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The present disclosure provides an antenna and electronic
device, and belongs to the field of communication technol-
ogy. The antenna includes a feed layer, a phase adjustment
layer, and a radiation layer, wherein the feed layer is
configured to transmit a microwave signal to the phase
adjustment layer; the phase adjustment layer is configured to
phase-shift the microwave signal by a preset phase shift
amount; and the radiation layer is configured to radiate the
microwave signal phase-shifted by the phase adjustment
layer; the radiation layer includes at least one first radiation
patch.

16 Claims, 6 Drawing Sheets




az United States Patent
Wang

US012334656B2

US 12,334,656 B2
Jun. 17, 2025

(10) Patent No.:
45) Date of Patent:

(54) ANTENNA ASSEMBLY AND ELECTRONIC
DEVICE

(71)  Applicant: GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD., Guangdong (CN)

(72) Inventor: Zedong Wang, Guangdong (CN)

(73) Assignee: GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD., Guangdong (CN)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 228 days.

(21) Appl. No.: 18/346,432

(22) Filed:  Jul 3, 2023

(65) Prior Publication Data
US 2023/0344133 Al Oct. 26, 2023
Related U.S. Application Data

(63) Continuation of application No.
PCT/CN2021/130363, filed on Nov. 12, 2021.

30) Foreign Application Priority Data

Jan. 7, 2021  (CN) ..o 202110021880.0

(51) Int.CL
HOIQ 9/04
HOIQ 1/22

(52) US. CL
CPC ... HOIQ 9/0457 (2013.01); HOIQ 1/22

(2013.01)

(2006.01)
(2006.01)

(58) Field of Classification Search
CPC ... HO1Q 5/30; HO1Q 5/335; HO1Q 5/342;
HO1Q 9/0407; HO1Q 9/0442; HO1Q
9/0457
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9,124,006 B2
2004/0145525 Al

9/2015 Ding
7/2004 Annabi et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 203225342 10/2013
CN 105305046 2/2016
(Continued)

OTHER PUBLICATIONS

CNIPA, First Office Action for CN Application No. 202110021880.
0, Nov. 28, 2022.

(Continued)

Primary Examiner — Jason M Crawford
(74) Attorney, Agent, or Firm — Hodgson Russ LLP

(57) ABSTRACT

An antenna assembly and an electronic device are provided.
The antenna assembly includes a substrate, a radiating patch,
and a matching structure. The radiating patch is disposed on
the substrate. The matching structure is configured to be
electrically connected with a radio frequency (RF) signal
circuit at one end of the matching structure, and the match-
ing structure is provided with a first coupling piece at the
other end of the matching structure. The first coupling piece
is in capacitive coupling with the radiating patch. The first
coupling piece is configured to feed a RF signal generated by
the RF signal circuit into the radiating patch, to excite the
radiating patch to generate multiple resonant modes. At least
one resonant mode in the multiple resonant modes is gen-
erated by the capacitive coupling between the first coupling
piece and the radiating patch.
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(57) ABSTRACT

A common line is connected between a common terminal
and a common connection node. A first filter has a first pass
band. A second filter has a second pass band. At least one of
a first condition and a second condition is satisfied. The first
condition is that in the first pass band any one of a first
impedance of the common line alone viewed from the
common terminal (P10) and a second impedance of the first
filter viewed from the common connection node includes an
inductive property and the other includes a capacitive prop-
erty. The second condition is that in the second pass band
one of the first impedance and a third impedance of the
second filter viewed from the common connection node
includes an inductive property and the other includes a
capacitive property.
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(57) ABSTRACT

Apparatus and methods for diplexing by antenna structure
are provided. In certain embodiments, a mobile device
includes a front end system and an antenna structure. The
front end system includes a first signal conditioning circuit
configured to condition a first radio frequency signal of a
first frequency, and a second signal conditioning circuit
configured to condition a second radio frequency signal of a
second frequency that is lower than the first frequency. The
antenna structure is configured to diplex the first radio
frequency signal and the second radio frequency signal, and
includes a first antenna configured to handle the first radio
frequency signal and a second antenna electromagnetically
coupled to the first antenna and configured to handle the
second radio frequency signal.
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(57) ABSTRACT

Various aspects of the present disclosure generally relate to
wireless communication. In some aspects, a radio unit may
output capability information regarding a number of beam-
forming codebooks supported by the radio unit. The radio
unit may obtain configuration information that configures
one or more beamforming codebooks for an antenna array of
the radio unit. The radio unit may communicate using the
one or more beamforming codebooks. Numerous other
aspects are described.

29 Claims, 13 Drawing Sheets

D
410 v

Capability information regarding number of
beamforming codebooks supported by RU

420
Cenfiguration information indicating one or
more beamforming codebooks associated
with an antenna array

beamforming codebooks

Communicate using one or more

~-430




a2 United States Patent

Baldemair et al.

US012335019B2

US 12,335,019 B2
Jun. 17, 2025

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

*)

1)

22)

(86)

87

(65)

(1)

(52)

(58)

METHOD AND APPARATUS FOR ARRAY
SIZE INVARIANT BEAMFORMING

Applicant: Telefonaktiebolaget LM Ericsson
(publ), Stockholm (SE)

Robert Baldemair, Solna (SE); Sven
Petersson, Savedalen (SE)

Inventors:

Assignee: Telefonaktiebolaget LM Ericsson

(Publ), Stockholm (SE)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 4 days.

Notice:

Appl. No.:  18/260,565

PCT Filed: Jan. 12, 2021

PCT No.: PCT/SE2021/050013

§ 371 ()(1),

(2) Date: Jul. 6, 2023

PCT Pub. No.: W02022/154699
PCT Pub. Date: Jul. 21, 2022

Prior Publication Data

US 2024/0072879 Al Feb. 29, 2024

Int. C1.

H04B 7/10 (2017.01)

H04B 7/0456 (2017.01)

U.sS. CL

CPC ... HO04B 7/10 (2013.01); H04B 7/0469

(2013.01)
Field of Classification Search
CpC HO04B 7/10; HO4B 7/0469
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2019/0280748 Al 9/2019 Cirkic et al.

2020/0395664 Al* 12/2020 Athley HO04B 7/0617

FOREIGN PATENT DOCUMENTS

woO 2020214071 A1 10/2020

OTHER PUBLICATIONS

International Search Report and Written Opinion dated Oct. 1, 2021
for International Application No. PCT/SE2021/050013 filed Jan. 12,
2021, consisting of 12-pages.

(Continued)

Primary Examiner — Rahel Guarino
(74) Attorney, Agent, or Firm — Weisberg 1.P. Law, P.A.

(57) ABSTRACT

Methods for transmitting a first signal x1 and a second signal
x2 using a first array of antenna elements of a polarization
A and a second array of antenna elements of a substantially
orthogonal polarization B. The methods include transmitting
x1 in a first beam generated with array size invariant
beamforming, using a sub-array Al of antenna elements
from the first array and applying a first precoding matrix,
and using a sub-array Bl of antenna elements from the
second array and applying a second precoding matrix. The
methods also include transmitting x2 in a second beam
generated with array size invariant beamforming, using a
sub-array A2 of antenna elements from the first array and
applying a third precoding matrix, and using a sub-array B2
of antenna elements from the second array and applying a
fourth precoding matrix. The sub-arrays within a polariza-
tion are typically non-overlapping.
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Provided are a signal transmission method and apparatus,
and a storage medium. The method includes determining a
first determination mode and/or a second determination
mode, and the first determination mode is a mode for
determining first SRS transmission corresponding to an
uplink signal, and the second determination method is a
mode for determining a first antenna port corresponding to
the uplink signal; and transmitting the first determination
mode and/or the second determination mode to a UE, and
the UE determines the first SRS transmission according to
the first determination mode, and/or determines the first
antenna port according to the second determination mode,
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A wireless communication method for use in a wireless
terminal is disclosed. The wireless communication method
comprises determining at least one transmission state for an
uplink channel, wherein at least one of a spatial relation or
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(57) ABSTRACT

An electronic device may comprise a plurality of antennas,
at least one processor, and an RF circuit. The at least one
processor may be configured to identify at least one channel
measurement configuration associated with a second RAT
different from a first RAT in a state in which the electronic
device is connected to a first communication network based
on the first RAT, perform measurement on at least one
measurement object identified based on at least some of the
at least one channel measurement configuration, using at
least one first antenna among the plurality of antennas,
detect an event requiring a switch of an antenna for per-
forming the measurement, and control the RF circuit to
perform the measurement, using at least one second antenna
different from the at least one first antenna among the
plurality of antennas, based on detection of the event.
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(57) ABSTRACT

The present disclosure is drawn to housings for electronic
devices. In one example, a housing for an electronic device
can include a rigid substrate having an exterior surface
including a recessed region positioned at an opening extend-
ing through the rigid substrate connecting the recessed
region to an interior surface of the rigid substrate. A con-
ductive metal antenna is conformally carried by the recessed
region and positioned at the opening.
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along the feed line and connecting the endmost radiating
element to the ground electrode.
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(57) ABSTRACT

An antenna device includes a body and at least one external
antenna. The body includes a processor and a sensor elec-
trically connected to the processor. The processor is config-
ured to receive a sensing signal from the sensor. The external
antenna is externally connected to the body at an adjustable
angle, and includes a first antenna, a second antenna, and a
switch. The switch is electrically connected to the processor,
and is switchably electrically connected to the first antenna
and the second antenna. When the sensor senses that the
external antenna is at a first angle or a second angle relative
to the body, the processor switches the switch electrically
connected to the first antenna or the second antenna accord-
ing to the sensing signal, so that the external antenna has a
first radiation pattern or a second radiation pattern.
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A mobile device includes a ground element, a first radiation
element, a second radiation element, a third radiation ele-
ment, an extension ground element, a fourth radiation ele-
ment, and a fifth radiation element. The ground element has
a notch region. The first radiation element has a feeding
point. The second radiation element is coupled to the first
radiation element. The first radiation element is coupled
through the third radiation element to the ground element.
The extension ground element is coupled to the ground
element. The fourth radiation element is coupled to the
extension ground element. The fifth radiation element is
coupled to the extension ground element. An antenna struc-
ture is formed by the ground element, the first radiation
element, the second radiation element, the third radiation
element, the extension ground element, the fourth radiation
element, and the fifth radiation element.
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An antenna includes a first radiator having a first end and a
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57 ABSTRACT

An electronic device comprising an antenna is provided. The
electronic device includes a lateral member forming at least
one region of the lateral surface of the electronic device, the
lateral member including a first conductive portion, a second
conductive portion, and a first non-conductive portion, a
printed circuit board connected to one end of the second
conductive portion, which is adjacent to the first conductive
portion, and including a first region and a ground, the first
region including a conductive layer, and a wireless commu-
nication circuit disposed on the printed circuit board. The
conductive layer of the first region may be electrically
connected to the ground, the first conductive portion may
receive power from the wireless communication circuit at a
first point and be grounded via the printed circuit board at a
second point, and the second conductive portion may
receive power from the wireless communication circuit.
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(57) ABSTRACT

A multiband antenna is connected to a host conductor when
used. The multiband antenna extends long in a first direction.
The multiband antenna has a conductor main portion and a
ground terminal. The conductor main portion extends in a
horizontal plane which is defined by the first direction and
a second direction perpendicular to the first direction. The
conductor main portion is formed with an opening and a slot.
The slot extends long in the first direction. The conductor
main portion has a first short edge, a second short edge, a
first long edge and a second long edge. The ground terminal
is connected to the host conductor when the multiband
antenna is used. The ground terminal extends from the
second long edge. The ground terminal is positioned closer
to the first short edge than to the second short edge in the first
direction.
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(57) ABSTRACT

A wireless communication device for transmitting and
receiving radio waves of a target frequency includes a
ground plate having a rectangular shape, a zeroth-order
resonant antenna element arranged at a position shifted from
a center of the ground plate in a lengthwise direction of the
ground plate, and a circuit module configured to transmit
and receive signal via the zeroth-order resonant antenna
element. The zeroth-order resonant antenna element
includes a counter conductor plate arranged at a predeter-
mined distance from the ground plate and having a feed
point connected to a feedline, and a short circuit portion
electrically connecting the counter conductor plate and the
ground plate. The ground plate, the counter conductor plate
and the short circuit portion are configured to cause parallel
resonance at the target frequency and satisfy a condition that
resonance caused by the ground plate is reduced.
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intuitive location, as may be desired, without having to
change the location of the reader’s antenna.
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(57) ABSTRACT

An information handling system may include a processor, a
memory, a power management unit, an antenna controller to
provide instructions to a radio to cause a flexible sheet
antenna to transceive wirelessly with a network, where the
flexible sheet antenna has an antenna structure formed on a
flexible sheet circuit, and an antenna holder around which
the flexible sheet antenna is wrapped, wherein the flexible
sheet antenna and antenna holder are placed within an edge
cavity portion of a display chassis sharing the edge cavity
with one or more interfacing hook structures used to couple
a first chassis cover portion of the display chassis to a second
chassis cover portion of the display chassis.
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(57) ABSTRACT

A signal sensing device includes a body and two signal
sensing elements disposed in the body. An insulating layer
is sandwiched between the two signal sensing elements.
Each of the two signal sensing elements incudes a signal
transmission section and a signal sensing section in electri-
cal connection with the signal transmission section. The
signal transmission sections are planar antennae parallel to
each other and each having an antenna shape of meander-
line type. The antenna shape of each transmission section
has a vertical projection on a plane parallel to each signal
transmission section. The vertical projections of the antenna
shapes do not overlap completely. When a portion of the
body forms a surrounding portion which surrounds a to-be-
sensed target, a portion or an entirety of each signal sensing
section is located on the surrounding portion.
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(57) ABSTRACT

In aspects of a small cell installation structure, a support
structure provides stability and an attachable framework to
mount wireless technology equipment. A formable aesthetic
housing is formed around the support structure, and a
hardened polymer coating over the formable aesthetic hous-
ing is adapted to a shape of the formable aesthetic housing
and the support structure. The hardened polymer coating
resists environmental conditions that may otherwise inter-
fere with performance of the wireless technology equip-
ment. Additionally, an antenna housing module encloses
antennas of the wireless technology equipment, is integrated
with the support structure, and is designed to pass millimeter
wave (mmW) spectrum wireless signals.
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(57) ABSTRACT

An antenna device includes a first substrate, plural antenna
elements, a second substrate, plural circuit units, plural
circuit patterned layers and plural conductive structures. The
first substrate is defined with a first surface and a second
surface opposite to each other. The antenna elements are
arranged on the first surface of the first substrate. The second
substrate is connected to the second surface of the first
substrate. The circuit units are arranged at the second
substrate. The circuit patterned layers are arranged on the
first substrate and the second substrate. The conductive
structures are connected to at least ones of the circuit
patterned layers. One of the circuit patterned layers includes
plural induction units corresponding to the antenna ele-
ments, at least ones of the circuit units correspond to the
induction units, and the induction units and the antenna
elements transmit a carrier signal to each other by electro-
magnetic induction.
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An antenna apparatus includes a first component layer
having a plurality of antenna elements forming an antenna
array. A second component layer includes: (i) a plurality of
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A wireless transmission system includes a signal-transmit-
ting device and a signal-receiving device. The signal-trans-
mitting device is disposed in a remote-control apparatus for
transmitting wireless signals wherein the remote-control
apparatus is a mouse. The signal-receiving device is
installed on an electronic apparatus to receive the wireless
signals and trigger operations in response the wireless
signals. The signal-receiving device includes a patch
antenna including a dielectric substrate having a first surface
and a second surface opposite to the first surface, a ground
layer disposed on the first surface, and a radiating metal
layer. The radiating metal layer is disposed on the second
surface and includes a radiation receiving surface. A first
position of the radiation receiving surface is separated from
the ground layer by a first distance, and a second position of
the radiation receiving surface is separated from the ground
layer by a second distance less than the first distance.
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An antenna structure includes a metal mechanism element,
a ground element, a feeding radiation element, a first radia-
tion element, a second radiation element, a parasitic radia-
tion element, a tuning circuit, and a nonconductive support
element. The metal mechanism element has a slot. The metal
mechanism element includes a first grounding portion and a
second grounding portion. The slot is positioned between the
first grounding portion and the second grounding portion.
The feeding radiation element has a feeding point. The first
radiation element is coupled to the feeding radiation ele-
ment. The second radiation element is coupled to the feeding
radiation element. The parasitic radiation element is coupled
to the ground element. The parasitic radiation element is
adjacent to the first radiation element and the second radia-
tion element. The tuning circuit is coupled between the first
grounding portion and the second grounding portion of the
metal mechanism element.
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(57) ABSTRACT

An electronic device may be provided with a phased antenna
array that radiates at a frequency greater than 10 GHz. The
array may include a first set of dielectric resonator antennas
arranged in a first row and a second set of dielectric
resonator antennas in a second row offset from the first row.
Each dielectric resonator antenna may have dielectric reso-
nating element with a base portion and a stepped portion.
The stepped portions of the antennas in the first set may be
arranged to be distant from the stepped portions of the
antennas in the second set. The antennas in the first set may
be arranged to be more distant from an electronic device
sidewall than the antennas in the second set. Configured in
this manner, the array may exhibit reduced inter-coupling
between dielectric resonator antennas in the first set and
dielectric resonator antennas in the second set.
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(57) ABSTRACT

A multi-band antenna includes a substrate with a first surface
and a second surface, a first antenna structure with a first
antenna coupling segment, a second antenna structure with
a second antenna coupling segment, a first grounding sec-
tion, a coupling section, a via hole, and a second grounding
section. Both of the first antenna structure and the second
antenna structure are disposed on the first surface. The first
grounding section is connected to the first antenna coupling
segment. The coupling section is disposed on the second
surface and projected onto the first surface to form a
coupling region. Both of the first antenna coupling segment
and the second antenna coupling segment at least partially
overlap the coupling region. The via hole penetrates through
the substrate and is connected between the coupling section
and the second antenna coupling segment. The second
grounding section is connected to the coupling section.
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An antenna, an antenna array and an electronic device are
provided and belong to the field of communication technol-
ogy. The antenna includes a first substrate, a second sub-
strate, and a tunable dielectric layer. The first substrate
includes a first dielectric substrate and a first electrode layer
on a side of the first dielectric substrate close to the tunable
dielectric layer; the second substrate includes a second
dielectric substrate and a second electrode layer on a side of
the second dielectric substrate close to the tunable dielectric
layer. The second electrode layer includes a signal electrode,
and at least one first branch and at least one second branch
electrically connected to the signal electrode; the at least one
first branch and the at least one second branch are respec-
tively on two sides of an extending direction of the signal
electrode.
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(57) ABSTRACT

According to an embodiment, an electronic device com-
prises: a foldable housing comprising a first housing hing-
ably connected to a second housing, a first side member
disposed about a side surface of the first housing and
comprising a first plurality of conductive parts, and a second
side member disposed about a side surface of the second
housing and comprising a second plurality of conductive
parts; a communication circuit electrically connected to a
first conductive part among the first plurality of conductive
parts and configured to transmit and receive a signal in a
selected or specified frequency band,; a first sensor integrated
circuit (IC) electrically connected to at least one of the first
plurality of conductive parts and configured to measure
capacitance; a second sensor IC electrically connected to at
least one of the second plurality of conductive parts and
configured to measure capacitance; a first switching circuit
electrically connected to the first conductive part and a
second conductive part among the first plurality of conduc-
tive parts; and a processor and a memory, wherein the
memory stores instructions that, when executed, cause the
processor to perform a plurality of operations, the plurality
of operations comprising: controlling the first switching
circuit wherein the first conductive part and the second
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(57) ABSTRACT

An edge device that includes first antenna arrays at donor
side and second antenna arrays at service side of the edge
device, and a processor that obtains wireless connectivity
enhanced information from a central cloud server based on
a position of the edge device, where the wireless connec-
tivity enhanced information is provided for a first user
equipment (UE) and a second UE, and includes selected
initial access information to accelerate a UE-specific beam
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connectivity to a corresponding base station from the edge
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The processor receives a first donor beam associated with a
first wireless carrier network (WCN) from a first base
station, and receives a second donor beam associated with a
second WCN from a second base station via the one or more
first antenna arrays.
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The technologies described herein are generally directed to
providing radio resources to facilitate a predicted transition
to active mode by idle user equipment in a fifth generation
(5G) network or other next generation networks. An
example method can include predicting that a user equip-
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