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(54) BASE STATION ANTENNA

(57) The invention relates to a multiple-in multi-
ple-out (MIMO) base station antenna (100) for handling
beamforming communications towards areas that are
below and above the base station antenna, the base sta-
tion antenna comprising: an antenna mounting frame
(101) an elongated base portion (103) and a tilted base
portion (105) extending from the elongated base portion
(103), wherein the tilted base portion (105) has a first
planar surface (107) and a second planar surface (109),
the first planar surface (107) and the second planar sur-
face (109) facing away from each other, wherein the first

planar surface (107) is directed downwardly and wherein
the second planar surface (109) is directed upwardly; a
first array of antenna elements (111) arranged on or with-
in the first planar surface (107), the first array of antenna
elements (111) being configured for generating a down-
ward transmission beam; and a second array of antenna
elements (113) arranged on or within the second planar
surface (109), the second array of antenna elements
(113) being configured for generating an upward trans-
mission beam.



EP 3 503 285 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] In general, the present invention relates to the
field of beamforming antennas, in particular for multiple-
in multiple-out (MIMO) communications.

BACKGROUND

[0002] Mobile communications in urban areas are usu-
ally supported by base stations having elevated anten-
nas, which are e.g. arranged on a roof of a building. How-
ever, in beamforming communications where a base sta-
tion transmits a dedicated transmission beam towards a
cell area associated with the base station, which cell area
and user equipment (UE) located in the cell area are usu-
ally located below the base station antenna. Therefore,
measures must be taken to direct the transmission beam
downwardly towards the UE, or to receive a reception
beam from the UE that is located below the antenna.
[0003] Traditionally, MIMO beamforming antennas are
formed by planar panels having an array of antenna el-
ements arranged in the planar panel. The radiation space
is therefore a half-space limited by the plane in which the
antenna elements are arranged.
[0004] The antenna elements or sub-arrays of antenna
elements can separately be driven using e.g. a steering
signal with a predetermined phase in order to generate
a transmission beam towards a certain direction.
[0005] In order to direct the transmission beams to-
wards UEs that are below the elevated antenna, the down
tilt can be provided by either mechanically tilting the pla-
nar panel downwards, or by electrically tilting the trans-
mission beams by appropriately steering the antenna el-
ements.
[0006] However, in both cases the down tilt disables
beamforming communications with objects arranged
above the beamforming antenna, in particular flying ob-
jects such as drones.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the disclosure to pro-
vide an improved base station antenna, simultaneously
allowing beam transmission with UEs arranged below
the base station antenna and drones flying above the
base station antenna.
[0008] The foregoing and other objects are achieved
by the subject matter of the independent claims. Further
implementation forms are apparent from the dependent
claims, the description and the figures.
[0009] Generally, the invention relates to a multiple-in-
multiple-out (MIMO) base station antenna and multiple-
in-multiple-out (MIMO) base station for communications
using beamforming.
[0010] According to a first aspect, the disclosure re-
lates to a multiple-in multiple-out (MIMO) base station

antenna for handling beamforming communications to-
wards areas that are below and above the base station
antenna, the base station antenna comprising: an anten-
na mounting frame having a mounting foot, an elongated
base portion and a tilted base portion extending from the
elongated base portion, wherein the tilted base portion
has a first planar surface and a second planar surface,
the first planar surface and the second planar surface
facing away from each other, wherein the first planar sur-
face is directed downwardly and wherein the second pla-
nar surface is directed upwardly; a first array of antenna
elements arranged on or within the first planar surface,
the first array of antenna elements being configured for
generating a downward transmission beam; and a sec-
ond array of antenna elements arranged on or within the
second planar surface, the second array of antenna el-
ements being configured for generating an upward trans-
mission beam for drone communications.
[0011] Thereby, simultaneous coverage of urban are-
as even with very high buildings and communications
with drones or other aerial objects can be provided.
[0012] The respective array of antenna elements can
correspondingly receive reception beams.
[0013] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments form separately controllable arrays of antenna el-
ements, and/or the first array of antenna elements and
the second array of antenna elements form a composite
array of antenna elements.
[0014] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments form separately controllable arrays of antenna el-
ements, and wherein the first array of antenna elements
has a first terminal for receiving a first steering signal to
generate the downward transmission beam, and wherein
the second array of antenna elements has a second ter-
minal for receiving a second steering signal to generate
the upward transmission beam.
[0015] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments form a composite array of antenna elements,
wherein the antenna elements or sub-arrays of antenna
elements are individually addressable by a steering sig-
nal. Thereby, a transmission beam sweeping between
the arrays of antenna elements can be realized.
[0016] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments are configured to continuously change a direction
of beam transmission or beam reception in a vertical
plane in an angular range greater than 180°, in particular
in order to track movement of a flying object, e.g. a drone.
[0017] According to an example, the first array of an-
tenna elements is configured to transmit the downward
transmission beam towards a cell area extending below
the base station antenna, and/or wherein the second ar-
ray of antenna elements is configured to transmit the up-
ward transmission beam towards a cell area extending
above the base station antenna, in particular towards an
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flying object, e.g. a drone or towards a building extending
above the base station antenna.
[0018] According to an example, the first array of an-
tenna elements and the second array or antenna ele-
ments are configured to simultaneously transmit the up-
ward transmission beam and the downward transmission
beam.
[0019] According to an example, the MIMO further
comprises a third array of antenna elements attached to
the elongated base portion.
[0020] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments are configured for communications in a first fre-
quency range, in particular 3.4 to 3.8 GHz, or 24.25 to
29.5 GHz or 31.8 to 33.4GHz or 37 to 40 GHz or 57 to
77 GHz, that differs from a second frequency range, in
particular 0.8, 0.9, 1.8 GHz and 2.1 GHz of the third array
of antenna elements.
[0021] According to an example, the third array of an-
tenna elements forms an omnidirectional or a directional
antenna for broadcasting or a beamforming antenna for
generating a sideward transmission beam.
[0022] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments are configured for data communications, and
wherein the third array of antenna elements is configured
for voice communications of control communications, in
particular for paging or signalling communication param-
eters such as BCCH or PBCCH (Physical Broadcast
Channel) parameters or Broadcast Channel Master In-
formation Block (MIB), System Information Block (SIB),
cell identification, Public Land Mobile Network (PLMN)
configuration, Random Access Channel (RACH) config-
uration, base station identification, location area informa-
tion, indication of communication channels, indication of
communication frequencies, indication of neighbor cell
information, indication of communication technology as-
sociated with a MIMO base station, in particular 5G from
the broadcast transmitter in the communication cell.
[0023] According to an example, the first array of an-
tenna elements and the second array of antenna ele-
ments are jointly configured for communications accord-
ing to a first communication technology, and wherein the
third array of antenna elements is configured for commu-
nications according to a second communication technol-
ogy, wherein the first communication technology and the
second communication technology are different or the
same communication technologies.
[0024] According to an example, the first communica-
tion technology and the second communication technol-
ogy are one of the following communication technologies:
GSM, LTE, LTE-A, UMTS, HSPA, 3GPP, in particular
3GPP NR, New Radio, 5G or IEEE radio systems such
as Wireless LAN, WiGig, or any of the evolutions and
successors of these technologies.
[0025] According to an example, the MIMO base sta-
tion antenna comprises a plurality of third arrays of an-
tenna elements that are arranged circumferentially

around the elongated base portion.
[0026] According to an example, the MIMO base sta-
tion antenna comprises a plurality of antenna mounting
frames, each having a mounting foot, an elongated base
portion and a tilted base portion extending from the elon-
gated base portion, each tilted base portion having a first
planar surface and a second planar surface, the first pla-
nar surface and the second planar surface facing away
from each other, wherein the first planar surface is di-
rected downwardly and wherein the second planar sur-
face is directed upwardly, wherein each first planar sur-
face has a first array of antenna elements being config-
ured for generating a downward transmission beam,
wherein each second planar surface has a second array
of antenna elements being configured for generating an
upward transmission beam; wherein the antenna mount-
ing frames are arranged such that the tilted base portions
are facing in different directions, in particular such that
the surface normal vectors of the second surfaces are
tilted towards each other.
[0027] According to an example, the antenna mounting
frame is a one-piece mounting frame, or wherein the tilted
base portion is mechanically attached to the elongated
base portion.
[0028] According to an example, the respective array
of antenna elements is attached to the respective planar
surface or embedded within the respective planar sur-
face.
[0029] According to an example, respective array of
antenna elements comprises at least 16 antenna ele-
ments, for generating a transmission beam or for receiv-
ing a reception beam, wherein the antenna elements re-
sponsive to steering signals with of e.g. a MIMO code-
book according to the 5G technology. The codebook in-
dicates for example phase shifts, e. g. 1 + j1, for each
antenna element in order to generate a spatially directed
transmission or reception beam.
[0030] In a further possible implementation form of the
first aspect, the respective broadcast transmitter com-
prises a memory with pre-stored control information re-
lating to the MIMO base station.
[0031] According to a second aspect, the disclosure
relates to a MIMO base station system for handling cel-
lular communications, the base station system compris-
ing a base station; and the MIMO base station antenna
according to the first aspect.
[0032] According to an example, the base station is
configured to provide generate a steer each array of an-
tenna elements or to jointly steer the first array of antenna
elements and the second array of antenna elements of
the base station antenna for generating the respective
transmission beam or for receiving a reception beam up-
on the basis of a predetermined MIMO codebook, in par-
ticular a MIMO codebook according to the 5G technology.
[0033] According to an example, the MIMO base sta-
tion system is configured to handle communications in
the communication cell using beamforming according the
fifth generation (5G) communication technology or high-
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er, and/or wherein the respective broadcast transmitter
is configured to broadcast the control information accord-
ing to one of the following communication technologies:
GSM, LTE, LTE-A, UMTS, HSPA, 3GPP, in particular
3GPP NR, New Radio, 5G or IEEE radio systems such
as Wireless LAN, WiGig, or any of the evolutions and
successors of these technologies.
[0034] According to a third aspect, the disclosure re-
lates to a beamforming communication method per-
formed by the MIMO base station system according to
the second aspect or by the MIMO base station antenna
according to the first aspect, the method comprising: gen-
erating a downward transmission beam for mobile com-
munications below the MIMO base station antenna by
the MIMO base station antenna; and generating an up-
ward transmission beam for mobile communications
above the MIMO base station antenna by the MIMO base
station antenna, in particular for drone communications.
[0035] According to a fourth aspect, the disclosure re-
lates to a computer program product comprising a pro-
gram code for performing the method of the third aspect
when executed on the MIMO base station of the MIMO
base station system according to the second aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Further embodiments of the invention will be
described with respect to the following figures, wherein:

Fig. 1 shows an example of the MIMO base station
antenna according to an embodiment;

Fig. 2 shows an example of the MIMO base station
antenna according to an embodiment;

Fig. 3a and 3b show front views of the MIMO base
station antenna;

Fig. 4 shows an example of a MIMO base station
system;

Fig. 5 shows a diagram of a beamforming commu-
nication method.

[0037] In the various figures, identical reference signs
will be used for identical or at least functionally equivalent
features.

DETAILED DESCRIPTION OF EMBODIMENTS

[0038] In the following description, reference is made
to the accompanying drawings, which form part of the
disclosure, and in which are shown, by way of illustration,
specific aspects in which the present invention may be
placed. It will be appreciated that other aspects may be
utilized and structural or logical changes may be made
without departing from the scope of the present invention.
The following detailed description, therefore, is not to be

taken in a limiting sense, as the scope of the present
invention is defined by the appended claims.
[0039] For instance, it will be appreciated that a disclo-
sure in connection with a described method may also
hold true for a corresponding device or system configured
to perform the method and vice versa. For example, if a
specific method step is described, a corresponding de-
vice may include a unit to perform the described method
step, even if such unit is not explicitly described or illus-
trated in the figures.
[0040] Moreover, in the following detailed description
as well as in the claims, embodiments with different func-
tional blocks or processing units are described, which
are connected with each other or exchange signals. It
will be appreciated that the present invention covers em-
bodiments as well, which include additional functional
blocks or processing units that are arranged between the
functional blocks or processing units of the embodiments
described below.
[0041] Finally, it is understood that the features of the
various exemplary aspects described herein may be
combined with each other, unless specifically noted oth-
erwise.
[0042] Fig. 1 shows a schematic diagram of a MIMO
base station antenna 100 according to an embodiment.
[0043] The MIMO base station antenna 100 is config-
ured for handling beamforming communications towards
areas that are below and above the base station antenna,
for example towards a cell area with a user equipment
(UE) located below the base station antenna comprising,
and towards a high building or a drone.
[0044] The MIMO base station antenna 100 comprises
an antenna mounting frame 101 having an elongated
base portion 103, e.g. with rectangular or circular cross
section, and a tilted base portion 105 extending from the
elongated base portion 103, wherein the tilted base por-
tion 105 has a first planar surface 107 and a second pla-
nar surface 109, the first planar surface 107 and the sec-
ond planar surface 109 facing away from each other,
wherein the first planar surface 107 is directed down-
wardly and wherein the second planar surface 109 is
directed upwardly, for e.g. communicating with a drone.
[0045] The MIMO base station antenna 100 further
comprises a first array of antenna elements 111 arranged
on or within the first planar surface 107, the first array of
antenna elements 111 being configured for generating a
downward transmission beam 112, and a second array
of antenna elements 113 arranged on or within the sec-
ond planar surface 109, the second array of antenna el-
ements being configured for generating an upward trans-
mission beam 114.
[0046] The antenna mounting frame 101 can be made
of metal or plastic. The respective array of antenna ele-
ments 111, 113 can be embedded or mechanically at-
tached to the respective planar surface 107, 109.
[0047] According to an embodiment, the first array of
antenna elements 111 and the second array of antenna
elements 113 are jointly configured for communications
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according to one of the following communication tech-
nologies: GSM, LTE, LTE-A, UMTS, HSPA, 3GPP, in
particular 3GPP NR, New Radio, 5G or IEEE radio sys-
tems such as Wireless LAN, WiGig, or any of the evolu-
tions and successors of these technologies.
[0048] Fig. 2 shows a MIMO base station antenna 100
in an embodiment, wherein a third array of antenna ele-
ments 117 is arranged on the elongated base portion
103. The third array of antenna elements 117 can be e.g.
provided for conventional communications without
beamforming, e.g. at 1.8 GHz.
[0049] The third array of antenna elements 117 can
have a directional characteristic, which is broader than
e.g. the downward transmission beam 112. In order to
provide a coverage at 360°, a plurality, e.g. 3, of third
arrays of antenna elements 117 can be provided that are
arranged circumferentially around the elongated base
portion 103.
[0050] The respective third array of antenna elements
113 can be provided for broadcasting control information
such as BCCH information, paging requests or voice
communications. Moreover, the respective third array of
antenna elements 117 can be provided for e.g. GSM or
LTE communications at 1.8 GHz, whereas the first and
second array of antenna elements 111, 113 can support
5G communications using beamforming in the frequency
range 3.4 to 3.8 GHz, or 24.25 to 29.5 GHz or 31.8 to
33.4 GHz or 37 to 40 GHz or 57 to 77 GHz.
[0051] The respective third array of antenna elements
113 can also be provided for sideward communications.
[0052] Fig. 3a and 3b show front views of the MIMO
base station antenna 100. As depicted in Fig. 3a, the
elongated base portion 103 is narrower than the tilted
base portion 105.
[0053] As depicted in Fig. 3b, the elongated base por-
tion 103 and the tilted base portion 105 have the same
width.
[0054] As exemplarily depicted in Figs. 3a and 3b, the
first array of antenna elements 111 and the second array
of antenna elements 113 are arranged to form rows and
columns of discrete elements, which can be embedded
in the respective planar surface 107 and 109.
[0055] Fig. 4 shows a MIMO base station system 200
for handling cellular communications, comprising a base
station 201 and the MIMO base station antenna 100.
[0056] The MIMO base station system 200 is config-
ured to steer each array of antenna elements 111, 113
or to jointly steer the first array of antenna elements 111
and the second array of antenna elements 113 of the
base station antenna 100 for generating the respective
transmission beam 112, 114 or for receiving a reception
beam upon the basis of a predetermined MIMO code-
book, in particular a MIMO codebook according to the
5G technology. The MIMO codebook can in indicate
phases, e.g. 1 + 1j, for driving the arrays or sub-arrays
of antenna elements 111 and the second array of antenna
elements 113 to generate spatially directed beams.
[0057] Fig. 5 shows a diagram of a beamforming com-

munication method 300 performed by the MIMO base
station system, comprising generating 301, by the MIMO
base station antenna 100, a downward transmission
beam for mobile communications below the MIMO base
station antenna 100, and generating 303, by the MIMO
base station antenna 100, an upward transmission beam
for mobile communications above the MIMO base station
antenna 100 in particular for drone communications.
[0058] The method 300 can be implemented in soft-
ware on the MIMO base station 200.
[0059] While a particular feature or aspect of the dis-
closure may have been disclosed with respect to only
one of several implementations or embodiments, such
feature or aspect may be combined with one or more
other features or aspects of the other implementations
or embodiments as may be desired and advantageous
for any given or particular application. Furthermore, to
the extent that the terms "include", "have", "with", or other
variants thereof are used in either the detailed description
or the claims, such terms are intended to be inclusive in
a manner similar to the term "comprise". Also, the terms
"exemplary", "for example" and "e.g." are merely meant
as an example, rather than the best or optimal. The terms
"coupled" and "connected", along with derivatives may
have been used. It should be understood that these terms
may have been used to indicate that two elements co-
operate or interact with each other regardless of whether
they are in direct physical or electrical contact, or they
are not in direct contact with each other.
[0060] Although specific aspects have been illustrated
and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the
specific aspects shown and described without departing
from the scope of the present disclosure. This application
is intended to cover any adaptations or variations of the
specific aspects discussed herein.
[0061] Although the elements in the following claims
are recited in a particular sequence with corresponding
labeling, unless the claim recitations otherwise imply a
particular sequence for implementing some or all of those
elements, those elements are not necessarily intended
to be limited to being implemented in that particular se-
quence.
[0062] Many alternatives, modifications, and varia-
tions will be apparent to those skilled in the art in light of
the above teachings. Of course, those skilled in the art
readily recognize that there are numerous applications
of the invention beyond those described herein. While
the present invention has been described with reference
to one or more particular embodiments, those skilled in
the art recognize that many changes may be made there-
to without departing from the scope of the present inven-
tion. It is therefore to be understood that within the scope
of the appended claims and their equivalents, the inven-
tion may be practiced otherwise than as specifically de-
scribed herein.
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Claims

1. A multiple-in multiple-out (MIMO) base station an-
tenna (100) for handling beamforming communica-
tions towards areas that are below and above the
base station antenna, the base station antenna com-
prising:

an antenna mounting frame (101) comprising an
elongated base portion (103) and a tilted base
portion (105) extending from the elongated base
portion (103), wherein the tilted base portion
(105) has a first planar surface (107) and a sec-
ond planar surface (109), the first planar surface
(107) and the second planar surface (109) facing
away from each other, wherein the first planar
surface (107) is directed downwardly and
wherein the second planar surface (109) is di-
rected upwardly;
a first array of antenna elements (111) arranged
on or within the first planar surface (107), the
first array of antenna elements (111) being con-
figured for generating a downward transmission
beam; and
a second array of antenna elements (113) ar-
ranged on or within the second planar surface
(109), the second array of antenna elements
(113) being configured for generating an upward
transmission beam.

2. The MIMO base station antenna (100) according to
claim 1, wherein the first array of antenna elements
(111) and the second array of antenna elements
(113) form separately controllable arrays of antenna
elements (111, 113), and wherein the first array of
antenna elements (111) has a first terminal for re-
ceiving a first steering signal to generate the down-
ward transmission beam, and wherein the second
array of antenna elements (113) has a second ter-
minal for receiving a second steering signal to gen-
erate the upward transmission beam, or wherein the
first array of antenna elements (111) and the second
array of antenna elements (113) form a composite
array of antenna elements (111, 113), wherein the
antenna elements (111, 113), or sub-arrays of an-
tenna elements (111, 113), are individually address-
able by a steering signal.

3. The MIMO base station antenna (100) according to
anyone of the preceding claims, wherein the first ar-
ray of antenna elements (111) and the second array
of antenna elements (113) are configured to contin-
uously change a direction of beam transmission or
beam reception in a vertical plane in an angular
range greater than 180°, in particular in order to track
movement of a flying object, e.g. a drone.

4. The MIMO base station antenna (100) according to

anyone of the preceding claims, wherein the first ar-
ray of antenna elements (111) and the second array
or antenna elements (113) are configured to simul-
taneously transmit the upward transmission beam
and the downward transmission beam.

5. The MIMO base station antenna (100) according to
anyone of the preceding claims, further comprising
a third array of antenna elements (117) attached to
the elongated base portion (103).

6. The MIMO base station antenna (100) according to
claim 5, wherein the first array of antenna elements
(111) and the second array of antenna elements
(113) are configured for communications in a first
frequency range, in particular 3.4 GHz to 3.8 GHz,
or 24.25 GHz to 29.5 GHz or 31.8 GHz to 33.4 GHz
or 37 GHz to 40 GHz or 57 GHz to 77 GHz, wherein
the third array of antenna elements (117) is config-
ured for communications in a second frequency
range, in particular 0.8 GHz, 0.9 GHz, 1.8 GHz and
2.1 GHz, and wherein the first frequency range dif-
fers from the second frequency range.

7. The MIMO base station antenna (100) according to
claim 5 or 6, wherein the third array of antenna ele-
ments (117) forms an omnidirectional or a directional
antenna for broadcasting or a beamforming antenna
for generating a sideward transmission beam.

8. The MIMO base station antenna (100) according to
claim 5, 6 or 7, wherein the first array of antenna
elements (111) and the second array of antenna el-
ements (113) are configured for data communica-
tions, and wherein the third array of antenna ele-
ments (117) is configured for voice communications
of control communications, in particular for paging
or signalling communication parameters such as
BCCH parameters.

9. The MIMO base station antenna (100) according an-
yone of the claims 5 to 8, wherein the first array of
antenna elements (111) and the second array or an-
tenna elements (113) are jointly configured for com-
munications according to a first communication tech-
nology, and wherein the third array of antenna ele-
ments (117) is configured for communications ac-
cording to a second communication technology,
wherein the first communication technology and the
second communication technology are different or
the same communication technologies.

10. The MIMO base station antenna (100) according to
claim 9, the first communication technology and the
second communication technology being one of the
following communication technologies: GSM, LTE,
LTE-A, UMTS, HSPA, 3GPP, in particular 3GPP NR,
New Radio, 5G or IEEE radio systems such as Wire-

9 10 



EP 3 503 285 A1

7

5

10

15

20

25

30

35

40

45

50

55

less LAN, WiGig, or any of the evolutions and suc-
cessors of these technologies.

11. The MIMO base station antenna (100) according to
anyone of the preceding claims, comprising a plu-
rality of antenna mounting frames (101), each having
an elongated base portion (103) and a tilted base
portion (105) extending from the elongated base por-
tion (103), each tilted base portion (105) having a
first planar surface (107) and a second planar sur-
face (109), the first planar surface (107) and the sec-
ond planar surface 109) facing away from each oth-
er, wherein each first planar surface (107) is directed
downwardly and wherein each second planar sur-
face (109) is directed upwardly, wherein each first
planar surface (107) has a first array of antenna el-
ements (111) being configured for generating a
downward transmission beam, wherein each second
planar surface (107) has a second array of antenna
elements (113) being configured for generating an
upward transmission beam; wherein
the antenna mounting frames (101) are arranged
such that the tilted base portions (105) are facing in
different directions, in particular such that the surface
normal vectors of the second planar surfaces (109)
are tilted towards each other.

12. The MIMO base station antenna (100) according to
anyone of the preceding claims, wherein the respec-
tive array of antenna elements (111, 113, 117) is
attached to the respective planar surface (107, 109)
or embedded within the respective planar surface
(107, 109).

13. A MIMO base station system (200) for handling cel-
lular communications, the MIMO base station sys-
tem comprising:

a MIMO base station (201); and
the MIMO base station antenna (100) according
to anyone of the claims 1 to 12.

14. Beamforming communication method (300) per-
formed by the MIMO base station system (200) ac-
cording to claim 13, comprising:

Generating (301), by the MIMO base station an-
tenna (100), a downward transmission beam for
mobile communications below the MIMO base
station antenna; and
Generating (303), by the MIMO base station an-
tenna (100) an upward transmission beam for
mobile communications above the MIMO base
station antenna, in particular for drone commu-
nications.

15. Computer program product comprising a program
code for performing the method of claim 14 when

executed on the MIMO base station of the MIMO
base station system according to claim 13.

Amended claims in accordance with Rule 137(2)
EPC.

1. A multiple-in multiple-out (MIMO) base station an-
tenna (100) for handling beamforming communica-
tions towards areas that are below and above the
base station antenna, the base station antenna com-
prising:

an antenna mounting frame (101) comprising an
elongated base portion (103) and a tilted base
portion (105) extending from the elongated base
portion (103), wherein the tilted base portion
(105) has a first planar surface (107) and a sec-
ond planar surface (109), the first planar surface
(107) and the second planar surface (109) facing
away from each other, wherein the first planar
surface (107) is directed downwardly and
wherein the second planar surface (109) is di-
rected upwardly;
a first array of antenna elements (111) arranged
on or within the first planar surface (107), the
first array of antenna elements (111) being con-
figured for generating a downward transmission
beam; and
a second array of antenna elements (113) ar-
ranged on or within the second planar surface
(109), the second array of antenna elements
(113) being configured for generating an upward
transmission beam,
wherein the first array of antenna elements (111)
and the second array of antenna elements (113)
are configured to continuously change a direc-
tion of beam transmission or beam reception in
a vertical plane in an angular range greater than
180° by using a steering signal, in particular in
order to track movement of a flying object, e.g.
a drone.

2. The MIMO base station antenna (100) according to
claim 1, wherein the first array of antenna elements
(111) and the second array of antenna elements
(113) form separately controllable arrays of antenna
elements (111, 113), and wherein the first array of
antenna elements (111) has a first terminal for re-
ceiving a first steering signal to generate the down-
ward transmission beam, and wherein the second
array of antenna elements (113) has a second ter-
minal for receiving a second steering signal to gen-
erate the upward transmission beam, or wherein the
first array of antenna elements (111) and the second
array of antenna elements (113) form a composite
array of antenna elements (111, 113), wherein the
antenna elements (111, 113), or sub-arrays of an-
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tenna elements (111, 113), are individually address-
able by a further steering signal.

3. The MIMO base station antenna (100) according to
anyone of the preceding claims, wherein the first ar-
ray of antenna elements (111) and the second array
or antenna elements (113) are configured to simul-
taneously transmit the upward transmission beam
and the downward transmission beam.

4. The MIMO base station antenna (100) according to
anyone of the preceding claims, further comprising
a third array of antenna elements (117) attached to
the elongated base portion (103).

5. The MIMO base station antenna (100) according to
claim 4, wherein the first array of antenna elements
(111) and the second array of antenna elements
(113) are configured for communications in a first
frequency range, in particular 3.4 GHz to 3.8 GHz,
or 24.25 GHz to 29.5 GHz or 31.8 GHz to 33.4 GHz
or 37 GHz to 40 GHz or 57 GHz to 77 GHz, wherein
the third array of antenna elements (117) is config-
ured for communications in a second frequency
range, in particular 0.8 GHz, 0.9 GHz, 1.8 GHz and
2.1 GHz, and wherein the first frequency range dif-
fers from the second frequency range.

6. The MIMO base station antenna (100) according to
claim 4 or 5, wherein the third array of antenna ele-
ments (117) forms an omnidirectional or a directional
antenna for broadcasting or a beamforming antenna
for generating a sideward transmission beam.

7. The MIMO base station antenna (100) according to
claim 4, 5 or 6, wherein the first array of antenna
elements (111) and the second array of antenna el-
ements (113) are configured for data communica-
tions, and wherein the third array of antenna ele-
ments (117) is configured for communications of
control information, in particular for paging or signal-
ling communication parameters such as BCCH pa-
rameters.

8. The MIMO base station antenna (100) according an-
yone of the claims 4 to 7, wherein the first array of
antenna elements (111) and the second array or an-
tenna elements (113) are jointly configured for com-
munications according to a first communication tech-
nology, and wherein the third array of antenna ele-
ments (117) is configured for communications ac-
cording to a second communication technology,
wherein the first communication technology and the
second communication technology are different or
the same communication technologies.

9. The MIMO base station antenna (100) according to
claim 8, the first communication technology and the

second communication technology being one of the
following communication technologies: GSM, LTE,
LTE-A, UMTS, HSPA, 3GPP, in particular 3GPP NR,
New Radio, 5G or IEEE radio systems such as Wire-
less LAN, WiGig.

10. The MIMO base station antenna (100) according to
anyone of the preceding claims, comprising a plu-
rality of antenna mounting frames (101), each having
an elongated base portion (103) and a tilted base
portion (105) extending from the elongated base por-
tion (103), each tilted base portion (105) having a
first planar surface (107) and a second planar sur-
face (109), the first planar surface (107) and the sec-
ond planar surface 109) facing away from each oth-
er, wherein each first planar surface (107) is directed
downwardly and wherein each second planar sur-
face (109) is directed upwardly, wherein each first
planar surface (107) has a first array of antenna el-
ements (111) being configured for generating a
downward transmission beam, wherein each second
planar surface (107) has a second array of antenna
elements (113) being configured for generating an
upward transmission beam; wherein
the antenna mounting frames (101) are arranged
such that the tilted base portions (105) are facing in
different directions, in particular such that the surface
normal vectors of the second planar surfaces (109)
are tilted towards each other.

11. The MIMO base station antenna (100) according to
anyone of the preceding claims, wherein the respec-
tive array of antenna elements (111, 113, 117) is
attached to the respective planar surface (107, 109)
or embedded within the respective planar surface
(107, 109).

12. A MIMO base station system (200) for handling cel-
lular communications, the MIMO base station sys-
tem comprising:

a MIMO base station (201); and
the MIMO base station antenna (100) according
to anyone of the claims 1 to 11.

13. Beamforming communication method (300) per-
formed by the MIMO base station system (200) ac-
cording to claim 12, comprising:

Generating (301), by the MIMO base station an-
tenna (100), a downward transmission beam for
mobile communications below the MIMO base
station antenna;
Generating (303), by the MIMO base station an-
tenna (100) an upward transmission beam for
mobile communications above the MIMO base
station antenna, in particular for drone commu-
nications; and
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Continuously changing a direction of beam
transmission or beam reception in a vertical
plane in an angular range greater than 180° by
using a steering signal, in particular in order to
track movement of a flying object, e.g. a drone.

14. Computer program product comprising a program
code for performing the method of claim 13 when
executed on the MIMO base station of the MIMO
base station system according to claim 12.
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