(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
24 October 2024 (24.10.2024)

(10) International Publication Number

WO 2024/216802 Al

WIPO I PCT

(51) International Patent Classification:
HO10 21/06 (2006.01)

(21) International Application Number:

(74) Agent: JTAQUAN IP LAW; No. 910, Building A, Win-
ner Plaza, No. 100, West Huangpu Avenue, Tianhe District,
Guangzhou, Guangdong 510627 (CN).

PCT/CN2023/114455 (81) Designated States (unless otherwise indicated, for every
. . . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: 1A 2023 (23.08.2023 AO. AT, AU, AZ, BA, BB, BG, BIL BN, BR, BW, BY, BZ.
ugust 2023 (23.08.2023) CA. CH, CL, CN. CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. . Enelish HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
(26) Publication Language: nglis KH, KN, KP, KR, KW, KZ. LA, LC, LK, LR, LS. LU, LY.
(71) Applicant: ZTE CORPORATION [CN/CN]; ZTE Plaza, MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
Keji Road South, Hi-Tech Industrial Park, Nanshan, Shen- NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
zhen, Guangdong 518057 (CN). RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
. TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,

(72) Inventors: YANG, Jun; ZTE Plaza, Keji Road South, ZA ZM. ZW

Hi-Tech Industrial Park, Nanshan, Shenzhen, Guangdong T
518057 (CN). CHEN, Yijian; ZTE Plaza, Keji Road South, (84) Designated States (unless otherwise indicated, for every
Hi-Tech Industrial Park, Nanshan, Shenzhen, Guangdong kind of regional protection available): ARTPO (BW, CV,
518057 (CN). GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(54) Title: WIRELESS COMMUNICATION ANTENNA
1700
Array of Antenna Devices Lens
1705 1710
Set of Amplifiers
1715
FIG. 17

wO 20247216802 A1 |0 00000 KOO0 00 O 0

(57) Abstract: Technologies are described for an antenna apparatus that includes an array of antenna devices that transmit or receive
clectromagnetic waves; a lens located in front of the array, where the lens causes at least some of the electromagnetic waves to pass
through, reflect, or refract; and a set of amplifiers electrically coupled to the array of antenna devices, where each amplifier in the set
of amplifiers is electrically coupled to at least one antenna device from the array of antenna devices, and where power gains of at least
two signal paths formed by electrical couplings between least two antenna devices and at least two different amplifiers are unequal.

[Continued on next page]



WO 2024/216802 A |10 00 000 00O 0 A 0O

DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
S, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of'inventorship (Rule 4.17(iv))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

— upon request of the applicant, before the expiration of the
time limit referred to in Article 21(2)(a)



WO 2024/216802 PCT/CN2023/114455

WIRELESS COMMUNICATION ANTENNA

TECHNICAL FIELD

[0001] This document is directed generally to digital wireless communications.

BACKGROUND
[0002] Mobile telecommunication technologies are moving the world toward an
increasingly connected and networked society. In comparison with the existing wireless
networks, next generation systems and wireless communication techniques will need to
support a much wider range of use-case characteristics and provide a more complex and
sophisticated range of access requirements and flexibilities.
[0003] Long-Term Evolution (LTE) is a standard for wireless communication for mobile
devices and data terminals developed by 3rd Generation Partnership Project (3GPP). LTE
Advanced (LTE-A) is a wireless communication standard that enhances the LTE standard.
The 5th generation of wireless system, known as 5G, advances the LTE and LTE-A wireless
standards and is committed to supporting higher data-rates, large number of connections,

ultra-low latency, high reliability and other emerging business needs.

SUMMARY
[0004] The antenna technology disclosed in this patent document is related to wireless
communications and can solves the technical problem of uneven coverage power in different
transmitting/receiving angle by antenna arrays. The disclosed antenna technology can also
reduce the hardware cost.
[0005] An example antenna apparatus includes an array of antenna devices that transmit
or receive electromagnetic waves; a lens located in front of the array, where the lens causes at
least some of the electromagnetic waves to pass through, reflect, or refract; and a set of
amplifiers electrically coupled to the array of antenna devices, where each amplifier in the set
of amplifiers is electrically coupled to at least one antenna device from the array of antenna
devices, and where power gains of at least two signal paths formed by electrical couplings
between least two antenna devices and at least two different amplifiers are unequal.
[0006] In some embodiments, the set of amplifiers includes at least two amplifiers that
have preset amplification factors. In some embodiments, the at least two amplifiers includes
a first amplifier and a second amplifier, the first amplifier has a higher preset amplification

factor than that of the second amplifier, the first amplifier is electrically coupled to a first
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antenna device located towards an edge of the array of antenna devices, the edge of the array
of antenna devices is located away from a center area of the array of antenna devices, and the
second amplifier is electrically coupled to a second antenna device located towards the center
area of the array of antenna devices. In some embodiments, the set of amplifiers include
variable gain amplifiers that have tunable amplification factors.

[0007] In some embodiments, the set of amplifiers have a same amplification factor. In
some embodiments, the set of amplifiers include a first amplifier that is electrically coupled
to N antenna devices located towards an edge of the array of antenna devices and away from
a center area of the array of antenna devices, the set of amplifiers includes a second amplifier
that is electrically coupled to N2 antenna devices located towards the center area of the array
of antenna devices, and N1 and N3 are both integers greater than or equal to 1, and N is less
than Nz2. In some embodiments, the set of amplifiers include at least one amplifier that is
switchably and electrically couplable to different sets of antenna devices via a switch, and
each of the sets of antenna devices includes at least one antenna devices.

[0008] In some embodiments, the antenna apparatus further comprises a set of phase
shifter devices that are electrically coupled to the array of antenna devices or to the set of
amplifiers. In some embodiments, an output of each phase shifter device is electrically
coupled to an input of a different amplifier of the set of amplifiers. In some embodiments, at
least one amplifier is electrically coupled to at least one antenna device via at least one phase
shifter device. In some embodiments, an amplifier is electrically coupled to different antenna
devices via one phase-shifter. In some embodiments, an amplifier is electrically coupled to a
first antenna device and a second antenna device via a first phase-shifter device and a second
phase-shifter device, respectively. In some embodiments, the at least one amplifier is
clectrically coupled to the at least one antenna device via at least two phase shifter devices.
[0009] In some embodiments, the array of antenna devices are located on one or more
imaginary planes that extend along a first direction and a second direction, the lens is located
on another imaginary plane that is different from the one or more imaginary planes, and the
lens extends along the first direction, the second direction, and a third direction perpendicular
to the first direction and the second direction. In some embodiments, the antenna apparatus
further comprises a transmit or receive signal processing chain that is configured to transmit
or receive signals by selecting at least some of the array of antenna devices and by using at
least some of the set of amplifiers. In some embodiments, the antenna apparatus further

comprises a transmit or receive signal processing chain that is configured to transmit or
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receive signals by selecting all of the array of antenna devices and by using the set of
amplifiers. In some embodiments, the lens includes a meta-surface.

[0010] In yet another exemplary aspect, the above-described methods are embodied in the
form of processor-executable code and stored in a non-transitory computer-readable storage
medium. The code included in the computer readable storage medium when executed by a
processor, causes the processor to implement the methods described in this patent document.
[0011] In yet another exemplary embodiment, a device that is configured or operable to
perform the above-described methods is disclosed.

[0012] The above and other aspects and their implementations are described in greater

detail in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWING
[0013] FIGS. 1A and 1B respectively show an example beamforming gain of a lens
antenna and a beamforming gain of a traditional phased array.
[0014] FIGS. 2A-2C show three example feed arrays.
[0015] FIG. 3A-3D show four example types of cross-sections of the lens.
[0016] FIG. 4 shows an example of lens with cavities, where six groups of radially
distributed cavities are set in the circular lens.
[0017] FIG. 5 shows an example schematic diagram of a reconfigurable intelligent
surface.
[0018] FIGS. 6-8 show examples schematic diagrams of antennas.
[0019] FIG. 9 shows an example schematic diagram of the cascaded connection of the
power divider between the amplifier and the antenna units.
[0020] FIGS. 10-14 show additional examples schematic diagrams of antennas.
[0021] FIG. 15 shows an exemplary block diagram of a hardware platform that may be a
part of a network device or a communication device.
[0022] FIG. 16 shows an example of wireless communication including a base station
(BS) and user equipment (UE) based on some implementations of the disclosed technology.

[0023] FIG. 17 shows an example block diagram of an example antenna apparatus.

DETAILED DESCRIPTION
[0024] Lens antenna is a new type of wireless signal transmitting device, which consists
of a small-scale feed array and a lens with a large aperture. Since fewer feed antennas are

used for signal transmission, the circuit design inside can be simplified and the power
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consumption and hardware costs can also be reduced. In millimeter-wave band, lens antenna
can achieve very high beamforming gain with a lower cost compared with traditional phased
array.

[0025] FIGS. 1A and 1B respectively show an example beamforming gain of a lens
antenna and a beamforming gain of a traditional phased array. As shown in FIGS. 1A-1B,
the respective beamforming gains of a lens antenna and a traditional phased array are
compared in different transmitting angles by array simulation. The 5 beams in FIG. 1A are
respectively obtained by a lens antenna with an aperture of 16 wavelengths fed respectively
by S antenna groups. Each of the 5 antenna groups consists of 4 rows and 4 columns antennas
working at 30 GHz. In FIG. 1B, the 5 beams are transmitted by an array with 4 rows and 4
columns antennas directly. The maximum beamforming gain can reach about 14 dB with a
lens antenna compared with the phased array. Higher gain can be achieved if a lens with a
larger aperture is used. In order to obtain the same beamforming gain, the traditional phased
array needs to increase the number of antennas to form a larger aperture with will greatly
increase the hardware cost.

[0026] Although the lens antenna is able to achieve higher beamforming gain, there are
gain differences among the transmitting angles. As shown in FIG. 1A, the beam at the normal
direction of the lens plane (90-degree) has the largest gain and the gain decrease gradually
when the transmitting angle deviates from the normal direction. When the beam direction
approaching 60-degree, a 10 dB gain drop is observed. This phenomenon is due to the fact
the beams towards different angles are transmitted by antennas at different position which
results in different incident angle to the lens. Different incident angle means different
effective aperture and hence leads to different beamforming gain.

[0027] If such lens antennas are utilized for wireless communications, the end users may
experience communication signal fluctuation or even interruption during their movement
within the service area of the base station. This defect can hinder the commercial application
of lens antenna in wireless communications. To address at least these technical problems, a
new design is proposed in this patent document.

[0028] The example headings for the various sections below are used to facilitate the
understanding of the disclosed subject matter and do not limit the scope of the claimed
subject matter in any way. Accordingly, one or more features of one example section can be
combined with one or more features of another example section.

[0029] L Example Antenna Technology
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[0030] This patent document proposes an example antenna apparatus for transmitting and
receiving wireless signals, which including at least a feeding array, a lens and an amplifier
module. The lens may be located in front of and faces the feeding array. Thus, the feeding
array and the lens can be respectively three-dimensional objects that can extend along two
parallel planes that include a first plane for a feeding array and a second plane for the lens.
The second plane includes the projections of the feeding array and the lens, where the
projections are at least partially overlapped. The amplifier module may include of a set of
amplifiers connected to the feed array, which amplifies the input and output signal of the feed
array. The modules/devices of the antenna apparatus are introduced as follows.

[0031] LA. Example Feed Array

[0032] The feed array may include at least one antenna unit (also known as an antenna
device). An antenna unit (or an antenna device) is a component of the feed array that can
transmit a wireless signal independently and it can be a microstrip antenna, a slot antenna, a
dielectric antenna, a horn antenna, etc. FIGS. 2A-2C show three example feed arrays, where
each feed array includes multiple antenna units. In FIG. 2A, the antenna units are placed
along the x-axis, and in FIGS. 2B-2C, the antenna units are placed along x-y plane(s).

[0033] Multiple antenna units can be arranged to form an antenna array that can be
referred to as the feed array. For example, the antenna units can lie in the same direction to
form a linear array, as shown in FIG. 2A. The antenna units can also lie in a same plane to
form a circular or rectangular array, as shown in FIG. 2B. In addition, the antenna unit can be
deployed on a curved surface to form a curved array and the spherical array as shown in FIG.
2C can be a typical example. The apparatus proposed can either apply all the antenna units or
select only a part of the antenna units for signal transmission. The planar circular or rectangle
arrays can also be piled up to form a three dimensional feed array in the proposed apparatus.
[0034] The apparatus proposed can perform signal transmission by applying or selecting
all the antenna units or by selecting only a part of the antenna units. By choosing or selecting
different antenna unit or set of antenna units for signal transmission, the apparatus proposed
can generate beams towards different directions. When multiple antenna units or sets of
antenna units are chosen for transmission, multiple beams can be generated by the apparatus.
An antenna unit or a set of antenna units near the center of the feed array may be responsible
for generating a beam near the normal direction of the lens while those near the edge of the
feed array may be designated for generating beams in large oblique angles. In a lens antenna,
a beam may be switched by choosing or selecting another set of antenna units.

[0035] I1.B. Example Lens




WO 2024/216802 PCT/CN2023/114455

[0036] A portion of a lens (e.g., a vertical cross-section of a lens) may be located in a
plane that may be parallel to a plane along which the feed array extends. The lens in the
proposed apparatus can create a reflection or a refraction of the incoming signal so as to steer
the signal to a desired transmission direction. When it allows the signal to pass, the lens may
have a large transmission coefficient while a large reflection coefficient may be required if it
is used for signal reflection. A lens may include an optical lens or a meta-surface.

[0037] In order to shape the wave-front of the impinging signal, the width of the cross-
section of the lens is designed to vary along the second direction, where the cross-section of
the lens is parallel to the first direction while the second direction is perpendicular to the first
direction and the width is measured along the first direction. FIG. 3A-3D show four example
types of cross-sections of the lens, where the horizontal and vertical arrows indicate the first
and the second directions, respectively. In FIGS. 3A-3D, the feed array extends along a plane
that comprises the second direction, can be located to the left or the right of the lens, and
faces the lens. FIGS. 3A-3D are side views of the example lens. In the front view, the lens
can be in circular or rectangle shapes, or another projection shape. In some cases, more
complicated lens shape can be designed in order to manipulate the impinging electromagnetic
wave precisely. The design of the lens shape can provide different path length at different
part of the lens for the incoming signals so that the phases of the signals passing different
parts of the lens can be changed and such changes can finally lead to in-phase superposition
of the signals in the desired transmission direction.

[0038] In some embodiments, the lens is made of uniform dielectric material, such as
glass, acrylic, polyester resin, polyepoxy resin, and minerals such as fluorite or quartz. In
order to shape the wave-front of the impinging signal, there is at least one preset cavity in the
lens. Drilling holes in the lens can be one way to generate cavities in a uniform lens. In some
cases, the cavities can also be filled with other materials with a dielectric constant differing
from the lens. A technical benefit of having cavities filled with other materials is that the
cavity can be filed with a material having a different dielectric property (e.g., higher
permittivity) than the material of the lens so that the lens can be made thinner than it
otherwise would. By presetting the cavities in lens, the effective permittivity varies in
different part of the lens, which changes the phase of the signal passing through differently.
By designing the location of the cavities in the lens, a desired beamforming can be obtained.
By presetting cavities, the surface of the lens can be designed to be flat, which is more

convenient for assembling, packaging and transportation.
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[0039] FIG. 4 shows an example of lens with cavities, where six groups of radially
distributed cavities are set in the circular lens. Such cavities can make the permittivity of the
lens vary gradually from the center to the edge. By drilling holes in the lens, the weight of the
lens can also be reduced, which also benefits the on-site installation of the apparatus.

[0040] In some other embodiments, the lens is composed of heterogeneous dielectric
materials and the cross-section of the lens has the same width along the second direction. Due
to the heterogeneous compositions, the effective permittivity varies in the lens. In one case,
the permittivity of the lens varies linearly for the center to the edge. In other cases, in order to
obtain higher beamforming gain, the permittivity does not change linearly with the position
but can satisfy a high-order function, such as a parabolic function.

[0041] In some other embodiments, a meta-surface is utilized as a lens. A meta-surface is
a passive array consisting of a group of electromagnetic units. Each electromagnetic unit is
able to manipulate the phase, the amplitude, the polarization or the frequency of the
impinging electromagnetic wave. The electromagnetic units form planar or curved reflection
or transmission array on the meta-surface. In some embodiments, the electromagnetic unit is
in the size of sub-wavelength with specially designed shape. In some cases, the
electromagnetic unit has layered structure, which consist of a least a substrate layer and a
patch layer. The substrate layer is filled with dielectric, such as polyepoxy resin. The patch
layer contains at least one metallic patch. The shape of patch can be a rectangle, a cross (e.g.,
Jerusalem cross), a split ring or other shape that can induce desired electromagnetic
resonance. The electromagnetic unit can reflect or transmit the incoming signal. In some
cases, there is also a metallic ground layer in the unit to assist the reflection of the incoming
signal. In some other cases, the electromagnetic unit can change its effective impedance on
demand and the meta-surface consists of such electromagnetic units is called a reconfigurable
intelligent surface. The change of the effective impedance is controlled by the embedded
circuit. For example, a phase-shift-type electromagnetic unit can change the phase of the
incident signal. FIG. 5 shows a type of reconfigurable intelligent surface, which is a planar
array with 64 electromagnetic units. There is a circuit with a positive intrinsic negative (PIN)
diode embedded in each of the electromagnetic unit. The state of the circuit is controlled by
the smart controller. If this reconfigurable intelligent surface is a phase-shift-type surface, the
specific amount of phase change to the electromagnetic wave impinging upon each
electromagnetic unit is controlled by the input signal from the smart controller. In some

embodiments, the smart controller may include a processor and a memory that includes
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instructions that cause the processor to generate the input signal to control a specific amount
of phase change to the electromagnetic wave impinging upon each electromagnetic unit.

[0042] L.C. Example Amplifier Module/Device

[0043] The amplifier module may include at least one amplifier. Each amplifier in the
amplifier module is used for amplifying the signal to be transmitted. The amplifier module
can be connected with or electrically coupled to the feed array in some embodiments.

[0044] In some embodiments, the number of amplifiers in the amplifier module can equal
the number of antenna units in the feed array. Furthermore, each of the amplifiers can be
connected with only one antenna unit. At least one of these amplifiers has a different
amplification factor (e.g., different preset amplification factor) than another amplifier. In
some embodiments, at least two amplifiers have a same preset amplification factor. The
amplification factor can determine how much bigger the output signal is than the input signal
with the amplifier, the amplification factor can also be known as power gain. In one case, the
amplifiers connected with the antenna units locating in the central region of the feed array
have lower amplification factors than those connected with the antenna units at the edge of
the feed array. One example is shown in FIG. 6, where the feed array is composed of six
antenna units. The feed array is coaxial with the lens and each antenna unit is connected with
an amplifier. The size of the amplifier indicates the ability of amplification in FIG. 6, so that
smaller amplifier icons associated with the middle two amplifier indicates a smaller amplifier
compared to larger amplifier icons associated with the upper-most and lower-most amplifiers
indicates a larger amplification factor compared to the other amplifier icons. Since the cost of
the amplifier usually increases with the increase of the amplification factor, if the same type
of amplifier is adopted, the amplification factor needs to be decided according to the
maximum transmission power requirement, which will increase the hardware cost of the
signal transmitting device. If non-uniform amplifiers are utilized according to the location of
the antenna unit they connect, hardware cost can be reduced without affecting the coverage of
the transmitting signals. In some embodiments, non-uniform amplifiers are electrically
connected to the feed array.

[0045] In another embodiment, the amplifier module is composed of variable gain
amplifiers (VGA) that may have a tunable amplification factor rather than a fixed
amplification factor. Furthermore, at least one of the amplifiers has a different preset
amplification factor than at least one other amplifier. As mentioned above, the antenna units
near the edge of the feed array, which is responsible for transmitting the signals towards large

oblique angle, need greater power to meet the specified gain requirement, hence the amplifier
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connected to the antenna unit near the edge or in the edge area of the array requires a larger
amplification factor. As shown in FIG. 7, the variable gain amplifiers can be used and the
amplification factor of the amplifiers connected to the antenna unit at the edge can be set to
be higher than those connected with the antennas at central area. Such design can help reduce
the power consumption without affecting the coverage range.

[0046] In another embodiment, the amplifiers in the amplifier module have the same
amplification factor but at least one amplifier is connected to more antenna units than another
amplifier. The amplifier can be connected to more than one antenna unit by means of power
dividers. For example, an amplifier can connect two antenna unit with a two-way power
divider device. In one case, the amplifier configured to connect the antenna unit in the central
arca of the feed array can connect more antenna units than the amplifier configured to
connect the antenna units at the edge area of the feed array. As shown in FIG. &, the amplifier
connects two antenna unit in the central area while only one antenna unit is connected for the
edge amplifiers. Consequently, more power dividers are applied near the central area of the
feed array. In some cases, due to the limit of the number of paths a power divider can
provide, cascaded connections of power dividers are required between the amplifier and the
antenna units and an example is shown in FIG. 9. FIG. 9 shows an example schematic
diagram of the cascaded connection of the power divider between the amplifier and the
antenna units. Since the central antenna units require lower power for the same signal
coverage range, it is reasonable for an amplifier to connect more antenna units at the same
time. Such design helps reduce the number of the amplifiers in the amplifier module and
hence lower the hardware cost.

[0047] In another embodiment, the amplifier module may also include switches with
which the connections between the amplifiers and the antenna units can be determined or
configured. Since the transmission of the wireless signals may only need a part of the antenna
units in the feed array, if a full connection between the amplifier module and the feed array,
there are idle amplifiers in each transmission. Hence, it may be better to reduce the idle
amplifiers to lower the hardware cost in some embodiments. This can be accomplished by
introducing switches between the amplifiers and the antenna units. As shown in FIG. 10, the
central amplifier is connected to two groups of antenna units via a single-pole double-throw
switch. With the switch, the output signal from the amplifier can be fed to either antenna
units group dynamically, where each antenna units group includes at least one antenna unit.
Compared with FIG. §, the example design in FIG. 10 removes one more amplifier in the

amplifier module. Theoretically, the two antenna units at both edge of the feed array in FIG.
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10 can also share a same amplifier via a switch in order to further reduce the number of the
amplifiers. However, the length of the connection line can also be a critical parameter in the
hardware design. Longer connection line gives rise to larger power loss and hence it may not
be a good choice for two electronic components that are far apart to share an amplifier.
[0048] In FIGS. 8-10, a first amplifier is connected to N; antennas, and a second
amplifier is connected to N antennas, where N and N» are integers greater than or equal to
1, and where N1 > Na. The signal input into these two amplifiers from the radio-frequency
chain can be of the same power, and hence, each antenna connected to the first amplifier can
receive 1/N1 the input power, and each antenna connected to the second amplifier receives
1/N> the input power. In this example, 1/N; is different from or is not equal to 1/Na.

[0049] Since the larger the amplification factor, the higher the cost of the amplifier, an
amplifier with high gain can also be replaced by two or more cascaded connected amplifier
with lower gain and lower cost. Hence cascaded connection between amplifiers can be used
in the amplifier module.

[0050] In some embodiments, the amplifier module may include amplifiers with different
amplification factors, where the amplifiers with different amplification factors are electrically
coupled to different number of antennas in the array of antenna device. Such a design can
further help balance the beamforming gain at different transmission directions by ensuring
that the signals input to the antennas in the edge area of the array of antenna device have
higher power gain then those input to the antennas in the central area of the array of antenna
device.

[0051] LD. Example Phase Shifter Module/Device

[0052] The proposed apparatus can also include a phase shifter module. The phase shifter
module contains at least one phase shifter device, which can be used for modifying the phase
of the signal passing through.

[0053] In some embodiments, output of the phase shifters in the phase shifter module are
connected to the input ports of the amplifiers in amplifier module for modifying the phase of
the input signal to the amplifier module. An example is shown in FIG. 11. Such design offers
a new degree of freedom for the beam steering with the proposed apparatus. In some cases,
one phase shifter can connect more than one amplifier, which helps reduce the number of
phase shifters and lower the hardware cost.

[0054] In some other embodiments, the phase shifters in the phase shifter module are
connected to the output ports of the amplifiers in amplifier module for moditying the phase of

the output signal from the amplifier module. An example is shown in FIG. 12. In some cases,
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one phase shifter can connect more than one amplifier, which helps reduce the number of
phase shifters and lower the hardware cost. For example, in FIG. 12, an input of each phase
shifter device is electrically coupled to an output of a different amplifier of the set of
amplifiers, where the set of phase shifter devices includes a first phase shifter device that has
an output that is electrically coupled to an input of one antenna device located towards an
edge of the array of antenna devices and away from a center area of the array of antenna
devices, and where the set of phase shifter devices includes a second phase shifter device that
has an output that is electrically coupled to inputs of at least two antenna devices located
towards the center area of the array of antenna devices.

[0055] In another embodiment, the phase shifters are connected to the input ports of the
antenna units for modifying the phases of the transmitted signals from the antenna units. An
example is shown in FIG. 13. For example, in FIG. 13, the set of phase shifter devices
includes a first phase shifter device that has: an input that is electrically coupled to an output
of one amplifier device, and an output that is electrically coupled to an input of a first antenna
device located towards an edge of the array of antenna devices and away from a center arca
of the array of antenna devices; and the set of phase shifter devices includes at least two
phase shifter devices that have: inputs that are electrically coupled to a same output of
another amplifier device, and outputs that are electrically and correspondingly coupled to
antenna devices located towards the center area of the array of antenna devices. In some
cases, a phase shifter can connect more than one antenna unit in order to reduce the use of
phase shifter. Furthermore, there can be cascaded connection between phase shifters in the
phase shifter module, which can also help reduce the total number of phase shifter in the
apparatus. An example is shown in FIG. 14. In the example in FIG. 14, a set of phase shifter
devices includes a first phase shifter device that has an output that is electrically coupled to
an input of a second phase shifter device, and an output of the second phase shifter device is
electrically coupled to at least one antenna device.

[0056] The lens model in FIGS. 6-8 and FIGS. 10-13 are shown in the shape of an optical
lens as an example, but meta-surfaces are also applicable for the lens.

[0057] LE. Example Baseband Processing Module/Device

[0058] The proposed apparatus also includes a baseband processing module, which can
be used for signal processing. As shown in FIG. 15, the baseband processing module 1525
may be included as part of a hardware platform 1500 that may be a part of a network device
(e.g., base station) or a communication device (e.g., a user equipment (UE)). The hardware

platform 1500 includes at least one processor 1510 and a memory 1505 having instructions
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stored thereupon. The instructions upon execution by the processor 1510 configure the
hardware platform 1500 to perform operations associated with the baseband processing
module 1525 and/or to perform the transmitting/receiving/signal processing operations
described in the various embodiments described in this patent document. The transmitter
1515 transmits or sends information or data to another device using the antenna described in
this patent document. For example, a network device transmitter can send a message to a
user equipment. The receiver 1520 receives information or data transmitted or sent by
another device using the antenna described in this patent document. For example, a user
equipment can receive a message from a network device.

[0059] The information to be sent is firstly encoded and then modulated to the carrier
frequency in the baseband processing module 1525. The modulated signals can be amplified
in the amplifier module before the transmission by the feed array. By virtue of the channel
reciprocity, the proposed apparatus can also be applied for receiving the wireless signals. In
this case, the feed array can receive the wireless signals passing through the lens and pass
these signals to the amplifier module for amplification. The amplified signals are finally
processed by the baseband processing module, which at least includes demodulation and
decoding.

[0060] The implementations as discussed above will apply to a wireless communication.
FIG. 16 shows an example of a wireless communication system (e.g., a 5G or NR or 6G
cellular network) that includes a base station 1620 and one or more user equipment (UE)
1611, 1612 and 1613. In some embodiments, the UEs access the BS (e.g., the network) using
a communication link to the network (sometimes called uplink direction, as depicted by
dashed arrows 1631, 1632, 1633), which then enables subsequent communication (e.g.,
shown in the direction from the network to the UEs, sometimes called downlink direction,
shown by arrows 1641, 1642, 1643) from the BS to the UEs. In some embodiments, the BS
send information to the UEs (sometimes called downlink direction, as depicted by arrows
1641, 1642, 1643), which then enables subsequent communication (e.g., shown in the
direction from the UEs to the BS, sometimes called uplink direction, shown by dashed arrows
1631, 1632, 1633) from the UEs to the BS. The UE may be, for example, a smartphone, a
tablet, a mobile computer, a machine to machine (M2M) device, an Internet of Things (IoT)
device, and so on.

[0061] This patent document describes an example antenna apparatus that includes a feed
array, a lens and an amplifier module/device. The lens may include a dielectric optical lens

or meta-surfaces. The feed array can be a linear array, a two-dimensional planar array or a
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curved array. The amplifier module/device may include a set of amplifiers, where non-
uniform amplifiers having different amplification factors may be used. Different amplifier
can connect different number of antenna units in the feed array according to the part of the
feed array that the amplifier connects. Such design can address the technical problem that the
beamforming gain of the transmitting beams varies at different angle due to the variation of
the effective aperture. Specific design schemes are provided to balance the performance and
the cost of the apparatus.

[0062] The apparatus can also include a phase shifter module and a baseband module.
The phase shifter module can be set at the input or output side of the amplifier module. The
baseband module is for signal processing which is a common module in most wireless
communication devices.

[0063] FIG. 17 shows an example block diagram of an example antenna apparatus 1700.
The antenna apparatus 1700 includes an array of antenna devices 1705 that transmit or
receive electromagnetic waves; a lens 1710 located in front of the array, where the lens
causes at least some of the electromagnetic waves to pass through, reflect, or refract; and a set
of amplifiers 1715 electrically coupled to the array of antenna devices, where each amplifier
in the set of amplifiers is electrically coupled to at least one antenna device from the array of
antenna devices, and where power gains of at least two signal paths formed by electrical
couplings between least two antenna devices and at least two different amplifiers are unequal.
[0064] In some embodiments, the set of amplifiers includes at least two amplifiers that
have preset amplification factors. In some embodiments, the at least two amplifiers includes
a first amplifier and a second amplifier, the first amplifier has a higher preset amplification
factor than that of the second amplifier, the first amplifier is electrically coupled to a first
antenna device located towards an edge of the array of antenna devices, the edge of the array
of antenna devices is located away from a center area of the array of antenna devices, and the
second amplifier is electrically coupled to a second antenna device located towards the center
area of the array of antenna devices. In some embodiments, the set of amplifiers include
variable gain amplifiers that have tunable amplification factors.

[0065] In some embodiments, the set of amplifiers have a same amplification factor. In
some embodiments, the set of amplifiers include a first amplifier that is electrically coupled
to N1 antenna devices located towards an edge of the array of antenna devices and away from
a center area of the array of antenna devices, the set of amplifiers includes a second amplifier
that is electrically coupled to N> antenna devices located towards the center area of the array

of antenna devices, and N and N> are both integers greater than or equal to 1, and N is less
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than N2. In some embodiments, the set of amplifiers include at least one amplifier that is
switchably and electrically couplable to different sets of antenna devices via a switch, and
cach of the sets of antenna devices includes at least one antenna devices.

[0066] In some embodiments, the antenna apparatus further comprises a set of phase
shifter devices that are electrically coupled to the array of antenna devices or to the set of
amplifiers. In some embodiments, an output of each phase shifter device is electrically
coupled to an input of a different amplifier of the set of amplifiers. In some embodiments, at
least one amplifier is electrically coupled to at least one antenna device via at least one phase
shifter device. In some embodiments, an amplifier is electrically coupled to different antenna
devices via one phase-shifter. In some embodiments, an amplifier is electrically coupled to a
first antenna device and a second antenna device via a first phase-shifter device and a second
phase-shifter device, respectively. In some embodiments, the at least one amplifier is
electrically coupled to the at least one antenna device via at least two phase shifter devices.
[0067] In some embodiments, the array of antenna devices are located on one or more
imaginary planes that extend along a first direction and a second direction, the lens is located
on another imaginary plane that is different from the one or more imaginary planes, and the
lens extends along the first direction, the second direction, and a third direction perpendicular
to the first direction and the second direction. In some embodiments, the antenna apparatus
further comprises a transmit or receive signal processing chain that is configured to transmit
or receive signals by selecting at least some of the array of antenna devices and by using at
least some of the set of amplifiers. In some embodiments, the antenna apparatus further
comprises a transmit or receive signal processing chain that is configured to transmit or
receive signals by selecting all of the array of antenna devices and by using the set of
amplifiers. In some embodiments, the lens includes a meta-surface.

[0068]

[0069] In some embodiments, the antenna apparatus described in this patent document
includes a transmit or receive signal processing chain that is configured to transmit or receive
signals using at least some of the array of antenna devices and at least some of the set of
amplifiers. In some embodiments, the transmit or receive signal processing chain may
include RF signal processor (e.g., processor 1510 in FIG. 15) or a baseband signal processor.
[0070] In this document the term “exemplary” is used to mean “an example of” and,
unless otherwise stated, does not imply an ideal or a preferred embodiment.

[0071] Some of the embodiments described herein are described in the general context of

methods or processes, which may be implemented in one embodiment by a computer
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program product, embodied in a computer-readable medium, including computer-executable
instructions, such as program code, executed by computers in networked environments. A
computer-readable medium may include removable and non-removable storage devices
including, but not limited to, Read Only Memory (ROM), Random Access Memory (RAM),
compact discs (CDs), digital versatile discs (DVD), etc. Therefore, the computer-readable
media can include a non-transitory storage media. Generally, program modules may include
routings, programs, objects, components, data structures, etc. that perform particular tasks or
implement particular abstract data types. Computer- or processor-executable instructions,
associated data structures, and program modules represent examples of program code for
executing steps of the methods disclosed herein. The particular sequence of such executable
instructions or associated data structures represents examples of corresponding acts for
implementing the functions described in such steps or processes.

[0072] Some of the disclosed embodiments can be implemented as devices or modules
using hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit
(ASIC) and/or as a Field Programmable Gate Array (FPGA) device. Some implementations
may additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the
various components or sub-components within each module may be implemented in
software, hardware or firmware. The connectivity between the modules and/or components
within the modules may be provided using any one of the connectivity methods and media
that is known in the art, including, but not limited to, communications over the Internet,
wired, or wireless networks using the appropriate protocols.

[0073] While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather
as descriptions of features specific to particular embodiments. Certain features that are
described in this document in the context of separate embodiments can also be implemented
in combination in a single embodiment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in multiple embodiments separately
or in any suitable sub-combination. Moreover, although features may be described above as

acting in certain combinations and even initially claimed as such, one or more features from a
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claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or a variation of a sub-combination.
Similarly, while operations are depicted in the drawings in a particular order, this should not
be understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable results.
[0074] Only a few implementations and examples are described and other
implementations, enhancements and variations can be made based on what is described and

illustrated in this disclosure.
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CLAIMS

What is claimed is:

1. An antenna apparatus, comprising:
an array of antenna devices that transmit or receive electromagnetic waves;
a lens located in front of the array,
wherein the lens causes at least some of the electromagnetic waves to
pass through, reflect, or refract; and
a set of amplifiers electrically coupled to the array of antenna devices,
wherein each amplifier in the set of amplifiers is electrically coupled to
at least one antenna device from the array of antenna devices, and
wherein power gains of at least two signal paths formed by electrical
couplings between least two antenna devices and at least two different amplifiers

are unequal.

2. The antenna apparatus of claim I, wherein the set of amplifiers includes at least

two amplifiers that have preset amplification factors.

3. The antenna apparatus of claim 2,

wherein the at least two amplifiers includes a first amplifier and a second
amplifier,

wherein the first amplifier has a higher preset amplification factor than that of
the second amplifier,

wherein the first amplifier is electrically coupled to a first antenna device
located towards an edge of the array of antenna devices,

wherein the edge of the array of antenna devices is located away from a center
area of the array of antenna devices, and

wherein the second amplifier is electrically coupled to a second antenna

device located towards the center area of the array of antenna devices.

4. The antenna apparatus of claim 1, wherein the set of amplifiers include variable

gain amplifiers that have tunable amplification factors.
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10.

11.

The antenna apparatus of claim 1, wherein the set of amplifiers have a same

amplification factor.

The antenna apparatus of claim 5,

wherein the set of amplifiers include a first amplifier that is electrically
coupled to N antenna devices located towards an edge of the array of antenna
devices and away from a center area of the array of antenna devices,

wherein the set of amplifiers includes a second amplifier that is electrically
coupled to N> antenna devices located towards the center area of the array of
antenna devices, and

wherein N and N2 are both integers greater than or equal to 1, and Ny is less

than Na.

The antenna apparatus of claim 1,
wherein the set of amplifiers include at least one amplifier that is switchably
and electrically couplable to different sets of antenna devices via a switch, and
wherein each of the sets of antenna devices includes at least one antenna

devices.

The antenna apparatus of claim 1, further comprising:
a set of phase shifter devices that are electrically coupled to the array of

antenna devices or to the set of amplifiers.

The antenna apparatus of claim 8, wherein an output of each phase shifter device

is electrically coupled to an input of a different amplifier of the set of amplifiers.

The antenna apparatus of claim 8, wherein at least one amplifier is electrically

coupled to at least one antenna device via at least one phase shifter device.

The antenna apparatus of claim 10,
wherein an amplifier is electrically coupled to different antenna devices via

one phase-shifter.

18



WO 2024/216802 PCT/CN2023/114455

12. The antenna apparatus of claim 10,
wherein an amplifier is electrically coupled to a first antenna device and a
second antenna device via a first phase-shifter device and a second phase-shifter

device, respectively.

13. The antenna apparatus of claim 10,
wherein the at least one amplifier is electrically coupled to the at least one

antenna device via at least two phase shifter devices.

14.  The antenna apparatus of claim 1,
wherein the array of antenna devices are located on one or more imaginary
planes that extend along a first direction and a second direction,
wherein the lens is located on another imaginary plane that is different from
the one or more imaginary planes, and
wherein the lens extends along the first direction, the second direction, and a

third direction perpendicular to the first direction and the second direction.

15.  The antenna apparatus of claim 1, further comprising:
a transmit or receive signal processing chain that is configured to transmit or
receive signals by selecting at least some of the array of antenna devices and by

using at least some of the set of amplifiers.

16.  The antenna apparatus of claim 1, further comprising:
a transmit or receive signal processing chain that is configured to transmit or
receive signals by selecting all of the array of antenna devices and by using the set

of amplifiers.

17.  The antenna apparatus of any one of claims 1 to 16, wherein the lens includes a

meta-surface.
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