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COVERAGE ENHANCEMENT USING DYNAMIC ANTENNAS

CROSS-REFERENCE TO RELATED APPLICATION

{0001] This application claims the benefit of U.S. Provisional Application No.
60/702,730, filed July 26, 2005 and entitled “Mechanism for Wireless LAN Coverage
Enhancement Using Dynamic Antennas,” the subject matter of which is hereby
incorporated by reference. This application is related to and incorporates by
reference co-pending U.S. Application No. 11/041,145, filed January 21, 2005 and
entitled “System and Method for a Minimized Antenna Apparatus with Selectable
Elements;” U.S. Application No. 11/022,080, filed December 23, 2004 and entitled
“Circuit Board having a Peripheral Antenna Apparatus with Selectable Antenna
Elements;” U.S. Application No. 11/010,076, filed December 9, 2004 and entitled
“System and Method for an Omnidirectional Planar Antenna Apparatus with
Selectable Elements;” U.S. Application No. 11/180,329, filed July 12, 2005 and entitled
“System and Method for Transmission Parameter Control for an Antenna Apparatus
with Selectable Elements;” and U.S. Application No. 11/190,288, filed July 26, 2005

and entitled “Wireless System Having Multiple Antennas and Multiple Radios.”
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BACKGROUND
L Technical Field
[0002] The present invention relates to providing wireless local area network

(LAN) coverage enhancement using dynamic antennas.

2. Description of Related Art

[0003] FIG. 1 illustrates a wireless local area network (LAN) 100 including an
access point 110 with an omnidirectional antenna pattern 150 in the prior art. The
access point 110 transmits to stations 120 and 130 on the omnidirectional antenna
pattern 150. The access point 110 cannot transmit to a station 140 located outside of
the omnidirectional antenna pattern 150 with a radius 160. The omnidirectional
antenna pattern 150 of the access point 110 is typically effective for broadcast
communication to reach each of the stations (e.g., the stations 120 and 130) within the
coverage area of the omnidirectional antenna pattern 150 and associated with the
access point 110. However, although the omnidirectional antenna pattern 150 reaches
the broadest group of stations (e. g., stations 120 and 130), the omnidirectional
antenna pattern 150 does not reach far enough (e.g., further than the radius 160) to
cover the station 140.

[0004] In an 802.11 implementation of the wireless LAN 100, portions of the
802.11 protocol, such as beacon frames, use broadcast communication to
communicate with the stations 120 and 130. A beacon frame (or beacon) enables the
stations 120 and 130 to establish and maintain communication in an orderly fashion
with each other and with the access point 110. The beacon also serves a variety of
management functions, one being to identify the presence of the access point 110 in
the wireless LAN 100.

[0005] The stations 120, 130, and 140 passively scan radio frequency (RF)
channels and listen for beacons coming from access points (e.g., the access point 110)
in order to find and associate with the access point 110. The beacon also enables a
ranking of multiple access points (not shown) based on the received signal strength

of beacons from the multiple access points, along with information regar
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capabilities and data rates of the multiple access points. The stations 120, 130, and
140 may then associate with the most preferable access point of the multiple access
points to the stations 120, 130, and 140 based on the beacons received from the
multiple access points. After association with the most preferable access point, the
stations 120, 130, and 140 typically continue to scan for beacons, for example,
transmitted from the multiple access points (not shown), in case the signal from the
currently-associated access point becomes too weak to maintain communication. The
stations 120, 130, and 140 also may roam throughout a building or facility, and use
the beacons from the multiple access points to make roaming decisions to associate
with one of the multiple access points.

[0006] Another purpose of the beacon is to support the stations 120, 130, and
140 operating in power saving mode. For example, the stations 120 and 130
synchronize communication with the access point 110 before the stations 120 and 130
operate in the power savings mode. With infrastructure networks, the access point
110 will buffer frames destined for the sleeping stations 120 and 130 and announce in
the beacon which of the stations 120 and 130 have data frames buffered in the access
point 110. When the stations 120 and 130 wake up from the power savings mode, the
stations 120 and 130 retrieve the buffered frames from the access point 110.

[0007] Therefore, without beacons, communication within the wireless LAN
100 becomes difficult. For example, because the station 140 is located outside the
omnidirectional antenna pattern 150, the station 140 does not receive beacons
transmitted from the access point 110. The station 140 therefore cannot associate with
the access point 110. The station 140 also cannot communicate with the stations 120
and 130 through the access point 110. The station 140 further cannot synchronize
communication with the access point 110 in order to operate in power savings mode.
Furthermore, the station 140 may disrupt communication between the access point
110 and the stations 120 and 130 through transmission that collide over the shared
medium of the wireless LAN 100 with transmissions of the access point 110 and the

stations 120 and 130.
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SUMMARY OF THE INVENTION

[0008] The invention addresses the above problems by providing access points
for enhanced coverage using dynamic antennas. A first access point for enhanced
coverage of a wireless local area network (LAN) includes a processor and an antenna
apparétus configured to provide a plurality of directional antenna patterns for
communication over the wireless local area network. The processor determines a first of
the plurality of directional antenna patterns and transmits a first broadcast
communication over the wireless local area network on the first of the plurality of
directional antenna patterns. The processor then determines a second of the plurality of
directional antenna patterns and transmits a second broadcast communication over the
wireless local area network on the second of the plurality of directional antenna
patterns.

[0009] In some embodiments, the processor transmits the first broadcast
communication or the second broadcast communication periodically at an interval of
about 100 milliseconds according to an 802.11 implementation. The processor may
transmit the second broadcast communication phased relative to transmission of the first
broadcast communication. The processor may also determine the second of the plurality
of directional antenna patterns by selecting a directional antenna pattern positioned
substantially adjacent to the first of the plurality of directional antenna patterns.
Advantageously, the antenna apparatus may transmit the first broadcast communication
or the second broadcast communication a further distance from the access point as
compared to transmitting the first broadcast communication or the second broadcast
communication from the access point on an omnidirectional antenna pattern of the
antenna apparatus.

[0010] In a second access point for enhanced coverage of a wireless local area
network, the access point includes a processor and an antenna apparatus configured to
provide a plurality of directional antenna patterns for communication over the wireless

local area network. The processor maps a plurality of virtual access points, each virtual

4



WO 2007/018864 PCT/US2006/026418

access point corresponding to at least one of the plurality of directional antenna
patterns. The processor then transmits a broadcast communication on each of the virtual
access points.

[0011] Advantageously, each virtual access point corresponds to at least one of
the plurality of directional antenna patterns which provides the coverage area of the
corresponding virtual access point. The processor may transmit the broadcast
communication on a first of the plurality of virtual access points at a first interval phased
relative to a second periodic interval for a second of the plurality of virtual access points.
The antenna apparatus may transmit the broadcast communication a further distance
from the access point on each of the plurality of virtual access points as compared to
transmitting the broadcast communication from the access point on an omnidirectional
antenna pattern of the antenna apparatus.

[0012] In still further embodiments, the processor transmits the broadcast
communication periodically on each of the plurality of virtual access points to
synchronize communication with a station operating in a power saving mode. The
processor may transmit the broadcast communication periodically on each of the
plurality of virtual access points to enable association of a roaming station with one of
the plurality of virtual access points.

[0013] Advantageously, the first access point and the second access point
provide coverage enhancement with the plurality of directional antenna patterns first by
transmitting the broadcast communication farther from the access point as compared to
transmitting the broadcast communication on an omnidirectional pattern of the access
point. The access points provide enhanced coverage with directed coverage and/or
virtual access points to communicate with distant stations while ensuring broadcast
communication not otherwise capable with an omnidirectional pattern. The coverage
enhancement provided by the access points allows distant stations to quickly make
roaming decisions and synchronize communication with stations operating in power

saving modes.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a wireless local area network including an access point
with an omnidirectional antenna pattern in the prior art;

[0015] FIG. 2 illustrates a wireless local area network including an access point
for enhanced coverage, in an exemplary implementation of the invention;

[0016] FIG. 3 illustrates a flowchart for a method of enhanced coverage, in an
exemplary implementation of the invention;

[0017] FIG. 4 illustrates a wireless local area network including an access point
for enhanced coverage through virtual access points, in an exemplary implementation of
the invention;

[0018] FIG. 5A illustrates a timing diagram for beacon transmission from the
access point of FIG. 4, in an exemplary implementation of the invention; and

[0019] FIG. 5B illustrates a timing diagram for beacon transmission from the

access point of FIG. 4, in another exemplary implementation of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0020] An access point for enhanced coverage of a wireless local area network
includes a processor and an antenna apparatus configured to provide a plurality of
directional antenna patterns for communication over the wireless local area network. In
some embodiments, the access point transmits beacons on each of the plurality of
directional antenna patterns, for example, in a round-robin manner. Fach of the
directional antenna patterns extends further in length (although more concentrated in
width) from the access point than an omnidirectional pattern of the antenna apparatus.
Therefore, the access point transmits beacons further from the access point.
Additionally, the sum coverage area of each of the directional antenna patterns,
averaged over individual transmissions on each of the directional antenna patterns, is
greater than the coverage area of the omnidirectional antenna pattern.

[0021] In some embodiments, the access point maps a plurality of virtual access
points, each virtual access point corresponding to at least one of a plurality of directional
antenna patterns provided by the antenna apparatus. The processor transmits a
broadcast communication on each virtual access point. In other words, data sent from
the physical access point on each of the directional antenna patterns appears to come
from the virtual access point corresponding to the direction antenna pattern on which
physical access point transmitted the data. Moreover, each virtual access point appears
as a physical access point to a station within the corresponding directional antenna
pattern mapped to the virtual access point. The virtual access points provide a coverage
area in a desired direction that extends further from the access point (although more
concentrated in width) than the radius of an omnidirectional antenna pattern of the
access point. The sum coverage area of each of the virtual access points is greater than
that of the omnidirectional antenna pattern of the access point.

[0022] The access point provides broadcast communication (e.g., a beacon) to
stations a further distance from the access point that otherwise would not be capable of

associating with the access point from broadcast communication transmitted on the



WO 2007/018864 PCT/US2006/026418

omnidirectional antenna pattern of the access point. Additionally, transmitting the
beacon on each virtual access point provides further connectivity and coverage in the
wireless local area network. The access point, for example, maintains the station from
disassociating with the access point because the beacon now reaches the distant station
on one of the plurality of directional antenna patterns (or the virtual access points). The
access point may also transmit the beacon to the station periodically to synchronize
communication with distant stations operating in a power saving mode.

[0023] FIG. 2 illustrates a wireless local area network (LAN) 200 including an
access point 210 for enhanced coverage, in an exemplary implementation of the
invention. The wireless LAN 200 includes an access point 210 and stations 220 and 230.
The access point 210 includes a processor (not shown) and an antenna apparatus (not
shown) configured to provide an omnidirectional antenna pattern 240 with a radius 260
from the access point 210 and a plurality of directional antenna patterns 250A-H, each
reaching a distance 270 from the access point 210. Each directional antenna pattern
250A-H extends the distance 270 further from the access point 210 than the radius 260
extends from the access point 210. The station 220 is covered on the directional antenna
pattern 250B. The station 230 is covered on the directional antenna pattern 250C.

[0024] The access point 210 may comprise, for example without limitation, a
transmitter and/or a receiver, such as an 802.11 access point, a set-top box, a laptop
computer, a television, a PCMCIA card, a remote control, a Voice Over Internet
telephone, or a remote terminal such as a handheld gaming device. Some embodiments
of the antenna apparatus of the access point 210 are further described in co-pending U.S.
Application No. 11/041,145, filed January 21, 2005 and entitled “System and Method for
a Minimized Antenna Apparatus with Selectable Elements.” The processor and
mechanisms for selecting one or more of the directional antenna patterns of the access
point 210 are further described in co-pending U.S. Application No. 11/180,329, filed July
12, 2005 and entitled “System and Method for Transmission Parameter Control for an

Antenna Apparatus with Selectable Elements.”
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[0025] Broadcast communication comprises any networking message, packet,
and/or frame addressed to one or more nodes of a communication network. Some
examples of broadcast communication are a broadcast packet, a multicast packet, an
802.11 beacon, and/or a network management frame. Principles of the invention
disclosed herein apply, without limitation, to other communication addressed to one or
more nodes of a communication network. For the sake of simplicity, examples of
periodic 802.11 beacon transmissions are described, but should not be considered
limiting,.

[0026] In operation, the access point 210 provides enhanced coverage when the
access point 210 transmits 802.11 beacons on the directional antenna patterns 250A-H
(e.g., to the stations 220 and 230) a further distance as compared to transmitting the
beacons on the omnidirectional antenna pattern 240 of the access point 210. The access
point 210 also provides enhanced coverage because the coverage area of the directional
antenna patterns 250A-H, averaged over time, is greater as compared to the coverage
area of the omnidirectional antenna pattern 240. The enhanced coverage provided by the
access point 210 prevents the stations 220 and 230 from disassociating with the access
point 210. Further, the enhanced coverage provided by the access point 210 allows the
access point 210 to synchronize communication, even at the limits of the coverage area,
with the stations 220 and 230 operating in power saving modes.

[0027] In a typical 802.11 wireless network, beacons are periodically transmitted
every 100 milliseconds (ms). In the wireless LAN 200, if beacons are sent by the access
point 210 at a periodic interval of 100 ms on N directional antenna patterns (Where N=8
in FIG. 3), a station (e.g., the station 220) at the limits of the coverage of a directional
antenna pattern (e.g., the directional antenna pattern 250B) receives 1/N of the total
number of beacons transmitted. The periodic interval of the beacons seen by the station
220 appears to be N * 100 ms, or 8 * 100 ms = 800 ms, rather than the periodic interval of
100 ms used by the access point 210. If N is too large, the station 220 may disassociate
with the access point 210 because the periodic interval of the beacons seen by the station

220 is too infrequent. In some embodiments, the periodic interval of the beacons seen by
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the station 220 can be reduced by increasing how often the beacons are sent on the N
directional antenna patterns.

[0028] FIG. 3 illustrates a flowchart for a method of enhanced coverage, in an
exemplary implementation of the invention. The method begins in step 300. In step 310,
the access point 210 determines a directional antenna pattern (e.g., the directional
antenna pattern 250A) from the plurality of directional antenna patterns 250A-H. In step
320, the access point 210 determines a beacon offset for the directional antenna pattern
250A. The beacon offset allows the access point 210 to phase beacons transmitted on
each of the directional antenna patterns 250A-H to avoid collisions and beacon jitter (or
unexpected variations in beacons transmissions). For example, if the periodic interval is
100 ms, then the access point 210 may transmit the beacon on the directional antenna
pattern 250A every 100 ms. The access point 210 then transmits the beacon on the
directional antenna pattern 250B 12.5 ms later and so on (i.e., 110 ms / N, where N=8 for
the directional antenna patterns 250A-H).

[0029] In step 330, the access point 210 determines whether to transmit the
beacon on the directional antenna pattern 250A. Some examples why the access point
210 may not transmit are the access point 210 may not be able to communicate at that
time because the wireless medium may be occupied, and no stations are present within
the directional antenna pattern 250A. If the access point 210 does not transmit on the
directional antenna pattern 2504, the method ends in step 370.

[0030] If the access point 210 determines to transmit on the directional antenna
pattern 250A, the access point 210 selects the directional antenna pattern 250A in step
340. In step 350, the access point 210 transmits the beacon on the directional antenna
pattern 250A. In step 360, the access point 210 determines a next adjacent directional
antenna pattern (e.g., the directional antenna pattern 250B) on which to transmit the
beacon. The access point 210 then determines whether to transmit on the directional
antenna pattern 250B in step 320. In effect, the access point 210 transmits the beacon on
each of the directional antenna patterns 250A-H in a round-robin manner by

determining the next directional antenna pattern (e.g., the directional antenna pattern
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250B) positioned substantially adjacent to the previous directional antenna pattern (the
directional antenna pattern 250A).

[0031] The method provides enhanced coverage on each of the directional
antenna patterns 250A~H. The access point 210 transmits the beacons a further distance
on the directional antenna patterns 250A-H as compared to the omnidirectional antenna
pattern 240. The access point 210 also provides enhanced coverage to the stations 220
and 230 as the directional antenna patterns 250A-H cover a larger coverage area,
averaged over time, for broadcast communication as compared to the coverage area of
the omnidirectional antenna pattern 240.

[0032] In one alternative to transmitting the beacons on the plurality of
directional antenna patterns, virtual access points are used to provide a mechanism for
enhanced coverage. Virtual access points generally provide differentiated or managed
services in a communication network whereby a physical access point is configured to
appear as one or more virtual access points. For example, in a physical access point of an
802.11 network, a first virtual access point provides open, unrestricted access to the
Internet at a low band data rate (e.g., 56 Kilobits per second). A second virtual access
point may provide broadband access (e.g., greater than 1 Megabits per second) to the
Internet to authenticated users. A user’s station (e.g., an 802.11 enabled laptop
computer) may associate with the first virtual access point and then after authentication
disassociate with the first access point and associate with the second access point for
broadband access to the Internet. The differentiated services are provided by the
physical access point, however, the physical access point appears as the first and second
virtual access points.

[0033] FIG. 4 illustrates a wireless local area network 400 including an access
point 410 for enhanced coverage through virtual access points 440A-H, in an exemplary
implementation of the invention. The wireless LAN 400 includes the access point 410, a
station 420, and a station 430. The access point 410 is configured to provide a plurality of
virtual access points 440A-H. In this example, each of the virtual access points 440A-H

corresponds to one of the directional antenna patterns 450A-H. The station 420 is
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covered on the directional antenna pattern 450B. The station 430 is covered on the
directional antenna pattern 450C.

[0034] The access point 410 comprises a processor (not shown) and an antenna
apparatus (not shown) configured to provide an omnidirectional antenna pattern 460
with a radius 470 from the access point 410 and a plurality of directional antenna
patterns 450A-H, each reaching a distance 480 from the access point 410. Each
directional antenna patterns 450A-H extends the distance 480 further from the access
point 410 than the radius 470 extends from the access point 410. One example of an
antenna apparatus with individual selectable antenna element is described in co-
pending U.S. Application No. 11/041,145, January 21, 2005 and entitled “System and
Method for a Minimized Antenna Apparatus with Selectable Elements.”

[0035] The access point 410 also includes hardware and/or software elements
configured to map a virtual access point (e.g., virtual access point 440B) to at least one of
the plurality of directional antenna pattern (e.g., the directional antenna pattern 450B). In
one example, the antenna apparatus includes 8 individual selectable antenna elements.
Each individual antenna element provides a distinct directional antenna pattern (e.g.,
the directional antenna patterns 250A-H). The processor maps a virtual access point
(e.g., the virtual access point 440A) to at least one of the 8 individual antenna elements
(e.g., the antenna element corresponding to the directional antenna pattern 450A).

[0036] The access point 410 transmits on each of the virtual access points 440A-
H. In other words, when the access point 410 transmits on one of the directional antenna
patterns 450A-H, for example, the directional antenna pattern 450B, the data appears to
the station 420 to be sent from the virtual access point 440B mapped to the directional
antenna pattern 450B. In this example, the coverage area of the directional antenna
pattern 450B is the coverage area of the virtual access point 440B. In some embodiments,
each of the virtual access points 440A-H advertises the same network identifier, e.g.
service set identifier (SSID). The virtual access points 440A-H also may advertise
different access point identifiers, e.g., basic service set identifiers (BSSIDs). The station

420, therefore, sees all of the beacons transmitted from the access point 410 on the
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directional antenna pattern 450B as being transmitted from a unique access point, the
virtual access point 440B.

[0037] The sum of the coverage area for each of the virtual access points 440A-H
provides the enhanced coverage for the access point 410. The access point 410 transmits
on each of the virtual access points 440A-H a further distance (e.g., the distance 480) on
corresponding directional antenna patterns (e.g., the directional antenna patterns 450A-
H) as compared to transmitting on an omnidirectional antenna pattern 460 (e.g., the
radius 470) of the access point 410. Furthermore, the access point 410 provides enhanced
coverage for broadcast communication by transmitting 802.11 beacons on each of the
virtual access points 440A-H corresponding to at least one of the directional antenna
patterns 450A-H. The station 420, for example, can move to the limits of the coverage for
the virtual access point 440B (e.g., the limits of the directional antenna pattern 450B)
without disassociating from the virtual access point 440B due to infrequent beacon
transmissions from the access point 410. However, the station 420 does not suffer from
seeing 1/N beacons from the access point 410. Since each of the directional antenna
patterns 450A-H corresponds to one of the virtual access points 440A-H, beacons
transmitted within a particular directional antenna pattern (e.g., the directional antenna
pattern 450B) are seen to belong to the corresponding virtual access point (e.g., the
virtual access point 440B) and not to the access point 410.

[0038] The stations 420 and 430 do not require any special configuration to roam
between any of the virtual access points 440A-H or to operate in power savings mode.
The virtual access points 440A-H also allow the stations 420 and 430 to associate with the
“best” (e.g., best received signal strength or data rate) of the virtual access points 440A-
H. In one example of operation, the virtual access point 440B appears to have the
strongest received signal strength to the station 420 on the directional antenna pattern
450B. To the station 430 either the virtual access point 440C or the virtual access point
440D may provide the strongest received signal strength. The stations 420 and 430 may

also move to the limits of coverage of the virtual access points 440A-H and still
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synchronize communication with the virtual access points 440A-H before and/or after
the stations 420 and 430 operate in a power savings mode.

[0039] The access point 410 also prevents collisions and beacon jitter (e.g.,
unexpected variations in the periodic beacon interval) between beacons for the virtual
access points 440A-H. In some embodiments, the access point 410 phases the periodic
intervals for each of the virtual access points 440A-H relative to the periodic intervals of
the other virtual access points 440A-H. Some examples of how the access point 410
phases the periodic intervals are shown in FIGS. 5A and 5B.

[0040] FIG. 5A illustrates a timing diagram 500 for beacon transmission from the
access point 410 of FIG. 4, in an exemplary implementation of the invention. The
broadcast beacon timing diagram 500 illustrates periodic intervals 510 for when the
access point 410 transmits a beacon on the virtual access points 440A-H. In one example,
each of the periodic intervals 510 is 100 ms. Although shown as the same periodic
interval for each of the virtual access points 440A-H, each of the virtual access points
440A-H may have a different periodic interval for broadcast communication.

[0041] The periodic intervals 510 for the virtual access points 440A-H are
phased, for example, to prevent collision and beacon jitter. In this example, the start of
the periodic interval 510 for the virtual access point 440B is offset (e.g., by offset 520)
from the start of the periodic interval 510 of the virtual access point 440A. The start of
the periodic interval 510 for the virtual access point 440C is offset (e.g., by offset 530)
from the start of the periodic interval 510 of the virtual access point 440B.

[0042] FIG. B illustrates the timing diagram 500 for beacon transmission from
the access point 410 of FIG. 4, in another exemplary implementation of the invention. In
some embodiments, the phase of the periodic intervals 510 is dynamically adjusted to
allow more time for one or more of the virtual access points 440A-H to service responses
for a broadcast communication from stations (e.g., the stations 420 and 430). For
example, since stations (e.g., the stations 420 and 430) associate with at least one of the
virtual access points 440A-H (e.g., the virtual access point 440A), the access point 410 can

determine the number of stations associated with the virtual access point 440A. The
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access point 410 then adjusts the start (e.g., offset 540) of the periodic interval 510 of the
virtual access point 440B relative to the periodic interval 510 of the virtual access point
440A. The adjustment allows access point 410 to service responses sent from the stations
to the virtual access point 440A in response to the beacon. The periodic interval 510 of
the virtual access point 440C then may be phased (e.g., offset 550) relative to the periodic
interval 510 of the virtual access point 440B such that the access point 410 transmits
required beacons on the periodic interval 510.

[0043] The embodiments discussed herein are illustrative of one example of the
present invention. As these embodiments of the present invention are described with
reference to illustrations, various modifications or adaptations of the methods and/or
specific structures described may become apparent to those skilled in the art. All such
modifications, adaptations, or variations that rely upon the teachings of the present
invention, and through which these teachings have advanced the art, are considered to
be on the scope of the present invention. Hence, these descriptions and drawings should
not be considered in a limiting sense, as it is understood that the present invention is in
no way limited to only the embodiments illustrated.

[0044] The above-described functions can be comprised of instructions that are
stored on storage media. The instructions can be retrieved and executed by a processor.
Some examples of instructions are software, program code, and firmware. Some
examples of storage media are memory devices, tape, disks, integrated circuits, and
servers. The instructions are operational when executed by the processor to direct the
processor to operate in accord with the invention. Those skilled in the art are familiar
with instructions, processor(s), and storage media.

[0045] The above description is illustrative and not restrictive. Many variations
of the invention will become apparent to those of skill in the art upon review of this
disclosure. The scope of the invention should, therefore, be determined not with
reference to the above description, but instead should be determined with reference to

the appended claims along with their full scope of equivalents.
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CLAIMS

What is claimed is:

1. An access point for enhanced coverage of a wireless local area network, the
access point comprising:

an antenna apparatus configured to provide a plurality of directional antenna
patterns for communication over the wireless local area network; and

a processor configured to determine a first of the plurality of directional antenna
patterns, transmit a first broadcast communication over the wireless local area network
on the first of the plurality of directional antenna patterns, determine a second of the
plurality of directional antenna patterns, and transmit a second broadcast
communication over the wireless local area network on the second of the plurality of

directional antenna patterns.

2. The system of claim 1 wherein the processor is further configured to transmit the
first broadcast communication or the second broadcast communication periodically at

an interval of about 100 milliseconds according to an 802.11 implementation.

3. The system of claim 1 wherein the processor is further configured to transmit the
second broadcast communication phased relative to transmission of the first broadcast

communication.

4, The system of claim 1 wherein the processor is configured to determine the
second of the plurality of directional antenna patterns by selecting a directional antenna
pattern positioned substantially adjacent to the first of the plurality of directional

antenna patterns.
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5. The system of claim 1 wherein the antenna apparatus is further configured to
transmit the first broadcast communication or the second broadcast communication a
further distance from the access point as compared to transmitting the first broadcast
communication or the second broadcast communication from the access point on an

omnidirectional antenna pattern of the antenna apparatus.

6. A method for enhanced coverage of a wireless local area network, the method
comprising;:

determining a first of a plurality of directional antenna patterns;

transmitting a first broadcast communication over the wireless local area
network on the first of the plurality of directional antenna patterns;

determining a second of the plurality of directional antenna patterns; and

transmitting a second broadcast communication over the wireless local area

network on the second of the plurality of directional antenna patterns.

7. The method of claim 6 wherein transmitting the first broadcast communication
or transmitting the second broadcast communication comprises transmitting an 802.11

beacon.

8. The method of claim 6 wherein transmitting the second broadcast
communication comprises transmitting the second broadcast communication phased

relative to transmission of the first broadcast communication.
9. The method of claim 6 wherein determining a second of the plurality of

directional antenna patterns comprises selecting a directional antenna pattern positioned

substantially adjacent to the first of the plurality of directional antenna patterns.
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10.  The method of claim 6 wherein transmitting the first broadcast communication
or transmitting the second broadcast communication comprises transmitting
periodically to synchronize communication with a station operating in a power saving

mode.

11.  The method of claim 6 wherein transmitting the first broadcast communication
or transmitting the second broadcast communication comprises transmitting

periodically to enable association of a roaming station.

12.  An access point for enhanced coverage of a wireless local area network, the
access point comprising;:

an antenna apparatus configured to provide a plurality of directional antenna
patterns for communication over the wireless local area network; and

a processor configured to map a plurality of virtual access points, each virtual
access point corresponding to at least one of the plurality of directional antenna

patterns, and transmit a broadcast communication on each of the virtual access points.

13.  The system of claim 12 wherein the processor is further configured to transmit
the broadcast communication on a first of the plurality of virtual access points at a first
interval phased relative to a second periodic interval for a second of the plurality of

virtual access points.

14.  The system of claim 12 wherein the antenna apparatus is further configured to
transmit the broadcast communication a further distance from the access point on each
of the plurality of virtual access points as compared to transmitting the broadcast
communication from the access point on an omnidirectional antenna pattern of the

antenna apparatus.
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15.  The system of claim 12 wherein the processor is further configured to transmit
the broadcast communication periodically on each of the plurality of virtual access

points to synchronize communication with a station operating in a power saving mode.

16.  The system of claim 12 wherein the processor is further configured to transmit
the broadcast communication periodically on each of the plurality of virtual access
points to enable association of a roaming station with one of the plurality of virtual

access points.

17. A method for enhanced coverage of a wireless local area network, the method
comprising:

mapping in an access point a plurality of virtual access points, each virtual access
point corresponding to at least one of a plurality of directional antenna patterns for
communication over the wireless local area network; and

transmitting a broadcast communication on one or more of the virtual access

points.

18. The method of claim 17 wherein transmitting the broadcast communication
comprises transmitting the broadcast communication periodically on the one or more of
the virtual access points at an interval of about 100 milliseconds according to an 802.11

implementation.
19.  The method of claim 17 wherein transmitting the broadcast communication

comprises transmitting the broadcast communication at a first periodic interval phased

relative to a second periodic interval of the one or more virtual access points.
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20.  The method of claim 17 wherein transmitting the broadcast communication
comprises transmitting the broadcast communication on the one or more of the virtual
access points a further distance from the access point as compared to transmitting the
broadcast communication from the access point on an omnidirectional antenna pattern

of the antenna apparatus.

21.  The method of claim 17 wherein transmitting the broadcast communication
comprises transmitting the broadcast communication periodically on the one or more of
the virtual access points to prevent a station from disassociating with the one or more of

the virtual access points.

22, The method of claim 17 wherein transmitting the broadcast communication
comprises transmitting the broadcast communication periodically on the one or more of
the virtual access points to synchronize communication with a station operating in a

power saving mode.

23. The method of claim 17 wherein transmitting the broadcast communication
comprises fransmitting the broadcast communication periodically on the one or more of
the virtual access points to enable association of a roaming station with the one or more

of the virtual access points.
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