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Tl - WiFi antenna selection with beamforming

AB - A wireless transceiver for wireless communications on a selected orthogonal frequency division
multiplexed (OFDM) communication channel of a wireless local area network (WLAN). The
transceiver includes: a number of antennas, a plurality of components, and a beamform antenna
selection circuit. The plurality of components are coupled to one another to form receive chains
and transmit chains lesser in number than the number of antennas, and switchably coupled to
the antennas for multiple-input multiple-output (MIMO) wireless communications on the OFDM
tones of the selected communication channel. The beamform antenna selection circuit couples to
the plurality of components and to the antennas to select a highest ranked subset of the antennas
to couple to the transmit chains by sounding a targeted transceiver on the WLAN with the number
of antennas and by switchably coupling the transmit chains to the highest ranked subset of the
antennas for beamformed transmission of subsequent data communication packets to the
targeted transceiver.
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Tl - (A1)
INTEGRATED NETWORKING EQUIPMENT AND DIVERSITY ANTENNA IN LIGHT BULB

- (B2)
Integrated networking equipment and diversity antenna in light bulb
(A1B2)
A light bulb or other lamp device incorporating improved antenna configurations and integrated
networking equipment is described herein. In one example, a LED light bulb is arranged to include
a wireless transceiver and related wireless network processing circuitry, and is coupled to
multiple antennas configured to receive and transmit signals using spatial
diversity, beamforming, multiple-input and multiple-output (MIMO), or other multi-antenna
techniques. The heat sink in the light bulb may be purposed to provide one or more of the
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multiple antennas, such as use of respective heat sink structures to serve as a diversity antenna.
The wireless network processing circuitry may be used for control of the light bulb or for
operability with wireless and non-wireless networks. For example, the network processing
circuitry may operate as a wireless network access point, repeater, relay, bridge, or like function.
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WIRELESS CROSS-CONNECT SWITCH

(2)

Wireless cross-connect switch

(A1B2)

Wireless packet switches and enclosures include multiple port controllers, each in
communication with a respective wireless transceiver located on an outer surface of a spherical
shell. Each port controller is configured to analyze data streams to and from the

respective wireless transceiver. Each wireless transceiver is configured to establish beamforming
connections with a client device in a beamforming direction pointed away from the spherical
shell. A cross-connect switch is in communication with all of the port controllers, configured to
provide connections between respective port controllers. An arbiter is in communication with all
of the port controllers and with the cross-connect switch and is configured to control the cross-
connect switch, such that the cross-connect switch connects data streams of the port controllers
in accordance with packet destination information and scheduling information from the port
controllers.
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Tl - Scheme for performing beamforming calibration by measuring joint signal path mismatch
AB - A method operative on a wireless transceiver device for performing beamforming calibration

includes: measuring at least one joint signal response of at least one circuit loopback between a
transmitter of the wireless transceiver device and a receiver of the wireless transceiver device to
determine the measurement result; and calibrating joint signal path mismatch according to the
measurement result for s multiple antenna beamforming system operating on the wireless
transceiver device.
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SCHEME FOR PERFORMING BEAMFORMING
CALIBRATION BY MEASURING JOINT SIGNAL
Path MISMATCH

- (B2)
Scheme for performing beamforming
calibration by measuring joint signal path
mismatch

(A1B2)

A method operative on a wireless
transceiver device for

performing beamforming calibration
includes: measuring at least one joint
signal response of at least one circuit
loopback between a transmitter of

the wireless transceiver device and a
receiver of the wireless transceiver device
to determine the measurement result; and
calibrating joint signal path mismatch
according to the measurement result for s
multiple antenna beamforming system
operating on the wireless transceiver
device.
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INTEGRATED NETWORKING EQUIPMENTAND
DIVERSITY ANTENNAIN LIGHT BULB
- (B2)
Integrated networking equipment and diversity
antenna in light bulb

AB - (A1B2)
A light bulb or other lamp device incorporating
improved antenna configurations and
integrated networking equipment is described
herein. In one example, a LED light bulb is
arranged to include a wireless transceiver and
related wireless network processing circuitry,
and is coupled to multiple antennas configured
to receive and transmit signals using spatial
diversity, beamforming, multiple-input and
multiple-output (MIMO), or other multi-
antenna techniques. The heat sink in the light
bulb may be purposed to provide one or more
of the multiple antennas, such as use of
respective heat sink structures to serve as a
diversity antenna. The wireless network
processing circuitry may be used for control of
the light bulb or for operability with wireless
and non-wireless networks. For example, the
network processing circuitry may operate as a
wireless network access point, repeater, relay,
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Tl - CHANNELSTATEINFORMATION
CALIBRATION

AB - A dedicated calibration device may be
utilized by a wireless transceiver device,
such as a base station, to compute
compensation matrices. The wireless
transceiver device and the dedicated
calibration device can exchange training
sequence signals. Based on the exchanged
training sequence signals, the wireless
transceiver device and the dedicated
calibration device can estimate overall
baseband to baseband channel responses
taking into account the amplitude and
phase responses of the respective transmit
and receive radio chains, and the wireless
transceiver device can determine the
compensation matrices. Furthermore,
the wireless transceiver device can
estimate a baseband-to-baseband uplink
channel response relative to actual user
equipment, approximate a downlink
channel response using only one of the
determined compensation matrices, and
perform beamforming to the actual user
equipment using the approximated
downlink channel response.

Seniernn Matis |
e

8/21 © EPODOC/EPO

PN - US2013230005 A1 20130905

PR - US201313867299 20130422; US201113023539 20110208; US20100302214P 20100208
AP - US201313867299 20130422



DT
CcT

ccl
cl

PA
Tl

AB

9/21
PN
PNFP
PR
AP
DT
cc
al

PA

Tl

AB

* %

|| R141 (A1)

US2010075594 A1 20100325 [] (KIM SUNG-MAN [KR], et al);
US2010150013 A1 20100617 [] (HARA YOSHITAKA [JP], et al)
H0103/2647 ; H04B7/0682 ; HO4B7/0691 ; H04B17/12 ; HO4B17/309
H01Q3/2647 (EP, KR)

HO4B1/58 (KR)

HO04B7/0413 (KR)

HO4B7/0617 (KR)

H04B7/0682 (EP, KR)

H04B7/0691 (EP, KR)

H04B17/11 (KR)

HO4B17/12 (EP, KR)

H04B17/29 (KR)

HO04B17/309 (EP, KR)

HO4W?72/02 (KR, US)

BROADCOM CORP [US]

Method and System for Uplink Beamforming Calibration in a Multi-Antenna Wireless
Communication System

A wireless transceiver, comprising a transmitter, a receiver and a plurality of antennas,
determines transmit phase relationship between at least two of antennas based on radio
frequency (RF) signals received via the at least two antennas from one or more antennas of a
base station. RF signals are transmitted via the at least two antennas utilizing the determined
transmit phase relationship. The receiver is calibrated based on receiver performance
determined from the received RF signals for subsequent reception of RF signals. The transmit
phase relationship is dynamically adjusted based on the transmit RF measurements and the
determined receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted transmit phase
relationship. Transmit antennas are dynamically selected based on the adjusted transmit phase
relationship, the characterized transmit channel qualities and the determined receiver
performance for subsequent transmission to the base station.
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(A B1)

REVERSE CHANNEL ESTIMATION FOR RF TRANSCEIVER WITH BEAMFORMINGANTENNA

(A)

PURPOSE: A reverse direction channel estimation device for a wireless transceiver including a
beam forming antenna is provided to receive second transmission from a first remote station by
generating first transmission in the first remote station based on a plurality of first steering
weighted values for a plurality of antennas. CONSTITUTION: A plurality of RF(Radio Frequency)
transceivers generates the first transmission of a first remote station based on a plurality of first
steering weighted values for a plurality of antennas. A plurality of the RF transceivers receives
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the second transmission from the first remote station. The first transmission and the second
transmission are generated by a first communication channel. A configuration controller(104)
generates a plurality of the first steering weighted values based on the reverse direction channel
estimation of the first communication channel. [Reference numerals] (100) Array antenna; (104)
Configuration controller; (106) Control signals; (108) Feedback signals; (110) Wireless
transceiver; (111) RF transceiving unit; (112) RF transceiver; (152) Inward RF signal; (160) Inward
data; (162) Outward data; (170) Outward RF signal
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(A B1)

RF TRANSCEIVER WITH BEAMFORMINGANTENNA AND METHODS FOR USE THEREWITH

(A)

PURPOSE: An RF(Radio Frequency) transceiver including a beam-forming antenna and a using
method thereof are provided to generate a control signal for selecting a first candidate emission
pattern for a beam forming antenna. CONSTITUTION: A configuration controller(104) generates a
control signal for selecting a first candidate emission pattern for a plurality of antennas based
on a plurality of first steering weighted values. An RF transceiver broadcasts first beacon
transmission as a first candidate emission pattern for generating a feedback signals for allowing
a first remote station to respond the first beacon transmission. [Reference numerals] (100) Array
antenna; (104) Configuration controller; (106) Control signals; (108) Feedback signals;

(110) Wireless transceiver; (111) RF transceiving unit; (112) RF transceiver; (152) Inward RF
signal; (160) Inward data; (162) Outward data; (170) Outward RF signal
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(A)

Method and system for uplink beamforming calibration in a multi-antenna wireless
communication system

(A)

A wireless transceiver, comprising a transmitter, a receiver and a plurality of antennas,
determines transmit phase relationship between at least two of antennas based on radio
frequency (RF) signals received via the at least two antennas from one or more antennas of a
base station. RF signals are transmitted via the at least two antennas utilizing the determined
transmit phase relationship. The receiver is calibrated based on receiver performance
determined from the received RF signals for subsequent reception of RF signals. The transmit
phase relationship is dynamically adjusted based on the transmit RF measurements and the
determined receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted transmit phase
relationship. Transmit antennas are dynamically selected based on the adjusted transmit phase
relationship, the characterized transmit channel qualities and the determined receiver
performance for subsequent transmission to the base station.
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METHOD AND SYSTEM FOR UPLINK BEAMFORMINGCALIBRATION IN A MULTI-ANTENNA WIRELESS
COMMUNICATION SYSTEM

A wireless transceiver, comprising a transmitter, a receiver and a plurality of antennas,
determines transmit phase relationship between at least two of antennas based on radio
frequency (RF) signals received via the at least two antennas from one or more antennas of a
base station. RF signals are transmitted via the at least two antennas utilizing the determined
transmit phase relationship. The receiver is calibrated based on receiver performance
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determined from the received RF signals for subsequent reception of RF signals. The transmit
phase relationship is dynamically adjusted based on the transmit RF measurements and the
determined receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted transmit phase
relationship. Transmit antennas are dynamically selected based on the adjusted transmit phase
relationship, the characterized transmit channel qualities and the determined receiver

performance for subsequent transmission to the base station.
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- (A1)
METHOD AND SYSTEM FOR
UPLINK BEAMFORMING CALIBRATION IN A
MULTI-ANTENNA WIRELESS
COMMUNICATION SYSTEM

- (B2)
Method and system for
uplink beamforming calibration in a multi-
antenna wireless communication system

(A1B2)

A wireless transceiver, comprising a
transmitter, a receiver and a plurality of
antennas, determines transmit phase
relationship between at least two of
antennas based on radio frequency (RF)
signals received via the at least two
antennas from one or more antennas of a
base station. RF signals are transmitted
via the at least two antennas utilizing the
determined transmit phase relationship.
The receiver is calibrated based on
receiver performance determined from the
received RF signals for subsequent
reception of RF signals. The transmit
phase relationship is dynamically
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adjusted based on the transmit RF
measurements and the determined
receiver performance. Transmit channel
qualities are determined for each transmit
antenna based on the transmit RF
measurements and the dynamically
adjusted transmit phase relationship.
Transmit antennas are dynamically
selected based on the adjusted transmit
phase relationship, the characterized
transmit channel qualities and the
determined receiver performance for
subsequent transmission to the base
station.
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KEZYS VYTAUTAS ROBERTAS [CA]; RESEARCH IN MOTION LTD [CA]

(A1)

Adaptive Beamforming Configuration Methods And Apparatus For Wireless Access Points Serving
As Handoff Indication Mechanisms In Wireless Local Area Networks

(B2)

Adaptive beamforming configuration methods and apparatus for wireless access points serving
as handoff indication mechanisms in wireless local area networks

(A1 B2)
In one illustrative example, a technique for use in operating a wireless access point (AP) for
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serving as a handoff indication mechanism in a first wireless network is described. The handoff
indication mechanism is configured to communicate handoff indications in response to mobile
devices leaving coverage of the first wireless network, via an RF coverage region of the AP, for
mobile device handoff to a second wireless network. The AP is provided in an ingress or egress
region of the first wireless network, where it receives RF signals from one or more communication
devices and determines and sets wireless transceiver parameters for adjusting boundaries of its
RF coverage region. The AP also operates with the adjusted RF coverage region to serve as part of
the handoff indication mechanism in the first wireless network, so that the handoff indications
are communicated in response to the mobile devices leaving coverage of the first wireless
network, via the adjusted RF coverage region, for mobile device handoff to the second wireless
network.
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Adaptive Beamforming Configuration Methods And Apparatus For Wireless Access Points Serving
As Handoff Indication Mechanisms In Wireless Local Area Networks

(B2)

Adaptive beamforming configuration methods and apparatus for wireless access points serving
as handoff indication mechanisms in wireless local area networks

(A1 B2)

In one illustrative example, a wireless access point of a wireless local area network (WLAN)
includes an antenna array, a wireless transceiver array coupled to the antenna array, and one or
more processors which are coupled to the wireless transceiver array. The one or more processors
are adapted to operate the wireless access point in a configuration mode and a handoff
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indication mode. In the configuration mode, the one or more processors are adapted to operate
the wireless access point to receive, via the wireless transceiver array, RF signals from one or
more communication devices and determine and set wireless transceiver parameters for
adjusting boundaries of an RF coverage region of the wireless access point based on these RF
signals. In the handoff indication mode, the one or more processors set the wireless access point
with the adjusted RF coverage region (adjusted from the configuration mode), where handoff
indications are communicated in response to mobile devices leaving the WLAN coverage region
through the adjusted RF coverage region for handoff to a wireless wide area network (WWAN).
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(A1C)
INNOSCION LLC [US]

(A1C)
WIRED OR WIRELESS REMOTELY CONTROLLED ULTRASONIC TRANSDUCER AND IMAGING APPARATUS

(A1)

A remotely manipulatable ultrasound transducer element or transducer array permits an
operator of an ultrasound system to be remotely located from a patient and yet remotely control
the location of the element or array on a patient's body such as on the skin surface or within a
body cavity. The transducer element or transducer array associated with motors and control
circuits comprises an assembly within a housing for fixation to or within a human body and is
intended to be placed one time and then remotely manipulated in directions of rotation, twist,
and linearly in first and second perpendicular directions within a plane parallel to the surface of
the human body and remotely controlled to provide therapeutic or diagnostic treatment or
imaging of an internal body region of interest under study. In one embodiment, the housing
comprises at least one motor and one of a transducer element and a transducer array which is
mounted to a rotor of the motor via an optional gear assembly for rotation, for example, in a
range of 180 degrees so that multiple planes of imaging can be obtained, for example, of a heart
or other body organ from the skin surface. The remotely manipulatable ultrasound transducer or
transducer array assembly may comprise a wireless transceiver having a unique identifier for
communication with one or more remote workstations, each having a unique identifier. Motors
may provide linear, longitudinal axis movement, perpendicular movement to a longitudinal axis,
rotation, twist and focus. Control information may comprise pulsing frequency, delay between
elements, beamforming, time of day, direction, frequency, amplitude and the like to control one
or more transducer elements or transducer arrays for therapeutic, diagnostic or imaging
purposes.
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(A1 B1)
RESEARCH IN MOTION LTD [CA]

(A1B1)
Adaptive beamforming configuration methods and apparatus for wireless access points serving
as handoff indication mechanisms in wireless local area networks

(A1)

Methods and apparatus for use in configuring a wireless access point (AP) which serves as a
handoff indication mechanism ("AP tripwire") in a wireless local area network (WLAN) for mobile
device handoffs between the WLAN and a wireless wide area network (WWAN) are described.
During a configuration procedure or training mode of operation of the wireless AP, radio
frequency (RF) signals transmitted from a plurality of communication devices are received at the
wireless AP. The plurality of communication devices include a first group of communication
devices positioned at locations of undesired RF coverage of the wireless AP, outside of an RF
coverage boundary of a WLAN coverage region of one or more other wireless APs of the WLAN. The
plurality of communication devices also include a second group of communication devices
positioned at locations of desired RF coverage of the wireless AP, around the RF coverage
boundary of the WLAN coverage region and within the WWAN coverage region. Wireless
transceiver parameters of the wireless AP are automatically determined and set to adjust
boundaries of an RF coverage region, such that RF signal coverage of the first group of
communication devices is minimized but RF signal coverage of the second group of
communication devices is maximized. Preferably, the parameters of the wireless transceiver are
determined through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wireless AP without user intervention. After the
configuration procedure, the wireless AP operates with use of the configured wireless transceiver
parameters in a normal, steady-state mode of operation as the AP tripwire of the WLAN.
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(A2 A3)
WIRED OR WIRELESS REMOTELY CONTROLLED ULTRASONIC TRANSDUCER AND IMAGING APPARATUS

(A2 A3)

A remotely manipulatable ultrasound transducer element or transducer array permits an
operator of an ultrasound system to be remotely located from a patient and yet remotely control
the location of the element or array on a patient's body such as on the skin surface or within a
body cavity. The transducer element or transducer array associated with motors and control
circuits comprises an assembly within a housing for fixation to or within a human body and is
intended to be placed one time and then remotely manipulated in directions of rotation, twist,
and linearly in first and second perpendicular directions within a plane parallel to the surface of
the human body and remotely controlled to provide therapeutic or diagnostic treatment or
imaging of an internal body region of interest under study. In one embodiment, the housing
comprises at least one motor and one of a transducer element and a transducer array which is
mounted to a rotor of the motor via an optional gear assembly for rotation, for example, in a
range of 180 degrees so that multiple planes of imaging can be obtained, for example, of a heart
or other body organ from the skin surface. The remotely manipulatable ultrasound transducer or
transducer array assembly may comprise a wireless transceiver having a unique identifier for
communication with one or more remote workstations, each having a unique identifier. Motors
may provide linear, longitudinal axis movement, perpendicular movement to a longitudinal axis,
rotation, twist and focus. Control information may comprise pulsing frequency, delay between
elements, beamforming, time of day, direction, frequency, amplitude and the like to control one
or more transducer elements or transducer arrays for therapeutic, diagnostic or imaging
purposes.
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(A1)

RESEARCH IN MOTION LTD [CA]

(A1)

ADAPTIVE BEAMFORMING CONFIGURATION METHODS AND APPARATUS FORWIRELESS ACCESS
POINTS SERVING AS HANDOFF INDICATION MECHANISMS IN WIRELESSLOCAL AREA NETWORKS

(€

ADAPTIVE BEAMFORMING CONFIGURATION METHODS AND APPARATUS FOR WIRELESS ACCESS
POINTS SERVING AS HANDOFF INDICATION MECHANISMS IN WIRELESS LOCAL AREA NETWORKS

(A1)

Methods and apparatus for use in configuring a wireless access point (AP) which serves as a
handoff indication mechanism ("AP tripwire") in a wireless local area network (WLAN) for mobile
device handoffs between the WLAN and a wireless wi de area network (WWAN) are described.
During a configuration procedure or training mode of operation of the wireless AP, radio
frequency (RF) signals transmitt ed from a plurality of communication devices are received at the
wireless AP. The plurality of communication devices include a first group of communication
devices positioned at locations of undesired RF coverage of the wireless AP, outside of an RF
coverage boundary of a WLAN coverage region of one or more other wireless APs of the WLAN. The
plurality of communication devices also include a second group of communication devices
positioned at locations of desired RF coverage of the wireless AP, around the RF coverage
boundary of the WLAN coverage region and within the WWAN coverage region. Wireless
transceiver parameters of the wireless AP are automatically determined and set to adjust
boundaries of an RF coverage region, such that RF signal coverage of the first group of
communication devices is minimized but RF signal coverage of the second group of
communication devices is maximized. Preferably, the paramete rs of the wireless transceiver are
determined through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wirele ss AP without user intervention. After the
configuration procedure, the wireless A P operates with use of the configured wireless transceiver
parameters in a normal, stea dy- state mode of operation as the AP tripwire of the WLAN.

(€

Methods and apparatus for use in configuring a wireless access point (AP) which serves as a
handoff indication mechanism ("AP tripwire") in a wireless local area network (WLAN) for mobile
device handoffs between the WLAN and a wireless wide area network (WWAN) are described.
During a configuration procedure or training mode of operation of the wireless AP, radio
frequency (RF) signals transmitted from a plurality of communication devices are received at the
wireless AP. The plurality of communication devices include a first group of communication
devices positioned at locations of undesired RF coverage of the wireless AP, outside of an RF
coverage boundary of a WLAN coverage region of one or more other wireless APs of the WLAN. The
plurality of communication devices also include a second group of communication devices
positioned at locations of desired RF coverage of the wireless AP, around the RF coverage
boundary of the WLAN coverage region and within the WWAN coverage region. Wireless
transceiver parameters of the wireless AP are automatically determined and set to adjust
boundaries of an RF coverage region, such that RF signal coverage of the first group of
communication devices is minimized but RF signal coverage of the second group of
communication devices is maximized. Preferably, the parameters of the wireless transceiver are
determined through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wireless AP without user intervention. After the
configuration procedure, the wireless AP operates with use of the configured wireless transceiver
parameters in a normal, steady- state mode of operation as the AP tripwire of the WLAN.
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RESEARCH IN MOTION LTD [CA]

(A1)

Adaptive Beamforming Configuration
Methods And Apparatus For Wireless
Access Points Serving As Handoff
Indication Mechanisms In Wireless Local
Area Networks

(B2)

Adaptive beamforming configuration
methods and apparatus for wireless
access points serving as handoff
indication mechanisms in wireless local
area networks

(A1)

Methods and apparatus for use in
configuring a wireless access point (AP)
which serves as a handoff indication




mechanism ("AP tripwire") in a wireless
local area network (WLAN) for mobile
device handoffs between the WLAN and a
wireless wide area network (WWAN) are
described. During a configuration
procedure or training mode of operation
of the wireless AP, radio frequency (RF)
signals transmitted from a plurality of
communication devices are received at the
wireless AP. The plurality of
communication devices include a first
group of communication devices
positioned at locations of undesired RF
coverage of the wireless AP, outside of an
RF coverage boundary of a WLAN coverage
region of one or more other wireless APs
of the WLAN. The plurality of
communication devices also include a
second group of communication devices
positioned at locations of desired RF
coverage of the wireless AP, around the RF
coverage boundary of the WLAN coverage
region and within the WWAN coverage
region. Wireless transceiver parameters of
the wireless AP are automatically
determined and set to adjust boundaries
of an RF coverage region, such that RF
signal coverage of the first group of
communication devices is minimized but
RF signal coverage of the second group of
communication devices is maximized.
Preferably, the parameters of the wireless
transceiver are determined through use of
an adaptive beamforming technique (e.g. a
minimax optimization) which is performed
automatically by the wireless AP without
user intervention. After the configuration
procedure, the wireless AP operates with
use of the configured wireless transceiver
parameters in a normal, steady-state
mode of operation as the AP tripwire of the
WLAN.

(B2)

Methods and apparatus for use in
configuring a wireless access point (AP)
which serves as a handoff indication
mechanism (“AP tripwire”) in a wireless
local area network (WLAN) for mobile
device handoffs between the WLAN and a
wireless wide area network (WWAN) are
described. During a configuration
procedure or training mode of operation
of the wireless AP, radio frequency (RF)
signals transmitted from a plurality of
communication devices are received at the
wireless AP. The plurality of
communication devices include a first
group of communication devices
positioned at locations of undesired RF
coverage of the wireless AP, outside of an
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RF coverage boundary of a WLAN coverage
region of one or more other wireless APs
of the WLAN. The plurality of
communication devices also include a
second group of communication devices
positioned at locations of desired RF
coverage of the wireless AP, around the RF
coverage boundary of the WLAN coverage
region and within the WWAN coverage
region. Wireless transceiver parameters of
the wireless AP are automatically
determined and set to adjust boundaries
of an RF coverage region, such that RF
signal coverage of the first group of
communication devices is minimized but
RF signal coverage of the second group of
communication devices is maximized.
Preferably, the parameters of the wireless
transceiver are determined through use of
an adaptive beamforming technique (e.g. a
minimax optimization) which is performed
automatically by the wireless AP without
user intervention. After the configuration
procedure, the wireless AP operates with
use of the configured wireless transceiver
parameters in a normal, steady-state
mode of operation as the AP tripwire of the
WLAN.
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(A1 B1)
RESEARCH IN MOTION LTD [CA]

(A1 B1)

Adaptive beamforming configuration
methods and apparatus for wireless
access points serving as handoff
indication mechanisms in wireless local
area networks

(A1)

Methods and apparatus for use in
configuring a wireless access point (AP)
which serves as a handoff indication
mechanism ("AP tripwire") in a wireless
local area network (WLAN) for mobile
device handoffs between the WLAN and a
wireless wide area network (WWAN) are
described. During a configuration
procedure or training mode of operation
of the wireless AP, radio frequency (RF)
signals transmitted from a plurality of
communication devices are received at the
wireless AP. The plurality of
communication devices include a first
group of communication devices
positioned at locations of undesired RF
coverage of the wireless AP, outside of an
RF coverage boundary of a WLAN coverage
region of one or more other wireless APs
of the WLAN. The plurality of
communication devices also include a
second group of communication devices
positioned at locations of desired RF
coverage of the wireless AP, around the RF
coverage boundary of the WLAN coverage
region and within the WWAN coverage
region. Wireless transceiver parameters of
the wireless AP are automatically
determined and set to adjust boundaries
of an RF coverage region, such that RF
signal coverage of the first group of
communication devices is minimized but
RF signal coverage of the second group of
communication devices is maximized.
Preferably, the parameters of the wireless
transceiver are determined through use of
an adaptive beamforming technique (e.g. a
minimax optimization) which is performed
automatically by the wireless AP without
user intervention. After the configuration
procedure, the wireless AP operates with
use of the configured wireless transceiver
parameters in a normal, steady-state
mode of operation as the AP tripwire of the
WLAN.
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Tl - COMMUNICATION SCANNING
METHOD AND SYSTEM
AB - In a communication device and

corresponding methods, a
hierarchical, reduced power,
beam search process includes a
hierarchical activation of

the radio frequency frontend
(RFFE), transceiver, and
baseband integrated circuit
(BBIC) for a beam searching
operations. For example, a first
signal metric measurements can
be performed to determine
signal information. An operating
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mode can be determined based
on the signal information. In a
first operating mode, one or
more second signal metric
measurements can be performed
for a subset of beamforming
configurations of the wireless
communication device to
determine beamforming
information. In a second
operating mode, one or more
third signal metric
measurements can be performed
on the beamforming
configurations to determine

the beamforming information.
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CONFIGURATION OF BEAMFORMINGSETTINGS FOR A WIRELESS RADIO TRANSCEIVER
DEVICE

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.
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PH12019501094 Al 20191211
WO02016EP79807 20161206
PH20191501094 20190516

[

HO04B7/0617 ; HO4B7/0695
H04B7/0617 (EP, RU, US)
HO04B7/0626 (RU, US)
H04B7/0695 (EP, RU, US)
HO4W16/28 (US)

HO4W72/046 (US)

ERICSSON TELEFON AB L M [SE]



Tl

AB

4/44
PN
PR
AP
DT
cal
cl

PA
Tl

AB

5/44
PN
PR
AP
DT
ccl
cl

CA

PA
Tl

AB

- CONFIGURATION OF BEAMFORMINGSETTINGS FOR A WIRELESS RADIO TRANSCEIVER
DEVICE

- There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.

© EPODOC/ EPO
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- LITEPOINT CORP

METHOD FOR ENABLING CONFIRMATION OF EXPECTED PHASE SHIFTS OF RADIO
FREQUENCY SIGNALS EMITTED FROM AN ANTENNA ARRAY

A method for assessing receiver signal reception performance during wireless beam
steering operation of a radio frequency (RF) data packet signal transceiver capable of
multiple input, multiple output(MTMO) operation. In response to transmissions of a
sounding packet (SP) from a beamforming device ("beamformer"), a receiving device
("beamformee") transmits a response data packet containing matrixdata
representing a beamforming feedback matrix (BFM) related to signal attenuation by
the wireless signal path environment through which the beamformer and
beamformee are communicating. Using the matrix data, a statistical variation can be
computed which is indicative of signal reception performance of the beamformee.

© EPODOC/ EPO

MX2019006394 A 20190812
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CONFIGURATION OF BEAMFORMINGSETTINGS FOR A WIRELESS RADIO TRANSCEIVER
DEVICE.

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
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requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.
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BEAMMWAVE AB [SE]
TRANSCEIVERELEMENT FOR BEAMFORMING

This disclosure relates to a transceiver element comprising receiving circuitry, down-
converting circuitry, extracting circuitry and output circuitry. The receiving circuitry
is configured to receive a radio frequency signal via an antenna element associated
with the receiving circuitry. The radio frequency signal comprises a first received
signal part and a second received signal part. The down-converting circuitry is
configured to down-convert the radio frequency signal to provide a down-converted
signal. The down-converted signal comprises a first down-converted signal part
corresponding to the first received signal part and a second down-converted signal
part corresponding to the second received signal part. The extracting circuitry is
configured to extract at least the second down-converted signal part from the down-
converted signal. The output circuitry is configured to provide an output signal
comprising a first output signal part and a second output signal part. The first output
signal part comprises at least a first intermediate signal part which comprises at
least the first down-converted signal part. The second output signal part comprises
at least the second down-converted signal part extracted from the down-converted
signal. Corresponding transceiver, wireless communication apparatus, method and
computer program product are also disclosed.
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INTEL IP CORP [US]

BEAMFORMINGFORHYBRID ANTENNA ARRAYS

A wireless device, comprising: a hybrid antenna array configured to receive a signal
transmitted by another wireless device over a wireless channel; and a transceiver

configured to update analog radio frequency precoders of a hierarchical codebook
based on magnitudes of multipath components of the wireless channel.
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ERICSSON TELEFONABLM

CHANNEL CONDITION ESTIMATION

There is provided mechanisms for obtaining channel conditions per antenna
element. A method is performed by a wireless radio transceiver device comprising N
antenna elements in an antenna array with analog beamforming and being
configured to communicate using beams. The method comprises obtaining, for a
stationary radio propagation channel, channel conditions for signals received by
the wireless radio transceiver device in M beams, where M>1. The method comprises
transforming the channel conditions for the M beams to channel conditions for the N
antenna elements by using a relation based on beamforming weights that map the N
antenna elements to the M beams.
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- Configuration of beamforming settings for a wireless radio transceiver device

- There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.

EPODOC / EPO

CA3046140 Al 20180614
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- HO04B7/0617 ; HO4B7/0695

- H04B7/0617 (EP, RU, US)

- H04B7/0626 (RU, US)

- H04B7/0695 (EP, RU, US)
HO4W16/28 (US)
HO4W72/046 (US)

ERICSSON TELEFON AB L M [SE]
CONFIGURATION OF BEAMFORMINGSETTINGS FOR A WIRELESS RADIO TRANSCEIVER
DEVICE

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.
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LITEPOINT CORP [US]

Method for enabling confirmation of expected phase shifts of radio frequency signals
emitted from an antenna array

A method for assessing receiver signal reception performance during wireless beam
steering operation of a radio frequency (RF) data packet signal transceiver capable of
multiple input, multiple output (MIMO) operation. In response to transmissions of a
sounding packet (SP) from a beamforming device ("beamformer"), a receiving device
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("beamformee") transmits a response data packet containing matrix data
representing a beamforming feedback matrix (BFM) related to signal attenuation by
the wireless signal path environment through which the beamformer and
beamformee are communicating. Using the matrix data, a statistical variation can be
computed which is indicative of signal reception performance of the beamformee.
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NANJING HOWKING COMMUNICATION TECH CO LTD

A highly integrated active integrated antenna module for fifth generation mobile
communication

The invention relates to the technical field of wireless communication, In particular,
the invention relates to a highly integrated and integrated antenna module for the
fifth generation mobile communication, which comprises a 2x2 miniaturized antenna
array, an antenna interface, a reference clock interface, a power interface, a serial
interface, an 1/Q signal interface, a radio frequency front end unit, a transceiver unit,
an MCU unit, an operational amplifier unit, a power management unit and the like.
The invention provides a novel antenna structure aiming at the frequency band of 3.3
GHz -3.5 GHz in the 5G medium frequency band. A circularly polarized miniaturized
antenna is designed by means of cutting angle metal patch and loading metal patch,
and the size is simple and compact. Antenna and system circuits can be designed as
a whole, and large-scale MIMO antenna arrays can be formed freely according to
different antenna topologies to realize antenna multi-beamforming.
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METHOD FOR ENABLING CONFIRMATION OF EXPECTED PHASE SHIFTS OF RADIO
FREQUENCY SIGNALSEMITTED FROM AN ANTENNA ARRAY

A method for assessing receiver signal reception performance during wireless beam
steering operation of a radio frequency (RF) data packet signal transceiver capable of
multiple input, multiple output (MTMO) operation. In response to transmissions of a
sounding packet (SP) from a beamforming device ("beamformer"), a receiving device
("beamformee") transmits a response data packet containing matrix data
representing a beamforming feedback matrix (BFM) related to signal attenuation by
the wireless signal path environment through which the beamformer and
beamformee are communicating. Using the matrix data, a statistical variation can be
computed which is indicative of signal reception performance of the beamformee.
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(A1)

CHANNEL CONDITION ESTIMATION

(2)

Channel condition estimation

(A1B2)

There is provided mechanisms for obtaining channel conditions per antenna
element, A method is performed by a wireless radio transceiver device comprising N
antenna elements in an antenna array with analog beamforming and being
configured to communicate using beams. The method comprises obtaining, for a
stationary radio propagation channel, channel conditions for signals received by
the wireless radio transceiver device in M beams, where M>1. The method comprises
transforming the channel conditions for the M beams to channel conditions for the N
antenna elements by using a relation based on beamforming weights that map the N
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antenna elements to the M beams.

© EPODOC/ EPO

US10079626 B1 20180918
US201715585831 20170503

US201715585831 20170503

*; Rep

|| STSE (B1)

US2016233932 A1 20160811 [] (HEDAYAT AHMAD REZA [US], et al);
US2016254884 A1 20160901 [] (HEDAYAT AHMAD REZA [US], et al);
US2017111092 A1 20170420 [] (GOYAL GAGAN [IN], et al);
US2017134187 A1 20170511 [] (CHEN CHIN-HUNG [US], et al);
US2017195026 A1 20170706 [] (GHOSH CHITTABRATA [US], et al);

US2017290045 A1 20171005 [] (NAIR MADHAVAN [US], et al);
US2018123655 Al 20180503 [ ] (YAO ZONGMING [CN], et al)

HO4B7/0421 ; H04B7/0634
HO04B7/0421 (EP, US)
HO04B7/0452 (US)
HO4B7/046 (US)
HO04B7/0634 (EP, US)
HO04B17/0085 (US)
HO04B17/24 (US)
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Method for enabling confirmation of expected phase shifts of radio frequency signals
emitted from an antenna array

A method for assessing receiver signal reception performance during wireless beam
steering operation of a radio frequency (RF) data packet signal transceiver capable of
multiple input, multiple output (MIMO) operation. In response to transmissions of a
sounding packet (SP) from a beamforming device (“beamformer”), a receiving device
(“beamformee”) transmits a response data packet containing matrix data
representing a beamforming feedback matrix (BFM) related to signal attenuation by
the wireless signal path environment through which the beamformer and
beamformee are communicating. Using the matrix data, a statistical variation can be
computed which is indicative of signal reception performance of the beamformee.
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TRANSCEIVERELEMENT
FOR BEAMFORMING

This disclosure relates to

a transceiver element
comprising receiving circuitry,
down-converting circuitry,
extracting circuitry and output
circuitry.The receiving circuitry
is configured to receive a radio
frequency signal via an antenna
element associated with the
receiving circuitry. The radio
frequency signal comprises a
first received signal part and a
second received signal partThe
down-converting circuitry is
configured to down-convert
the radio frequency signal to
provide a down-converted
signal. The down-converted
signal comprises a first down-
converted signal part
corresponding to the first
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received signal part and a
second down-converted signal
part corresponding to the
second received signal part.The
extracting circuitry is configured
to extract at least the second
down-converted signal part from
the down-converted signal.The
output circuitry is configured to
provide an output signal
comprising a first output signal
part and a second output signal
part. The first output signal part
comprises at least a first
intermediate signal part which
comprises at least the first
down-converted signal part. The
second output signal part
comprises at least the second
down-converted signal part
extracted from the down-
converted signal.

Corresponding transceiver,
wireless communication
apparatus, method and
computer program product are
also disclosed.
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Configuration of beamforming settings

(A1)

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device comprising at least two receiver
chains. The method comprises receiving transmission from an access node in at
least two beams, each beam using a separate one of the two receiver chains. The
method comprises configuring beamforming settings in at least one of the receiver
chains for reception of the transmission in at least one of the beams for evaluating
at least one candidate beam. The method comprises fixing beamforming settings in
at least one other of the receiver chains for reception of the transmission in at least
one other of the beams

(82)

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device comprising at least two receiver
chains. The method comprises receiving transmission from an access node in at
least two beams, each beam using a separate one of the two receiver chains. The
method comprises configuring beamforming settings in at least one of the receiver
chains for reception of the transmission in at least one of the beams for evaluating
at least one candidate beam. The method comprises fixing beamforming settings in
at least one other of the receiver chains for reception of the transmission in at least
one other of the beams.
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(A1 B2)

ERICSSON TELEFON AB L M [SE]

(A1)

CONFIGURATION OF BEAMFORMINGSETTINGS FOR A WIRELESS RADIO TRANSCEIVER
DEVICE

(2)

Configuration of beamforming settings for a wireless radio transceiver device

(A1 B2)

There is provided mechanisms for configuring beamforming settings. A method is
performed by a wireless radio transceiver device configured to communicate in
directional beams. The method comprises obtaining a performance indication
requiring configuration of the beamforming settings of the wireless radio transceiver
device. The method comprises selecting a similarity measure objective based on
what kind of performance indication was obtained. The method comprises
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determining, based on the similarity measure objective and results from a similarity
measure procedure applied to pairs of received signals, an order in which to
evaluate the directional beams when configuring the beamforming settings.
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(A A8)
Wireless communications networks

(A A8)

A method of mitigating start-of-packet interference in a millimetre waveband wireless
mesh network which comprises a plurality of nodes each having a transceiver
including a beamforming antenna, and a plurality of wireless communications links
interconnecting pairs of transceivers of the nodes. The method comprises: allocating
respective baseband centre frequencies to pairs of transceivers for use with
respective links, each allocated baseband centre frequency being offset from other
allocated frequencies by a predetermined offset amount. A transceiver of a pair
encodes a data packet using an encoding signal having the allocated baseband
frequency. The transceiver may modulate the encoded signal with a radio frequency
carrier to generate a transmission signal. The other transceiver of the pair may
demodulate a received signal at the carrier frequency and decode at the allocated
baseband centre frequency to recover the data packet. As different wireless links use
different baseband frequencies, the nodes will not decode packets from incorrect
links, avoiding start-of-packet interference caused by attempting to process a
spurious packet.
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BEAMFORMING FOR HYBRID
ANTENNA ARRAYS

A wireless device, comprising:
a hybrid antenna array
configured to receive a signal
transmitted by

another wireless device over
a wireless channel; and

a transceiver configured to
update analog radio frequency
precoders of a hierarchical
codebook based on
magnitudes of multipath
components of the wireless
channel.
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ERICSSON TELEFON AB L M [SE]

(A1)

Wireless Communication Node With Adaptive Communication

(2)

Wireless communication node with adaptive communication

(A1B2)

The present invention relates to a wireless communication node (1) comprising at
least one antenna arrangement (2, 3, 4). Each antenna arrangement (2, 3, 4)
comprises at least three antenna devices (5, 6, 7, 8), comprising corresponding pairs
of antenna ports (A, B, C, D) with a corresponding first and second antenna port (P1A,
P1 B, P1 C, P1D; P2A, P2B, P2C, P2D). Each antenna port (P1A, P1 B, P1C, P1D; P2A,
P2B, P2C, P2D) is arranged downlink and uplink and is connected to a
corresponding radio transceiver unit (11, 12, 13, 14, 15, 16, 17, 18). Each antenna
device (5, 6, 7, 8) comprises at least one corresponding dual polarized antenna
element (19, 20, 21, 22) arranged for transmitting and receiving signals at a first
polarization (P1) via the corresponding first antenna port (P1A, P1B, P1 C, P1 D) and
for transmitting and receiving signals at a second polarization (P2) via the
corresponding second antenna port (P2A, P2B, P2C, P2D). A beamforming
arrangement (23) is arranged to apply beamforming on downlink signals. For an
adaptive mode of operation for downlink, the beamforming arrangement (23) is
arranged to apply beamforming such that one or two antenna beams (48a, 48b)
is/are directed in a first direction (49), and such that one or two antenna beams
(32a, 32b) is/are directed in a second direction (33).
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CHANNELCONDITION
ESTIMATION

There is provided mechanisms
for obtaining channel
conditions per antenna
element. A method is
performed by a wireless radio
transceiver device comprising
N antenna elements in an
antenna array with

analog beamforming and
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being configured to
communicate using beams.
The method comprises
obtaining, for a

stationary radio propagation
channel, channel conditions
for signals received by

the wireless radio transceiver
device in M beams, where
M>1. The method comprises
transforming the channel
conditions for the M beams to
channel conditions for the N
antenna elements by using a
relation based

on beamforming weights that
map the N antenna elements
to the M beams.
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- CONFIGURATION
OF BEAMFORMINGSETTINGS
FOR A WIRELESS RADIO
TRANSCEIVERDEVICE

There is provided mechanisms
for configuring beamforming
settings. A method is
performed by a wireless radio
transceiver device configured
to communicate in directional
beams. The method comprises
obtaining a performance
indication requiring
configuration of

the beamforming settings of
the wireless radio transceiver
device. The method comprises
selecting a similarity measure
objective based on what kind
of performance indication was
obtained. The method
comprises determining, based
on the similarity measure
objective and results from a
similarity measure procedure
applied to pairs of received
signals, an order in which to
evaluate the directional beams

=102
Obtain performance indication
requiring configuration of
beamforming settings

v

5104
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objective based on type of

performance indication
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2106
Determine order in which 1o
evaluate directional beams
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when configuring
the beamforming settings.
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CONFIGURATION
OF BEAMFORMINGSETTINGS

There is provided mechanisms
for configuring beamforming
settings. A method is
performed by a wireless radio
transceiver device comprising
at least two receiver chains.
The method comprises
receiving transmission from
an access node in at least two
beams, each beam using a
separate one of the two
receiver chains. The method
comprises

configuring beamforming
settings in at least one of the
receiver chains for reception
of the transmission in at least
one of the beams for
evaluating at least one

S106

Receiving transmission

S106a
Configuring beamforming
settings

S106b
Fixing beamforming
settings

Fig. 3
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candidate beam. The method
comprises fixing beamforming
settings in at least one other of
the receiver chains for
reception of the transmission
in at least one other of the
beams.
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- Fast indirect antenna control

- A digital interface and control module and a multi-function digital bus for use in
a wireless radio frequency receiver, transmitter, or transceiver that communicates
over a millimeter-wave band at multi-gigabit speeds. The control module provides a
low power, low cost, small form factor, and low pin-count solution for high-speed
control of a multi-gigabit radio frequency circuitry. The control module may be used
to steer an antenna array for beamforming including selecting different antennas
and different phases in compliance with IEEE 802.11ad/WiGig specifications. The
control module may also be used for individually controlling variable gain
amplifiers and low noise amplifiers and for phase shift controls, gain settings, and
other controls.

EPODOC / EPO
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- KR20140145464 20141024
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-

- EUN SE YOUNG [KR]

- SYSTEM AND METHOD OF WIRELESS COMMUNICATION REALIZING SOFTWARE
DEFINED RADIO USING RADIOFREQUENCY TRANSCEIVERARRAY

- A wireless communication system and a wireless communication method of realizing
software defined radio (SDR) using a radio frequency (RF) transceiver array are
disclosed. The wireless communication system comprises: an SDR baseband signal
processing module processing a baseband signal; an SDR RF transceiver array
wirelessly including a plurality of SDR RF transceivers that receive a wireless signal,
amplify the received wireless signal, perform RF signal processing for the
amplified wireless signal, and transmit the processed wireless signal to the SDR
baseband signal processing module, or amplify a signal received from the SDR
baseband signal processing module, perform RF signal processing for the amplified
signal, and wirelessly transmit the processed signal to the SDR baseband signal
processing module; and an array processing control module controlling array
processing using the SDR RF transceivers. The wireless communication system and
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the wireless communication method of realizing SDR using an RF transceiver array
may control array processing, such as beamforming, for a plurality of SDR RF
transceivers to be performed to increase the phase and output of RF transceivers,
thus enabling wireless communications without a hardware element, such as an
antenna or a power amplifier.
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CHANNELSTATEINFORMATION
CALIBRATION

A dedicated calibration device
may be utilized by a wireless
transceiver device, such as a
base station, to compute
compensation matrices.

The wireless transceiver
device and the dedicated
calibration device can
exchange training sequence
signals. Based on the
exchanged training sequence
signals, the wireless
transceiver device and the
dedicated calibration device
can estimate overall
baseband to baseband
channel responses taking into
account the amplitude and
phase responses of the
respective transmit and



receive radio chains, and

the wireless transceiver device
can determine the
compensation matrices.
Furthermore, the wireless
transceiver device can
estimate a baseband-to-
baseband uplink channel
response relative to actual
user equipment, approximate
a downlink channel response
using only one of the
determined compensation
matrices, and

perform beamforming to the
actual user equipment using
the approximated downlink
channel response.
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Tl - A WIRELESS COMMUNICATION
NODE USING USING
ADAPTIVE BEAMFORMING WITH
POLARIZED ANTENNAS

AB - The present invention relates to
a wireless communication node
(1) comprising at least one
antenna arrangement (2, 3, 4).
Each antenna arrangement (2, 3,
4) comprises at least three
antenna devices (5, 6, 7, 8),
comprising corresponding pairs
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of antenna ports (A, B, C, D) with
a corresponding first and
second antenna port (P1A, P1 B,
P1 C, P1D; P2A, P2B, P2C, P2D).
Each antenna port (P1A, P1 B,
P1C, P1D; P2A, P2B, P2C, P2D) is
arranged downlink and uplink
and is connected to a
corresponding radio transceiver
unit (11, 12, 13, 14, 15, 16, 17,
18). Each antenna device (5, 6,
7, 8) comprises at least one
corresponding dual polarized
antenna element (19, 20, 21, 22)
arranged for transmitting and
receiving signals at a first
polarization (P1) via the
corresponding first antenna

port (P1A, P1B, P1 C, P1 D) and
for transmitting and receiving
signals at a second polarization
(P2) via the corresponding
second antenna port (P2A, P2B,
P2C, P2D). A beamforming
arrangement (23) is arranged to
apply beamforming on
downlink signals. For an
adaptive mode of operation for
downlink, the beamforming
arrangement (23) is arranged to
apply beamforming such that
one or two antenna beams (48a,
48b) is/are directed in a first
direction (49), and such that
one or two antenna beams (32a,
32b) is/are directed in a second
direction (33).
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IN WIRELESS COMMUNICATION SYSTEMS

- (€2)
FIELD: radio engineering, communication.SUBSTANCE: invention particularly discloses
an apparatus which may include a transceiver operable as a base station (BS) in
a wireless network and adapted for multiple input multiple output
(MIMO) beamforming and further adapted for wireless communication with a
receiver which feeds back to the transceiver a plurality of beamforming matrices per
subband and interpolates the beamforming matrices across the subband.EFFECT:
higher efficiency.24 cl, 7 dwg
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BROADCOM CORP [US]

- Method and System for Uplink Beamforming Calibration in a Multi-Antenna Wireless
Communication System

- A wireless transceiver, comprising a transmitter, a receiver and a plurality of
antennas, determines transmit phase relationship between at least two of antennas
based on radio frequency (RF) signals received via the at least two antennas from one
or more antennas of a base station. RF signals are transmitted via the at least two
antennas utilizing the determined transmit phase relationship. The receiver is
calibrated based on receiver performance determined from the received RF signals
for subsequent reception of RF signals. The transmit phase relationship is
dynamically adjusted based on the transmit RF measurements and the determined
receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted
transmit phase relationship. Transmit antennas are dynamically selected based on
the adjusted transmit phase relationship, the characterized transmit channel
qualities and the determined receiver performance for subsequent transmission to
the base station.
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(AB1)

REVERSE CHANNEL ESTIMATION FOR RF TRANSCEIVER WITH BEAMFORMINGANTENNA
(A)

PURPOSE: A reverse direction channel estimation device for a wireless transceiver
including a beam forming antenna is provided to receive second transmission from a
first remote station by generating first transmission in the first remote station based
on a plurality of first steering weighted values for a plurality of antennas.
CONSTITUTION: A plurality of RF(Radio Frequency) transceivers generates the first
transmission of a first remote station based on a plurality of first steering weighted
values for a plurality of antennas. A plurality of the RF transceivers receives the
second transmission from the first remote station. The first transmission and the
second transmission are generated by a first communication channel. A
configuration controller(104) generates a plurality of the first steering weighted
values based on the reverse direction channel estimation of the first communication
channel. [Reference numerals] (100) Array antenna; (104) Configuration controller;
(106) Control signals; (108) Feedback signals; (110) Wireless transceiver; (111) RF
transceiving unit; (112) RF transceiver; (152) Inward RF signal; (160) Inward data;
(162) Outward data; (170) Outward RF signal
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(A B1)

RF TRANSCEIVER WITH BEAMFORMINGANTENNA AND METHODS FOR USE THEREWITH
(A)

PURPOSE: An RF(Radio Frequency) transceiver including a beam-forming antenna and
a using method thereof are provided to generate a control signal for selecting a first
candidate emission pattern for a beam forming antenna. CONSTITUTION: A
configuration controller(104) generates a control signal for selecting a first
candidate emission pattern for a plurality of antennas based on a plurality of first
steering weighted values. An RF transceiver broadcasts first beacon transmission as
a first candidate emission pattern for generating a feedback signals for allowing a
first remote station to respond the first beacon transmission. [Reference numerals]
(100) Array antenna; (104) Configuration controller; (106) Control signals; (108)
Feedback signals; (110) Wireless transceiver; (111) RF transceiving unit; (112)

RF transceiver; (152) Inward RF signal; (160) Inward data; (162) Outward data; (170)
Outward RF signal
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(A)

BROADCOM CORP

(A)

Method and system for uplink beamforming calibration in a multi-antenna wireless
communication system

(A)

A wireless transceiver, comprising a transmitter, a receiver and a plurality of
antennas, determines transmit phase relationship between at least two of antennas
based on radio frequency (RF) signals received via the at least two antennas from one
or more antennas of a base station. RF signals are transmitted via the at least two
antennas utilizing the determined transmit phase relationship. The receiver is
calibrated based on receiver performance determined from the received RF signals
for subsequent reception of RF signals. The transmit phase relationship is
dynamically adjusted based on the transmit RF measurements and the determined
receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted
transmit phase relationship. Transmit antennas are dynamically selected based on
the adjusted transmit phase relationship, the characterized transmit channel
qualities and the determined receiver performance for subsequent transmission to
the base station.
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Tl - METHOD AND SYSTEM FOR UPLINK BEAMFORMING CALIBRATION IN A MULTI-
ANTENNAWIRELESS COMMUNICATION SYSTEM

AB - A wireless transceiver, comprising a transmitter, a receiver and a plurality of

antennas, determines transmit phase relationship between at least two of antennas
based on radio frequency (RF) signals received via the at least two antennas from one
or more antennas of a base station. RF signals are transmitted via the at least two
antennas utilizing the determined transmit phase relationship. The receiver is
calibrated based on receiver performance determined from the received RF signals
for subsequent reception of RF signals. The transmit phase relationship is
dynamically adjusted based on the transmit RF measurements and the determined
receiver performance. Transmit channel qualities are determined for each transmit
antenna based on the transmit RF measurements and the dynamically adjusted
transmit phase relationship. Transmit antennas are dynamically selected based on
the adjusted transmit phase relationship, the characterized transmit channel
qualities and the determined receiver performance for subsequent transmission to
the base station.
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(A1)

METHOD AND SYSTEM FOR
UPLINK BEAMFORMING
CALIBRATION IN A MULTI-
ANTENNAWIRELESS
COMMUNICATION SYSTEM
(82)

Method and system for
uplink beamforming
calibration in a multi-
antenna wireless
communication system

(A1B2)

A wireless transceiver,
comprising a transmitter, a
receiver and a plurality of
antennas, determines transmit
phase relationship between at
least two of antennas based
on radio frequency (RF)
signals received via the at
least two antennas from one
or more antennas of a base
station. RF signals are
transmitted via the at least
two antennas utilizing the
determined transmit phase
relationship. The receiver is
calibrated based on receiver
performance determined from
the received RF signals for
subsequent reception of RF
signals. The transmit phase
relationship is dynamically
adjusted based on the
transmit RF measurements
and the determined receiver
performance. Transmit
channel qualities are
determined for each transmit
antenna based on the transmit
RF measurements and the
dynamically adjusted

transmit phase relationship.
Transmit antennas are



dynamically selected based
on the adjusted transmit
phase relationship, the
characterized transmit
channel qualities and the
determined receiver
performance for subsequent
transmission to the base
station.
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(A1 B2)
Downlink and uplink array and beamforming arrangement for wireless
communication networks

(A1 B2)
The invention provides an antenna array suitable for use in a base station in
a wireless communications network, the antenna array having a first beamforming
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arrangement for producing uplink beams and a second beamforming arrangement
for producing downlink beams, wherein the first and second beamforming
arrangements are different from one another. Preferably the first and

second beamforming arrangements feed a common antenna array to produce the
uplink and downlink beams. Particularly preferably a plurality of (sin x/x) beams are
formed for the uplink, and a plurality of low cusp beams are formed for the downlink.
These are advantageously dual polar, in order to achieve diversity gain. In a
preferred embodiment, the antenna array is arranged such that three dual polar low
cusp beams are formed for the downlink, and six dual polar (sin x/x) beams are
formed for the uplink. A cellular communications network and a base

station transceiver having such antenna arrays are also provided, as are aradio
signal transmitted as a plurality of (sin x/x) beams forming an uplink of a cellular
communications network, and a method of operating a wireless communications
network.
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Downlink and uplink array and beamforming arrangement for wireless
communication networks

The invention provides an antenna array suitable for use in a base station in

a wireless communications network, the antenna array having a first beamforming
arrangement for producing uplink beams and a second beamforming arrangement
for producing downlink beams, wherein the first and second beamforming
arrangements are different from one another. Preferably the first and

second beamforming arrangements feed a common antenna array to produce the
uplink and downlink beams. Particularly preferably a plurality of (sin x/x) beams are
formed for the uplink, and a plurality of low cusp beams are formed for the downlink.
These are advantageously dual polar, in order to achieve diversity gain. In a
preferred embodiment, the antenna array is arranged such that three dual polar low
cusp beams are formed for the downlink, and six dual polar (sin x/x) beams are
formed for the uplink. A cellular communications network and a base

station transceiver having such antenna arrays are also provided, as are aradio
signal transmitted as a plurality of (sin x/x) beams forming an uplink of a cellular
communications network, and a method of operating a wireless communications
network.
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(A1 B1)
RESEARCH IN MOTION LTD [CA]

(A1 B1)

Adaptive beamforming configuration methods and apparatus for wireless access
points serving as handoff indication mechanisms in wireless local area networks
(A1)

Methods and apparatus for use in configuring a wireless access point (AP) which
serves as a handoff indication mechanism ("AP tripwire") in a wireless local area
network (WLAN) for mobile device handoffs between the WLAN and a wireless wide
area network (WWAN) are described. During a configuration procedure or training
mode of operation of the wireless AP, radio frequency (RF) signals transmitted from a
plurality of communication devices are received at the wireless AP. The plurality of
communication devices include a first group of communication devices positioned at
locations of undesired RF coverage of the wireless AP, outside of an RF coverage
boundary of a WLAN coverage region of one or more other wireless APs of the WLAN.
The plurality of communication devices also include a second group of
communication devices positioned at locations of desired RF coverage of

the wireless AP, around the RF coverage boundary of the WLAN coverage region and
within the WWAN coverage region. Wireless transceiver parameters of the wireless
AP are automatically determined and set to adjust boundaries of an RF coverage
region, such that RF signal coverage of the first group of communication devices is
minimized but RF signal coverage of the second group of communication devices is
maximized. Preferably, the parameters of the wireless transceiver are determined
through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wireless AP without user intervention. After
the configuration procedure, the wireless AP operates with use of the

configured wireless transceiver parameters in a normal, steady-state mode of
operation as the AP tripwire of the WLAN.
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(A1 Q)

RESEARCH IN MOTION LTD [CA]

(A1)

ADAPTIVE BEAMFORMING CONFIGURATION METHODS AND APPARATUS FORWIRELESS
ACCESS POINTS SERVING AS HANDOFF INDICATION MECHANISMS IN WIRELESSLOCAL
AREANETWORKS

(€

ADAPTIVE BEAMFORMING CONFIGURATION METHODS AND APPARATUS FOR WIRELESS
ACCESS POINTS SERVING AS HANDOFF INDICATION MECHANISMS IN WIRELESS LOCAL
AREANETWORKS

(A1)

Methods and apparatus for use in configuring a wireless access point (AP) which
serves as a handoff indication mechanism ("AP tripwire") in a wireless local area
network (WLAN) for mobile device handoffs between the WLAN and a wireless wi de
area network (WWAN) are described. During a configuration procedure or training
mode of operation of the wireless AP, radio frequency (RF) signals transmitt ed from a
plurality of communication devices are received at the wireless AP. The plurality of
communication devices include a first group of communication devices positioned at
locations of undesired RF coverage of the wireless AP, outside of an RF coverage
boundary of a WLAN coverage region of one or more other wireless APs of the WLAN.
The plurality of communication devices also include a second group of
communication devices positioned at locations of desired RF coverage of

the wireless AP, around the RF coverage boundary of the WLAN coverage region and
within the WWAN coverage region. Wireless transceiver parameters of the wireless
AP are automatically determined and set to adjust boundaries of an RF coverage
region, such that RF signal coverage of the first group of communication devices is
minimized but RF signal coverage of the second group of communication devices is
maximized. Preferably, the paramete rs of the wireless transceiver are determined
through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wirele ss AP without user intervention. After
the configuration procedure, the wireless A P operates with use of the

configured wireless transceiver parameters in a normal, stea dy- state mode of
operation as the AP tripwire of the WLAN.

(€

Methods and apparatus for use in configuring a wireless access point (AP) which
serves as a handoff indication mechanism ("AP tripwire") in a wireless local area
network (WLAN) for mobile device handoffs between the WLAN and a wireless wide
area network (WWAN) are described. During a configuration procedure or training
mode of operation of the wireless AP, radio frequency (RF) signals transmitted from a
plurality of communication devices are received at the wireless AP. The plurality of
communication devices include a first group of communication devices positioned at
locations of undesired RF coverage of the wireless AP, outside of an RF coverage
boundary of a WLAN coverage region of one or more other wireless APs of the WLAN.
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The plurality of communication devices also include a second group of
communication devices positioned at locations of desired RF coverage of

the wireless AP, around the RF coverage boundary of the WLAN coverage region and
within the WWAN coverage region. Wireless transceiver parameters of the wireless
AP are automatically determined and set to adjust boundaries of an RF coverage
region, such that RF signal coverage of the first group of communication devices is
minimized but RF signal coverage of the second group of communication devices is
maximized. Preferably, the parameters of the wireless transceiver are determined
through use of an adaptive beamforming technique (e.g. a minimax optimization)
which is performed automatically by the wireless AP without user intervention. After
the configuration procedure, the wireless AP operates with use of the

configured wireless transceiver parameters in a normal, steady- state mode of
operation as the AP tripwire of the WLAN.
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Adaptive beamforming
configuration methods and
apparatus for wireless access
points serving as handoff
indication mechanisms
in wireless local area networks

- (A1)
Methods and apparatus for
use in configuring a wireless
access point (AP) which serves
as a handoff indication
mechanism ("AP tripwire") in
a wireless local area network
(WLAN) for mobile device
handoffs between the WLAN
and a wireless wide area
network (WWAN) are
described. During a
configuration procedure or
training mode of operation of
the wireless AP, radio
frequency (RF) signals
transmitted from a plurality of
communication devices are
received at the wireless AP.
The plurality of
communication devices
include a first group of
communication devices
positioned at locations of
undesired RF coverage of
the wireless AP, outside of an
RF coverage boundary of a
WLAN coverage region of one
or more other wireless APs of
the WLAN. The plurality of
communication devices also
include a second group of
communication devices
positioned at locations of
desired RF coverage of
the wireless AP, around the RF
coverage boundary of the
WLAN coverage region and
within the WWAN coverage
region. Wireless transceiver
parameters of the wireless AP



are automatically determined
and set to adjust boundaries
of an RF coverage region, such
that RF signal coverage of the
first group of communication
devices is minimized but RF
signal coverage of the second
group of communication
devices is maximized.
Preferably, the parameters of
the wireless transceiver are
determined through use of an
adaptive beamforming
technique (e.g. a minimax
optimization) which is
performed automatically by
the wireless AP without user
intervention. After the
configuration procedure,

the wireless AP operates with
use of the configured wireless
transceiver parameters in a
normal, steady-state mode of
operation as the AP tripwire of
the WLAN.

(2)

Methods and apparatus for
use in configuring a wireless
access point (AP) which serves
as a handoff indication
mechanism (“AP tripwire”) in
a wireless local area network
(WLAN) for mobile device
handoffs between the WLAN
and a wireless wide area
network (WWAN) are
described. During a
configuration procedure or
training mode of operation of
the wireless AP, radio
frequency (RF) signals
transmitted from a plurality of
communication devices are
received at the wireless AP.
The plurality of
communication devices
include a first group of
communication devices
positioned at locations of
undesired RF coverage of

the wireless AP, outside of an
RF coverage boundary of a
WLAN coverage region of one
or more other wireless APs of
the WLAN. The plurality of
communication devices also
include a second group of
communication devices
positioned at locations of
desired RF coverage of
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the wireless AP, around the RF
coverage boundary of the
WLAN coverage region and
within the WWAN coverage
region. Wireless transceiver
parameters of the wireless AP
are automatically determined
and set to adjust boundaries
of an RF coverage region, such
that RF signal coverage of the
first group of communication
devices is minimized but RF
signal coverage of the second
group of communication
devices is maximized.
Preferably, the parameters of
the wireless transceiver are
determined through use of an
adaptive beamforming
technique (e.g. a minimax
optimization) which is
performed automatically by
the wireless AP without user
intervention. After the
configuration procedure,

the wireless AP operates with
use of the configured wireless
transceiver parameters in a
normal, steady-state mode of
operation as the AP tripwire of
the WLAN.
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substrate to improve antenna gain. The integrated antenna can be an adaptive array
for beamforming.
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SINGLE CHIP RADIOWITHINTEGRATED ANTENNA

(A2 A3 A9 B1)

A true-chip radio for bi-directional wireless communications includes a bulk
substrate, at least one integrated antenna, at least one transceiver, baseband
circuitry and at least one filter all integrally formed in or on the substrate. The radio
preferably includes a low-loss dielectric propagating layer disposed beneath the
substrate to improve antenna gain. The integrated antenna can be an adaptive array

for beamforming.
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points serving as handoff
indication mechanisms
in wireless local area networks

(A1)

Methods and apparatus for use
in configuring a wireless access
point (AP) which serves as a
handoff indication mechanism
("AP tripwire") in a wireless
local area network (WLAN) for
mobile device handoffs between
the WLAN and a wireless wide
area network (WWAN) are
described. During a
configuration procedure or
training mode of operation of
the wireless AP, radio frequency
(RF) signals transmitted from a
plurality of communication
devices are received at

the wireless AP. The plurality of
communication devices include
a first group of communication
devices positioned at locations
of undesired RF coverage of

the wireless AP, outside of an RF
coverage boundary of a WLAN
coverage region of one or more
other wireless APs of the WLAN.
The plurality of communication
devices also include a second
group of communication
devices positioned at locations
of desired RF coverage of

the wireless AP, around the RF
coverage boundary of the WLAN
coverage region and within the
WWAN coverage

region. Wireless transceiver
parameters of the wireless AP
are automatically determined
and set to adjust boundaries of
an RF coverage region, such that
RF signal coverage of the first
group of communication
devices is minimized but RF
signal coverage of the second
group of communication
devices is maximized.
Preferably, the parameters of
the wireless transceiver are
determined through use of an
adaptive beamforming
technique (e.g. a minimax
optimization) which is
performed automatically by
the wireless AP without user
intervention. After the
configuration procedure,



the wireless AP operates with
use of the configured wireless
transceiver parameters in a
normal, steady-state mode of
operation as the AP tripwire of
the WLAN.
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