channel is formed using the
access control channels 90 if less than all of the access control channels 90 are idle, and is
formed using the component channels 80 if all of the access control channels 90 are idle. For
example, the composite channel may be the channel 192-1, 192-2, or 194-1 (i.e., an aggregate of
the access control channels 90-1 and 90-2, 90-3 and 90-4, or 90-1 through 90-4, respectively) if
less than all of the access control channels 90 are idle, and may instead be the channel 86-1 (i.e.,
an aggregate of all of the component channels 80) if all of the access control channels 90 are
idle. The example channels illustrated in Fig. 9A reflect this example embodiment if it is
understood that a composite channel of bandwidth W can only be formed from an access control

channel 90, and not from a component channel 80 depicted in Fig. 9A.

[0099] In some embodiments, a composite communication channel is formed using the
access control channels 90 if a permissible composite channel having a threshold bandwidth
cannot be formed using the component channels 80 (e.g., due to certain of the component
channels 80 being overlapped by access control channels 90 that are busy), and is formed using
the component channels 80 if a permissible composite channel having the threshold bandwidth
can be formed using the component channels 80 (e.g., due to certain component channels 80 not
being overlapped by access control channels 90 that are busy). For example, the composite
channel may be one of the channels 192-1 and 192-2 if no permissible composite channel having
a bandwidth greater than or equal to 4W can be formed using any of the component channels 80,

and may instead be a channel formed from four or more of the component channels 80 (e.g., the
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channel 86-1) if those four or more component channels 80 are available (e.g., are not
overlapped by an access control channel 90 that is busy). The example channels illustrated in
Fig. 9A also reflect this embodiment, in a scenario in which the threshold bandwidth is set to 6W
(again, if it is understood that a composite channel of bandwidth W can only be formed from an

access control channel 90, and not from a component channel 80 depicted in Fig. 9A).

[00100] Fig. 9B is a diagram 196 illustrating further examples of channels utilized for
data stream transmission and/or access control by a communication system such as the system 10
of Fig. 1, according to an embodiment. The example embodiment shown in the diagram 196 is
similar to the example embodiment shown in the diagram 190 of Fig. 9A, except that a
composite channel may also be formed using either the component channels 80-5 and 80-6 (i.e.,
the composite channel equals the channel 82-3) or the component channels 80-3 through 80-6
(i.e., the composite channel equals the channel 84-2). In some embodiments, a composite
channel is not permitted to include a particular subset of the component channels 80 if the
composite channel does not have at least a first threshold bandwidth. For example, as reflected
in the example channels of Fig. 9B, a composite channel is not permitted to include any of the
component channels 80 in a subset consisting of the component channels 80-1 through 80-4 if
the composite channel does not have a bandwidth of 4W or greater, in an embodiment. The
example channels illustrated in Fig. 9A (discussed above) further reflect an example embodiment
in which a composite channel is not permitted to include any of the component channels 80 in a
subset consisting of the component channels 80-1 through 80-6 (i.e., all component channels 80)

if the channel does not have a bandwidth of 6W.

[00101] In some embodiments, a composite channel is additionally not permitted to
include a second subset of the component channels 80 if the composite channel does not have at
least a second threshold bandwidth. For example, as reflected in the example embodiment of
Fig. 9B, a composite channel is additionally not permitted to include any of the component
channels 80 in a subset consisting of the component channels 80-1 and 80-2 if the composite
channel does not have a bandwidth of 6W or greater, in an embodiment. Additional subsets and
corresponding additional threshold bandwidths may be defined, in some embodiments. In some

embodiments, one or more subsets consist of a single channel of the component channels 80.

[00102] In some embodiments, a composite channel is not permitted to be coextensive

with a particular subset of the component channels 80. For example, as reflected in the example
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channels of Fig. 9B, a composite channel is not be permitted to be coextensive with the
component channels 80-1 through 80-4, in an embodiment. In some embodiments, a composite
channel is additionally not permitted to be coextensive with additional subsets of the component
channels 80. For example, as reflected in the example channels of Fig. 9B, a composite channel
may additionally not be permitted to be coextensive with a second subset consisting of the
component channels 80-1 and 80-2, and not be permitted to be coextensive with a third subset
consisting of the component channels 80-3 and 80-4. In some embodiments, one or more of the

subsets are single channels of the component channels 80.

[00103] In scenarios where a composite channel is not permitted to include or consist
of certain subsets of the component channels 80 due to restrictions such as those discussed
above, any composite channel must be formed using either one or more of the remaining,
permitted component channels 80, or a group of one or more of the access control channels 90,
subject to any combination rules and/or priorities as discussed above. In some embodiments, the
composite channel is formed to have the largest possible bandwidth, subject to limitations due to

combination rules, priorities, and/or subset restrictions as discussed above.

[00104] Fig. 10is a flow diagram 200 of an example method for determining and
utilizing a composite channel formed either from one or more component channels or from one
or more access control channels based on a determination of which access control channels are
idle, according to an embodiment. Referring to Fig. 1, the network interface 16 (e.g., the MAC
processing unit 18 and/or the PHY processing unit 20) of the AP 14 is configured to implement
the method 200, in an embodiment. Additionally or alternatively, the network interface 27 (e.g.,
the MAC processing unit 28 and/or the PHY processing unit 29) of the client 25-1 is configured
to implement the method 200, in an embodiment. The component channels and access control
channels of the method 200 may correspond to the component channels 80 and access control
channels 90 described above in connection with Figs. 9A and 9B, for example. In some
embodiments, the access control channels 90 are assigned priorities (e.g., primary, secondary,
etc.) as discussed above in connection with Figs. 9A and 9B. Merely for illustrative purposes,

Fig. 10 will be described with reference to the example channels of Figs. 9A and 9B.

[00105] At block 201, capabilities, with regard to capabilities of transmitting/receiving
via one or more of the component channels 80 and/or one or more of the access control channels

90, of the device implementing the method 200 and of the communication system (e.g., a BSS)
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in which it operates, are determined. For example, the device implementing the method 200 may
have a maximum bandwidth capability that precludes it from transmitting/receiving via all of the
component channels 80 and/or all of the access component channels 90. Similarly, other devices
in the communication system may have maximum bandwidth capabilities that preclude the other
devices from transmitting/ receiving via all of the component channels 80 and/or all of the access

component channels 90.

[00106] Atblock 202, it is determined which of the access control channels 90 are idle.
Embodiments of techniques to determine whether each of the access control channels 90 is idle
(i.e., not busy) are discussed above. In some embodiments, determining which access control
channels 90 are idle at block 202 does not require determining whether every channel of the
access control channels 90 is idle. For example, a first access control channel having a first
priority is treated as busy (for purposes of forming a composite channel at block 204) regardless
of whether the channel is actually busy if a second access control channel having a second,
higher priority is determined to be busy, in some embodiments. For example, the quaternary
channel 90-5 may be treated as busy if at least one of the tertiary access control channels 90-1

and 90-2 is determined to be busy.

[00107] At block 204, a composite channel is formed from a set of one or more
component channels or from a set of one or more access control channels based on the
determinations performed at blocks 201, 202, 204, and 206. The one or more component
channels are one or more of the component channels 80 and the one or more access control
channels are one or more of the access channels 90, in an embodiment. In some embodiments, a
composite channel that is formed by aggregating one or more of the component channels 80 is
not permitted to be formed by aggregating any of the access control channels 90, and vice versa.
Generally, an access control channel 90 is available if that channel 90 is determined to be idle,
and a component channel 80 is available if that channel 80 is not overlapped by an access control
channel 90 that is determined to be busy (or by a channel 90 that is treated as busy based on
priority rules). The composite channel is formed from either the available component channels
80 or the available access control channels 90 to form the largest possible bandwidth, subject to
any combination rules (e.g., the combination rules for the component channels 80 and access

control channels 90 discussed above in connection with Figs. 4 and 9A) and subset restrictions
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(e.g., the subset restrictions on the component channels 80 discussed above in connection with

Fig. 9A and 9B), in an embodiment.

[00108] At block 206, the composite channel determined at block 204 is utilized to
transmit information. For example, referring to Fig. 1, the AP 14 transmits information to one or
more of the clients 25-1, 25-2, and 25-3 using the composite channel, in an embodiment. As
another example, the client 25-1 transmits information to the AP 14 using the composite channel,

in an embodiment.

[00109] One or both of blocks 204 and 206 is skipped based on the determination
made at block 202, in some embodiments. For example, if it is determined at block 202 that a
primary channel of the access control channels 90 is busy, none of the other blocks are
performed, in an embodiment. For example, if a primary channel is determined to be busy at
block 202, it may be determined that no transmission should occur at the present time, in an
embodiment. For example, a network interface such as the network interface 16 (or the network
interface 27) of Fig. 1 may wait for a period of time (e.g., at least a “back-off” time period)

before performing the flow 200 again.

[00110] In embodiments described below, a communication system such as the
WLAN 10 of Fig. 1 is capable of utilizing at least two sets of communication channels. A device
such as an AP (e.g., the AP 14 of Fig. 1) scans for existing BSSs on at least a first set of
communication channels and a second set of communication channels, and based on the outcome
of the scan selects which set of communication channels is utilized for a BSS (e.g., a BSS
including the AP 14 and client stations 25 of the WLAN 10 of Fig. 1), in an embodiment. One
or more channels of the first set of communication channels may overlap with one or more

channels of the second set of communication channels, in an embodiment.

[00111] In some embodiments, the AP is required to select a particular set of
communication channels for a BSS of the AP if another, coexisting BSS is detected on that set of
channels. For example, the AP is required to select the second set of communication channels
for the BSS of the AP if the AP detects another BSS that uses the second set of communication
channels, in an embodiment. In some embodiments, the AP may choose between at least two
sets of communication channels for the BSS of the AP if no BSS is detected on a particular one
of the sets of communication channels. For example, the AP may select between a first and a

second set of communication channels for a BSS of the AP if the AP does not detect a BSS on
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the second set of communication channels (e.g., even if a BSS is detected on the first set of

communication channels), in an embodiment.

[00112] A device that has not yet joined a BSS, such as a client station (e.g., the client
station 25-1 of Fig. 1, before the station 25-1 has joined a BSS that includes the AP 14) scans the
at least two sets of communication channels to determine which BSS the client station will join,
in an embodiment. In some embodiments, the client station is required to scan at least one set of
communication channels for BSSs, and optionally can scan at least one other set of
communication channels for BSSs. For example, the client station may be required to scan a
second set of communication channels for BSSs, and have the option of scanning a first set of

communication channels for BSSs.

[00113] In some embodiments, a client station joining a BSS utilizing one set of
communication channels is required to report to an AP of the BSS the existence of a BSS that the
client station detected on another set of communication channels. For example, the client station
may be required to report the existence of a BSS that the station had detected on the second set
of communication channels to the AP of a BSS, joined by the station, that utilizes the first set of
communication channels. The AP may then be required to try to switch the BSS to the BSS of

the second set of channels, for example.

[00114] Fig. 11 is a diagram 300 illustrating examples of a first set of channels 310
utilized for data stream transmission by a communication system such as the system 10 of Fig. 1,
according to an embodiment. The channels 310 may be the communication channels of a BSS,
in an embodiment. For example, the channels 310 may be the communication channels of a BSS
corresponding to the WLAN 10 of Figs. 1 and 2. In some embodiments, there may be more or
fewer channels 310 than illustrated in Fig. 11, and/or the channels 310 may not all have the same
bandwidth. In some embodiments, two adjacent channels 310 can be concatenated to form a
channel 312. For example, channels 310-1 and 310-2 can be concatenated to form channel 312-
1. Similarly, channels 310-3 and 310-4 can be concatenated to form channel 312-2. Moreover,
in some embodiments, four adjacent channels 310 can be concatenated to form a channel 314.
For example, channels 310-1 through 310-4 can be concatenated to form channel 314-1.
Similarly, channels 310-3 through 310-6 can be concatenated to form channel 314-2. Further, in
some embodiments, six adjacent channels 310 can be concatenated to form a channel 316. For

example, channels 310-1 through 310-6 can be concatenated to form channel 316-1. Each
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channel 310 has a bandwidth of W, each channel 312 has a bandwidth of 2W, each channel 314
has a bandwidth of 4W, and the channel 316-1 has a bandwidth of 6W, according to an
embodiment. W is a suitable bandwidth such as 1 MHz, 5 MHz, 10 MHz, 20 MHz, etc., and the
frequency f; shown in Fig. 11 is a suitable starting frequency, in some embodiments. In one
scenario, the first set of channels 310 are 20 MHz channels (i.e., W = 20 MHz) in the planned
Chinese 5 GHz band allocated to IEEE 802.11 communications (i.e., 5725 — 5850 MHz), and the
frequency f1 is 5727.5 MHz, for example.

[00115] A plurality of the channels 310 can be combined to form a composite channel.
In some embodiments, a channel 310 can also be formed using only one of the channels 310.
The composite channel can be used by a communication device (e.g., the AP 14 of Fig. 1) to
transmit a data stream to another communication device (e.g.., the client station 25-1 of Fig. 1).
The data stream can include data units such as the data unit 50 of Fig. 3. In some embodiments,
a composite channel is not limited to a contiguous frequency band. For example, a composite
channel having a bandwidth of 4W can be formed with channels 310-1, 310-2, 310-4, and 310-5.
As another example, channels 310-1 and 310-4 can be combined to form a composite channel

having a bandwidth of 2W.

[00116] In an embodiment, the channels 310 are subject to combination rules similar
to the component channels 80 of Fig. 4. For example, non-contiguous composite channels are
not permitted, a smaller bandwidth composite channel (e.g., a channel 312) are not permitted to
partially overlap a larger bandwidth composite channel (e.g., a channel 314), and/or only certain
numbers of channels 310 can be combined to form a composite channel. In other embodiments,
non-contiguous composite channels are permitted. While Fig. 11 illustrates an embodiment in
which one, two, four, or six channels 310 may form a composite channel, more or fewer

channels may be combined.

[00117] In an embodiment, the channels 310 are utilized for access control as well as
communications. For example, a communication device (e.g., the AP 14 or client station 25-1 of
Fig. 1) may determine whether each of the channels 310 is idle using techniques such as those
discussed above (e.g., CCA techniques and/or control and response frames), and then form a
composite communication channel using only idle channels 310, in an embodiment. In an
embodiment, the channels 310 are also assigned priorities (e.g., primary, secondary, etc.) that

affect which composite channels may be formed in certain scenarios. The priorities may be
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assigned in a manner similar to, and have an effect similar to, the priorities discussed above in
connection with the access control channels 90, in an embodiment. For example, for purposes of
determining whether a channel 310 is available to be used in forming a composite channel, one
of the channels 310 having a lower priority is treated as busy (regardless of whether the channel
310 is actually busy) if another of the channels 310 having a higher priority is determined to be
busy, in an embodiment. As another example, no transmission is permitted unless a primary

channel of the channels 310 is idle, in an embodiment.

[00118] Fig. 12 is a diagram 320 illustrating examples of a second set of channels 330
utilized for data stream transmission by a communication system such as the system 10 of Fig. 1,
according to an embodiment. The channels 330 may be the communication channels of a BSS
different than the BSS that utilizes the communication channels 310 for communications, in an
embodiment. For example, the channels 330 may be the communication channels of a BSS
corresponding to the WLAN 30 of Fig. 2. In an embodiment, the set of channels 330 overlaps
the set of channels 310. For example, each of the channels 330 partially overlaps at least one of
the channels 310, in an embodiment. In the diagram 320 of Fig. 12, the first set of channels 310
is shown merely to illustrate the overlap of channels in an example embodiment. In some
embodiments, there may be more or fewer channels 330 than illustrated in Fig. 12, and/or the

channels 330 may not all have the same bandwidth.

[00119] In some embodiments, two adjacent channels 330 can be concatenated to form
a channel 332. For example, channels 330-1 and 330-2 can be concatenated to form channel
332-1. Similarly, channels 330-3 and 330-4 can be concatenated to form channel 332-2.
Moreover, in some embodiments, four adjacent channels 330 can be concatenated to form a
channel 334. For example, channels 330-1 through 330-4 can be concatenated to form channel
334-1. Further, in some embodiments, five adjacent channels 330 can be concatenated to form a
channel 336. For example, channels 330-1 through 330-5 can be concatenated to form channel
336-1. Each channel 330 has a bandwidth of W, each channel 332 has a bandwidth of 2W, each
channel 334 has a bandwidth of 4W, and the channel 336-1 has a bandwidth of 6W, according to
an embodiment. W is a suitable bandwidth such as 1 MHz, 5 MHz, 10 MHz, 20 MHz, etc., and
the frequency f> shown in Fig. 12 is a suitable starting frequency, in some embodiments. In one

scenario, the second set of channels 330 are 20 MHz channels (i.e., W = 20 MHz) in the upper
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end of the United States 5 GHz band allocated to IEEE 802.11 communications (i.e., 5735 —
5835 MHz), and the frequency {2 is 5735 MHz, for example

[00120] A plurality of the channels 330 can be combined to form a composite channel.
In some embodiments, a composite channel can also be formed using only one of the channels
330. The composite channel can be used by a communication device (e.g., the AP 14 of Fig. 1)
to transmit a data stream to another communication device (e.g.., the client station 25-1 of Fig.
1). The data stream can include data units such as the data unit 50 of Fig. 3. In some
embodiments, a composite channel is not limited to a contiguous frequency band. For example,
a composite channel having a bandwidth of 4W can be formed with channels 330-1, 330-2, 330-
4, and 330-5. As another example, channels 330-1 and 330-4 can be combined to form a

composite channel having a bandwidth of 2W.

[00121] In an embodiment, the channels 330 are subject to combination rules similar
to the component channels 80 of Fig. 4. For example, non-contiguous composite channels may
not be permitted, a smaller bandwidth composite channel (e.g., a channel 332) may not be
permitted to partially overlap a larger bandwidth composite channel (e.g., a channel 334), and/or
only certain numbers of channels 330 may be combined to form a composite channel. While
Fig. 12 illustrates an embodiment in which one, two, four, or five channels 330 may form a

composite channel, more or fewer channels may be combined.

[00122] In an embodiment, the channels 330 are utilized for access control as well as
communications. For example, a communication device (e.g., the AP 14 or client station 25-1 of
Fig. 1) may determine whether each of the channels 330 is idle using techniques such as those
discussed above (e.g., CCA techniques and/or control and response frames), and then form a
composite communication channel using only idle channels 330, in an embodiment. In an
embodiment, the channels 330 are also assigned priorities (e.g., primary, secondary, etc.) that
affect which composite channels may be formed in certain scenarios. The priorities may be
assigned in a manner similar to, and have an effect similar to, the priorities discussed above in
connection with the access control channels 90, in an embodiment. For example, for purposes of
determining whether a channel 330 is available to be used in forming a composite channel, a
channel 330 having a lower priority is treated as busy (regardless of whether the channel 330 is

actually busy) if a channel 330 having a higher priority is determined to be busy, in an
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embodiment. As another example, no transmission is permitted unless a primary channel of the

channels 330 is idle, in an embodiment.

[00123] Fig. 13 is a flow diagram 350 of an example method for selecting a set of
channels for a new BSS. In some scenarios, a “new” BSS refers to a BSS that is being started.
In other scenarios, a “new” BSS refers to a BSS for which a new set of channels is being utilized.
Referring to Fig. 1, the network interface 16 (e.g., the MAC processing unit 18 and/or the PHY
processing unit 20) of the AP 14 is configured to implement the method 350, in an embodiment.
The first set of channels of the method 350 may correspond to the channels 310 and the second
set of channels of the method 350 may correspond to the channels 330 described above in
connection with Figs. 11 and 12, for example. Merely for illustrative purposes, Fig. 13 will be

described with reference to the example channels of Figs. 11 and 12.

[00124] Atblock 351, channels in the second set of channels 330 are scanned for
existing BSSs that utilize the channels 330 for communications. In some embodiments, each of
the channels 330 is scanned for existing BSSs. In other embodiments, each channel of only a
subset of one or more (but not all) of the channels 330 is scanned for existing BSSs. In some
embodiments, a BSS that utilizes one or more of the communication channels 330 is determined
to exist if communications are detected on one or more of the channels 330. For example, a BSS
that utilizes one or more of the communication channels 330 is determined to exist if a training
field is detected in a preamble of a data unit (e.g., the data unit 50 of Fig. 3) on one or more of
the channels 330, in an embodiment. As another example, a BSS that utilizes one or more of the
communication channels 330 is determined to exist if a signal having greater than a threshold
level of energy is detected on or more of the channels 330, in an embodiment. As yet another
example, a BSS that utilizes one or more of the communication channels 330 is determined to
exist if a beacon frame (e.g., a beacon frame transmitted by an AP such as the AP 34 of Fig. 1) is

detected on one or more of the channels 330, in an embodiment.

[00125] At block 354, it is determined whether at least one BSS utilizing the second
set of channels 330 was detected at block 351. If it is determined that at least one BSS was
detected, the flow proceeds to block 356. If it is determined that at least one BSS was not

detected, the flow proceeds to block 360.

[00126] At block 356, at least a primary channel is determined for a new BSS that

utilizes the second set of communication channels 330. In some embodiments, additional
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priorities (e.g., secondary, tertiary, etc.) are assigned to channels in the second set of channels
330. The primary and, in some embodiments, secondary, tertiary, etc. channels may be assigned
in a manner similar to (and have an effect similar to) the priorities discussed above in connection
with the access control channels 90, in an embodiment. In some embodiments, the determination
at block 356 is based at least in part on the scan of the second set of channels 330 at block 351.
For example, if the device performing the method 350 detected that another, existing BSS uses a
particular channel of the communication channels 330 as a primary channel at block 351, the
new BSS is not permitted to assign or use that particular channel as a primary channel, in an

embodiment.

[00127] At block 360, either the first set of channels 310 or the second set of channels
330 is selected for a new BSS. In some embodiments, a higher selection priority is assigned to
one of the two sets of channels 310 and 330. For example, a device implementing the method
350 (e.g., the AP 14 of Fig. 1) may automatically select the first set of channels 310 at the block
360. In other embodiments, suitable criteria for selecting either the first set of channels 310 or

the second set of channels 330 are utilized.

[00128] Atblock 362, it is determined whether the first set of communication channels
310 was selected for the new BSS at block 360. If the first set of channels 310 was selected, the
flow proceeds to block 364, in an embodiment. If the first set of channels 310 was not selected
(i.e., the second set of channels 330 was selected), the flow proceeds to block 356, in an

embodiment.

[00129] At block 364, channels in the first set of channels 310 are scanned for existing
BSSs that utilize the channels 310 for communications. In some embodiments, each of the
channels 310 is scanned for existing BSSs. In other embodiments, each channel of only a subset
of one or more (but not all) of the channels 310 is scanned for existing BSSs. In some
embodiments, a BSS that utilizes one or more of the communication channels 310 is determined
to exist if communications are detected on one or more of the channels 310. For example, a BSS
that utilizes one or more of the communication channels 310 is determined to exist if a training
field is detected in a preamble of a data unit (e.g., the data unit 50 of Fig. 3) on one or more of
the channels 310, in an embodiment. As another example, a BSS that utilizes one or more of the
communication channels 310 is determined to exist if a signal having greater than a threshold

level of energy is detected on or more of the channels 310, in an embodiment. As yet another
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example, a BSS that utilizes one or more of the communication channels 310 is determined to
exist if a beacon frame (e.g., a beacon frame transmitted by an AP such as the AP 34 of Fig. 1) is

detected on one or more of the channels 310, in an embodiment.

[00130] At block 366, at least a primary channel is determined for a new BSS that
utilizes the first set of communication channels 310. In some embodiments, additional priorities
(e.g., secondary, tertiary, etc.) are assigned to channels in the second set of channels 310. The
primary and, in some embodiments, secondary, tertiary, etc. channels may be assigned in a
manner similar to (and have an effect similar to) the priorities discussed above in connection
with the access control channels 90, in an embodiment. In some embodiments, the determination
at block 366 is based at least in part on the scan of the first set of channels 310 at block 364. For
example, if the device performing the method 350 detected that another, existing BSS uses a
particular channel of the channels 310 as a primary channel at block 364, the new BSS is not

permitted to assign or use that particular channel as a primary channel, in an embodiment.

[00131] Atblock 370, channels in the second set of channels 330 are scanned for
existing BSSs. The scan performed at block 370 may be similar to the scan performed at block
351, for example. In some embodiments, the scan at block 370 is performed periodically after

the new BSS has been configured (e.g., by determining a primary channel of the new BSS at

block 366).

[00132] At block 372, it is determined whether at least one BSS utilizing the second
set of channels 330 was detected at block 370. In an embodiment, if it is determined that at least
one BSS was detected, the BSS of the device performing the method 350 (e.g., the BSS of the
AP 14 of Fig. 1) is required to switch from utilizing the first set of communication channels 310
to utilizing the second set of communication channels 330, and the flow proceeds to block 356.
In an embodiment, if it is determined that at least one BSS was not detected, the flow proceeds
back to block 370. In some embodiments, the sequence of steps at blocks 370 and 372 repeats
(e.g., periodically) until at least one BSS is detected utilizing the second set of channels 330, at

which point the flow proceeds to block 356.

[00133] In some embodiments, the blocks illustrated in the flow diagram 350 occur in
a different order. For example, the scan of the first set of channels 310 at block 364 may occur

before the scan of the second set of channels at block 351, in an embodiment. In some
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embodiments, certain blocks illustrated in the flow diagram 350 are skipped. For example, the

steps at blocks 370 through 372 may be skipped, in some embodiments.

[00134] Fig. 14 is a flow diagram 400 of an example method for selecting a BSS to be
joined. Referring to Fig. 1, the network interface 27 (e.g., the MAC processing unit 28 and/or
the PHY processing unit 29) of the client station 25-1 is configured to implement the method
400, in an embodiment. The first set of channels of the method 400 may correspond to the
channels 310 and the second set of channels of the method 400 may correspond to the channels
330 described above in connection with Figs. 11 and 12, for example. Merely for illustrative

purposes, Fig. 14 will be described with reference to the example channels of Figs. 11 and 12.

[00135] Atblock 401, channels in the second set of channels 330 are scanned for
existing BSSs that utilize the channels 330 for communications. In some embodiments, each of
the channels 330 is scanned for existing BSSs. In other embodiments, each channel of only a
subset of one or more (but not all) of the channels 330 is scanned for existing BSSs. In some
embodiments, a BSS that utilizes one or more of the communication channels 330 is determined
to exist if communications are detected on one or more of the channels 330. For example, a BSS
that utilizes one or more of the communication channels 330 is determined to exist if a training
field is detected in a preamble of a data unit (e.g., the data unit 50 of Fig. 3) on one or more of
the channels 330, in an embodiment. As another example, a BSS that utilizes one or more of the
communication channels 330 is determined to exist if a signal having greater than a threshold

level of energy is detected on or more of the channels 330, in an embodiment.

[00136] At block 404, channels in the first set of channels 310 are scanned for existing
BSSs that utilize the channels 310 for communications. In some embodiments, each of the
channels 310 is scanned for existing BSSs. In other embodiments, each channel of only a subset
of one or more (but not all) of the channels 310 is scanned for existing BSSs. In some
embodiments, a BSS that utilizes one or more of the communication channels 310 is determined
to exist if communications are detected on one or more of the channels 310. For example, a BSS
that utilizes one or more of the communication channels 310 is determined to exist if a training
field is detected in a preamble of a data unit (e.g., the data unit 50 of Fig. 3) on one or more of
the channels 310, in an embodiment. As another example, a BSS that utilizes one or more of the

communication channels 310 is determined to exist if a signal having greater than a threshold
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level of energy is detected on or more of the channels 310, in an embodiment. The threshold can

be the same as or different than a threshold used at block 401, for example.

[00137] At block 406, it is determined whether at least one BSS utilizing the second
set of channels 330 was detected at block 401. In an embodiment, if it is determined that at least
one BSS was detected, the flow proceeds to block 408. In an embodiment, if it is determined

that at least one BSS was not detected, the flow proceeds to block 420.

[00138] At block 408, it is determined whether at least one BSS utilizing the first set of
communication channels 330 was detected at block 404. In an embodiment, if it is determined
that at least one BSS was detected, the flow proceeds to block 410. In an embodiment, if it is

determined that at least one BSS was not detected, the flow proceeds to block 412.

[00139] At block 410, a BSS utilizing the first set of channels 310 that was detected at
block 404 or a BSS utilizing the second set of channels 330 that was detected at block 401 is
joined. In some embodiments, a device performing the method 400 (e.g., the client station 25-1
of Fig. 1) joins the BSS at least in part by exchanging authentication information with an AP of
the BSS (e.g., the AP 14 of Fig. 1). In some embodiments, a device performing the method 400
joins the BSS at least in part by exchanging capability information with an AP of the BSS. If a
first BSS utilizing the first set of communication channels 310 was detected at block 404 and a
second BSS utilizing the second set of communication channels 330 was detected at block 401, a
device performing the method 400 may choose which BSS to join, in an embodiment. For
example, a higher selection priority is assigned to one of the two sets of channels 310 and 330, in
an embodiment. For example, a device implementing the method 400 may automatically select

the first set of channels 310 at the block 410.

[00140] Atblock 412, a BSS utilizing the second set of channels 330 that was detected
at block 401 is joined. In some embodiments, a device performing the method 400 (e.g., the
client station 25-1 of Fig. 1) joins the BSS at least in part by exchanging authentication
information with an AP of the BSS (e.g., the AP 14 of Fig. 1). In some embodiments, a device

performing the method 400 joins the BSS at least in part by exchanging capability information
with an AP of the BSS.

[00141] Atblock 414, it is determined whether a BSS that utilizes the first set of

communication channels 310 was joined. If a BSS that utilizes the first set of channels 310 was
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joined, the flow proceeds to block 416. If a BSS that utilizes the first set of channels 310 was not
joined, the flow proceeds to block 418.

[00142] At block 416, a BSS utilizing the second set of communication channels 330
that was detected during the scan at block 401 is reported. In some embodiments, the detected
BSS is reported to an AP (e.g., the AP 14 of Fig. 1) associated with the BSS utilizing the first set
of communication channels 310 that was joined at block 410. In response to the report, the AP
reconfigures the BSS utilizing the first set of channels 310 to instead utilize the second set of
channels 330 and/or determines whether the BSS is permitted to be reconfigured to utilize the

channels 330, in an embodiment.

[00143] At block 418, a BSS utilizing the first set of communication channels 310 that
was detected during the scan at block 408 is reported. In some embodiments, the detected BSS
is reported to an AP (e.g., the AP 14 of Fig. 1) associated with the BSS utilizing the second set of
communication channels 330 that was joined at block 410. In response to the report, the AP
reconfigures the BSS utilizing the second set of channels 330 to instead utilize the first set of
channels 310 and/or determines whether the BSS is permitted to be reconfigured to utilize the

channels 310, in an embodiment.

[00144] At block 420, it is determined whether at least one BSS utilizing the first set of
communication channels 330 was detected at block 404. In an embodiment, if it is determined
that at least one BSS was detected, the flow proceeds to block 410. In an embodiment, if it is
determined that at least one BSS was not detected, the flow proceeds back to block 401. In some
embodiments, the sequence of steps at blocks 401, 404, 406, and 420 repeats (e.g., periodically)
until at least one BSS is detected utilizing either the first set of channels 310 or the second set of

channels 330.

[00145] In some embodiments, the blocks illustrated in the flow diagram 400 occur in
a different order. For example, the scan of the first set of channels 310 at block 404 may instead
occur after the determination at block 406 and before the determination at block 408, in an
embodiment. In some embodiments, certain blocks illustrated in the flow diagram 400 are
skipped. For example, the scan of the first set of channels 310 at block 404 may be skipped, and
the flow may proceed directly to the block 412, if a BSS utilizing the second set of channels 330

is detected during the scan at block 401, in an embodiment.

-42 -



WO 2012/047643 PCT/US2011/053437

[00146] At least some of the various blocks, operations, and techniques described
above may be implemented in hardware, a processor executing firmware and/or software
instructions, or any combination thereof. When implemented utilizing a processor executing
software or firmware instructions, the software or firmware instructions may be stored in any
computer readable memory such as on a magnetic disk, an optical disk, or other tangible storage
medium, in a RAM or ROM or flash memory, processor, hard disk drive, optical disk drive, tape
drive, etc. Likewise, the software or firmware instructions may be delivered to a user or a
system via any known or desired delivery method including, for example, on a computer
readable disk or other transportable, tangible computer storage mechanism or via communication
media. Communication media typically embodies computer readable instructions, data
structures, program modules or other data in a modulated data signal such as a carrier wave or
other transport mechanism. The term “modulated data signal” means a signal that has one or
more of its characteristics set or changed in such a manner as to encode information in the signal.
By way of example, and not limitation, communication media includes wired media such as a
wired network or direct-wired connection, and wireless media such as acoustic, radio frequency,
infrared and other wireless media. Thus, the software or firmware instructions may be delivered
to a user or a system via a communication channel such as a telephone line, a DSL line, a cable
television line, a fiber optics line, a wireless communication channel, the Internet, etc. (which are
viewed as being the same as or interchangeable with providing such software via a transportable
storage medium). The software or firmware instructions may include machine readable
instructions stored on a memory of other computer-readable storage medium that, when executed

by the processor, cause the processor to perform various acts.

[00147] When implemented in hardware, the hardware may comprise one or more of
discrete components, an integrated circuit, an application-specific integrated circuit (ASIC), a

programmable logic device (PLD), etc.

[00148] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the invention,
changes, additions and/or deletions may be made to the disclosed embodiments without

departing from the scope of the invention.
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Claims

What is claimed is:

1. A method of determining an available channel bandwidth in a communication
system, wherein the communication system utilizes 1) a set of component channels for
transmitting data streams and ii1) a set of access control channels, and wherein each of at least
some of the access control channels partially overlaps, in frequency, at least one of the

component channels, the method comprising:

determining whether a primary channel of the access control channels is idle, wherein the

primary channel partially overlaps, in frequency, at least a first one of the component channels;

determining that a composite channel includes one or more of the component channels

based at least on a determination of whether the primary channel is idle; and

causing a signal to be transmitted via the composite channel after determining that the

composite channel includes one or more of the component channels.

2. A method according to claim 1, further comprising determining whether a

secondary channel of the access control channels is idle,

wherein determining that the composite channel includes the one or more component

channels is further based on a determination of whether the secondary channel is idle.
3. A method according to claim 2, wherein:
the secondary channel partially overlaps at least the first component channel, and

determining that the composite channel includes the one or more component channels
includes determining that the composite channel includes the first component channel when it is

determined that 1) the primary channel is idle, and ii) the secondary channel is idle.

4. A method according to claim 3, further comprising receiving i) a first
acknowledgement on the primary channel, and ii) a second acknowledgement on the secondary

channel.
5. A method according to claim 2, wherein:

the secondary channel partially overlaps at least the first component channel,
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determining that the composite channel includes the one or more component channels
includes determining that the composite channel does not include the first component channel
when it is determined that at least one of 1) the primary channel, and ii) the secondary channel, is

busy.

6. A method according to claim 1, wherein no two of the component channels

overlap, and wherein no two of the access control channels overlap.

7. A method according to claim 6, wherein each of the component channels has a
first bandwidth and each of the access control channels has a second bandwidth, and wherein the

first bandwidth is the same as the second bandwidth.

8. A method according to claim 1, wherein a combined bandwidth of all of the

component channels is greater than a combined bandwidth of all of the access control channels.

0. A method according to claim 1, further comprising determining which remaining

channels of the access control channels are idle, wherein:

the remaining channels consist of access control channels other than the primary channel,

and

determining that the composite channel includes the one or more component channels is

further based on a determination of which of the remaining channels are idle.

10. A method according to claim 9, wherein causing the signal to be transmitted via

the composite channel includes:

causing a first portion of a data unit to be transmitted via a channel consisting of one or

more access control channels that are determined to be idle; and
causing a second portion of the data unit to be transmitted via the composite channel.

11. A method according to claim 10, wherein the first portion of the data unit is at

least a portion of a preamble.

12. A method according to claim 1, wherein determining whether the primary channel
is idle includes at least one of 1) detecting whether a threshold level of signal energy is received

on the primary channel, or ii) detecting whether a valid signal is received on the primary channel.

- 45 -



WO 2012/047643 PCT/US2011/053437

13. A method according to claim 1, wherein determining whether the primary channel

is idle includes:
transmitting a first control frame on the primary channel; and
detecting whether a first response frame is received on the primary channel.

14. A method according to claim 13, further comprising determining whether a
secondary channel of the access control channels is idle, wherein determining whether the

secondary channel is idle includes:
transmitting a second control frame on the secondary channel; and
detecting whether a second response frame is received on the secondary channel.
15. A communication device, comprising:
a network interface configured to

determine whether a primary channel of a set of access control channels is idle,
wherein each of the access control channels partially overlaps, in frequency, at least one

channel of a set of component channels,

determine that a composite channel includes one or more of the component

channels based at least on a determination of whether the primary channel is idle, and

cause a signal to be transmitted via the composite channel after determining that

the composite channel includes one or more of the component channels.

16. A communication device according to claim 15, wherein the network interface is

configured to
determine whether a secondary channel of the access control channels is idle, and

determine that the composite channel includes the one or more component channels

based on a determination of whether the secondary channel is idle.

17. A communication device according to claim 15, wherein no two of the component

channels overlap, and wherein no two of the access control channels overlap.
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18. A communication device according to claim 15, wherein each of the component
channels has a first bandwidth and each of the access control channels has a second bandwidth,

and wherein the first bandwidth is the same as the second bandwidth.

19. A communication device according to claim 15, wherein a combined bandwidth
of all of the component channels is greater than a combined bandwidth of all of the access

control channels.

20. A communication device according to claim 15, wherein the network interface is
configured to determine whether the primary channel is idle based on at least one of 1) detecting
whether a threshold level of signal energy is received on the primary channel or ii) detecting

whether a valid signal is received on the primary channel.

21. A communication device according to claim 15, wherein the network interface is
configured to determine whether the primary channel is idle at least in part by 1) transmitting a
control frame on the primary channel, and ii) detecting whether a response frame is received on

the primary channel.

22. A method of determining an available channel bandwidth in a communication
system, wherein the communication system utilizes 1) a set of component channels and ii) at least
one channel of a set of access control channels for transmitting data streams, the method

comprising:

determining which channels of the set of access control channels are idle, wherein each
of the access control channels partially overlaps, in frequency, at least one of the component

channels;

determining that a composite channel includes one or more channels of a set of channels,
wherein the set of channels is chosen from i) the set of component channels and ii) the set of
access control channels based at least on a determination of which of the access control channels

are idle; and

causing a signal to be transmitted via the composite channel after determining that the

composite channel includes one or more channels of a set of channels.
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23. A method according to claim 22, wherein determining that the composite channel
includes the one or more channels includes not permitting the composite channel to be

coextensive with a first subset of one or more of the component channels.
24. A method according to claim 23, wherein:

determining that the composite channel includes the one or more channels further
includes 1) not permitting the composite channel to be coextensive with a second subset of one or
more of the component channels, and ii) not permitting the composite channel to be coextensive

with a third subset of one or more of the component channels, and

the first subset of component channels includes the second subset of component channels

and the third subset of component channels.
25. A communication device, comprising:
a network interface configured to

determine which channels of a set of access control channels are idle, wherein
each of the access control channels partially overlaps, in frequency, at least one channel of a set

of component channels;

determine that a composite channel includes one or more channels of a set of
channels, wherein the set of channels is chosen from i) the set of component channels and ii) the
set of access control channels based at least on a determination of which of the access control

channels are idle; and

cause a signal to be transmitted via the composite channel after determining that

the composite channel includes one or more channels of a set of channels.

26. A communication device according to claim 25, wherein the network interface is
configured to determine that the composite channel includes the one or more channels at least by
not permitting the composite channel to be coextensive with a first subset of one or more of the

component channels.
27. A communication device according to claim 26, wherein:

the network interface is configured to determine that the composite channel includes the
one or more channels at least by further 1) not permitting the composite channel to be

coextensive with a second subset of one or more of the component channels, and ii) not
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permitting the composite channel to be coextensive with a third subset of one or more of the

component channels, and

the first subset of component channels includes the second subset of component channels

and the third subset of component channels.

28. A method of determining a set of communication channels for a first basic service
set from at least 1) a first set of channels and ii) a second set of channels, wherein each of at least
some of the channels in the second set of channels partially overlaps, in frequency, at least one of

the channels in the first set of channels, the method comprising:

determining whether the second set of channels is being utilized by a second basic service

set;

determining that the set of communication channels for the first basic service set includes
either 1) the first set of channels or ii) the second set of channels based at least on a determination

of whether the second set of channels is being utilized by the second basic service set.

29. A method according to claim 28, wherein determining that the set of
communication channels includes either the first set of channels or the second set of channels

includes:

determining that the set of communication channels includes the second set of channels
and does not include the first set of channels when it is determined that the second set of

channels is being utilized by the second basic service set.

30. A method according to claim 28, wherein determining whether the second set of

channels is being utilized by the second basic service set includes:

determining whether at least one channel of the second set of channels is being utilized

by the second basic service set.

31. A method according to claim 28, wherein determining whether the second set of

channels is being utilized by the second basic service set includes:

determining whether each channel of the second set of channels is being utilized by the

second basic service set.

32. A method according to claim 28, wherein determining whether the second set of

channels is being utilized by the second basic service set includes:
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determining whether a signal energy on at least one channel of the second set of channels

exceeds a threshold level.

33. A method according to claim 28, wherein determining whether the second set of

channels is being utilized by the second basic service set includes:

determining whether a beacon frame is detected on at least one channel of the second set

of channels.

34. A method according to claim 28, further comprising determining that a primary

channel includes at least one channel of the set of communication channels.
35. A method according to claim 34, wherein:

determining whether the second set of channels is being utilized by the second basic
service set includes determining which of one or more channels of the second set of channels are

being utilized by the second basic service set; and

determining that the primary channel includes the at least one channel is based at least in
part on a determination of which of the one or more channels are being utilized by the second

basic service set.

36. A method according to claim 34, further comprising determining that a secondary

channel includes at least one other channel of the set of communication channels.

37. A communication device capable of utilizing a first set of channels and a second
set of channels for communications within a first basic service set, wherein each of at least some
of the channels in the second set of channels partially overlaps, in frequency, at least one of the

channels in the first set of channels, the communication device comprising:
a network interface configured to

determine whether the second set of channels is being utilized by a second basic

service set, and

determine that a set of communication channels for the first basic service set
includes either 1) the first set of channels or ii) the second set of channels based at least on a
determination of whether the second set of channels is being utilized by the second basic service

set.
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38. A communication device according to claim 37, wherein the network interface is

configured to:

determine that the set of communication channels includes the second set of channels and
does not include the first set of channels when the network interface determines that the second

set of channels is being utilized by the second basic service set.

39. A communication device according to claim 37, wherein the network interface is

configured to:

determine whether the second set of channels is being utilized by the second basic service
set at least in part by determining whether at least one channel of the second set of channels is

being utilized by the second basic service set.

40. A communication device according to claim 37, wherein the network interface is

configured to:

determine whether the second set of channels is being utilized by the second basic service
set at least in part by determining whether each channel of the second set of channels is being

utilized by the second basic service set.

41. A communication device according to claim 37, wherein the network interface is

configured to:

determine whether the second set of channels is being utilized by the second basic service
set at least in part by determining whether a signal energy on at least one channel of the second

set of channels exceeds a threshold level.

42. A communication device according to claim 37 wherein the network interface is

configured to:

determine whether the second set of channels is being utilized by the second basic service
set at least in part by determining whether a beacon frame is detected on at least one channel of

the second set of channels.

43. A method of joining a basic service set service set that utilizes either a first set of
channels or a second set of channels for communications, wherein each of at least some channels
in the second set of channels partially overlaps, in frequency, at least one of the channels in the

first set of channels, the method comprising:
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determining that the first set of channels is being utilized by a first basic service set;
determining that the second set of channels is being utilized by a second basic service set;

joining a selected basic service set, wherein the selected basic service set is one of the
first basic service set or the second basic service set, and wherein an unselected basic service set

is a different one of the first basic service set or the second basic service set; and

reporting the unselected basic service set to a communication device in the selected basic

service set.
44. A method according to claim 43, wherein:
the communication device is an access point device, and

reporting the unselected basic service set includes causing data indicating that the

unselected basic service set exists to be transmitted to the access point device.
45. A method according to claim 43, wherein:
the communication device is an access point device, and

joining the selected basic service set includes exchanging information with the access

point device.

46. A communication device capable of utilizing a first set of channels and a second
set of channels for communications, wherein each of at least some of the channels in the second
set of channels partially overlaps, in frequency, at least one of the channels in the first set of

channels, the communication device comprising:
a network interface configured to
determine that the first set of channels is being utilized by a first basic service set,

determine that the second set of channels is being utilized by a second basic

service set,

join a selected basic service set, wherein the selected basic service set is one of
the first basic service set or the second basic service set, and wherein an unselected basic service

set is a different one of the first basic service set or the second basic service set, and
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report the unselected basic service set to a different communication device in the

selected basic service set.
47. A communication device according to claim 46, wherein:
the different communication device is an access point device, and

the network interface is configured to report the unselected basic service set at least in
part by causing data indicating that the unselected basic service set exists to be transmitted to the

access point device.
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