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FIG. 2
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COMMUNICATION WITHIN A WIRELESS
NETWORK USING MULTIPLE FREQUENCY
BANDS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 60/730,571, filed Oct.
26, 2005, entitled “COMMUNICATION WITHIN A WIRE-
LESS NETWORK USING TWO FREQUENCY BANDS.”

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to the
field of data communication, more specifically, to data
communication in a wireless network.

BACKGROUND

[0003] In the current state of wireless communication, an
increasingly number of communication devices are able to
wirelessly communicate with each other. These communi-
cation devices include a variety of devices having many
different form factors varying from personal computers,
mobile or desktop, displays, storage devices, hand-held
devices, telephones, and so forth. A number of these com-
munication devices are packaged as “purpose” devices, such
as set-top boxes, personal digital assistants (“PDA”), web
tablets, pagers, text messengers, game devices, smart appli-
ances, and wireless mobile phones. Such devices may com-
municate with each other in various different wireless envi-
ronments such as wireless wide area networks (WWANS),
wireless metropolitan area networks (WMANs), wireless
local area networks (WL ANs), and wireless personal area
networks (WPANs), Global System for Mobile Communi-
cations (GSM) networks, code division multiple access
(CDMA), and so forth.

[0004] The growing demand for high throughput applica-
tions such as video streaming, real-time collaboration, video
content download, and the like, imposes stringent require-
ments on wireless communications to provide better, faster,
and lower cost communications systems. In recent years,
unlicensed frequency bands such as 2.4 GHz (Industrial,
Scientific, Medical (ISM)) and 5.0 GHz (Universal National
Information Infrastructure (UNII)) bands have been utilized
for communications up to few hundred Mbps. To achieve
these bit rates, relatively complex modulation techniques
such as multiple-input/multiple-output (MIMO) orthogonal
frequency division multiplexing (OFDM) have been pro-
posed to the Institute of Electrical and Electronics Engineers
(IEEE). Due to the popularity of the ISM and UNII bands,
these bands are becoming crowded resulting in substantial
interference for users of these bands.

[0005] To provide an interference limited Gbps commu-
nications, IEEE committees have recently begun looking at
communications at higher frequencies such as frequency
bands greater than 20 GHz. FIG. 1 shows the currently
available unlicensed frequency bands in selected major
industrialized countries/regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the present invention will be
readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate
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this description, like reference numerals designate like struc-
tural elements. Embodiments of the invention are illustrated
by way of example and not by way of limitation in the
figures of the accompanying drawings.

[0007] FIG. 1 illustrates currently available unlicensed
frequency bands in selected major industrialized countries/
regions;

[0008] FIG. 2 illustrates exemplary beamwidths of differ-
ent frequency bands using antennas with about the same
aperture size;

[0009] FIG. 3 illustrates a wireless network in accordance
with various embodiments;

[0010] FIGS. 4A and 4B illustrate exemplary wideband
and narrowband beams associated with a first lower fre-
quency band and a second higher frequency band;

[0011] FIG. 5 illustrates a process for communicating by
a communication device in a wireless network in accordance
with various embodiments; and

[0012] FIG. 6 illustrates a communication device in accor-
dance with various embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0013] In the following detailed description, reference is
made to the accompanying drawings which form a part
hereof wherein like numerals designate like parts through-
out, and in which is shown by way of illustration embodi-
ments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and
structural or logical changes may be made without departing
from the scope of the present invention. Therefore, the
following detailed description is not to be taken in a limiting
sense, and the scope of embodiments in accordance with the
present invention is defined by the appended claims and
their equivalents.

[0014] Various operations may be described as multiple
discrete operations in turn, in a manner that may be helpful
in understanding embodiments of the present invention;
however, the order of description should not be construed to
imply that these operations are order dependent.

[0015] The description may use phrases such as “in one
embodiment,” or “in various embodiments,” which may
each refer to one or more of the same or different embodi-
ments. Furthermore, the terms “comprising,”“including,
”*having,” and the like, as used with respect to embodiments

of the present invention, are synonymous.

[0016] According to various embodiments of the inven-
tion, methods and systems are provided in which a commu-
nication device communicates with other communication
devices in a wireless network using a first and a second
frequency band. For the embodiments, the first frequency
band may be associated with a first beamwidth while the
second frequency band may be associated with a second
beamwidth, the first beamwidth being greater than the
second beamwidth. Although the following description
describes using two frequency bands, in alternative embodi-
ments, more than two frequency bands may be employed.

[0017] Various approaches may be used in various alter-
native embodiments in order to communicate via the first
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frequency band associated with the first beamwidth (herein
“first frequency band”) and the second frequency band
associated with the second beamwidth (herein “second fre-
quency band”). For example, in some embodiments, com-
munication using the first frequency band may be as a result
of using a relatively low frequency band such as those bands
less than about 20 GHz while communication using the
second frequency band may be as a result of using a higher
frequency band such as those bands centered above about 20
GHz. Various antenna systems that may include various
combinations of antennas and/or multi-element antennas
may be employed in various alternative embodiments in
order to communicate using the first and the second fre-
quency bands.

[0018] As previously described, the first frequency band
may be a lower frequency band than the second frequency
band. For these embodiments, the first frequency band may
be the 2.4 GHz ISM band or the 5.0 GHz UNII band, or
some other band less than about 20 GHz while the second
frequency band may be a higher frequency band such as a
band greater than about 20 GHz, including for example, the
24 GHz band or a band centered in the 59 to 62 GHz spectra.
Note that for purposes of this description, the process of
communicating using the first lower frequency band may be
referred to as out-of-band (OOB) communications and the
process of communicating using the second higher fre-
quency band may be referred to as in-band communications.
Note further that other frequency bands may also be used as
the first and second frequency bands in alternative embodi-
ments and that the demarcation between the first lower
frequency band and the second higher frequency band may
not be at 20 GHz. In still other alternative embodiments, the
first and the second frequency bands may be centered at the
same frequencies but may be associated with different
beamwidths by using, for example, antennas of different
aperture sizes.

[0019] In various embodiments, the first frequency band
may be used by the communication device to communicate
with the other communication devices of the wireless net-
work, OOB control information signals or simply “control
information signals” to facilitate data communication using
the second frequency band. The data or data signals to be
communicated (i.e., transmitted and/or received) using the
second frequency band may include various types of data
including, for example, data relating to video streaming,
realtime and/or non-realtime collaboration, video content
download, audio and text content download and/or upload,
and so forth.

[0020] In order to appreciate various aspects of embodi-
ments of the invention, the characteristics of a frequency
band associated with a relative broad beamwidth and the
characteristics of a frequency band associated with a rela-
tively narrow beamwidth will now be discussed. This dis-
cussion will also describe the characteristics of various types
of antennas including, for example, omnidirectional and
directional antennas. In addition, a discussion relating to the
impact of using a lower as opposed to a higher frequency
band will also be provided.

[0021] This discussion begins with a brief description of
beamwidths. A beamwidth is a spatial characteristic typi-
cally associated with antennas or dishes. The beamwidth of
an antenna may be determined by the ratio of the antenna
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aperture size to the wavelength of the signals to be trans-
mitted (or received). That is, the greater the aperture size, the
narrower the beamwidth if the wavelengths of the signals to
be transmitted (or received) are held constant. Alternatively,
the beamwidth may also be made narrower by transmitting
(or receiving) signals of shorter wavelengths (i.e., higher
frequency) while maintaining a constant aperture size. Thus
when an antenna or antennas having similar sized apertures
transmit signals of different frequency bands, different
beamwidths may result. Note that although the above dis-
cussion relates to, among other things, the relationship
between aperture size and beamwidth, multi-element anten-
nas may be employed to selectively control the beamwidth
of the signals to be transmitted, in which case aperture size
may not be relevant as to beamwidth of the signals to be
transmitted. That is, antenna systems may be employed that
have multi-element antennas that may be adaptively config-
ured to selectively transmit (or receive) signals associated
with different beamwidths. .

[0022] Thus, in order to obtain a relatively broad beam-
width, one approach is to use an antenna having a small
aperture, such as an omnidirectional antenna, instead of or in
addition to using a relatively low frequency band (e.g., ISM
or UNII bands). In contrast, in order to obtain a narrower
beamwidth, one approach is to use an antenna having a large
aperture, such as a directional antenna, instead of or in
addition to using a relatively high frequency band. Of
course, alternatively, a single antenna may provide varying
beamwidths simply by varying the frequency bands (i.e.,
either higher or lower frequency bands) of the signals to be
transmitted and/or received. In still other alternative
approaches, and as previously alluded to, multi-element
antennas may be employed to provide frequency bands with
varying beamwidths. That is, a single set of multi-element
antennas may be adaptively controlled using, for example,
special procedures or protocols to provide specific beam
directions and specific beam shapes. Thus, a single set of
multi-element antennas may be employed to provide mul-
tiple frequency bands of varying beamwidths. Note that in
the following description, the phrase “antenna’ may refer to
a single antenna or multi-element antennas.

[0023] Referring now to FIG. 2 comparing the beam-
widths of various frequency bands using antennas with
about the same aperture size. As previously alluded to, one
of'the properties of using a lower frequency band such as the
2.4 GHz (ISM) band or the 5.0 GHz (UNII) band instead of
a higher frequency band such as an in-band frequency band
(e.g., bands greater than 20 GHz) for communicating in a,
for example, wireless network is that the lower frequency
bands may be associated with a greater beamwidth. Because
of the greater beamwidth, signals transmitted via the lower
frequency bands will likely reach more devices in the
wireless network. However because of the greater beam-
width, the drawback in using a lower frequency band is that
because of the broader wedge, there is a greater risk of
interference and interception.

[0024] In contrast to the lower frequency bands, when
higher frequency bands are used for communicating in a
wireless network a narrower beamwidth may result as
previously described. As a result, there may be less likeli-
hood of interference. In addition to the narrower beamwidth,
another property of a higher frequency band is that if a
higher frequency band (such as the 24 or the 60 GHz band)
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is used then there may be an additional attenuation with
distance due to, for example, oxygen absorption. That is, and
as depicted in FIG. 2, a higher frequency band (e.g., 60 GHz
band) may have a smaller beamwidth and a shorter “range”
or “reach” than a lower frequency band (e.g., 2.4 or 5.0 GHz
bands). Thus, devices operating in the 60 GHz band instead
of a lower band such as the 2.4 or 5.0 GHz bands may
typically have less interference risk from other remote
devices.

[0025] Another characteristic of using a higher frequency
band for communicating in a wireless network is that the
higher frequency band may allow higher signal bandwidth to
be used (as more spectra is typically available at higher
frequencies) which may consequently allow greater data
throughput. At the same time, using the larger bandwidth
may decrease the power spectral density of the transmit
signal and potentially decrease the reliable communication
range due to less signal-to-noise ratio at the receiver side.

[0026] The use of higher frequency bands for communi-
cating in a wireless network may mean that a directional
antenna rather than an omnidirectional antenna may be used
for such communication. The use of such an antenna by
itself may offer certain advantages and disadvantages when
used to communicate in a wireless network. For example,
one advantage of using a directional antenna and the higher
frequency band for transmitting signals is that less power
may be needed in comparison to using an omnidirectional
antenna to achieve the same level of received power. Thus,
less efficient (and less expensive) radio frequency (RF)
components may be used with the directional antenna,
which may be a significant factor in some situations as costs
of RF parts may be significantly higher for higher frequency
communication.

[0027] Of course, there may be certain drawbacks when
communicating in a wireless network using a higher fre-
quency band with a directional antenna. For example,
adapted or multiple fixed antenna setting that spans 360
degrees may be needed in order to register all of the
communication devices in the network. This may be very
time-consuming and synchronizing the communication
device in the network using, for example, protocols such as
carrier sense multiple access and collision avoidance
(CSMA/CA) or carrier sense multiple access and collision
detection (CSMA/CD), may be very difficult and may not be
feasible when a higher frequency band using a directional
antenna is employed.

[0028] In accordance with various embodiments, the char-
acteristics of frequency bands associated with different
beamwidths as described above may be combined and used
in a wireless communication network in accordance with
various embodiments of the invention as described below.

[0029] FIG. 3 depicts a wireless network that includes
multiple communication devices (CDs) that are in commu-
nication with each other via multiple communication links in
accordance with various embodiments. For the embodi-
ments, the network 300 may be WWAN, WMAN, WLAN,
WPAN, or other types of wireless networks. The commu-
nication devices (CDs) 302-308 may be desktop computers,
laptop computers, set-top boxes, personal digital assistants
(PDAs), web tablets, pagers, text messengers, game devices,
smart appliances, wireless mobile phones or any other types
of computing or communication devices. In some embodi-
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ments, at least one of the CDs 302-308 may be a master or
an access point, while the other CDs may be the client or
slave devices. Note that in alternative embodiments, the
network 300 may include more or fewer CDs. Each of the
CDs 302-308 may communicate with the other CDs of the
network 300 via links 310 that may be bidirectional. Com-
munication between the CDs may be in accordance with
standards such as 802.11a, 802.11b, and other derivatives of
these standards.

[0030] For illustrative purposes, embodiments of the
present invention will be further described for a WPAN
where CD 302 is the access point and CDs 304-308 are the
client devices. In an alternative embodiment, the network
300 may be an ad-hoc mesh network where the access point
is not needed. Returning to FIG. 3, in some embodiments, at
least some of the client CDs 304-308 may arbitrarily and
randomly join and/or leave the network 300. Each time a
client CD 304-308 enters the network 300, it may authen-
ticate or associate (herein “associate”) with the network 300
so that the various client CDs of the network 300 may
“know” that the client CD is present in the network 300. In
some embodiments, a client CD 304-308 may associate with
the network 300 by associating with the access point CD
302. Note that in this illustration, client CD 304 has just
entered the network 300 as indicated by reference 312.

[0031] The CD 304 upon entering the network 300 may
associate itself with the network (e.g., via access point CD
302). In accordance with various embodiments, association
with the network 300 may be accomplished using, for
example, a first frequency band associated with a relatively
broad beamwidth. By transmitting the association signals
using a frequency band associated with a relatively broad
beamwidth (herein “first beamwidth™), the other CDs 302,
306, and 308 in the network 300 may be more likely to
receive the authentication signals (e.g., beacons) from CD
304. In some embodiments, the first frequency band may be
a 2.4 GHz (ISM), a 5.0 GHz (UNII), or other bands that may
be less than, for example, 20 GHz. Note that access point CD
302 may listen for (i.e., authentication or association) an
entering CD 304 through signals transmitted in the first
frequency band. After successfully registering or associating
with the network 300 (which may be effectuated via any one
of'a number of association and/or authentication protocols),
the components of CD 304 may then “sleep” until it receives
data transmission from one of the other CDs in the network
or is ready to transmit data to the network 300 (i.e., to one
or more of the other CDs in the network 300).

[0032] When the client CD 304 is ready to transmit data to
one or more of the other CDs in the network 300 (including
the access point CD 302), it may initially transmit signals
containing control information (“control information sig-
nals”) using again the first frequency band associated with
the first beamwidth. In using the first frequency band asso-
ciated with the first beamwidth, other CDs 302, 306, and 308
in the network 300 are more likely to “hear” or receive the
signals transmitted by the client CD 304. This may provide
the opportunity to reduce the interference in the second
frequency band because the devices are now aware of CD
304. In various embodiments, the other CDs 302, 306, and
308 may determine the signal parameters of the initial
control information signals transmitted by the client CD 304
using the first frequency band. By measuring the signal
parameters, the other CDs 302, 306, and 308 may determine
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the signal strength and the angle of arrival of the initial
control information signals. As a result, the other CDs 302,
306, and 308 may be facilitated in determining the distance
between the other CDs 302, 306, and 308, and the client CD
304. Further, the location, at least in part of CD 304 relative
to the other CDs (i.e., in terms of azimuth and elevation)
may be determined by the other CDs 302, 306, and 308
based at least in part on the angle of arrival of the initial
signals using the first frequency band. These determinations,
in effect, may {facilitate further communication using a
second frequency band associated with a relatively a narrow
beamwidth. That is, among other things, the antenna systems
employed by the other CDs 302, 306, and 308, may be
properly configured and/or aligned based on the determina-
tions to facilitate further communication using the second
frequency band between the CDs 302, 306, and 308, and the
client CD 304.

[0033] In various embodiments, control information sig-
nals may be transmitted using the first frequency band
associated with the first beamwidth to at least facilitate
establishment of communication between the CD 304 and
the other CDs 302, 306, and 308 of the network 300 using
a second frequency band that is associated with a second
beamwidth that may be a narrower beamwidth than the first
beamwidth of the first frequency band. In some embodi-
ments, the control information signals may include data such
as medium access control (MAC) mechanism data including
data associated with CSMA/CA or CSMA/CD. Again, by
using the first frequency band associated with the relatively
broad beamwidth for communicating such data, each of the
other CDs 302, 306, and 308 is more likely to receive the
data. The control information signals may further provide
for beam forming parameters such as beam forming coef-
ficients, media content and priority, synchronization param-
eters, carrier frequency offset (CFO) estimation information,
and other types of information that may facilitate commu-
nication using the second frequency band. In particular, in
some embodiments, the control information signals may be
adapted to facilitate beam forming, CFO estimation and/or
synchronization of the other CDs 302, 306, and 308. In
various embodiments, the CFO estimation and/or synchro-
nization may be accomplished in accordance with the
approaches disclosed in co-pending application <to be
inserted when available> (attorney docket number 111027-
145372), entitled “Communication Signaling Using Mul-
tiple Frequency Bands in a Wireless Network.”

[0034] In some embodiments, where one or more of the
CDs 302-304 employ antenna systems that include multi-
element antennas, the control information signals transmit-
ted using the first frequency band may include signals that
facilitate different diversity techniques (e.g., antenna selec-
tion and maximum ratio combining), space-time codes (e.g.,
Alamouti code), and MIMO techniques.

[0035] In various embodiments, the second frequency
band may be a higher frequency band than the first fre-
quency band. For example, in some embodiments, the
second frequency band may be an in-band frequency band
(i.e., greater than 20 GHz) such as the 24 GHz band or a
frequency band in the 59-62 spectra. The second higher
frequency band may be used to transmit and/or receive data
at a higher data rate than the first lower frequency band. The
higher frequency bands such as those greater than 20 GHz
may provide greater bandwidth than lower frequency bands
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(e.g., 2.4 GHz and 5.0 GHz). In various embodiments,
communication using the second frequency band may be in
accordance with a particular technique such as OFDM or
other modulation techniques. Note that in some alternative
embodiments, the first and the second frequency bands may
be substantially the same frequency bands but may be
associated with different beamwidth by using, for example,
antennas of different aperture sizes. Further note that if for
some reason the CD 304 is unable to communicate using the
second frequency band, then CD 304 may operate in a
fall-back operation mode in which communication is
entirely via first frequency band at least until the second
frequency band is made available. Such a fall-back mode
may be needed, for instance, if the transmitting and receiv-
ing devices cannot “see” each other using the second fre-
quency band.

[0036] When client CD 304 is to leave the network 300 as
indicated by reference 314, the client CD 304 may exchange
various exit information or parameters with the network 300
(e.g., access point CD 302) prior to exiting the network 300.
Upon exiting the network 300, CD 304 may transmit exit
information through the first frequency band. The exit
information may include the reason code (such as bad signal
quality, or just does not want to communicate any more (the
application has closed), or was not authorized to enter the
network), and so forth.

[0037] According to various embodiments, communica-
tion (i.e., transmitting and/or receiving) using the first fre-
quency band may be performed via a first antenna or
antennas having a first aperture size while communication
using the second frequency band may be via a second
antenna or antennas having a second aperture size that is
narrower than the first aperture size. For these embodiments,
the first antenna or antennas may be an omnidirectional
antenna or antennas while the second antenna or antennas
may be a directional antenna or antennas. In alternative
embodiments, a single antenna (which may be multi-ele-
ment antennas) may be used to communicate via the first or
the second frequency bands.

[0038] FIGS. 4A and 4B depict exemplary wideband and
narrowband beams associated with a first lower frequency
band and second higher frequency band, respectively, in
accordance with various embodiments. In particular, FIG.
4A shows the wideband beam associated with the first lower
frequency band. FIG. 4B, in contrast, shows the narrowband
beam of the second higher frequency band.

[0039] FIG. 5 depicts a process for communication
devices in a wireless network to communicate using a first
and a second frequency band in accordance with various
embodiments. Again, the first frequency band may be asso-
ciated with a first beamwidth that is broader than a second
beamwidth associated with the second frequency band. In
some embodiments, the first frequency band may be a lower
frequency band than the second frequency band. The process
500 may be practiced by various communication devices of
a wireless network and may start when a communication
device enters the network at 504. After entering the network,
the communication device may use a first frequency band
(e.g., 2.4 GHz ISM band or 5.0 GHz UNII band) associated
with a first beamwidth to register with one or more devices
of the network at 506. If the communication device has
finished communicating (e.g., transmitting and/or receiving)
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with the network at 508 it may exit the network by exchang-
ing exit information with one or more devices of the network
and proceed to exit the network at 510.

[0040] On the other hand, if the communication device is
not yet finished communicating with one or more commu-
nication devices of the network at 508, then the communi-
cation device may exchange control information signals
with one or more communication devices of the network
using the first frequency band, and proceed to communicate
with the one or more communication devices of the network
using a second frequency band associated with a second
beamwidth at 512. In various embodiments, the second
beamwidth of the second frequency band may be narrower
than the first beamwidth of the first frequency band. The
configuration information signals exchanged using the first
frequency band may facilitate the establishment of commu-
nication between the communication device and the other
communication devices of the network using the second
frequency band. After the communication device has fin-
ished communicating using the second frequency band
associated with the second beamwidth at 514, the process
500 may repeat itself by returning to 508.

[0041] FIG. 6 depicts portions of a communication device
600 that includes a protocol stack 604 having a number of
layers including an application layer 606, a network layer
608, a medium access control (MAC) layer 610, and a
physical (PHY) layer 612 in accordance with various
embodiments. The CD 600 may further include a controller
602 such as a processor or microcontroller to coordinate the
activities of various components associated with the various
layers of the CD 600. The components of PHY layer 612
may be coupled to two antennas 614 and 616. In some
embodiments, one antenna 614 may be an omnidirectional
antenna while the other antenna 616 may be a directional
antenna. For these embodiments, the omnidirectional
antenna may be adapted to transmit and/or receive signals of
a first frequency band associated with a first beamwidth
while the directional antenna may be adapted to transmit
and/or receive signals of a second frequency band associated
with a second beamwidth. Again, the first beamwidth being
greater than the second beamwidth. In still other embodi-
ments, the PHY layer 612 may be coupled to an antenna
system that may employ, for example, one or more multi-
element antennas to transmit and/or receive signals using the
first and the second frequency bands associated with the first
and the second beamwidths, respectively.

[0042] Various embodiments of the invention may be
practiced by the components of MAC and PHY layers 610
and 612 of the CD 600 (hereinafter, simply MAC and PHY
layers). The PHY layer 612 may be adapted to transmit or
receive signals as previously described using the first and the
second frequency bands. The MAC layer 610, in contrast,
may be adapted to selectively employ PHY layer 612 to
transmit and/or receive control information and data signals
in the first or the second frequency bands, respectively.

[0043] The omnidirectional antenna 614 may be used to
transmit and/or receive control information signals via the
first frequency band to facilitate the establishment of com-
munication between the CD 600 and other CDs of a wireless
network using a second frequency band. In contrast, the
directional antenna 616 may be used to transmit and/or
receive data signals using the second frequency band, the
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communication using the directional antenna 616 at least in
part being established via the configuration information
transmitted and/or received using the omnidirectional
antenna 614. In order to execute the various functions
described above for CD 600 as well as the functions
described previously, the CD 600 may include a physical
storage medium to store instructions that enables the CD 600
to perform the previously described functions.

[0044] Although certain embodiments have been illus-
trated and described herein for purposes of description of the
preferred embodiment, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or
equivalent embodiments or implementations calculated to
achieve the same purposes may be substituted for the
embodiments shown and described without departing from
the scope of the present invention. Those with skill in the art
will readily appreciate that embodiments in accordance with
the present invention may be implemented in a very wide
variety of ways. This application is intended to cover any
adaptations or variations of the embodiments discussed
herein. Therefore, it is manifestly intended that embodi-
ments in accordance with the present invention be limited
only by the claims and the equivalents thereof.

What is claimed is:
1. A method, comprising:

transmitting by a device, control information signals
using a first frequency band, the first frequency band
being associated with a first beamwidth to facilitate
establishment of communication between the device
and at least one other device of a wireless network
using a second frequency band associated with a sec-
ond beamwidth, the first beamwidth being greater than
the second beamwidth.

2. The method of claim 1, further comprising transmitting
or receiving data signals by the device to or from the other
device using the second frequency band, the transmitting or
receiving of the data signals to be facilitated at least in part
by the control information signals transmitted using the first
frequency band associated with the first beamwidth.

3. The method of claim 2, wherein said transmitting or
receiving data signals by the device to or from the other
device using the second frequency band comprises trans-
mitting or receiving data signals by the device using a
frequency band centered at a frequency greater than 20 GHz.

4. The method of claim 3, wherein said transmitting or
receiving data signals by the device to or from the other
device using the second frequency band comprises trans-
mitting or receiving data signals by the device using a
frequency band centered substantially between 59 and 62
GHz.

5. The method of claim 2, wherein said transmitting by a
device, of control information signals using a first frequency
band, comprises transmitting by the device, control infor-
mation signals using an omnidirectional antenna, and said
transmitting or receiving data by the device to or from the
other device using the second frequency band comprises
transmitting or receiving data signals by the device using a
directional antenna.

6. The method of claim 2, wherein said transmitting or
receiving data signals by the device to or from the other
device using the second frequency band comprises trans-
mitting or receiving data signals by the device using a
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second frequency band in accordance with orthogonal fre-
quency division multiplexing (OFDM).

7. The method of claim 1, wherein said transmitting by a
device, of control information signals using a first frequency
band, comprises transmitting by the device, control infor-
mation signals using a 2.4 GHz Industrial, Scientific, Medi-
cal (ISM) band or a 5.0 GHz Universal Information Infra-
structure (UNII) band.

8. The method of claim 1, wherein said transmitting by a
device, of control information signals using a first frequency
band, comprises transmitting by the device, control infor-
mation signals to facilitate the at least one other device in
determining the location, at least in part, of the device.

9. The method of claim 1, wherein said transmitting by a
device, of control information signals using a first frequency
band, comprises transmitting by the device, control infor-
mation signals including medium access mechanism data
signals.

10. The method of claim 1, wherein said transmitting by
a device, of control information signals using a first fre-
quency band, comprises transmitting by the device, control
information signals including signals providing beam form-
ing parameters to facilitate the establishment of communi-
cation between the device and the at least one other device
of a wireless network using the second frequency band
associated with the second beamwidth.

11. The method of claim 1, further comprising associating
the device with the wireless network using the first fre-
quency band and/or exiting the network by the device using
the first frequency band.

12. The method of claim 1, further comprising transmit-
ting or receiving data signals by the device to or from the
other device using the first frequency band if the second
frequency band is unavailable for communication.

13. An article of manufacture, comprising:

a physical storage medium;

aplurality of executable instructions stored in the physical
storage medium designed to program a device to enable
the device to:

receive control information signals using a first frequency
band, the first frequency band being associated with a
first beamwidth, and the control information signals to
facilitate establishment of communication between the
device and another device of a wireless network using
a second frequency band associated with a second
beamwidth, the first beamwidth being greater than the
second beamwidth.

14. The article of claim 13, wherein said instructions are
adapted to enable said device to perform transmit or receive
data signals by the device to or from the other device using
the second frequency band, the transmit or receive of data
signals to be facilitated at least in part by the control
information signals transmitted using the first frequency
band associated with the first beamwidth.

15. The article of claim 14, wherein said instructions are
adapted to enable said device to perform said transmit or
receive of data signals to or from the other device using a
frequency band centered at a frequency greater than 20 GHz.

16. The article of claim 15, wherein said instructions are
adapted to enable said device to perform said transmit or
receive of data signals to or from the other device using a
frequency band centered substantially between 59 and 62
GHz.
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17. The article of claim 14, wherein said instructions are
adapted to enable said device to perform said receive of
control information signals using an omnidirectional
antenna and to perform said transmit or receive of data
signals to or from the other device using a directional
antenna.

18. The article of claim 13, wherein said instructions are
adapted to enable said device to perform said receiving of
control information signals using a 2.4 GHz Industrial,
Scientific, Medical (ISM) band or a 5.0 GHz Universal
Information Infrastructure (UNII) band.

19. The article of claim 13, wherein said instructions are
adapted to enable said device to perform said receive of
control information signals to facilitate the device in deter-
mining the location, at least in part, of the other device.

20. An apparatus, comprising:

a physical (PHY) layer adapted to transmit or receive
signals to or from at least one other device of a wireless
network using a first and a second frequency band
associated with a first and a second beamwidth, respec-
tively, the first beamwidth being greater than the second
beamwidth; and

a medium access control (MAC) layer coupled to the PHY
layer to selectively employ the PHY layer to transmit or
receive control information signals using the first fre-
quency band, and transmit or receive data signals using
the second frequency band.

21. The apparatus of claim 20, further comprising a first
and a second antenna coupled to the PHY layer, the first
antenna to be employed by the PHY layer to transmit or
receive signals in the first frequency band, and the second
antenna to be employed by the PHY layer to transmit or
receive signals in the second frequency band.

22. The apparatus of claim 20, wherein said PHY layer is
adapted to transmit or receive the data signals in the second
frequency band in accordance with orthogonal frequency
division multiplexing (OFDM).

23. The apparatus of claim 20, wherein said PHY layer is
adapted to transmit or receive the control information sig-
nals using a 2.4 GHz Industrial, Scientific, Medical (ISM)
band or a 5.0 GHz Universal Information Infrastructure

(UNII) band.

24. The apparatus of claim 20, wherein said PHY layer is
adapted to transmit or receive the data signals using a
frequency band centered at a frequency greater than 20 GHz.

25. A system, comprising:

a physical (PHY) layer adapted to transmit or receive
signals to or from at least one other device of a wireless
network using a first and a second frequency band
associated with a first and a second beamwidth, respec-
tively, the first beamwidth being greater than the second
beamwidth;

a medium access control (MAC) layer coupled to the PHY
layer to selectively employ the PHY layer to transmit or
receive control information signals using the first fre-
quency band, and transmit or receive data signals using
the second frequency band; and

an omnidirectional antenna coupled to the PHY layer to
transmit or receive signals through the first frequency
band.
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26. The system of claim 25, further comprising a second
antenna coupled to the PHY layer to be employed to transmit
or receive signals through the second frequency band.

27. The system of claim 25, wherein said PHY layer is
adapted to transmit or receive signals in accordance with
orthogonal frequency division multiplexing (OFDM).

28. The system of claim 25, wherein said PHY layer is
adapted to transmit or receive signals using a 2.4 GHz
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Industrial, Scientific, Medical (ISM) band or a 5.0 GHz
Universal Information Infrastructure (UNII) band.

29. The system of claim 25, wherein said PHY layer is
adapted to transmit or receive signals using a frequency
band centered at a frequency greater than 20 GHz.





