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(57) Abstract: Anaccess point that performs dynamic selection of
an electronic-device-specific receive antenna pattern of an anten-
na for use when receiving a frame from an electronic device in a
WLAN is described. In particular, during operation the access point
may determine the receive antenna pattern of the antenna that is
used when receiving the frame from the electronic device. Then,
the access point may store, in memory, information that specifies
the receive antenna pattern. Moreover, when the access point pre-
dicts that the electronic device will transmit a frame to the access
point within a subsequent time interval, the access point may se-
lect the receive antenna pattern and may set an antenna pattern of
the antenna to the receive antenna pattern. Next, the access point
may receive the frame from the electronic device using the receive
antenna pattern.
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DYNAMIC SELECTION OF A RECEIVE ANTENNA PATTERN

BACKGROUND

Field

[0001] The described embodiments relate to techniques for communicating
information among electronic devices. In particular, the described embodiments
relate to techniques for dynamically selecting an antenna pattern when receiving
transmission in a network, such as a wireless local area network (WLAN).

Related Art

[0002] Many electronic devices are capable of wirelessly communicating with
other electronic devices. In particular, these electronic devices can include a
networking subsystem that implements a network interface for: a cellular network
(UMTS, LTE, etc.), a WLAN (e.g., a wireless network such as described in the Institute
of Electrical and Electronics Engineers (IEEE) 802.11 standard or Bluetooth from the
Bluetooth Special Interest Group of Kirkland, Washington), and/or another type of
wireless network. For example, many electronic devices communicate with each
other via WLANs using an IEEE 802.11-compatible communication protocol (which
are sometimes collectively referred to as ‘Wi-Fi’).

[0003] In existing WLANs, an access point may increase spatial selectivity by
focusing an antenna radiation pattern (which is henceforth referred to as ‘an antenna
pattern’) during transmission using beamforming. For example, the access point may
implement beamforming by combining antenna elements in a phased array.
Moreover, in some existing WLANs, an access point may change a direction of a main
lobe or node in the antenna pattern during transmission, so that the transmitted energy
is directed towards a particular recipient, such as a station or an electronic device.
[0004] However, access points in existing WLANs usually use an omnidirectional
antenna pattern when receiving frames or packets from a station or an electronic
device. Because the receive antenna pattern is not directional, losses may be
increased. This may adversely impact the communication performance in a WLAN
and, thus, may degrade the user experience when attempting to communicate using
such networks.

SUMMARY
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[0005] The described embodiments relate to an access point that provides
dynamic selection of a receive antenna pattern. This access point includes an
interface circuit, which may be coupled to an antenna, and which communicates with
at least an electronic device in a WLAN. During operation, the access point may
determine the receive antenna pattern of the antenna that is used when receiving a
frame from the electronic device. Then, the access point may store, in memory,
information that specifies the receive antenna pattern. Moreover, when the access
point predicts that the electronic device will transmit a frame to the access point
within a subsequent time interval, the access point may select the receive antenna
pattern and may set an antenna pattern of the antenna to the receive antenna pattern.
Next, the access point may receive the frame from the electronic device using the
receive antenna pattern.

[0006] Moreover, the determining of the receive antenna pattern may involve the
access point: receiving frames from the electronic device that are transmitted by the
electronic device, where the frames are received by the access point using different
receive antenna patterns of the antenna; determining values of a performance metric
based on the received frames; and selecting the receive antenna pattern from the
receive antenna patterns based on the values of the performance metric. Note that
primary lobes in the receive antenna patterns may have different directions.

[0007] Furthermore, the determining of the receive antenna pattern may involve
the access point: transmitting frames to the electronic device using different transmit
antenna patterns of the antenna; receiving, from the electronic device, values of a
performance metric based on at least some of the frames that were received by the
electronic device; selecting a transmit antenna pattern from the transmit antenna
patterns based on the values of the performance metric; and assigning the receive
antenna pattern as the transmit antenna pattern. Note that primary lobes in the
transmit antenna patterns may have different directions.

[0008] Additionally, transmission by the electronic device may be predicted based
on the access point: receiving an R7S frame from the electronic device and, in
response, transmitting a CTS frame to the electronic device. Alternatively, the access
point may transmit a trigger frame to at least the electronic device.

[0009] In some embodiments, the interface circuit is configured to communicate
with a second electronic device in the WLAN, and the access point is configured to:

determine a second receive antenna pattern of the antenna that is used when receiving
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a frame from the second electronic device. Then, the access point may store, in
memory, information that specifies the second receive antenna pattern. Moreover,
when the access point predicts that the second electronic device will transmit a frame
to the access point within a subsequent time interval, the access point may select the
second receive antenna pattern and may set an antenna pattern of the antenna to the
second receive antenna pattern. Next, the access point may receive the frame from
the second electronic device using the second receive antenna pattern. Thus, the
receive antenna pattern and the second receive antenna pattern may, respectively, be
specific to particular electronic devices in the WLAN.

[0010] Note that the receive antenna pattern may be set by coupling one or more
antenna elements in the antenna to ground in order to steer the antenna pattern of the
antenna in a direction. For example, the antenna elements may include reflectors.
[0011] Moreover, the access point may include: a processor; and a memory,
coupled to the processor, which stores a program module that, during operation, is
executed by the processor. When executed by the processor, the program module
may cause the access point to perform at least some of the aforementioned operations.
[0012] Another embodiment provides a computer-readable storage medium with a
program module for use with the access point. When executed by the access point,
this program module causes the access point to perform at least some of the
aforementioned operations.

[0013] Another embodiment provides a method, which may be performed by the
access point. This method includes at least some of the aforementioned operations.
[0014] This Summary is provided for purposes of illustrating some exemplary
embodiments, so as to provide a basic understanding of some aspects of the subject
matter described herein. Accordingly, it will be appreciated that the above-described
features are examples and should not be construed to narrow the scope or spirit of the
subject matter described herein in any way. Other features, aspects, and advantages
of the subject matter described herein will become apparent from the following
Detailed Description, Figures, and Claims.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 is a block diagram illustrating communication among access points
and electronic devices in a wireless local area network (WLAN) in accordance with an

embodiment of the present disclosure.
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[0016] FIG. 2 is a flow diagram illustrating a method for dynamically selecting a
receive antenna pattern of an antenna in an access point in FIG. 1 in accordance with
an embodiment of the present disclosure.

[0017] FIG. 3 is a drawing illustrating communication among the electronic
devices in FIG. 1 in accordance with an embodiment of the present disclosure.

[0018] FIG. 4 is a drawing illustrating a receive antenna pattern of an antenna in
an access point in FIG. 1 in accordance with an embodiment of the present disclosure.
[0019] FIG. 5 is a block diagram illustrating an electronic device in accordance
with an embodiment of the present disclosure.

[0020] Note that like reference numerals refer to corresponding parts throughout
the drawings. Moreover, multiple instances of the same part are designated by a
common prefix separated from an instance number by a dash.

DETAILED DESCRIPTION

[0021] An access point that performs dynamic selection of an electronic-device-
specific receive antenna pattern of an antenna for use when receiving a frame from an
electronic device in a WLAN is described. In particular, during operation the access
point may determine the receive antenna pattern of the antenna that is used when
receiving the frame from the electronic device. Then, the access point may store, in
memory, information that specifies the receive antenna pattern. Moreover, when the
access point predicts that the electronic device will transmit a frame to the access
point within a subsequent time interval, the access point may select the receive
antenna pattern and may set an antenna pattern of the antenna to the receive antenna
pattern. For example, the access point may predict the electronic device is about
transmit after receiving an RTS frame from the electronic device and transmitting a
CTS frame to the electronic device. Alternatively, the access point may predict the
electronic device is about transmit after transmitting a trigger frame to at least the
electronic device. Next, the access point may receive the frame from the electronic
device using the receive antenna pattern.

[0022] By customizing or tailoring the receive antenna pattern, this
communication technique may increase the directionality of the antenna and, thus,
may increase the receive sensitivity (e.g., by 2-3 dB). Consequently, this capability
may improve the communication performance between the access point and the
electronic device. For example, the communication technique may reduce the packet

error rate or may increase the throughput. Moreover, the improved communication
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performance may improve the user experience when communicating with the access
point via a WLAN.

[0023] In the discussion that follows, the electronic device and the access point
communicate frames or packets in accordance with a wireless communication
protocol, such as an Institute of Electrical and Electronics Engineers (/EEE) 802.11
standard (which is sometimes referred to as ‘Wi-Fi,” from the Wi-Fi Alliance of
Austin, Texas), Bluetooth (from the Bluetooth Special Interest Group of Kirkland,
Washington), and/or another type of wireless interface. In the discussion that follows,
Wi-Fi is used as an illustrative example. However, a wide variety of communication
protocols (such as Long Term Evolution or LTE, another cellular-telephone
communication protocol, etc.) may be used.

[0024] Moreover, the access point may communicate with other access points
and/or computers in a network using a wired communication protocol, such as an
IEEE 802.3 standard (which is sometimes referred to as ‘Ethernet’) and/or another
type of wired interface. In the discussion that follows, Ethernet is used as an
illustrative example.

[0025] FIG. 1 presents a block diagram illustrating an example of communication
among one or more access points 110 and one or more electronic devices 112 (such as
a cellular telephone) in accordance with some embodiments. In particular, access
points 110 may communicate with each other using wireless and/or wired
communication. Note that access points 110 may include a physical access point
and/or a virtual access point that is implemented in software in an environment of an
electronic device or a computer. In addition, at least some of access points 110 may
communicate with electronic devices 112 using wireless communication.

[0026] The wired communication among access points 110 may occur via
network 114 (such as an intra-net, a mesh network, point-to-point connections and/or
the Internet) and may use a network communication protocol, such as Ethernet.
Moreover, the wireless communication using Wi-Fi may involve: transmitting
advertising frames on wireless channels, detecting one another by scanning wireless
channels, establishing connections (for example, by transmitting association or attach
requests), and/or transmitting and receiving packets (which may include the
association requests and/or additional information as payloads). In some

embodiments, the wireless communication among access points 110 also involves the



WO 2018/152260 PCT/US2018/018256

10

15

20

25

30

use of dedicated connections, such as via a peer-to-peer (P2P) communication
technique.

[0027] As described further below with reference to FIG. 5, access points 110
and/or electronic devices 112 may include subsystems, such as a networking
subsystem, a memory subsystem and a processor subsystem. In addition, access
points 110 and electronic devices 112 may include radios 116 in the networking
subsystems. More generally, access points 110 and electronic devices 112 can
include (or can be included within) any electronic devices with the networking
subsystems that enable access points 110 and electronic devices 112 to communicate
with each other using wireless and/or wired communication. This wireless
communication can comprise transmitting advertisements on wireless channels to
enable access points 110 and/or electronic devices 112 to make initial contact or
detect each other, followed by exchanging subsequent data/management frames (such
as association requests and responses) to establish a connection, configure security
options (e.g., Internet Protocol Security), transmit and receive packets or frames via
the connection, etc. Note that while instances of radios 116 are shown in access
points 110 and electronic devices 112, one or more of these instances may be different
from the other instances of radios 116.

[0028] As can be seen in FIG. 1, wireless signals 118 (represented by a jagged
line) are transmitted from radio 116-1 in access point 110-1. These wireless signals
may be received by radio 116-3 in electronic device 112-1. In particular, access point
110-1 may transmit frames or packets. In turn, these frames or packets may be
received by electronic device 112-1. Moreover, access point 110-1 may allow
electronic device 112-1 to communicate with other electronic devices, computers
and/or servers via network 114.

[0029] Note that the communication among access points 110 and/or with
electronic devices 112 may be characterized by a variety of performance metrics, such
as: a received signal strength (RSSI), a data rate, a data rate for successful
communication (which is sometimes referred to as a ‘throughput’), an error rate (such
as a retry or resend rate), a mean-square error of equalized signals relative to an
equalization target, intersymbol interference, multipath interference, a signal-to-noise
ratio, a width of an eye pattern, a ratio of number of bytes successfully communicated
during a time interval (such as 1-10 s) to an estimated maximum number of bytes that

can be communicated in the time interval (the latter of which is sometimes referred to
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as the ‘capacity’ of a communication channel or link), and/or a ratio of an actual data
rate to an estimated data rate (which is sometimes referred to as ‘utilization’).

[0030] In the described embodiments processing a packet or frame in access
points 110 and electronic devices 112 includes: receiving wireless signals 118 with
the packet or frame; decoding/extracting the packet or frame from received wireless
signals 118 to acquire the packet or frame; and processing the packet or frame to
determine information contained in the packet or frame.

[0031] Although we describe the network environment shown in FIG. 1 as an
example, in alternative embodiments, different numbers or types of electronic devices
may be present. For example, some embodiments comprise more or fewer electronic
devices. As another example, in another embodiment, different electronic devices are
transmitting and/or receiving packets or frames.

[0032] As noted previously, if one of access points 110 (such as access point 110-
1) uses an omnidirectional antenna pattern when receiving one or more frames or
packets from one of electronic devices 112 (such as electronic device 112-1), losses
may be increased, which may degrade the communication performance. As described
further below with reference to FIGs. 2-4, in order to address this challenge access
point 110-1 may use an electronic-device-specific receive antenna pattern to receive
the one or more frames or packets. This receive antenna pattern may have increased
directionality relative to an omnidirectional antenna pattern (e.g., a primary lobe of
the receive antenna pattern may be directed so that the received energy from
electronic device 112-1 in increased), which may increase the receive sensitivity and,
thus, the communication performance.

[0033] In particular, access point 110-1 may determine the receive antenna pattern
of an antenna in or associated with access point 110-1 that is used when receiving a
frame or a packet from electronic device 112-1. Then, access point 110-1 may store,
in memory, information that specifies the determined receive antenna pattern.

[0034] Moreover, when access point 110-1 predicts that electronic device 112-1
will transmit a frame or a packet to access point 110-1 within a subsequent time
interval (such as an inter-frame space, a contention window, a network allocation
vector, etc.), access point 110-1 may select the receive antenna pattern and may set an
antenna pattern of the antenna to the receive antenna pattern. For example, access
point 110-1 may predict the subsequent transmission by electronic device 112-1 based

on access point 110-1: receiving an RTS frame from electronic device 112-1 and, in
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response, transmitting a CTS frame to electronic device 112-1. Alternatively, access
point 110-1 may transmit a trigger frame to at least electronic device 112-1, such as
the proposed trigger frame in JEEE 802.11ax. Thus, access point 110-1 may predict
the subsequent transmission by electronic device 112-1 based on one or more control
frames or packets and, more generally, based on virtual carrier sensing.

[0035] Next, access point 110-1 may receive the frame(s) or the packet(s) from
electronic device 112-1 using the receive antenna pattern. Note that after a time
reserved by the RTS frame and/or the trigger frame expires, the antenna pattern of the
antenna in access point 110-1 may be reset. For example, the antenna pattern may
revert to an omnidirectional antenna pattern.

[0036] Furthermore, the determining of the receive antenna pattern may involve
access point 110-1: receiving frames or packets from electronic device 112-1 that are
transmitted by electronic device 112-1 using a transmit antenna pattern, where the
frames or packets are received by access point 110-1 using different receive antenna
patterns of the antenna; determining values of a performance metric (such as
throughput) based on the received frames; and selecting the receive antenna pattern
from the receive antenna patterns based on the values of the performance metric.
Note that primary lobes in the receive antenna patterns may have different directions.
[0037] Alternatively or additionally, the determining of the receive antenna
pattern may involve access point 110-1: transmitting frames or packets to electronic
device 112-1 using different transmit antenna patterns of the antenna; receiving, from
electronic device 112-1, values of a performance metric (such as throughput) based on
at least some of the frames or the packets that were received by electronic device 112-
1; selecting a transmit antenna pattern from the transmit antenna patterns based on the
values of the performance metric; and assigning the receive antenna pattern as the
transmit antenna pattern. Note that primary lobes in the transmit antenna patterns
may have different directions.

[0038] Thus, the receive antenna pattern may be predetermined by access point
110-1 in conjunction with electronic device 112-1, such as during a calibration mode.
Note that access point 110-1 and electronic device 112-1 may repeat the calibration
mode periodically or after a time interval (e.g., 1, 5, 10, 30 or 60 min) and/or as
needed (e.g., when a location of electronic device 112-1 changes, when the

communication performance degrades by more than 5 or 10%, etc.).
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[0039] Furthermore, access point 110-1 may repeat the at least some of the
aforementioned operations for electronic device 112-2. Thus, access point 110-1
may: determine another receive antenna pattern of the antenna that is used when
receiving a frame or packet from electronic device 112-2; and store, in the memory,
information that specifies the other receive antenna pattern. Then, when access point
110-1 predicts that electronic device 112-2 will transmit a frame or a packet to access
point 110-1 within a subsequent time interval, access point 110-1 may select the other
receive antenna pattern and may set the antenna pattern of the antenna to the other
receive antenna pattern. Next, access point 110-1 may receive the frame or the packet
from electronic device 112-2 using the other receive antenna pattern.

[0040] Thus, the receive antenna pattern and the other receive antenna pattern
may, respectively, be specific to electronic devices 112-1 and 112-2 in the WLAN in
FIG. 1. In this way, the communication technique may allow access point 110-1 to
customize or tailor the directionality of the receive antenna pattern using
predetermined information so that the communication performance with these
electronic devices can be increased.

[0041] We now describe embodiments of the method. FIG. 2 presents a flow
diagram illustrating an example of a method 200 for dynamically selecting a receive
antenna pattern of an antenna in an access point, such as one of access points 110 in
FIG. 1. During operation, the access point may determine the receive antenna pattern
(operation 210) of the antenna that is used when receiving a frame from the electronic
device. Then, the access point may store, in memory, information (operation 212)
that specifies the receive antenna pattern.

[0042] For example, the determining of the receive antenna pattern may involve
the access point: receiving frames from the electronic device that are transmitted by
the electronic device using a fransmit antenna pattern, where the frames are received
by the access point using different receive antenna patterns of the antenna;
determining values of a performance metric based on the received frames; and
selecting the receive antenna pattern from the receive antenna patterns based on the
values of the performance metric. Alternatively or additionally, the determining of
the receive antenna pattern may involve the access point: transmitting frames to the
electronic device using different transmit antenna patterns of the antenna; receiving,
from the electronic device, values of a performance metric based on at least some of

the frames that were received by the electronic device, sclecting a transmit antenna
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pattern from the transmit antenna patterns based on the values of the performance
metric; and assigning the receive antenna pattern as the transmit antenna pattern.
[0043] Moreover, when the access point predicts that the electronic device will
transmit a frame (operation 214) to the access point within a subsequent time interval,
the access point may select the receive antenna pattern (operation 216) and may set an
antenna pattern (operation 218) of the antenna to the receive antenna pattern. For
example, transmission by the electronic device may be predicted based on the access
point: receiving an RTS frame from the electronic device and, in response,
transmitting a CTS frame to the electronic device. Alternatively or additionally, the
access point may transmit a trigger frame to at least the electronic device.

[0044] Next, the access point may receive the frame (operation 220) from the
electronic device using the receive antenna pattern.

[0045] In some embodiments, the access point optionally performs one or more
additional operations (operation 222). For example, the access point may repeat at
least some of the aforementioned operations to determine another receive antenna
pattern for use when receive a frame from another electronic device. Then,
information specifying the other receive antenna pattern may be stored in memory
(such as in the access point).

[0046] In some embodiments of method 200 (FIG. 2), there may be additional or
fewer operations. Furthermore, the order of the operations may be changed, and/or
two or more operations may be combined into a single operation. For example, while
the preceding embodiments illustrated method 200 using the antenna with different
receive antenna patterns or different transmit antenna patterns, in some embodiments
the access point may include different antennas that have different receive antenna
patterns or different transmit antenna patterns.

[0047] FIG. 3 presents a drawing illustrating an example of communication
among access point 110-1 and electronic device 112-1. In FIG. 3, an interface circuit
(IC) 308 in access point 110-1 may transmit frames 310 to electronic device 112-1.
These frames may be transmitted to electronic device 112-1 using different transmit
antenna patterns in an antenna in access point 110-1. After or while receiving at least
some of frames 310, interface circuit 312 in electronic device 112-1 may transmit
feedback 314 (such as values of a performance metric) to access point 110-1. Then,
based on feedback 314 (such as values of a performance metric), interface circuit 308

may select a transmit antenna pattern (7Z4P) 316 from the transmit antenna patterns.
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Moreover, interface circuit 308 may assign receive antenna pattern (R4P) 318 as
transmit antenna pattern 316.

[0048] Alternatively or additionally, interface circuit 312 may transmit frames
320 to access point 110-1. These frames may be transmitted to access point 110-1
using a transmit antenna pattern in an antenna in electronic device 112-1. Interface
circuit 308 may receive at least some of frames 320 using different receive antenna
patterns in the antenna in access point 110-1. Then, based on feedback 322 (such as
values of a performance metric), interface circuit 308 may select receive antenna
pattern 324 from the receive antenna patterns.

[0049] Note that before interface circuit 308 transmits frames 310 and/or interface
circuit 312 transmits frames 320, interface circuits 308 and 312 may exchange control
frames or packets (not shown) that arrange for or set up a calibration mode between
access point 110-1 and electronic device 112-1.

[0050] Next, interface circuit 308 may provide receive antenna pattern 318 and/or
324 to processor 326. Processor 326 may store information 328 that specifies receive
antenna pattern 318 and/or 324 in memory 330.

[0051] Moreover, access point 110-1 may predict that electronic device 112-1 will
transmit a frame 346 to access point 110-1 within a subsequent time interval. For
example, interface circuit 308: may receive an RTS frame 332 from interface 312;
and, in response, may transmit a CTS frame 334 to interface circuit 312, and may
provide notification 336 to processor 326. Alternatively or additionally, interface
circuit 308 may transmit a trigger frame 338 to at least interface circuit 312, and may
provide notification 340 to processor 326. Thus, in some embodiments, interface
circuit 308 (such as firmware executed by interface circuit 308) may determine when
electronic device 112-1 is about to transmit frame 346.

[0052] In response to notification 336 or 340, processor 326 may access 342
information 328 in memory 330 (such as by performing a look-up), and may provide
information 328 to interface circuit 308. Moreover, interface circuit 308 may set 344
an antenna pattern of the antenna to the specified receive antenna pattern (such as
receive antenna pattern 318 or 324). Next, interface circuit 312 may transmit frame
346 to access point 110-1, and interface circuit 308 may receive frame 346 using the
selected receive antenna pattern.

[0053] FIG. 4 presents a drawing illustrating an example of a receive antenna

pattern 400 of an antenna 410 in access point 110-1. In particular, access point 110-1
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may configure antenna elements in antenna 410 to select a direction 414 of a primary
beam 412 in receive antenna pattern 400. This selective directionality may improve
the receive sensitivity when electronic device 112-1 tfransmits a frame or a packet to
access point 110-1.

[0054] For example, an interface circuit in radio 116-1 may provide control
signals or settings that adapt or change receive antenna pattern 400 of antenna 410. In
particular, the control signals or settings may independently and selectively
electrically couple pattern shapers or antenna elements (such as reflectors) in antenna
410 to ground in order to steer receive antenna pattern 400 in different directions
(such as direction 414). Thus, if one or more antennas elements in antenna 410
include N antenna pattern shapers, antenna 410 may have 2% different receive antenna
pattern configurations. More generally, a given receive antenna pattern may include
amplitudes and/or phases of signals that specify a direction of the main or primary
lobe or beam 412 of the given receive antenna pattern, as well as so-called ‘exclusion
regions’ or ‘exclusion zones’ (which are sometimes referred to as ‘notches’ or
‘nulls’). Note that an exclusion zone of the given receive antenna pattern includes a
low-intensity region of the given receive antenna pattern. While the intensity is not
necessarily zero in the exclusion zone, it may be below a threshold, such as 3dB or
lower than the peak gain of the given antenna pattern. Thus, the given receive
antenna pattern may include a local maximum (e.g., a primary beam 412) that directs
gain in direction 414 of electronic device 112-1 that is of interest and/or one or more
local minima that reduce gain in the direction of other electronic devices that are not
of interest. More generally, receive antenna pattern 400 may have N beams at
locations of electronic devices (such as electronic device 112-1) that will transmit to
access point 110-1 in the subsequent time interval and/or M exclusion zones at the
locations of electronic devices that will not transmit to access point 110-1 in the
subsequent time interval, where N and M are integers. For example, antenna 410 may
include M+1 antenna elements and there may be M exclusion zones. In this way, the
given receive antenna pattern may be selected so that communication that is
undesirable (such as with the other electronic devices) is avoided to reduce or
eliminate adverse effects (such as interference or crosstalk) and to increase the receive
sensitivity to transmissions from electronic device 112-1.

[0055] We now describe embodiments of an electronic device, which may

perform at least some of the operations in the communication technique. FIG. 5
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presents a block diagram illustrating an electronic device 500 in accordance with
some embodiments, such as one of access points 110 or electronic devices 112. This
electronic device includes processing subsystem 510, memory subsystem 512, and
networking subsystem 514. Processing subsystem 510 includes one or more devices
configured to perform computational operations. For example, processing subsystem
510 can include one or more microprocessors, ASICs, microcontrollers,
programmable-logic devices, and/or one or more digital signal processors (DSPs).
[0056] Memory subsystem 512 includes one or more devices for storing data
and/or instructions for processing subsystem 510 and networking subsystem 514. For
example, memory subsystem 512 can include dynamic random access memory
(DRAM), static random access memory (SRAM), and/or other types of memory. In
some embodiments, instructions for processing subsystem 510 in memory subsystem
512 include: one or more program modules or sets of instructions (such as program
module 522 or operating system 524), which may be executed by processing
subsystem 510. Note that the one or more computer programs may constitute a
computer-program mechanism. Moreover, instructions in the various modules in
memory subsystem 512 may be implemented in: a high-level procedural language, an
object-oriented programming language, and/or in an assembly or machine language.
Furthermore, the programming language may be compiled or interpreted, e.g.,
configurable or configured (which may be used interchangeably in this discussion), to
be executed by processing subsystem 510.

[0057] In addition, memory subsystem 512 can include mechanisms for
controlling access to the memory. In some embodiments, memory subsystem 512
includes a memory hierarchy that comprises one or more caches coupled to a memory
in electronic device 500. In some of these embodiments, one or more of the caches is
located in processing subsystem 510.

[0058] In some embodiments, memory subsystem 512 is coupled to one or more
high-capacity mass-storage devices (not shown). For example, memory subsystem
512 can be coupled to a magnetic or optical drive, a solid-state drive, or another type
of mass-storage device. In these embodiments, memory subsystem 512 can be used
by electronic device 500 as fast-access storage for often-used data, while the mass-
storage device is used to store less frequently used data.

[0059] Networking subsystem 514 includes one or more devices configured to

couple to and communicate on a wired and/or wireless network (i.e., to perform
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network operations), including: control logic 516, an interface circuit 518 and one or
more antennas 520 (or antenna elements). (While FIG. 5 includes one or more
antennas 520, in some embodiments electronic device 500 includes one or more
nodes, such as nodes 508, e.g., a pad, which can be coupled to the one or more
antennas 520. Thus, electronic device 500 may or may not include the one or more
antennas 520.) For example, networking subsystem 514 can include a Bluetooth™
networking system, a cellular networking system (e.g., a 3G/4G network such as
UMTS, LTE, etc.), a universal serial bus (USB) networking system, a networking
system based on the standards described in IEEE 802.11 (e.g., a Wi-Fi® networking
system), an Ethernet networking system, and/or another networking system.

[0060] Note that a transmit or receive antenna pattern (or antenna radiation
pattern) of electronic device 500 may be adapted or changed using pattern shapers
(such as reflectors) in one or more antennas 520 (or antenna elements), which can be
independently and selectively electrically coupled to ground to steer the transmit
antenna pattern in different directions. Thus, if one or more antennas 520 include N
antenna pattern shapers, the one or more antennas may have 2V different antenna
pattern configurations. More generally, a given antenna pattern may include
amplitudes and/or phases of signals that specify a direction of the main or primary
lobe of the given antenna pattern, as well as so-called ‘exclusion regions’ or
‘exclusion zones’ (which are sometimes referred to as ‘notches’ or ‘nulls’). Note that
an exclusion zone of the given antenna pattern includes a low-intensity region of the
given antenna pattern. While the intensity is not necessarily zero in the exclusion
zone, it may be below a threshold, such as 3dB or lower than the peak gain of the
given antenna pattern. Thus, the given antenna pattern may include a local maximum
(e.g., a primary beam) that directs gain in the direction of electronic device 500 that is
of interest, and one or more local minima that reduce gain in the direction of other
electronic devices that are not of interest. In this way, the given antenna pattern may
be selected so that communication that is undesirable (such as with the other
electronic devices) is avoided to reduce or eliminate adverse effects, such as
interference or crosstalk.

[0061] Networking  subsystem 514  includes processors, controllers,
radios/antennas, sockets/plugs, and/or other devices used for coupling to,
communicating on, and handling data and events for each supported networking

system. Note that mechanisms used for coupling to, communicating on, and handling
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data and events on the network for each network system are sometimes collectively
referred to as a ‘network interface’ for the network system. Moreover, in some
embodiments a ‘network’ or a ‘connection’ between the electronic devices does not
yet exist. Therefore, electronic device 500 may use the mechanisms in networking
subsystem 514 for performing simple wireless communication between the electronic
devices, e.g., transmitting advertising or beacon frames and/or scanning for
advertising frames transmitted by other electronic devices as described previously.
[0062] Within electronic device 500, processing subsystem 510, memory
subsystem 512, and networking subsystem 514 are coupled together using bus 528.
Bus 528 may include an electrical, optical, and/or electro-optical connection that the
subsystems can use to communicate commands and data among one another.
Although only one bus 528 is shown for clarity, different embodiments can include a
different number or configuration of electrical, optical, and/or electro-optical
connections among the subsystems.

[0063] In some embodiments, electronic device 500 includes a display subsystem
526 for displaying information on a display, which may include a display driver and
the display, such as a liquid-crystal display, a multi-touch touchscreen, etc.

[0064] Electronic device 500 can be (or can be included in) any electronic device
with at least one network interface. For example, electronic device 500 can be (or can
be included in): a desktop computer, a laptop computer, a subnotebook/netbook, a
server, a tablet computer, a smartphone, a cellular telephone, a smartwatch, a
consumer-electronic device, a portable computing device, an access point, a
transceiver, a router, a switch, communication equipment, an access point, a
controller, test equipment, and/or another electronic device.

[0065] Although specific components are used to describe electronic device 500,
in alternative embodiments, different components and/or subsystems may be present
in electronic device 500. For example, electronic device 500 may include one or
more additional processing subsystems, memory subsystems, networking subsystems,
and/or display subsystems. Additionally, one or more of the subsystems may not be
present in electronic device 500. Moreover, in some embodiments, electronic device
500 may include one or more additional subsystems that are not shown in FIG. 5.
Also, although separate subsystems are shown in FIG. 5, in some embodiments some
or all of a given subsystem or component can be integrated into one or more of the

other subsystems or component(s) in electronic device 500. For example, in some
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embodiments program module 522 is included in operating system 524 and/or control
logic 516 is included in interface circuit 518.

[0066] Moreover, the circuits and components in electronic device 500 may be
implemented using any combination of analog and/or digital circuitry, including:
bipolar, PMOS and/or NMOS gates or transistors. Furthermore, signals in these
embodiments may include digital signals that have approximately discrete values
and/or analog signals that have continuous values. Additionally, components and
circuits may be single-ended or differential, and power supplies may be unipolar or
bipolar.

[0067] An integrated circuit (which is sometimes referred to as a ‘communication
circuit’) may implement some or all of the functionality of networking subsystem
514. The integrated circuit may include hardware and/or software mechanisms that
are used for transmitting wireless signals from electronic device 500 and receiving
signals at electronic device 500 from other electronic devices. Aside from the
mechanisms herein described, radios are generally known in the art and hence are not
described in detail. In general, networking subsystem 514 and/or the integrated
circuit can include any number of radios. Note that the radios in multiple-radio
embodiments function in a similar way to the described single-radio embodiments.
[0068] In some embodiments, networking subsystem 514 and/or the integrated
circuit include a configuration mechanism (such as one or more hardware and/or
software mechanisms) that configures the radio(s) to transmit and/or receive on a
given communication channel (e.g., a given carrier frequency). For example, in some
embodiments, the configuration mechanism can be used to switch the radio from
monitoring and/or transmitting on a given communication channel to monitoring
and/or transmitting on a different communication channel. (Note that ‘monitoring’ as
used herein comprises receiving signals from other electronic devices and possibly
performing one or more processing operations on the received signals)

[0069] In some embodiments, an output of a process for designing the integrated
circuit, or a portion of the integrated circuit, which includes one or more of the
circuits described herein may be a computer-readable medium such as, for example, a
magnetic tape or an optical or magnetic disk. The computer-readable medium may be
encoded with data structures or other information describing circuitry that may be
physically instantiated as the integrated circuit or the portion of the integrated circuit.

Although various formats may be used for such encoding, these data structures are
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commonly written in: Caltech Intermediate Format (CIF), Calma GDS II Stream
Format (GDSII) or Electronic Design Interchange Format (EDIF). Those of skill in
the art of integrated circuit design can develop such data structures from schematics
of the type detailed above and the corresponding descriptions and encode the data
structures on the computer-readable medium. Those of skill in the art of integrated
circuit fabrication can use such encoded data to fabricate integrated circuits that
include one or more of the circuits described herein.

[0070] While the preceding discussion used an FEthernet and a Wi-Fi
communication protocol as an illustrative example, in other embodiments a wide
variety of communication protocols and, more generally, wireless communication
techniques may be used. Thus, the communication technique may be used in a variety
of network interfaces. Furthermore, while some of the operations in the preceding
embodiments were implemented in hardware or software, in general the operations in
the preceding embodiments can be implemented in a wide variety of configurations
and architectures. Therefore, some or all of the operations in the preceding
embodiments may be performed in hardware, in software or both. For example, at
least some of the operations in the communication technique may be implemented
using program module 522, operating system 524 (such as a driver for interface
circuit 518) or in firmware in interface circuit 518. Alternatively or additionally, at
least some of the operations in the communication technique may be implemented in
a physical layer, such as hardware in interface circuit 518.

[0071] Moreover, while the preceding embodiments illustrated the
communication technique while an access point receives a frame or a packet from an
electronic device, in some embodiments the access point may concurrently receive
frames or packets from two or more electronic devices. For example, the
communication protocol in a WLAN may use orthogonal frequency division multiple
access (OFDMA). In these embodiments, the access point may use the average of the
predetermined receive antenna patterns for the two or more electronic devices when
the access point determines that the two or more electronic devices will transmit
frames or packets within a subsequent time interval. Alternatively, the access point
may receive the frames or packets from the two or more electronic devices by ping
ponging or alternating between the predetermined receive antenna patterns for the two
or more electronic devices. In these embodiments, an error-correction technique

(such as an error-correction code associated with the frames or packets, redundancy,
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etc.) may be used to correct for any errors that occur and/or to recover information
that is not received.

[0072] In the preceding description, we refer to ‘some embodiments.” Note that
‘some embodiments’ describes a subset of all of the possible embodiments, but does
not always specify the same subset of embodiments.

[0073] The foregoing description is intended to enable any person skilled in the
art to make and use the disclosure, and is provided in the context of a particular
application and its requirements. @ Moreover, the foregoing descriptions of
embodiments of the present disclosure have been presented for purposes of
illustration and description only. They are not intended to be exhaustive or to limit
the present disclosure to the forms disclosed. Accordingly, many modifications and
variations will be apparent to practitioners skilled in the art, and the general principles
defined herein may be applied to other embodiments and applications without
departing from the spirit and scope of the present disclosure. Additionally, the
discussion of the preceding embodiments is not intended to limit the present
disclosure. Thus, the present disclosure is not intended to be limited to the
embodiments shown, but is to be accorded the widest scope consistent with the

principles and features disclosed herein.
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CLAIMS

What is claimed is:

1. An access point, comprising:
an antenna node configured to couple to an antenna; and
an interface circuit, coupled to the antenna node, configured to wirelessly
communicate with at least an electronic device in a wireless local area network
(WLAN), wherein the access point is configured to:
determine a receive antenna pattern of the antenna that is associated
with the electronic device;
store, in memory in the access point, information that specifies the
receive antenna pattern; and
when the access point predicts that the electronic device will transmit a
frame to the access point within a subsequent time interval:
select the receive antenna pattern and set an antenna pattern of
the antenna to the receive antenna pattern; and
receive the frame associated with the electronic device using

the receive antenna pattern.

2. The access point of claim 1, wherein the determining of the receive antenna
pattern involves:

receiving frames associated with the electronic device using different receive
antenna patterns of the antenna;

determining values of a performance metric based on the received frames; and

selecting the receive antenna pattern from the receive antenna patterns based

on the values of the performance metric.

3. The access point of claim 1, wherein the determining of the receive antenna
pattern involves:

transmitting frames for the electronic device using different transmit antenna
patterns of the antenna;

receiving values of a performance metric associated with the electronic device
based on at least some of the frames;

selecting a transmit antenna pattern from the transmit antenna patterns based

on the values of the performance metric; and
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assigning the receive antenna pattern as the transmit antenna pattern.

4. The access point of claim 1, wherein the transmission by the electronic device
is predicted based on:

receiving a request-to-send (R7S) frame associated with the electronic device;
and

transmitting, in response to receiving the RTS frame, a clear-to-send (CTS)

frame for the electronic device.

5. The access point of claim 1, wherein the transmission by the electronic device
is predicted based on the access point transmitting a trigger frame for at least the

electronic device.

6. The access point of claim 1, wherein the interface circuit is configured to
communicate with a second electronic device in the WLAN, and the access point is
configured to:

determine a second receive antenna pattern of the antenna that is associated
with the second electronic device; and

store, in the memory, information that specifies the second receive antenna

pattern.

7. The access point of claim 6, wherein, when the access point predicts that the
second electronic device will transmit a second frame to the access point within a
second subsequent time interval, the access point is configured to:

select the second receive antenna pattern;

set the antenna pattern of the antenna to the second receive antenna pattern;
and

receive the second frame associated with the second electronic device using

the second receive antenna pattern.
8. The access point of claim 1, wherein the access point comprises the antenna.

9. The access point of claim 8, wherein the antenna includes multiple antenna
elements and the access point is configured to provide, to the antenna, control signals
that selectively couple one or more of the antenna elements to ground to steer the

antenna pattern of the antenna in a direction.

10. A non-transitory computer-readable storage medium for use in conjunction

with an access point, the computer-readable storage medium storing program

20



WO 2018/152260 PCT/US2018/018256

10

15

20

25

30

instructions that, when executed by the access point, causes the access point to
dynamically select a receive antenna pattern of an antenna in the access point by
performing operations comprising:
determining the receive antenna pattern of the antenna that is associated with
an electronic device in a wireless local area network (WLAN);
storing, in memory in the access point, information that specifies the receive
antenna pattern; and
when the access point predicts that the electronic device will transmit a frame
to the access point within a subsequent time interval:
selecting the receive antenna pattern and setting an antenna pattern of
the antenna to the receive antenna pattern; and
receiving the frame associated with the electronic device using the

receive antenna pattern.

11. The computer-readable storage medium of claim 10, wherein the determining
of the receive antenna pattern involves:

receiving frames associated with the electronic device using different receive
antenna patterns of the antenna;

determining values of a performance metric based on the received frames; and

selecting the receive antenna pattern from the receive antenna patterns based

on the values of the performance metric.

12. The computer-readable storage medium of claim 10, wherein the determining
of the receive antenna pattern involves:

transmitting frames for the electronic device using different transmit antenna
patterns of the antenna;

receiving values of a performance metric associated with the electronic device
based on at least some of the frames;

selecting a transmit antenna pattern from the transmit antenna patterns based
on the values of the performance metric; and

assigning the receive antenna pattern as the transmit antenna pattern.

13.  The computer-readable storage medium of claim 10, wherein the transmission
by the electronic device is predicted based on:
receiving a request-to-send (R7S) frame associated with the electronic device;

and
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transmitting, in response to receiving the RTS frame, a clear-to-send (CTS)

frame for the electronic device.

14.  The computer-readable storage medium of claim 10, wherein the transmission
by the electronic device is predicted based on the access point transmitting a trigger

frame for at least the electronic device.

15.  The computer-readable storage medium of claim 10, wherein, when executed
by the processor, the program instructions cause the access point to perform at least
operations comprising:

determining a second receive antenna pattern of the antenna that is associated
with the second electronic device; and

storing, in the memory in the access point, information that specifies the

second receive antenna pattern.

16.  The computer-readable storage medium of claim 15, wherein, when the
program instructions are executed by the access point and when the access point
predicts that the second electronic device will transmit a second frame to the access
point within a second subsequent time interval, the program instructions cause the
access point to perform operations comprising:

selecting the second receive antenna pattern;

setting the antenna pattern of the antenna to the second receive antenna
pattern; and

receiving the second frame associated with the second electronic device using

the second receive antenna pattern.

17. A method for dynamically selecting a receive antenna pattern of an antenna in
an access point, comprising:
by the access point:
determining the receive antenna pattern of the antenna that is
associated with an electronic device in a wireless local area network (WLAN);
storing, in memory in the access point, information that specifies the
receive antenna pattern; and
when the access point predicts that the electronic device will transmit a

frame to the access point within a subsequent time interval:
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pattern of the antenna to the receive antenna pattern; and
receiving the frame associated with the electronic device using

the receive antenna pattern.

18. The method of claim 17, wherein the determining of the receive antenna
pattern involves:

receiving frames associated with the electronic device using different receive
antenna patterns of the antenna;

determining values of a performance metric based on the received frames; and

selecting the receive antenna pattern from the receive antenna patterns based

on the values of the performance metric.

19. The method of claim 17, wherein the determining of the receive antenna
pattern involves:

transmitting frames for the electronic device using different transmit antenna
patterns of the antenna;

receiving values of a performance metric associated with the electronic device
based on at least some of the frames;

selecting a transmit antenna pattern from the transmit antenna patterns based
on the values of the performance metric; and

assigning the receive antenna pattern as the transmit antenna pattern.

20. The method of claim 17, wherein the transmission by the electronic device is
predicted based on:
receiving a request-to-send (R7S) frame from the electronic device; and
transmitting, in response to receiving the RTS frame, a clear-to-send (CTS)

frame for the electronic device.

23



WO 2018/152260 PCT/US2018/018256

1/5
ELECTRONIC
DEVICE ELECTRONIC
1122 DEVICE
RADIO f 112-1
116-4
RADIO
116-3
WIRELESS
SIGNALS
118
ACCESS ACCESS
POINT POINT
110-2 \K I 110-1
RADIO RADIO
1162 116-1

FIG. 1



WO 2018/152260

2/5

DETERMINE A RECEIVE ANTENNA
PATTERN
210

v

STORE INFORMATION
212

v

PREDICT THAT AN ELECTRONIC DEVICE
WILL TRANSMIT
214

v

SELECT A RECEIVE ANTENNA PATTERN
216

v

SET THE RECEIVE ANTENNA PATTERN
218

v

RECEIVE A FRAME
220

v

PERFORM ONE OR MORE ADDITIONAL
OPERATIONS
(OPTIONAL)
222

FIG. 2

PCT/US2018/018256

~— 200



WO 2018/152260 PCT/US2018/018256
3/5
_____________________ f——————
| ACCESS | | ELECTRONIC
I POINT | DEVICE
l 110-1 by 1129
I
' |
| MEMORY PROCESSOR Ic | I Ic
| 330 324 308 I 312
T I . -___IL______
FRAMES
/310
>
7/
TAP FEEDBACK
316 314
RAP FRAMES
318 320
<
FEEDBACK/<
322
RAP
INFO. 324
328 <
7/ / RTS
RAP / 332
318 AND/OR 324 |
v >
7 o
NOTIFIC. o
ACCESS 336 /
/%2 < 7 TRIGGER
P > NOTIFIC. FRAME
340 338
7 >
FRAME
o ser (] e
344 /
<

FIG. 3




WO 2018/152260 PCT/US2018/018256

4/5
RECEIVE
ANTENNA
PATTERN
/// 400
.{_ ....................................................... »
N\
\ BEAM
\ 412
DIRECTION
414

SIDE
LOBES

< $%T>\\ ANTENNA
410

RADIO

1181 1 ACCESS

— POINT

110-1

FIG. 4



WO 2018/152260 PCT/US2018/018256

5/5
ELECTRONIC
~— DEVICE
500
MEMORY SUBSYSTEM NETWORKING SUBSYSTEM
512 514
OPERATING ANTENNA(S)
SYSTEM 520
524
PROGRAM CONTROL INTERFACE
MODULE LOGIC |— CIRCUIT
522 516 518
\
BUS
NODE(S
T l T I—-’ 528 508( )
PROCESSING DISPLAY
SUBSYSTEM SUBSYSTEM
510 526

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 18/18256

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4W 4/00 (2018.01)
CPC - HO4W 80/04, HO4W 36/18, HO4W 36/0011

According to International Patent Classification (IPC) or to both na

tional classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by cl

See Search History Document

assification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of
See Search History Document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 2005/0285803 A1 (lacono et al.) 29 December 2005 (29.12.2005), 1-20
entire document, especially; abstract, para. [0002}, [0008], [0010), {0011), [0035],
[0054], [0130], Claim 4

Y US 2012/0083340 A1 (Waters et al.) 15 March 2012 (15.03.2012), 1-20
entire document, especially; abstract, para. [0018]

A US 2005/0185618 A1 (Friday et al.) 25 August 2005 (25.08.2005), entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L* document which may throw doubts on priority claim(s? or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 March 2018

Date of mailing of the international search report

3 OAPR 2018

Name and mailing address of the ISA/1]S

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report

