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(54) ANTENNA ARRANGEMENT

(57) An antenna arrangement comprising: a first an-
tenna configured to operate a first frequency range; and
a second antenna configured to operate in a second fre-
quency range; wherein the first antenna comprises a re-
flector configured to provide a reflective surface at, at
least, the first frequency range, and the second antenna

comprises at least one conductive element configured to
receive and/or radiate in the second frequency range,
wherein at least a portion of the at least one conductive
element is configured to act as at least a portion of the
reflective surface of the reflector.
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Description

TECHNOLOGICAL FIELD

[0001] Embodiments of the present disclosure relate
to an antenna arrangement.

BACKGROUND

[0002] It is desirable to have an antenna arrangement
that operates in a plurality of frequency ranges.
[0003] However, such antenna arrangements can be
complicated and/or large.

BRIEF SUMMARY

[0004] According to various, but not necessarily all,
embodiments there is provided an antenna arrangement
comprising:

a first antenna configured to operate in a first fre-
quency range; and
a second antenna configured to operate in a second
frequency range;
wherein the first antenna comprises a reflector con-
figured to provide a reflective surface at, at least, the
first frequency range, and
the second antenna comprises at least one conduc-
tive element configured to receive and/or radiate in
the second frequency range, wherein at least a por-
tion of the at least one conductive element is config-
ured to act as at least a portion of the reflective sur-
face of the reflector.

[0005] In some examples, the at least one conductive
element is positioned between the reflector and at least
one receiving and/or radiating element of the first anten-
na.
[0006] In some examples, the at least one conductive
element is supported by the reflector.
[0007] In some examples, at least a plurality of points
of a perimeter of the at least one conductive element is
substantially at a fixed distance from the reflector.
[0008] In some examples, the fixed distance is sub-
stantially n times λ/2, wherein n is a positive integer and
A is a wavelength that corresponds to a frequency of the
first frequency range.
[0009] In some examples, the at least one conductive
element is configured to receive and/or radiate in a plu-
rality of frequencies within the second frequency range
and/or in a plurality of polarisations.
[0010] In some examples, the first frequency range is
located at frequencies that are substantially higher than
the respective frequencies of the second frequency
range.
[0011] In some examples, the first frequency range
does not overlap with the second frequency range.
[0012] In some examples, at least one of the at least

one conductive element has a shape that is conforming
to the reflective surface of the reflector.
[0013] In some examples, the at least one conductive
element comprises a plurality of conductive elements,
and one or more of the conductive elements of the plu-
rality of conductive elements has or have a shape that is
substantially conforming to the reflective surface of the
reflector.
[0014] In some examples, the reflective surface is sub-
stantially parabolic in shape and the plurality of conduc-
tive elements is configured in a substantially parabolic
shape.
[0015] In some examples, the antenna arrangement is
configured to allow different pointing directions for the
first and second antennas.
[0016] In some examples, one or more feed lines to
the at least one conductive element pass through at least
one opening in the reflector.
[0017] In some examples, one or more feed lines to
the at least one conductive element run across the re-
flective surface of the reflector.
[0018] According to various, but not necessarily all,
embodiments there is provided an apparatus comprising
an antenna arrangement as described herein.
[0019] According to various, but not necessarily all,
embodiments there is provided an antenna arrangement
comprising:

a first antenna configured to operate in a first fre-
quency range; and
a second antenna configured to operate in a second
frequency range;
wherein the first antenna comprises a reflector con-
figured to provide a reflective surface at, at least, the
first frequency range, and
the second antenna comprises at least one conduc-
tive element configured to receive and/or radiate in
the second frequency range, wherein the at least
one conductive element is positioned between the
reflector and at least one receiving and/or radiating
element of the first antenna.

[0020] According to various, but not necessarily all,
embodiments there is provided examples as claimed in
the appended claims.
[0021] The description of a function and/or action
should additionally be considered to also disclose any
means suitable for performing and/or configured to per-
form that function and/or action.

BRIEF DESCRIPTION

[0022] Some examples will now be described with ref-
erence to the accompanying drawings in which:

FIG. 1 shows an example of the subject-matter de-
scribed herein;
FIG. 2 shows another example of the subject-matter
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described herein;
FIG. 3A shows another example of the subject-mat-
ter described herein;
FIG. 3B shows another example of the subject-mat-
ter described herein;
FIG. 3C shows another example of the subject-mat-
ter described herein;
FIG. 4 shows another example of the subject-matter
described herein;
FIG. 5 shows another example of the subject-matter
described herein;
FIG. 6A shows another example of the subject-mat-
ter described herein;
FIG. 6B shows another example of the subject-mat-
ter described herein;
FIG. 6C shows another example of the subject-mat-
ter described herein;
FIG. 7 shows another example of the subject-matter
described herein;
FIG. 8 shows another example of the subject-matter
described herein; and
FIG. 9 shows another example of the subject-matter
described herein.

DETAILED DESCRIPTION

[0023] The figures illustrate examples of an antenna
arrangement 10 for operation in a first and a second fre-
quency range.
[0024] In examples, the antenna arrangement 10 com-
prises:

a first antenna 12 configured to operate in a first fre-
quency range; and
a second antenna 14 configured to operate in a sec-
ond frequency range;
wherein the first antenna 12 comprises a reflector
16 configured to provide a reflective surface 18 at,
at least, the first frequency range, and
the second antenna 14 comprises at least one con-
ductive element 20 configured to receive and/or ra-
diate in the second frequency range, wherein at least
a portion of the at least one conductive element 20
is configured to act as at least a portion of the reflec-
tive surface 18 of the reflector 16.

[0025] The term "conductive" is used to refer to elec-
trical conductivity, that is, capable of transferring a direct
electrical current.
[0026] The frequency range of an antenna is the range
over which it is considered to provide a satisfactory per-
formance, such as a useful level of signal strength or
sufficiently high antenna efficiency or gain. A frequency
range can in turn be divided into smaller sub-ranges, for
example, into frequency bands that represent definitive
intervals in the frequency domain and that are official
intervals defined by standardization bodies.
[0027] FIG. 1 schematically illustrates an example of

an antenna arrangement 10.
[0028] Various features referenced in the discussion
of FIG. 1 can be found in the other FIGs. Furthermore,
during the discussion of FIG. 1, reference will be made
to other FIGs. By way of example.
[0029] The antenna arrangement 10 comprises a first
antenna 12 configured to operate in a first frequency
range and a second antenna 14 configured to operate in
a second frequency range.
[0030] In examples, the first frequency range can be
considered higher relative to the second frequency range
and, similarly, the second frequency range can be con-
sidered lower relative to the first frequency range.
[0031] In examples, it can be considered that the first
antenna 12 is configured to operate in at least one higher
frequency band and the second antenna 14 is configured
to operate in at least one lower frequency band.
[0032] That is, in examples, the first antenna 12 is con-
figured to operate in at least one first frequency band and
the second antenna 14 is configured to operate in at least
one second frequency band, the first frequency band be-
ing of higher frequencies than the second frequency
band.
[0033] In some examples, the first frequency range and
the second frequency range can at least partially overlap.
[0034] In some examples, the at least one higher fre-
quency band and the at least one lower frequency band
can at least partially overlap.
[0035] In examples, the first frequency range is located
at frequencies that are substantially higher that the re-
spective frequencies of the second frequency range. Ac-
cordingly, in examples, the upper frequency of the first
frequency range is substantially higher than the upper
frequency of the second frequency range and the lower
frequency of the first frequency range is substantially
higher than the lower frequency of the second frequency
range.
[0036] In examples, the first frequency range does not
overlap with the second frequency range. In examples,
it can be considered that the first frequency range does
not have and/or does not exhibit an overlap with the sec-
ond frequency range.
[0037] In examples, the first antenna 12 can be con-
figured to operate in any suitable higher frequency band
or bands and/or the second antenna 14 can be configured
to operate in any suitable lower frequency band or bands.
[0038] For example, the first antenna 12 can be con-
figured to operate in at least one higher frequency band
in the range 25GHz to 30GHz and/or the second antenna
14 can be configured to operate in at least one lower
frequency band in the range 2.1GHz to 4GHz.
[0039] The first antenna 12 and/or second antenna 14
can have any suitable configuration and/or form. For ex-
ample, the first antenna 12 can have any suitable con-
figuration and/or form to operate in the range 25GHz to
30GHz and/or the second antenna 14 can have any suit-
able configuration and/or form to operate in the range
2.1GHz to 4GHz.
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[0040] The first antenna 12 can, in some examples, be
considered a millimeter wave antenna.
[0041] In examples, the first antenna 12 comprises a
reflector 16 configured to provide a reflective surface 18
at, at least, the first frequency range. The reflector 16
can be considered an antenna reflector.
[0042] The reflector 16 can have any suitable size,
and/or shape, and/or form, and/or configuration to pro-
vide a reflective surface 18 at, at least, the first frequency
range.
[0043] The reflective surface 18 can comprise any suit-
able surface or surfaces of the reflector 16. The reflective
surface 18 can be considered a portion of the reflector 16.
[0044] In examples, the reflector 16 can have any suit-
able size, and/or shape, and/or form, and/or configuration
to provide a reflective surface 18 configured to direct
and/or reflect electromagnetic waves at, at least, the first
frequency range, to and/or from at least one receiving
and/or radiating element 22 of the first antenna 12. The
at least one receiving and/or radiating element 22 can
be considered an antenna feed.
[0045] It can be considered that the reflector 16 is con-
figured to direct and/or reflect electromagnetic waves at,
at least, the first frequency range, to and/or from at least
one receiving and/or radiating element 22 of the first an-
tenna 12.
[0046] In examples, the reflector 16 can have any suit-
able size, and/or shape, and/or form, and/or configuration
to provide a reflective surface 18 to add gain to the first
frequency range.
[0047] In some examples, reflector 16 and/or the re-
flective surface 18 is substantially parabolic in shape.
[0048] The reflective surface 18 of the reflector 16 can
be considered a surface from which electromagnetic
waves are reflected to/from at least one receiving and/or
radiating element 22 of the first antenna 12.
[0049] By way of example, reference is made to the
example of FIG. 4.
[0050] The example of FIG. 4 schematically illustrates
an antenna arrangement 10 comprising a first antenna
12 and a second antenna 14.
[0051] In the example of FIG. 4, the reflector 16 is sub-
stantially parabolic in shape and is configured to provide
a reflective surface 18 that is substantially parabolic in
shape.
[0052] In the illustrated example, the reflective surface
18, of the reflector 16, is configured to direct electromag-
netic waves to/from the receiving and/or radiating ele-
ment 22 of the first antenna 12.
[0053] Returning to FIG. 1, in the example of FIG. 1,
the second antenna 14 comprises at least one conductive
element 20 configured to receive and/or radiate in the
second frequency range, wherein at least a portion of the
at least one conductive element 20 is configured to act
as at least a portion of the reflective surface 18 of the
reflector 16.
[0054] Consequently, FIG. 1 illustrates an antenna ar-
rangement 10 comprising,

a first antenna 12 configured to operate in a first fre-
quency range; and
a second antenna 14 configured to operate in a sec-
ond frequency range;
wherein the first antenna 12 comprises a reflector
16 configured to provide a reflective surface 18 at,
at least, the first frequency range and,
the second antenna 14 comprises at least one con-
ductive element 20 configured to receive and/or ra-
diate in the second frequency range, wherein at least
a portion of the at least one conductive element 20
is configured to act as at least a portion of the reflec-
tive surface 18 of the reflector 16.

[0055] The at least one conductive element 20 can
have any suitable shape, and/or size, and/or form and/or
configuration to receive and/or radiate in the second fre-
quency range and to act as at least a portion of the re-
flective surface 18 of the reflector 16.
[0056] For example, the at least one conductive ele-
ment can comprise one or more patch antennas and/or,
in some examples, can comprise one or more slots and
so on.
[0057] For example, the at least one conductive ele-
ment can be rectangular, square, circular, cross shaped
and so on. In examples, different ones of the at least one
conductive element 20 can have different shapes, and/or
sizes, and/or forms, and/or configurations and so on.
[0058] In examples, the at least one conductive ele-
ment 20 is configured to resonate in the second frequen-
cy range. The reflector 16 can act as a ground plane for
the at least one conductive element 20.
[0059] In examples, the at least one conductive ele-
ment 20 is configured to receive and/or radiate in the
second frequency range and also to function as at least
a portion of the reflective surface 18 of the reflector 16.
[0060] In examples, it can be considered that the at
least one conductive element 20 is configured to sub-
stantially replace at least a portion of the reflective sur-
face 18 of the reflector 16.
[0061] In examples, it can be considered that at least
a portion of the at least one conductive element 20 is
configured to reflect electromagnetic waves to and/or
from at least one receiving and/or radiating element 22
of the first antenna 12.
[0062] In examples, it can be considered that at least
one conductive element 20 is configured to reflect elec-
tromagnetic waves to a point substantially corresponding
to a focus of the reflector 16.
[0063] In examples, it can be considered that the at
least one conductive element 20 is configured to not sub-
stantially affect the performance of the first antenna 12
in the first frequency range.
[0064] In examples, it can be considered that the at
least one conductive element 20 is configured to allow
electromagnetic waves reflected from the conductive el-
ement 20 and from the reflective surface 18 of the reflec-
tor 16 to be in phase.
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[0065] The at least one conductive element 20 can be
configured and/or arranged in any suitable way. In ex-
amples, the at least one conductive element 20 is posi-
tioned between the reflector 16 and at least one receiving
and/or radiating element 22 of the first antenna 12.
[0066] Referring to the example of FIG. 4, in the illus-
trated example the antenna arrangement 10 comprises
a conductive element 20 positioned between the reflector
16 and receiving and/or radiating element 22 of the first
antenna 12.
[0067] Referring again to the example of FIG. 1, the at
least one conductive element 20 can be supported and/or
held in any suitable way.
[0068] In some examples, the at least one conductive
element 20 is supported by the reflector 16. For example,
the at least one conductive element 20 can be supported
using dielectric material(s) between the at least one con-
ductive element 20 and the reflector 16. See, for example,
FIG. 6A.
[0069] Air can be used as a dielectric between the at
least one conductive element 20 and the reflector 16. In
such examples, the at least one conductive element 20
can, for example, be supported by one or more columns
of dielectric material.
[0070] In some examples, one or more feed lines of
the at least one conductive element 20 can be used to
support the at least one conductive element 20. For ex-
ample, the at least one conductive element 20 can be
fed from behind the reflector 16 and the feed line(s) used
to support the at least one conductive element 20.
[0071] The size of the at least one conductive element
20 can be configured based, at least in part, on the per-
mittivity of the dielectric(s) used, to allow the at least one
conductive element to receive and/or radiate in the sec-
ond frequency range.
[0072] In some examples, at least a plurality of points
of a perimeter of the at least one conductive element 20
is at a fixed distance 24 from the reflector 16.
[0073] It can be considered that at least a plurality of
points of a perimeter of the at least one conductive ele-
ment 20 is at a fixed distance 24 from the reflector 16 to
allow the at least one conductive element 20 to act as at
least a portion of the reflective surface 18 of the reflector
16.
[0074] In examples, at least a plurality of points of a
perimeter of the at least one conductive element 20 is
substantially at a fixed distance 24 from the reflector 16
in a direction towards at least one receiving and/or radi-
ating element 22 of the first antenna 12.
[0075] By way of example, reference is made to the
example of FIG. 3A.
[0076] FIG. 3A schematically illustrates an example of
a cross section through a conductive element 20 and a
reflector 16 configured to provide a reflective surface 18.
[0077] It can be seen from the example of FIG. 3A that
the conductive element 20 is at a fixed distance 24 from
the reflector 16. In the example of FIG. 3A, the support(s)
for the conductive element 20 are not shown.

[0078] In the illustrated example, a receiving and/or
radiating element 22 of the first antenna 12 is generally
to the left of the figure and therefore the conductive ele-
ment 20 is at a fixed distance 24 from the reflector 16 in
a direction generally towards the receiving and/or radi-
ating element 22 of the first antenna 12.
[0079] In the example of FIG. 3A, the conductive ele-
ment 20 has a shape that is conforming to the shape of
the reflective surface 18 of the reflector 16. Accordingly,
in the example of FIG. 3A, the perimeter of the conductive
element 20 is at a fixed distance 24 from the reflector 16
as the shape of the conductive element 20 is conforming
to the shape of the reflective surface 18 of the reflector 16.
[0080] Returning to FIG. 1, in examples any suitable
selected points of the perimeter of the at least one con-
ductive element 20 can be at a fixed distance 24 from
the reflector 16. For example, the centers of the at least
one conductive element’s edges can be at a fixed dis-
tance 24 from the reflector 16.
[0081] In examples, the fixed distance 24 is substan-
tially n times λ/2, wherein n is a positive integer and A is
a wavelength that corresponds to a frequency of the first
frequency range.
[0082] In examples, A is a wavelength that corre-
sponds to a resonant frequency of the first frequency
range.
[0083] In examples, A is a wavelength that corre-
sponds to a center frequency of the first frequency range.
[0084] Reference is again made to the example of FIG.
4.
[0085] In the example of FIG. 4, the conductive ele-
ment 20 is at a fixed distance 24 from the reflector 16
and is configured to act as a portion of the reflective sur-
face 18 of the reflector 16.
[0086] In the illustrated example, the conductive ele-
ment 20 has a shape that is conforming to reflective sur-
face 18 of the reflector 16 and is therefore also parabolic
in shape.
[0087] Accordingly, in the example of FIG. 4, the pe-
rimeter of the conductive element 20 is substantially at
a fixed distance 24 from the reflector 16.
[0088] In the example of FIG. 4, the conductive ele-
ment 20 is located at 5mm (λ/2 of a frequency of the first
frequency range) distance from the reflector 16. This al-
lows for an integer number of A round trips so that the
waves reflected by the reflector 16 and the waves reflect-
ed by the conductive element 20 are in phase.
[0089] Referring again to FIG. 1, in examples, the at
least one conductive element 20 is configured to receive
and/or radiate in a plurality of frequencies within the sec-
ond frequency range and/or in a plurality of polarisations.
[0090] In some examples, the at least one conductive
element 20 is configured to resonate in a plurality of fre-
quencies within the second frequency range.
[0091] The at least one conductive element 20 can
have any suitable form and/or shape and/or size and/or
configuration to receive and/or radiate in a plurality of
frequencies within the second frequency range and/or in
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a plurality of polarisations.
[0092] For example, the at least one conductive ele-
ment 20 can comprise one or more slots. See, for exam-
ple, FIG. 7.
[0093] In some examples, at least one of the at least
one conductive element 20 has a shape that is conform-
ing to the reflective surface 18 of the reflector 16.
[0094] In examples, it can be considered that a con-
ductive element 20 has a shape that is conforming to the
reflective surface 18 of the reflector 16 if the shape of the
conductive element 20 matches, and/or follows, and/or
is in line with, and/or mirrors the shape of the reflective
surface 18 of the reflector 16.
[0095] In examples, it can be considered that a con-
ductive element 20 has a shape that is conforming to the
reflective surface 18 of the reflector 16 if the perimeter
of the conductive element 20 is at a substantially fixed
distance 24 from the reflective surface 18 of the reflector
16.
[0096] See, for example, FIG. 4 in which the conductive
element 20 has a substantially parabolic shape and the
reflector 16, and reflective surface 18, also has a sub-
stantially parabolic shape such that the conductive ele-
ment 20 has a shape that is conforming to the reflective
surface 18 of the reflector 16 and the perimeter of the
conductive element 20 is at a fixed distance 24 from the
reflector 16.
[0097] An element or elements that has/have a shape
that is conforming to the shape of another element can
be considered to have a shape that conforms to the shape
of the other element. For example, the conductive ele-
ment 20 in the example of FIG. 4 can be considered to
have a shape that conforms to the reflective surface 18
of the reflector 16.
[0098] In examples, the at least one conductive ele-
ment 20 comprises a plurality of conductive elements 20,
and the plurality of conductive elements 20 is configured
in a shape that is substantially conforming to the reflective
surface 18 of the reflector 16.
[0099] In examples, the plurality of conductive ele-
ments 20 can be considered a group of conductive ele-
ments 20.
[0100] Accordingly, in examples, a group of conductive
elements 20 is configured/arranged in a shape that is
substantially conforming to the reflective surface 18 of
the reflector 16. For example, the group of conductive
elements 20 can be configured/arranged in a mosaic hav-
ing a shape that is substantially conforming to the reflec-
tive surface 18 of the reflector 16.
[0101] One or more of the conductive elements 20 of
the plurality of conductive elements 20 can have a shape
that is substantially conforming to the reflective surface
18 of the reflector 16 and/or one or more of the conductive
elements 20 of the plurality of conductive elements 20
can have a shape that is substantially non-conforming to
the reflective surface 18 of the reflector 16.
[0102] Accordingly, in examples, one or more of the
conductive elements 20 of the plurality of conductive el-

ements 20 has a shape that is substantially non-conform-
ing to the reflective surface 18 of the reflector 16.
[0103] For example, the reflective surface 18 of the
reflector 16 can have a curved shape but one or more of
the conductive elements 20 of the plurality of conductive
elements can be substantially flat and arranged in a
shape that is substantially conforming to the curved
shape of the reflective surface 27 of the reflector 16.
[0104] By way of example, reference is made to FIG.
3B.
[0105] The example of FIG. 3B is similar to the example
of FIG. 3A, and similarly schematically illustrates a cross-
section of a reflector 16 having a reflective surface 18
and associated conductive elements 20.
[0106] In the example of FIG. 3B, a dashed line 28 is
present indicating a curve that is conforming to the shape
of the reflective surface 18 of the reflector 16.
[0107] In the example of FIG. 3B, the plurality of con-
ductive elements 20 are substantially flat and are there-
fore non-conforming to the shape of the reflective surface
18. However, the conductive elements 20 are arranged
in a shape that is substantially conforming to the shape
of the reflective surface 18.
[0108] This can be seen in the example of FIG. 3B as
the configuration of the plurality of conductive elements
20 are arranged to substantially follow the dashed line
28, although the individual conductive elements 20 are
substantially flat.
[0109] In examples, it can be considered that a plurality
of conductive elements 20, that are substantially non-
conforming to the reflective surface 18 of the reflector
16, are arranged in a shape that is substantially conform-
ing to the reflective surface 18 of the reflector 16 if a
plurality of points of the individual conductive elements
20 lie on a surface that has a shape that is conforming
to the shape of the reflective surface 18 of the reflector 16.
[0110] For example, it can be considered that a plural-
ity of conductive elements 20, that are substantially non-
conforming to the reflective surface 18 of the reflector
16, are arranged in a shape that is substantially conform-
ing to the reflective surface 18 of the reflector 16 if at
least a plurality of points of a perimeter of the conductive
elements 20 lie on a surface having a shape that is con-
forming to the shape of the reflective surface 18 of the
reflector 16.
[0111] Accordingly, in some examples, a plurality of
points of the perimeter of the individual conductive ele-
ments 20, but not all of the perimeter, are substantially
at a fixed distance from the reflector 16.
[0112] In some examples, the plurality of conductive
elements 20 is configured in a shape that is substantially
conforming to the reflective surface 18 of the reflector 16
and one or more of the conductive elements 20 of the
plurality of conductive elements 20 has a shape that is
substantially conforming to the reflective surface 18 of
the reflector 16.
[0113] By way of example, reference is made to FIG.
3C.
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[0114] The example of FIG. 3C is similar to the example
of FIG. 3B. However, in the example of FIG. 3C, the group
of conductive elements 20 is configured in a shape that
is substantially conforming to the reflective surface 18 of
the reflector 16 and the individual conductive elements
20 are also substantially conforming to the reflective sur-
face 18 of the reflector 16.
[0115] This can be seen in the example of FIG. 3C as
the individual conductive elements 20 follow the dashed
line 28 representing a line that is conforming to the shape
of the reflective surface 18 of the reflector 16.
[0116] Accordingly, in the example of FIG. 3C, the pe-
rimeter of the individual conductive elements 20 is sub-
stantially at a fixed distance from the reflector 16.
[0117] Returning to the discussion of FIG. 1, in exam-
ples, the reflective surface 18 is substantially parabolic
in shape and the plurality of conductive elements is con-
figured in a substantially parabolic shape.
[0118] In examples, the antenna arrangement 10 is
configured to allow different pointing directions for the
first and second antennas 12, 14.
[0119] In examples, it can be considered that the an-
tenna arrangement 10 is configured to allow different
boresights for the first and second antennas 12, 14.
[0120] The antenna arrangement 10 can be configured
in any suitable way to allow different pointing directions
for the first and second antennas 12, 14.
[0121] For example, the antenna arrangement 10 can
be configured to allow different combinations of phases
to be applied to feeds of at least one conductive element
20 to point the beam at the second frequency range to
an arbitrary direction independently to the pointing of the
first antenna 12 at the first frequency range.
[0122] In examples, the at least one receiving and/or
radiating element 22 of the first antenna 12, in combina-
tion with a shape in the reflector 16/reflecting surface 18,
can point to an arbitrary direction independently of the
second antenna 14.
[0123] For example, the pointing direction of the first
antenna 12 in the first frequency range can be kept fixed
at zero degrees and simultaneously the beam of the sec-
ond antenna 14 in the second frequency range can point
to other directions.
[0124] In examples, the at least one conductive ele-
ment 20 can be fed in any suitable way using any suitable
method. For example, one or more feed lines can be
provided to the conductive element 20.
[0125] In some examples, one or more feed lines to
the at least one conductive element 20 pass through at
least one opening in the reflector 16.
[0126] In some examples, one or more feed lines to
the at least one conductive element 20 run across the
reflective surface 27 of the reflector 16.
[0127] In examples, feed lines to at least once conduc-
tive element 20 that run across the reflective surface 18
of the reflector 16 can be configured to act as at least a
portion of the reflective surface 18 of the reflector 16 as
described in relation to the one or more conductive ele-

ments 20.
[0128] FIG. 2 schematically illustrates an example of
an apparatus 26. In examples, the apparatus 26 can be
considered an electronic device.
[0129] In the example of FIG. 2, the apparatus 26 com-
prises an antenna arrangement 10 as described herein.
[0130] Accordingly, FIG. 2 illustrates in the example of
an apparatus comprising an antenna arrangement 10 as
described herein.
[0131] In examples, the apparatus 26 can comprise a
customer premises equipment (CPE).
[0132] FIG. 5 illustrates an example of an antenna ar-
rangement 10.
[0133] The example of FIG. 5 is similar to the example
of FIG. 4. However, in the example of FIG. 5 the second
antenna 14 comprises a plurality of conductive elements
20 configured to receive and/or radiate in the second
frequency range.
[0134] In the example of FIG. 5, the plurality of con-
ductive elements has a shape that is substantially con-
forming to the reflective surface 18 of the reflector 10 and
the individual conductive elements 20 also have shapes
that are conforming to the reflective surface 18 of the
reflector 16.
[0135] FIG. 6A illustrates an example of an antenna
arrangement 10.
[0136] The antenna arrangement 10 comprises a first
antenna 12 comprising a reflector 16 configured to pro-
vide a reflective surface 18, and a plurality of receiving
and/or radiating elements 22.
[0137] The reflector 16, in the example of FIG. 6A, has
a parabolic shape and focal shift.
[0138] The first antenna 12 is configured to operate in
frequency bands n257, n261 (28 GHz), and n258 (26
GHz). The reflector 16 is configured to provide a reflective
surface 18 at, at least, these bands.
[0139] The first antenna 12 is configured to provide a
gain of 19 dBi and vertical steerability of +/- 15 °
[0140] The antenna arrangement 10 of FIG. 6A also
comprises a second antenna 14 comprising a plurality of
conductive elements 20 configured to act as a portion of
the reflective surface 18 of the reflector 16. In the example
of FIG. 6A, the conductive elements 20 are patches, com-
prising slots 34 to resonate in several frequency bands.
[0141] In the illustrated example, the conductive ele-
ments 20 are conforming to the reflective surface 18 of
the reflector 16 and at a fixed distance 24 from the re-
flector supported on a dielectric substrate 32 with εr =
1.8. The size of the conductive elements 20 has been
reduced to resonate appropriately.
[0142] In FIG. 6A, the thickness of the dielectric mate-
rial is 4.5 mm to keep the A roundtrip at 28 GHz. In the
illustrated example, the εr = 1.8 has been achieved by
means of vertical additive manufacturing with PLA (Poly-
lactic Acid) material using a rectilinear infill of 25% in
mass.
[0143] The second antenna 14 is configured to operate
in frequency bands B40 (2.3 GHz) and B42 (3.5 GHz).
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[0144] The second antenna 14 is configured to provide
a gain of 5 dBi in both bands and polarization rejection
of at least 19 dBi.
[0145] Dimensions of this example are detailed in re-
lation to FIGs 6B, 6C and 7. The size of the reflector 16
is approximately 11 λ at 28 GHz in both planes which is
a size big enough to provide a good directivity and still
fit in typical CPE modules.
[0146] In the illustrated example, the two sub-6 GHz
conforming patches are fed at the center by an SMA con-
nector and the U-type slot makes them dual band and
reduces their size below the classical 0.5 λ εr.
[0147] The dimensions and position of the U-slot (de-
scribed in relation to FIG. 7) are used together with the
size of the patch to obtain a good matching in the two
considered sub-6 GHz bands.
[0148] The U-shape slot patch is a dual-band antenna
where the two resonances correspond respectively to
the one of the U-slot (upper band) and the one of the
patch (lower band) that is also including the presence of
the slot.
[0149] The two conforming patches are rotated 90 °
with respect to each other to provide polarization diver-
sity. The distance between the two patches is DU = 8.2
mm (FIG. 7) in this example which avoids strong coupling
effects.
[0150] In the illustrated example, the reflector 16 is fed
by a linear array of 4 patches operating at 28 GHz. The
position of this array at the focus of the reflector 16 is
implemented by an arm that is manufactured by conven-
tional additive manufacturing with PLA material.
[0151] The details of the feed system and dimensions
are described in relation to FIG. 8.
[0152] FIG. 6B and FIG. 6C illustrate side view and top
views respectively of the antenna system 10 of FIG. 6A.
[0153] Table 1 indicates dimensions of the various as-
pects of the example illustrated in FIGs 6B and 6C.

[0154] FIG. 7 illustrates the conductive elements 20 of
the example of FIG. 6A.
[0155] Table 2 indicates dimensions of the various as-
pects of the example illustrated in FIG. 7.

Table 1

Parameter Value [mm]

Wref 120

Lref 117.4

Href 31.5

Tref 4

Hfeed 60

Xarm 54.7

Yarm 46.5

[0156] FIG. 8 illustrates the receiving and/or radiating
elements of the first antenna 12 of the example of FIG. 6A.
[0157] FIG. 8 can be considered to illustrate the feed
system of the first antenna 12.
[0158] Table 3 indicates dimensions of the various as-
pects of the example illustrated in FIG. 8.

[0159] FIG. 9 illustrates an example of a method 900.
[0160] Method 900 can be performed in any suitable
way using any suitable method or methods.
[0161] At block 902, method 900 comprises providing
a first antenna 12 configured to operate in a first frequen-
cy range.
[0162] At block 904, method 900 comprises providing
a second antenna 14 configured to operate in a second
frequency range.
[0163] The first antenna 12 comprises a reflector 16
configured to provide a reflective surface 18 at, at least,
the first frequency range, and the second antenna 14
comprises at least one conductive element 20 configured
to receive and/or radiate in the second frequency range,

Table 2

Parameter Value [mm]

Wpat 33

Lpat 71.7

Tpat 5

U1 21.3

U2 14.1

U3 16.6

U4 14.1

D1 4.6

U5 21.9

U6 13.6

U7 17.3

U8 13.4

D2 4

DU 8.2

Table 2

Parameter Value [mm]

Wp 23.2

lp 19.8

p1 2.7

p2 2.7

p3 2.66
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wherein at least a portion of the at least one conductive
element 20 is configure to act as at least a portion of the
reflective surface 18 of the reflector 16.
[0164] Method 900 can be considered a method of
manufacturing an antenna arrangement 10 as described
herein.
[0165] Examples of the disclosure are advantageous
and/or provide technical benefits.
[0166] For example, examples of the disclosure pro-
vide for a saving in space for an antenna arrangement
having different frequency bands sharing the same space
and the same antenna assembly.
[0167] For example, examples of the disclosure pro-
vide for an integrated antenna assembly in which the first
and second antennas can operate independently of each
other.
[0168] For example, examples of the disclosure pro-
vide for an integrated antenna assembly in which it is
possible to achieve different pointing directions for higher
and lower frequency bands.
[0169] For example, examples of the disclosure pro-
vide for adding other frequency bands to an existing re-
flector antenna by adding one or more conductive ele-
ments as described herein.
[0170] For example, in examples involving a rotating
antenna, examples of the disclosure provide for a reduc-
tion in the total size which reduces the torque.
[0171] For example, in examples involving an outdoor
antenna, examples of the disclosure provide for a reduc-
tion in the total size which reduces the wind load.
[0172] Where a structural feature has been described,
it may be replaced by means for performing one or more
of the functions of the structural feature whether that func-
tion or those functions are explicitly or implicitly de-
scribed.
[0173] Where the term band or bandwidth is used for
the first antenna 12, the second antenna 14 and/or the
antenna arrangement 10, it refers to an ’operational
bandwidth’.
[0174] An operational resonant mode (operational
bandwidth) is a frequency range over which an antenna
can efficiently operate. An operational resonant mode
(operational bandwidth) may be defined as where the
return loss S11 of the antenna is greater than (more neg-
ative than) an operational threshold T and where the a
radiated efficiency (er) is greater than an operational
threshold in an efficiency plot.
[0175] The first antenna 12 and/or second antenna 14
and/or antenna arrangement 10 can be configured to op-
erate in a plurality of operational resonant frequency
bands. For example, the operational frequency bands
may include (but are not limited to) Long Term Evolution
(LTE) (US) (734 to 746 MHz and 869 to 894 MHz), Long
Term Evolution (LTE) (rest of the world) (791 to 821 MHz
and 925 to 960 MHz), amplitude modulation (AM) radio
(0.535-1.705 MHz); frequency modulation (FM) radio
(76-108 MHz); Bluetooth (2400-2483.5 MHz); wireless
local area network (WLAN) (2400-2483.5 MHz); hiper

local area network (HiperLAN) (5150-5850 MHz); global
positioning system (GPS) (1570.42-1580.42 MHz); US -
Global system for mobile communications (US-GSM)
850 (824-894 MHz) and 1900 (1850 - 1990 MHz); global
system for mobile communications (GSM) 900 (880-960
MHz) and 1800 (1710 - 1880 MHz); European wideband
code division multiple access (EU-WCDMA) 900
(880-960 MHz); personal communications network
(PCN/DCS) 1800 (1710-1880 MHz); US wideband code
division multiple access (US-WCDMA) 1700 (transmit:
1710 to 1755 MHz , receive: 2110 to 2155 MHz) and
1900 (1850-1990 MHz); wideband code division multiple
access (WCDMA) 2100 (transmit: 1920-1980 MHz, re-
ceive: 2110-2180 MHz); personal communications serv-
ice (PCS) 1900 (1850-1990 MHz); time division synchro-
nous code division multiple access (TD-SCDMA) (1900
MHz to 1920 MHz, 2010 MHz to 2025 MHz), ultra wide-
band (UWB) Lower (3100-4900 MHz); UWB Upper
(6000-10600 MHz); digital video broadcasting - handheld
(DVB-H) (470-702 MHz); DVB-H US (1670-1675 MHz);
digital radio mondiale (DRM) (0.15-30 MHz); worldwide
interoperability for microwave access (WiMax)
(2300-2400 MHz, 2305-2360 MHz, 2496-2690 MHz,
3300-3400 MHz, 3400-3800 MHz, 5250-5875 MHz); dig-
ital audio broadcasting (DAB) (174.928-239.2 MHz,
1452.96- 1490.62 MHz); radio frequency identification
low frequency (RFID LF) (0.125-0.134 MHz); radio fre-
quency identification high frequency (RFID HF)
(13.56-13.56 MHz); radio frequency identification ultra
high frequency (RFID UHF) (433 MHz, 865-956 MHz,
2450 MHz), frequency allocations for 5G may include
e.g. 700MHz, 410 MHz - 7125 MHz (FR1), 24250 MHz
- 52600 MHz (FR2), 3.6-3.8GHz, 24.25-27.5GHz,
31.8-33.4GHz, 37.45-43.5, 66-71GHz, mmWave, and >
24GHz).
[0176] The first antenna 12 and/or second antenna 14
and/or antenna arrangement 10 can be configured to op-
erate in a plurality of operational resonant frequency
bands. For example, the operational frequency bands
may include (but are not limited to)

FDD TDD

A 555-806 A 2010-2025

B 694-960 B 1930-1990

C 806-894 C 1910-1930

D 694-862 D 2570-2620

E 790-960 E 2300-2400

F 694-894 F 1880-1920

G 870-960 G 2545-2650

H 694-906 H 2500-2690

I 824-960 L 1880-2025

J 1400-2200 M 1880-2690
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[0177] The radio frequency circuitry and the antenna
may be configured to operate in a plurality of operational
resonant frequency bands. For example, the operational
frequency bands may include (but are not limited to) the
bands specified in the current release of 3GPP TS
36.101.
[0178] As used here ’module’ refers to a unit or appa-
ratus that excludes certain parts/components that would
be added by an end manufacturer or a user. The antenna
arrangement 10 can be a module.
[0179] The above described examples find application
as enabling components of: automotive systems; tele-
communication systems; electronic systems including
consumer electronic products; distributed computing
systems; media systems for generating or rendering me-
dia content including audio, visual and audio visual con-
tent and mixed, mediated, virtual and/or augmented re-
ality; personal systems including personal health sys-
tems or personal fitness systems; navigation systems;
user interfaces also known as human machine interfac-
es; networks including cellular, non-cellular, and optical
networks; ad-hoc networks; the internet; the internet of
things; virtualized networks; and related software and
services.
[0180] The term ’comprise’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising Y indicates that X may com-
prise only one Y or may comprise more than one Y. If it
is intended to use ’comprise’ with an exclusive meaning
then it will be made clear in the context by referring to
"comprising only one.." or by using "consisting".
[0181] In this description, reference has been made to
various examples. The description of features or func-
tions in relation to an example indicates that those fea-
tures or functions are present in that example. The use
of the term ’example’ or ’for example’ or ’can’ or ’may’ in

(continued)

FDD TDD

K 824-894 Y 3300-3800

L 1695-2690 U 3400-3600

M 2300-2690 Z 3400-4200

N 790-862

P 1850-1995

Q 1710-1880

R 1695-2200

S 806-870

U 1920-2170

W 1695-2400

Y 1400-1520

Z 23002400

the text denotes, whether explicitly stated or not, that
such features or functions are present in at least the de-
scribed example, whether described as an example or
not, and that they can be, but are not necessarily, present
in some of or all other examples. Thus ’example’, ’for
example’, ’can’ or ’may’ refers to a particular instance in
a class of examples. A property of the instance can be a
property of only that instance or a property of the class
or a property of a sub-class of the class that includes
some but not all of the instances in the class. It is therefore
implicitly disclosed that a feature described with refer-
ence to one example but not with reference to another
example, can where possible be used in that other ex-
ample as part of a working combination but does not nec-
essarily have to be used in that other example.
[0182] Although examples have been described in the
preceding paragraphs with reference to various exam-
ples, it should be appreciated that modifications to the
examples given can be made without departing from the
scope of the claims.
[0183] Features described in the preceding description
may be used in combinations other than the combina-
tions explicitly described above.
[0184] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0185] Although features have been described with ref-
erence to certain examples, those features may also be
present in other examples whether described or not.
[0186] The term ’a’ or ’the’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising a/the Y indicates that X may
comprise only one Y or may comprise more than one Y
unless the context clearly indicates the contrary. If it is
intended to use ’a’ or ’the’ with an exclusive meaning
then it will be made clear in the context. In some circum-
stances the use of ’at least one’ or ’one or more’ may be
used to emphasis an inclusive meaning but the absence
of these terms should not be taken to infer any exclusive
meaning.
[0187] The presence of a feature (or combination of
features) in a claim is a reference to that feature or (com-
bination of features) itself and also to features that
achieve substantially the same technical effect (equiva-
lent features). The equivalent features include, for exam-
ple, features that are variants and achieve substantially
the same result in substantially the same way. The equiv-
alent features include, for example, features that perform
substantially the same function, in substantially the same
way to achieve substantially the same result.
[0188] In this description, reference has been made to
various examples using adjectives or adjectival phrases
to describe characteristics of the examples. Such a de-
scription of a characteristic in relation to an example in-
dicates that the characteristic is present in some exam-
ples exactly as described and is present in other exam-
ples substantially as described.
[0189] Whilst endeavoring in the foregoing specifica-
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tion to draw attention to those features believed to be of
importance it should be understood that the Applicant
may seek protection via the claims in respect of any pat-
entable feature or combination of features hereinbefore
referred to and/or shown in the drawings whether or not
emphasis has been placed thereon.

Claims

1. An antenna arrangement comprising:

a first antenna configured to operate in a first
frequency range; and
a second antenna configured to operate in a sec-
ond frequency range;
wherein the first antenna comprises a reflector
configured to provide a reflective surface at, at
least, the first frequency range, and
the second antenna comprises at least one con-
ductive element configured to receive and/or ra-
diate in the second frequency range, wherein at
least a portion of the at least one conductive
element is configured to act as at least a portion
of the reflective surface of the reflector.

2. The antenna arrangement as claimed in claim 1,
wherein the at least one conductive element is po-
sitioned between the reflector and at least one re-
ceiving and/or radiating element of the first antenna.

3. The antenna arrangement as claimed in claim 1 or
2, wherein the at least one conductive element is
supported by the reflector.

4. The antenna arrangement as claimed in any preced-
ing claim, wherein at least a plurality of points of a
perimeter of the at least one conductive element is
substantially at a fixed distance from the reflector.

5. The antenna arrangement as claimed in claim 4,
wherein the fixed distance is substantially n times
λ/2, wherein n is a positive integer and A is a wave-
length that corresponds to a frequency of the first
frequency range.

6. The antenna arrangement as claimed in any preced-
ing claim, wherein the at least one conductive ele-
ment is configured to receive and/or radiate in a plu-
rality of frequencies within the second frequency
range and/or in a plurality of polarisations.

7. The antenna arrangement as claimed in any preced-
ing claim, wherein the first frequency range is located
at frequencies that are substantially higher than the
respective frequencies of the second frequency
range.

8. The antenna arrangement as claimed in any preced-
ing claim, wherein the first frequency range does not
overlap with the second frequency range.

9. The antenna arrangement as claimed in any preced-
ing claim, wherein at least one of the at least one
conductive element has a shape that is conforming
to the reflective surface of the reflector.

10. The antenna arrangement as claimed in any preced-
ing claim, wherein the at least one conductive ele-
ment comprises a plurality of conductive elements,
and one or more of the conductive elements of the
plurality of conductive elements has or have a shape
that is substantially conforming to the reflective sur-
face of the reflector.

11. The antenna arrangement as claimed in claim 10,
wherein the reflective surface is substantially para-
bolic in shape and the plurality of conductive ele-
ments is configured in a substantially parabolic
shape.

12. The antenna arrangement as claimed in any preced-
ing claim, wherein the antenna arrangement is con-
figured to allow different pointing directions for the
first and second antennas.

13. The antenna arrangement as claimed in any preced-
ing claim, wherein one or more feed lines to the at
least one conductive element pass through at least
one opening in the reflector.

14. The antenna arrangement as claimed in any preced-
ing claim, wherein one or more feed lines to the at
least one conductive element run across the reflec-
tive surface of the reflector.

15. An apparatus comprising an antenna arrangement
as claimed in at least one of claims 1 to 14.
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