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(54) SYSTEM COMPRISING A LUMINAIRE AND A HOUSING, IN WHICH A RADIO FREQUENCY

MODULE BEING PACKAGED IS ARRANGED

(57)  The present invention provides a system com-
prising a luminaire (100) that comprises a first housing
(101) and a light source (102) arranged in the first hous-
ing (101), and a second housing (200), in which a radio
frequency, RF, module (201) being packaged is ar-
ranged. The second housing (200) is arranged on a
surface (101a) of the first housing (101), the surface
(101a) being opposite to a second surface (101b) of

the first housing (101) via which the light source (102)
of the luminaire (100) is configured to emit light. The
second housing (200) comprises one or more slot anten-
nas (202). The RF module (201) is arranged in the
second housing (200) such that the RF module (201)
is configured to radiate radio waves via the one or more
slot antennas (202) to an outside of the second housing
(200).
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Description

[0001] The presentinvention relates to a system com-
prising a luminaire, which comprises a first housingand a
light source, and a second housing, in which a radio
frequency (RF) module being packaged is arranged.
The presentinvention relates to a housing for a packaged
RF module.

[0002] Mounting RF modules or drivers with RF func-
tionality on luminaires is a challenging task. A primary
focus of the design and constructive elements of a lumi-
naire is on the optical/thermal and aesthetic performance
of the luminaire. No obstruction and no shadowing by an
entity, such as the RF module, in the direct or indirect
optical path of the luminaire is desired. No impact by an
entity, such as the RF module, on reflective or spectral
behavior is desired.

[0003] Therefore, any driver for driving the light source
ofthe luminaire is arranged at the luminaire such as not to
interfere in any way with the optical path. Preferably, the
driver is placed such that it is not directly visible from the
outside.

[0004] However, an arrangement of the RF module or
driver with RF functionality not disturbing a direct or
indirect optical paths of the luminaire may mean that
any direct RF radiation is to a similar extent prevented
to emerge from the RF module or driver with RF function-
ality to the outside of the luminaire.

[0005] Additionally, in many cases the materials of
constructive elements of a luminaire are made of metals.
This again strongly impacts the performance and radia-
tion properties of nearby RF modules, resulting in strong
shadowing and obstacles in the desired RF path, unde-
sired directivity and uneven radiation patterns.

[0006] For protecting the RF module, the RF module
may be arranged in a metal housing thatis arranged on a
surface of a housing of the luminaire that is opposite to a
surface of the luminaire’s housing via which light is
emitted by the luminaire. This allows preventing an im-
pact by the metal housing on the light emission of the
luminaire. FIG. 5 is an example of a radiation pattern
emittable by a packaged RF module arranged in a metal
housing, which is arranged on a housing of a luminaire.
For allowing wireless communication by the RF module
with an entity outside the metal housing the metal hous-
ing comprises at a part of the housing no metal. For
example, this part of the housing may be made of a
non-metal material, such as plastic, or this part may be
an opening in the metal housing. Via this part of the metal
housing radio waves may travel from inside the metal
housing to outside and vice versa. FIG. 5is atop view of a
luminaire’s housing 101 and the metal housing 200’, in
which the RF module is arranged. As shown in FIG. 5, the
radiation pattern 600 that may be radiated by the RF
module in such an arrangement has a strong directivity
and there are large areas that are not covered by the
radiation pattern 600. These areas may be referred to as
blind spots. The antenna used by the RF module for the
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RF communication causes this strong directivity. For
example, the antenna may be a monopole or dipole
antenna.

[0007] Moreover, a metal housing having a part that is
not made of metal is disadvantageous with regard to
manufacturing the housing. When the metal house is
fully made of metal using e.g. sheet metal, the sheet
metal may be bended for forming the metal housing.
When the metal housing comprises a part that does
not comprise a metal, such as a part comprising a non-
metal material or an opening, additional manufacturing
steps are necessary which make the manufacturing more
complex, time consuming and expensive.

[0008] Therefore,itis an object of the presentinvention
to provide a system comprising a luminaire and a RF
module allowing an arrangement of the RF module at the
luminaire such that there is no impact by the RF module
on a light emission of the luminaire and allowing an
improved wireless communication by the RF module. It
is in particular an object of the present invention to
provide a system comprising a luminaire and a RF mod-
ule allowing an arrangement of the RF module at the
luminaire such that the RF module is protected against
environmentalinfluences and animproved wireless com-
munication by the RF module may be achieved.

[0009] These and other objects, which become appar-
ent upon reading the following description, are solved by
the subject matter of the independent claim. The depen-
dent claims refer to preferred embodiments of the inven-
tion.

[0010] According to a first aspect of the invention, a
system is provided. The system comprises a luminaire.
The luminaire comprises afirsthousing and a light source
arranged in the first housing. The system comprises a
second housing, in which a radio frequency (RF) module
being packaged is arranged. The second housing is ar-
ranged on a surface of the first housing, the surface being
opposite to a second surface of the first housing via which
the light source of the luminaire is configured to emit light.
Alternatively, the second housing is arranged on a side
surface of the first housing, the side surface of the first
housing connecting the surface and the second surface
of the first housing. The second housing comprises one
or more slot antennas. The RF module is arranged in the
second housing such that the RF module is configured to
radiate radio waves via the one or more slot antennas to
an outside of the second housing.

[0011] In other words, the first aspect proposes a sys-
tem with a luminaire comprising a first housing and with a
second housing, in which a packaged RF module is
arranged, wherein the second housing comprises one
or more slot antennas. As a result, the second housing
may function as a secondary antenna device for chan-
ging the radiation pattern initially radiated by the RF
module to a desired radiation pattern.

[0012] The surface of the first housing may be an inner
surface or outer surface of the first housing. The term
"inside surface" and "outside surface" may be used as
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synonyms for the terms "inner surface" and "outer sur-
face", respectively. That is, when the second housing is
arranged on the surface of the first housing being an outer
surface of the first housing, then the second housing is
arranged outside the first housing on the surface of the
first housing. Accordingly, when the second housing is
arranged on the surface of the first housing being aninner
surface of the first housing, then the second housing is
arranged inside the first housing on the surface of the first
housing. This may apply to the side surface accordingly.
That is, the side surface of the first housing may be an
inner surface or outer surface of the first housing. The
aforementioned may apply to the second surface accord-
ingly. That is, the second surface of the first housing may
be an inner surface or outer surface of the first housing
The one or more slot antennas allow the RF module to
wirelessly communicate via the one or more slot anten-
nas with outside the second housing. As a result, the
second housing may be fully made of metal without the
need of a part of the second housing being made of no
metal. That is, the second housing may be a metal
housing. Therefore, the second housing may be made
of sheet metal and, thus, may be easily manufactured by
bending the sheet metal.

[0013] Moreover, the one or more slot antennas of the
second housing may change a radiation pattern radiated
by the RF module. As a result, the one or more slot
antennas may extend a spatial radiation pattern of the
RF module, which may be limited to one or several spatial
directions by the antenna type (e.g. monopole or dipole
antenna) used by the RF module for wireless commu-
nication, by one or more further additional spatial direc-
tions. This allows increasing a spatial range of RF com-
munication by the RF module with the outside of the
second housing.

[0014] Moreover, this may be achieved regardless of
the antenna type used by the RF module as the effective
radiation pattern (initially caused by the RF module) and,
thus effective spatial range of the RF communication by
the RF module, as perceived outside the second hous-
ing, depends on the number, arrangement at the second
housing and design (e.g. size, shape and/or orientation)
ofthe one or more slot antennas of the second housing. In
other words, the radiation of the radio waves by the RF
module to outside a housing, in which the RF module is
arranged, is not anymore only depend on the antenna
type used by the RF module. It depends on the number,
arrangement at the second housing and design (e.g.
size, shape and/or orientation) of the one or more slot
antennas of the second housing. Thus, the second hous-
ing allows achieving a radiation pattern or radiation char-
acteristics thatis/are independent of the radiation pattern
orradiation characteristics of the RF module. The second
housing allows achieving a desired radiation character-
istic and desired radiation direction of radio waves ra-
diated by the RF module independent of the RF module
type.

[0015] The one or more slot antennas may be config-
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ured to amplify a radio signal radiated in the form of radio
waves by the RF module. In addition or alternatively, the
one or more slot antennas may be configured to direct the
radio signal radiated in the form of radio waves by the RF
module in one or more directions. In other words, the one
or more slot antennas may be configured to change one
or more characteristics of a radiation pattern radiated by
the RF module. That is, the one or more slot antennas
may be configured to change the radiation characteristic
of the RF module.

[0016] For example, in case the antenna used by the
RF module is a monopole or dipole antenna, a radiation
pattern of such antennas comprises areas (may be re-
ferred to as blind spots), in which no radio waves are
radiated. The one or more slot antennas of the second
housing allow covering such blind spots by changing the
radiation pattern of the RF module, accordingly.

[0017] A further advantage of the system according to
the first aspect is that the RF module may be arranged
more flexible in the second housing. This is advanta-
geous in case there are additional components arranged
in the second housing, such as one or more drivers for the
light source of the luminaire, one or more sensor for
providing information on the environment of the luminaire
(e.g. temperature, ambient light etc.), one or more elec-
trical energy storages (e.g. one or more batteries, op-
tionally rechargeable) etc. The more flexible arrange-
ment is due to the following: It is sufficient for a wireless
communication with an entity outside the second housing
that the one or more slot antennas of the second housing
are configured to re-transmit or forward (i.e. receive and
transmit) the radio waves radiated by the RF module
whenthe RF moduleis arranged atits installation position
in the second housing. For this, the second housing may
be accordingly designed, i.e. anumber and position of the
one or more slot antennas in the second housing and
design (e.g. size, shape and/or orientation) of the one or
more slot antennas is selected accordingly.

[0018] Incontrastthereto, in aconventional housing for
a RF module comprising a part made of no metal, the RF
module needs to be arranged such that radio waves
radiated by the RF module travel in the direction of the
aforementioned part of no metal. As aresult, the arrange-
ment of the RF module in such a conventional housing is
limited. Further, the system according to the first aspect
allows besides a flexible arrangement of the RF module
in the second housing also a more flexible design of the
shape of the second housing.

[0019] Moreover, for achieving a desired radiation pat-
tern of radio waves for a desired wireless communication
with an entity outside the luminaire, the system of the first
aspect allows using different types of RF modules.
Namely, as outlined already above, the one or more slot
antennas may change the initial radiation pattern of radio
waves radiated by the RF module to achieve the desired
radiation pattern outside the second housing and outside
the luminaire. Itis sufficient that the radio waves radiated
by the RF module reach the one or more slot antennas,
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i.e. travel inside the second housing to the one or more
slotantennas. Several types of RF modules may achieve
this. In contrast thereto, in a conventional housing for a
RF module, merely comprising a part that is not made of
metal, the radiation pattern for the wireless communica-
tion outside the housing and outside the luminaire is
merely determined by the type of RF module. Therefore,
it is not possible using in a conventional housing for a
packaged RF module different types of RF modules.
Namely, changing the RF module type changes the
radiation pattern of the RF module encountered outside
the conventional housing.

[0020] Moreover, the system of the first aspect has the
advantages that the one or more slot antennas of the
second housing may compensate influences of a metal
material of the second housing on a matched high fre-
quency circuit of the RF module.

[0021] Inaddition,the arrangementofthe RF moduleis
more flexible with regard to an orientation of the RF
module. Namely, an initial direction of radio waves ra-
diated by the RF module (e.g. due to its antenna type and
orientation) may be changed by the one or more slot
antennas of the second housing, as outlined already
above.

[0022] The RF module being packed means that the
RF module comprises its own housing, which may be
referred to as module housing. Thatis, the components of
the RF module (e.g. one or more antennas, electrical
circuit(s) etc.) are enclosed in the module housing. The
RF module may be referred to as "packed RF module".
Thus, the second housing is not a packaging of the RF
module. The radio RF module may be packaged in a
packaging, which is arranged inside the second housing.
Since the RF module is arranged in the second housing,
the second housing encloses the RF module. The sec-
ond housing may be referred to as "RF antenna housing".
The RF module may be packaged according to any
means known in the art. The RF module may comprise
one or more antennas for wireless communication using
radio waves. For example, the RF module may comprise
one or more monopole antennas and/or one or more
dipole antennas.

[0023] The RF module being configured to radiate
radio waves via the one or more slot antennas to the
outside of the second housing means that the RF module
is configured to wirelessly communicate to the outside of
the second housing using the one or more slot antennas
of the second housing. Correspondingly, the RF module
may be configured to receive radio waves via the one or
more slot antennas from the outside of the second hous-
ing. That is, the RF module and the one or more slot
antennas of the second housing may be electromagne-
tically coupled so that the RF module may wirelessly
communicate via the one or more slot antennas. In other
words, the RF module may be arranged in the second
housing such that the RF module is configured to wire-
lessly communicate via the one or more slot antennas
with the outside of the second housing, e.g. with an entity
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arranged outside the second housing. Thatis, each of the
one or more slot antennas is configured to receive radio
waves radiated by the RF module and radiate the re-
ceived radio waves in a direction and with a radiation
pattern defined by the design (e.g. size, shape and/or
orientation) of the respective slot antenna and by the
arrangement of the respective slot antennain the surface
ofthe second housing. A description herein with regard to
aradiation of radio waves by the RF module via the one or
more slot antennas is correspondingly valid with regard
tothe RF module being configured to receive radio waves
via the one or more slot antennas from outside the
second housing. In other words, the RF module may
be configured to receive radio waves via the one or more
slot antennas from outside the second housing.

[0024] Since the light source is arranged in the first
housing, the first housing encloses the light source. The
light source may comprise one or more types of lighting
means. For example, the light source may comprise one
or more light emitting diodes (LEDs). The present inven-
tion is not limited to a specific type of light source.
[0025] The second surface of the first housing may be
referred to as "light emitting surface" of the first housing.
The first housing represent the luminaire’s housing. The
surface of the first housing, on which the second housing
may be arranged, may be referred to as "back" or "back
side" of the first housing or luminaire, and the second
surface of the first housing may be referred to as "front" or
"front side" of the first housing or luminaire.

[0026] The second housing may be mounted to the first
housing by any means known in the art. For example, the
second housing may be mounted by at least one of a
form-fit, a force-locking and adhesive connection to the
first housing. The second housing may be removably
mounted to the first housing.

[0027] The one or more slot antennas of the second
housing may be formed in one or more surfaces of the
second housing. The part of the second housing, where a
slot antenna is formed, is made of metal. The second
housing may be a metal housing.

[0028] Atleastone slot antenna of the one or more slot
antennas of the second housing is arranged in one or
more of: a first surface of the second housing that is
opposite to a second surface of the second housing
facing the surface of the first housing or the side surface
of the first housing, on which the second housing is
arranged; the second surface of the second housing;
and one or more side surfaces of the second housing
connecting the first surface and second surface of the
second housing.

[0029] Any surface of the second housing may be an
inner surface or an outer surface. A slot antenna being
arranged in a housing wall forming surfaces of a housing,
such as the second housing, may be formed by a slot in
the housing wall and will be referenced by the respective
surface formed by the housing. The slot may be a pas-
sage between the outside and inside of the housing. The
term "opening" may be used as a synonym for the term
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"passage".

[0030] The side surface may be integrally formed with
the first surface and/or the second surface of the second
housing. An angle may exist between the side surface
and the first surface. An angle may exist between the side
surface and the second surface. The aforementioned
may be correspondingly valid for a side surface of the
first housing.

[0031] One or more slot antennas being arranged in
the first surface of the second housing has the advantage
that radio waves radiated by the RF module may be
radiated via the aforementioned one or more slot anten-
nas in a direction away from the first housing. For ex-
ample, in case the luminaire is a recessed luminaire for
being installed in a space between a ceiling and a sus-
pended ceiling, the aforementioned one or more slot
antennas allow a radiation of radio waves by the RF
module into the space between the ceiling and the sus-
pended ceiling, when the luminaire is installed. This
allows a wireless communication in such a space. In
case the luminaire is a suspension luminaire, this allows
a wireless communication In the direction of a ceiling at
which the suspended luminaire may be installed.
[0032] In case the second housing is arranged inside
the first housing, the first housing may be made of a
material, which that allows radio waves to pass through,
at least at a part of the first housing at which radio waves
radiated by the at least one slot antenna of the second
housing imping. This allows the radio waves to be ra-
diated outside the first housing.

[0033] Optionally, the one or more slot antennas being
arranged in the first surface of the second housing may
be arranged at a center of the first surface of the second
housing. This allows a more homogenous radiation pat-
tern compared to a case where the one or more slot
antennas are arranged in the first surface closer to a side
surface of the second housing. In addition, the radiation
efficiency may be better.

[0034] One or more slot antennas being arranged in
the second surface of the second housing has the ad-
vantage that radio waves radiated by the RF module may
be radiated via the aforementioned one or more slot
antennas in a direction towards the first housing and,
thus, through the first housing towards the second sur-
face of the first housing. This allows a radiation of radio
waves radiated by the RF module in a direction of light
emission of the luminaire. For example, the luminaire
may be a suspension luminaire or a surface-mounted
luminaire installed at a ceiling such that the second sur-
face of the first housing faces ground (i.e. facing in the
opposite direction with regard to a direction towards the
ceiling). In this case, the aforementioned one or more slot
antennas of the second housing allow a radiation of radio
waves by the RF module in the direction of the ground.
This is correspondingly valid in case the luminaire is a
recessed luminaire installed in a space between a ceiling
and a suspended ceiling.

[0035] Optionally, the one or more slot antennas being
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arranged in the second surface of the second housing
may be arranged at a center of the second surface of the
second housing. This allows a more homogenous radia-
tion pattern compared to a case where the one or more
slot antennas are arranged in the second surface closer
to a side surface of the second housing. In addition, the
radiation efficiency may be better.

[0036] One or more slot antennas being arranged in
one or more side surfaces of the second housing has the
advantage that radio waves radiated by the RF module
may be radiated via the aforementioned one or more slot
antennas sideward of the luminaire. For example, in case
the luminaire is a suspension luminaire, the aforemen-
tioned one or more slot antennas of the second housing
allow a sideward radiation of radio waves by the RF
module when the luminaire is installed. This allows a
communication of two such luminaires with each other
that are roughly installed at the same height next to each
other. The aforementioned is correspondingly true for a
different type of luminaire, such as a recessed for being
installed in a space between a ceiling and a suspended
ceiling, or a surface-mounted luminaire.

[0037] Optionally, the second housing has a cuboidal
shape or cylindrical shape.

[0038] Optionally, a distance between two opposing
inner surfaces of the second housing is a multiple of halfa
wave-length of the radio waves that the RF module is
configured to radiate.

[0039] That is, the dimensions of the second housing
may depend on the frequency of the radio waves that may
be radiated by the RF module. In other words, the second
housing may be a waveguide. This allows the radio
waves radiated by the RF module to be guided to the
one or more slot antennas of the second housing in order
to be retransmitted or forwarded by the one or more slot
antennas to the outside of the second housing. The
aforementioned retransmission or forwarding of the radio
waves depends on the design (e.g. size, shape and/or
orientation) of the one or more slot antennas and position
of the one or more slot antennas at the second housing.
[0040] The dimensions of the second housing may be
designed such that there is an electromagnetically cou-
pling between the RF module and the one or more slot
antennas of the housing allowing the RF module to
wirelessly communicated using radio waves via the
one or more slot antennas with outside the second hous-
ing. The cross section of the second housing may depend
on the frequency of the radio waves that may be radiated
by the RF module. The second housing, e.g. the cross
section of the second housing, may be designed such
that the second housing represents a waveguide for the
radio waves radiated by the RF module.

[0041] Adriver for the light source of the luminaire may
be arranged in the second housing and is electrically
connected with the light source of the luminaire. The
driver may be electrically connected to the RF module.
Alternatively, the RF module may be part of the driver.
[0042] The driver for driving the light source (i.e. for
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electrically supplying and, thus, controlling light emission
by the light source) may be implemented according to any
means known in the art.

[0043] Optionally, the light source comprises one or
more LEDs and the driver is a LED driver.

[0044] The luminaire may be a recessed luminaire for
being installed in a space between a ceiling and a sus-
pended ceiling, a suspension luminaire or a surface-
mounted luminaire. Optionally, the luminaire may be a
high-bay luminaire.

[0045] The system is not limited to a specific type of
luminaire.
[0046] Optionally, at least one slot antenna of the one

or more slot antennas of the second housing is arranged
in a surface of the second housing facing the surface of
the first housing or the side surface of the first housing, on
which the second housing is arranged. A part of the first
housing, on which radio waves radiated by the at least
one slot antenna in a main radiation direction of the slot
antenna impinge, may comprise an opening or may be
made of a material that allows radio waves to pass
through.

[0047] This allows the radio waves radiated by the RF
module to travel through the first housing in the direction
of the second surface of the first housing, via which the
light source is configured to emit light. Therefore, the
radio waves may travel via the second surface (light
emission surface) of the first housing to the outside of
the first housing and, thus, the outside of the luminaire.
Namely, the part of the first housing, via which light is
emitted by the light source allows radio waves to pass
through. That is, such a part comprises an opening or is
made of a material allowing light to pass through so that
such a part allows radio waves to pass through.

[0048] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing facing the surface of
the first housing or the side surface of the first housing, on
which the second housing is arranged, and the first
housing is made of a material that allows radio waves
to pass through.

[0049] This allows the radio waves radiated by the RF
module to travel through the first housing in the direction
of the second surface of the first housing, via which the
light source is configured to emit light. Therefore, the
radio waves may travel via the second surface (light
emission surface) of the first housing to the outside of
the first housing and, thus, the outside of the luminaire. A
material that allows radio waves to pass through may be
for example plastic.

[0050] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing facing the surface of
the first housing or the side surface of the first housing, on
which the second housing is arranged. The first housing
may comprise in the surface or the side surface, on which
the second housing is arranged, one or more slot anten-
nas such that the one or more slot antennas are config-
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ured to couple radio waves radiated by the at least one
slot antenna into the first housing or out of the first
housing.

[0051] For example, when the second housing is ar-
ranged on the surface of the first housing being an outer
surface, then the first housing may comprise in the sur-
face, on which the second housing is arranged, one or
more slot antennas such that the one or more slot anten-
nas are configured to couple radio waves radiated by the
at least one slot antenna of the second housing into the
first housing.

[0052] For example, when the second housing is ar-
ranged on the surface of the first housing being an inner
surface, then the first housing may comprise in the sur-
face, on which the second housing is arranged, one or
more slot antennas such that the one or more slot anten-
nas are configured to couple radio waves radiated by the
at least one slot antenna of the second housing out of the
first housing.

[0053] For example, when the second housing is ar-
ranged on the side surface of the first housing being an
outer surface, then the first housing may comprise in the
side surface, on which the second housing is arranged,
one or more slot antennas such that the one or more slot
antennas are configured to couple radio waves radiated
by the atleast one slot antenna of the second housing into
the first housing. In this case, one or more directing
and/or guiding elements, such as a waveguide, may
be present inside the second housing. The one or more
directing and/or guiding elements are configured to direct
and optionally guide the radio waves coupled by the one
or more slot antennas of the side surface of the first
housing into the first housing towards the second surface
of the first housing. This allows the radio waves to travel
from inside the first housing via the second surface of the
first housing to the outside of the first housing.

[0054] For example, when the second housing is ar-
ranged on the side surface of the first housing being an
inner surface, then the first housing may comprise in the
side surface, on which the second housing is arranged,
one or more slot antennas such that the one or more slot
antennas are configured to couple radio waves radiated
by the atleast one slot antenna of the second housing out
of the first housing.

[0055] This allows the first housing of the luminaire to
be made of metal. Namely, although metal prevents radio
waves to pass through it, the aforementioned one ormore
slot antennas of the first housing allow radio waves
radiated by the RF module to travel through the first
housing in the direction of the second surface of the first
housing, via which the light source is configured to emit
light. Therefore, the radio waves may travel via the sec-
ond surface (light emission surface) of the first housing to
the outside of the first housing and, thus, the outside of
the luminaire.

[0056] The one or more slot antennas of the first hous-
ing may be configured to amplify a radio signal radiated in
the form of radio waves by the RF module.
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[0057] Optionally, the one or more slot antennas of the
first housing are configured to direct the radio waves
radiated by the at least one slot antenna in a direction
of an area of the second surface of the first housing, via
which the light source is configured to emit light.

[0058] This allows coupling the radio waves out of the
first housing to an outside of the luminaire. The area may
comprise an opening for light emission. The area may be
made of material through which light may pass. This area
may be such that a person may see through it or not. The
first housing may comprise an optic arrangement in the
area. An optic arrangement may be arranged on the
second surface in the aforementioned area.

[0059] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing facing the surface of
the first housing, on which the second housing is ar-
ranged. The light source may be arranged on a printed
circuit board, PCB, in the first housing, the PCB being
substantially parallel to the surface of the first housing, on
which the second housing is arranged. The PCB may be
interrupted in an area, through which radio waves ra-
diated by the at least one slot antenna of the second
housing in a main radiation direction of the slot antenna
travel. The surface of the first housing, on which the
second housing is arranged, may be an outer surface
of the first housing.

[0060] This allows ensuring that radio waves radiated
by the RF module are not blocked or extenuated by the
components of the luminaire for light emission, i.e. by the
light source of the luminaire and the PCB, on which the
light source is arranged. The PCB may be parallel to the
surface of the first housing, on which the second housing
is arranged.

[0061] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing that is opposite to a
surface of the second housing facing the surface of the
first housing, on which the second housing is arranged.
The light source may be arranged on a printed circuit
board, PCB, in the first housing, the PCB being substan-
tially parallel to the surface of the first housing, on which
the second housing is arranged. The PCB may be inter-
rupted in an area, through which radio waves radiated by
the at least one slot antenna of the second housing in a
main radiation direction of the slot antenna travel. The
surface of the first housing, on which the second housing
is arranged, may be an inner surface of the first housing.
[0062] This allows ensuring that radio waves radiated
by the RF module are not blocked or extenuated by the
components of the luminaire for light emission, i.e. by the
light source of the luminaire and the PCB, on which the
light source is arranged.

[0063] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing facing the surface of
the first housing, on which the second housing is ar-
ranged. The light source may be arranged on a printed
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circuit board, PCB, in the first housing, the PCB being
substantially parallel to the surface of the first housing, on
which the second housing is arranged. The PCB may
comprise a keep out area for components comprising a
material that does not allow radio waves to pass through,
the keep out area being an area of the PCB, through
which radio waves radiated by the at least one slot
antenna of the second housing in a main radiation direc-
tion of the slot antenna travel. The surface of the first
housing, on which the second housing is arranged, may
be an outer surface of the first housing.

[0064] This allows ensuring that radio waves radiated
by the RF module are not blocked or extenuated by the
components of the luminaire for light emission, i.e. by the
light source of the luminaire and the PCB, on which the
light source is arranged. The PCB may be parallel to the
surface of the first housing, on which the second housing
is arranged. For example, in case the PCB is a composite
epoxy material (CEM) PCB or a FR-4 PCB, no copper
traces may be arranged in the keep out area. For exam-
ple, in case the PCB is a metal PCB the keep out region
may comprise or be a dedicated cut out in the PCB.
[0065] Optionally, at least one slot antenna of the one
or more slot antennas of the second housing is arranged
in a surface of the second housing that is opposite a
surface of the second housing facing the surface of the
first housing, on which the second housing is arranged.
The light source may be arranged on a printed circuit
board, PCB, in the first housing, the PCB being substan-
tially parallel to the surface of the first housing, on which
the second housing is arranged. The PCB may comprise
a keep out area for components comprising a material
that does not allow radio waves to pass through, the keep
out area being an area of the PCB, through which radio
waves radiated by the at least one slot antenna of the
second housing in a main radiation direction of the slot
antenna travel. The surface of the first housing, on which
the second housing is arranged, may be an inner surface
of the first housing.

[0066] This allows ensuring that radio waves radiated
by the RF module are not blocked or extenuated by the
components of the luminaire for light emission, i.e. by the
light source of the luminaire and the PCB, on which the
light source is arranged.

[0067] Optionally, the second housing is partly made of
metal.

[0068] At least a part of the housing where the one or
more slot antennas are present may be made of metal.
The housing may be a metal housing.

[0069] In order to achieve the system according to the
first aspect of the present invention, some or all of the
above-described optional features may be combined
with each other.

[0070] According to a second aspect of the present
invention a housing for a packaged radio-frequency (RF)
module is provided. The housing is configured to be
arranged on a surface of a housing of a luminaire. The
housing comprises one or more slot antennas. The hous-
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ing is adapted for arranging the packaged RF module in
the housing such that the packaged RF module is con-
figured to radiate radio waves via the one or more slot
antennasto an outside of the housing when the packaged
RF module is arranged in the housing.

[0071] The above description with regard to the system
according to the first aspect of the present invention is
correspondingly valid for the housing according to the
second aspect of the present invention. Especially, the
description with regard to the first housing, the second
housing, the RF module and the luminaire of the system
according to the first aspect is correspondingly valid for
the housing of the luminaire (on which the housing of the
second aspectis configured to be arranged), the housing
according to the second aspect, the packaged RF mod-
ule and the luminaire (on which the housing of the second
aspect is configured to be arranged), respectively. The
description with regard to the housing according to the
second aspect of the present invention is correspond-
ingly valid for the system according to the first aspect of
the present invention.

[0072] The housing according to the second aspect
achieves the same advantages as the system according
to the first aspect.

[0073] Inorderto achieve the housing according to the
second aspect of the presentinvention, some or all of the
above-described optional features may be combined
with each other.

[0074] All steps which are performed by the various
entities described in the present application as well as the
functionalities described to be performed by the various
entities are intended to mean that the respective entity is
adapted to or configured to perform the respective steps
and functionalities.

[0075] In the following, the invention is described ex-
emplarily with reference to the enclosed figures (FIGs.),
in which
FIG. 1 is a schematic view of an example of a
system according to an embodiment of
the present invention and an example of
a housing for a packaged radio frequency
(RF) module according to an embodiment
of the present invention;

FIG.2 (a) is a schematic view of an example of a
system according to an embodiment of
the present invention;

FIG.2 (b) is a schematic view of an example of a
system according to an embodiment of
the present invention;

FIG. 3 is a schematic view of an example of a
system according to an embodiment of
the present invention; and

FIG. 4 is a schematic view of an example of a
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system according to an embodiment of the

present invention.
FIG. 5 is an example of a radiation pattern emit-
table by a packaged radio frequency (RF)
module arranged in a metal housing,
which is arranged on a housing of a lumi-
naire;
FIG. 6 (a) is an example of a radiation pattern emit-
table by the RF module of a system ac-
cording to an embodiment of the present
invention;
FIG. 6 (b) is an example of a radiation pattern emit-
table by the RF module of a system ac-
cording to an embodiment of the present
invention;
FIG. 7 is an example of a radiation pattern emit-
table by the RF module of a system ac-
cording to an embodiment of the present
invention;
FIG. 8 (a) is an example of a radiation pattern emit-
table by the RF module of a system ac-
cording to an embodiment of the present
invention; and
FIG. 8 (b) is an example of a radiation pattern emit-
table by the RF module of a system ac-
cording to an embodiment of the present
invention.

[0076] In the figures (FIGs), corresponding elements
have the same reference signs. The proportions and
dimensions of the elements shown in the FIGs. do not
represent the elements of the system to scale, but are
merely chosen to describe the structure and function of
the system.

[0077] FIG. 1 is a schematic view of an example of a
system according to an embodiment of the present in-
vention and an example of a housing for a packaged radio
frequency (RF) module according to an embodiment of
the presentinvention. The system of FIG. 1is an example
of the system according to the first aspect of the present
invention. The description of the system according to the
firstaspectis correspondingly valid for the system of FIG.
1. The housing 200 of FIG. 1 for a packaged RF module
201 is an example of the housing according to the second
aspect of the present invention. The description of the
housing according to the second aspect is correspond-
ingly valid for the housing 200 of FIG. 1.

[0078] As shown in FIG. 1, the system comprises a
luminaire 100, wherein the luminaire 100 comprises a
first housing 101 and a light source 102 arranged in the
firsthousing 101. According to the example of FIG. 1, the
luminaire 100 is a suspension luminaire. For example,
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the first housing 101 of the luminaire 100 may be
mounted via suspension means 103 to a ceiling 300,
as shownin FIG. 1. The presentinvention is not limited to
the luminaire 100 being a suspension luminaire. Thus,
the luminaire 100 may be any other luminaire type and
the following description is correspondingly valid.
[0079] The system comprises a second housing 200,
in which a radio frequency (RF) module 201 being pack-
aged is arranged. The second housing 200 is arranged
on a surface 101a of the first housing 101, the surface
101a being opposite to a second surface 101b of the first
housing 101 via which the light source 102 of the lumi-
naire 100 is configured to emit light. As shown in FIG. 1,
the second surface 101b of the first housing 101 com-
prises an area A1, via which the light source 102 is
configured to emit light. In addition, side surfaces 101c
of the first housing 101 connecting the surface 101a and
second surface 101b of the housing 101 are indicated in
FIG. 1. Optionally, one or both of the side surfaces 101¢c
may be integrally formed with the surface 101a and/or the
second surface 101b of the first housing 101.

[0080] The area A1 of the second surface 101b of the
first housing 101 may comprise an opening for light
emission (not shown in FIG. 1). The area A1 may be
made of material through which light may pass. Option-
ally, the first housing 101 may comprise an optic arrange-
ment in the area A1. An optic arrangement may be ar-
ranged on the second surface 101b in the aforemen-
tioned area A1 (not shown in FIG. 1). The first housing
101 and, thus, the second surface 101b and the area A1
thereof may be implemented according to any means
known in the art for providing a housing of a luminaire.
[0081] The second housing 200 comprises one or
more slot antennas 202. The RF module 201 is arranged
inthe second housing 200 such that the RF module 201 is
configured to radiate radio waves via the one or more slot
antennas 202 to an outside of the second housing 200.
According to the example of FIG. 1, the second housing
comprises multiple slot antennas 202. The number of slot
antennas 202 shown in FIG. 1 is only by way of example
and may be different.

[0082] As shown in FIG. 1, the second housing 200
may comprise a slot antenna 202a in a first surface 200a
of the second housing 200 that is opposite to a second
surface 200b of the second housing 200 facing the sur-
face 101a of the first housing 101. This slot antenna 202a
allows a radiation of radio waves radiated by the RF
module 201 to the outside of the second housing 200
in a direction that is opposite to the first housing 101 (as
indicated in FIG. 1 by the respective dashed arrow ex-
tending from the RF module 201 to the aforementioned
slot antenna 202a). Optionally, the second housing 200
may comprise multiple of the aforementioned slot anten-
na 202a.

[0083] In addition or alternatively, the second housing
200 may comprise a slot antenna 202b in the second
surface 200b of the second housing 200 facing the sur-
face 101a of the first housing 101. This slot antenna 202b
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allows a radiation of radio waves radiated by the RF
module 201 to the outside of the second housing 200
in adirection towards the firsthousing 101 (as indicatedin
FIG. 1 by the respective dashed arrow extending from the
RF module 201 to the aforementioned slot antenna
202b). Optionally, the second housing 200 may comprise
multiple of the aforementioned slot antenna 202b.
[0084] In addition or alternatively, the second housing
200 may comprise a slot antenna 202c, 202d in one or
more side surfaces 200c, 200d of the second housing
200 connecting the first surface 200a and second surface
200b of the second housing 200. Optionally, the second
housing 200 may comprise multiple of the aforemen-
tioned slot antenna 202c, 202d in the respective side
surface 200c, 200d. According to the example of FIG. 1,
there is a slot antenna 202c in the left side surface 200c of
the second housing 200 and a slot antenna 202d in the
right side surface 200d of the second housing 200. This is
only by way of example and may be differently. The
aforementioned slot antenna 202c or 202d allows a
radiation of radio waves radiated by the RF module
201 tothe outside of the second housing 200 in a direction
sideward to the second housing 200. For example, the
slot antenna 202c in the left side surface 200c of the
second housing 200 allows a radiation of radio waves
radiated by the RF module 201 to the outside of the
second housing 200 in a direction towards the left of
the second housing 200. This is indicated in FIG. 1 by
the respective dashed arrow extending from the RF
module 201 to the aforementioned slot antenna 202c.
The slotantenna 202d in the right side surface 200d of the
second housing 200 allows a radiation of radio waves
radiated by the RF module 201 to the outside of the
second housing 200in a direction towards the right of
the second housing 200. This is indicated in FIG. 1 by the
respective dashed arrow extending from the RF module
201 to the aforementioned slot antenna 202d). At least
one of the side surfaces 202c and 202d may be integrally
formed with the first surface 200a and/or the second
surface 200b of the second housing 200.

[0085] In the light of the above, the system of FIG. 1,
especially the second housing 200, allows a radiation of
radio waves radiated by the RF module 201 via the one or
more slot antennas 202 of the second housing 200 in one
or more different directions and independent of the RF
module type (e.g. the type of antenna used by the RF
module 201). That is, the one or more slot antennas 202
may change the radiation pattern of radio waves radiated
by the RF module 201. For example, the one or more slot
antennas 202 may be configured to amplify the radio
signal transmitted by the RF module 201. The effective
radiation pattern of the RF module, perceived outside the
second housing 200, depends on the number of slot
antennas 202, the design (e.g. size, shape and/or orien-
tation) of the slot antenna(s) 202 and the arrangement of
the slot antenna(s) 202 of the second housing 200 at the
second housing 200.

[0086] According to the example of FIG. 1, the surface
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101a of the first housing 101, on which the second
housing 200 is arranged, is an outer surface of the first
housing 101. That s the second housing 200 is arranged
outside the first housing 100. This is only a possible
example.

[0087] According to another optional implementation,
the surface 101a of the first housing 101, on which the
second housing 200 is arranged, may be aninner surface
of the first housing 101 (not shown in FIG. 1). Thatis, the
second housing 200 may be arranged inside the first
housing 100. Since the second housing 200 may be
arranged on the surface 101a being an inner surface
ofthefirsthousing 101, it may be arranged on a side of the
light source 102, at which it does not disturb light emis-
sion by the light source 102. That s, it may be arranged at
aback side of the light source 102. The above description
of FIG. 1is correspondingly valid in case the surface 101a
ofthe firsthousing 101, on which the second housing 200
is arranged, is an inner surface of the first housing 101.
[0088] According to another optional implementation,
the second housing 200 may be arranged on a side
surface 101c of the first housing 101 (not shown in
FIG. 1), the side surface 101c of the first housing 101
connecting the surface 101a and the second surface
101b of the first housing 101. In this optional case, the
side surface 101c may be an inner surface or an outer
surface of the first housing 101. The above description of
FIG. 1 is correspondingly valid in case the second hous-
ing 200 is arranged on a side surface 101c of the first
housing 101.

[0089] The shape of the first housing 101 and the
shape of the second housing 200 shown in Figure 1 is
only by way of example and, thus, may be differently. The
description of FIG. 1 is correspondingly valid for the
aforementioned cases.

[0090] For further information on the system of FIG. 1
reference is made to the description of the system of the
first aspect and the housing of the second aspect as well
as to the description of the following FIGs. 2to 4 and 6 to
8.

[0091] FIG.2(a)is aschematicview of an example of a
system according to an embodiment of the present in-
vention. The system of FIG. 2 (a) corresponds to the
system of FIG. 1. The system of FIG. 2 (a) comprises an
additional optional feature. Thus, for describing the sys-
tem of FIG. 2 (a) reference is made to the description with
regard to FIG. 1 and in the following mainly the additional
optional feature of the system of FIG. 2 (a) is described.
[0092] AsshowninFIG. 2 (a), a driver 203 for the light
source 102 of the luminaire 100 may be arranged in the
second housing 200. The driver 203 may be electrically
connected with the light source, e.g. via an electrical line
L2. For this, the second housing 200 and the first housing
101 may comprise respective electrical connectors so
that the driver 203 may be electrically connected to the
light source 102, when the second housing 200 is ar-
ranged at the surface 101a of the first housing 101. As
shown in FIG. 2 (a) the driver 203 may be electrically
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connected, e.g. via an electrical line L1, to an external
electrical energy source, such as mains. For this, the
second housing 200 may comprise a respective electrical
connector for being connected to an electrical line at the
ceiling 300. According to the example of FIG. 2 (a), the RF
module 201 is part of the driver 203.

[0093] FIG.2(b)isaschematic view ofanexample ofa
system according to an embodiment of the present in-
vention. The system of FIG. 2 (b) corresponds to the
system of FIG. 2 (a), wherein the system of FIG. 2 (b)
differs from the system of FIG. 2 (a) with regard to a driver
arranged in the second housing of the system. Thus, for
describing the system of FIG. 2 (b) reference is made to
the description with regard to FIG. 2 (a) and in the
following mainly the difference of the system of FIG. 2
(b) with regard to the system of FIG. 2 (a) is described.
[0094] According to the example of FIG. 2 (b), the
driver 203 is electrically connected with the RF module
201. That is, the RF module 201 may be a separate
element with regard to the driver 203.

[0095] FIG. 3 is a schematic view of an example of a
system according to an embodiment of the present in-
vention. The system of FIG. 3 corresponds to the system
of FIG. 1. The system of FIG. 3 comprises additional
optional features and differs from the system of FIG. 1 in
the type of luminaire. Thus, for describing the system of
FIG. 3 reference is made to the description with regard to
FIG. 1 and in the following mainly the additional optional
features of the system of FIG. 3 is described. The optional
feature of FIG. 2 (a) or FIG. 2 (b) may optionally be
implemented in the system of FIG. 3.

[0096] As shown in FIG. 3, the luminaire 100 is a
recessed luminaire for being installed in a space between
a ceiling 300 and a suspended ceiling 400. In FIG. 3, the
recessed luminaire 100 is shown in the installed state, i.e.
itisarranged in the space between the ceiling 300 and the
suspended ceiling 400. The type of luminaire may be
differently, wherein the following description is corre-
spondingly valid.

[0097] As indicated in Figure 3, one or more slot an-
tennas 202a arranged in the first surface 200a of the
second housing 200 allows a wireless communication by
the RF module 201 in the space between the ceiling 300
and the suspended ceiling 400, e.g. with another entity
500 arranged in said space. This is indicated in FIG. 3 by
the dashed arrow extending from the slotantenna 202a to
the other entity 500. For example, the other entity 500
may be a control unit for controlling light emission of the
luminaire 100 and optional one or more further lumi-
naires; a sensor for providing information on the environ-
ment of the luminaire 100 (e.g. a temperature); a com-
munication unit for connecting the RF module 201 and,
thus, the luminaire 100 to a communication network etc.
Awireless communication using radio waves in the space
between the ceiling 300 and the suspended ceiling 400
has the advantage that it is not blocked or attenuated by
objects present in a respective room comprising the
suspended ceiling 400. In addition, this allows elements
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for controlling luminaires, providing information on the
environment and/or connecting luminaires to a commu-
nication network to be placed in the aforementioned
space and, thus, to hide such components from being
seen by a person. This has an aesthetical advantage and
a safety advantage, as a risk that normal persons manip-
ulate components, which are hidden in the space be-
tween the ceiling 300 and the suspended ceiling 400, is
small.

[0098] As shown in FIG. 3, when the second housing
200 comprises one or more slot antennas 202b in the
second surface 200b of the second housing 200, the
radio waves radiated by the RF module 201 may be
radiated via the one or more slot antennas 202b to the
outside of the second housing 200 in a direction towards
the first housing 101. In this case, the radio waves travel
through the first housing 101 and via the second surface
101b of the first housing 101 to the outside of the lumi-
naire 100. This is indicated in FIG. 3 by the dashed arrow
extending from the slot antenna 202b through the second
surface 101b of the first housing 101.

[0099] In the aforementioned case, a part of the first
housing 101, on which radio waves radiated by the one or
more slot antennas 202b in a main radiation direction of
the respective slot antenna impinge, may comprise an
opening or may be made of a material (e.g. plastic) that
allows radio waves to pass through (not shownin FIG. 3).
This allows the radio waves radiated by the RF module
201 to travel through the first housing 101 in the direction
of the second surface 101b of the first housing 101.
[0100] Optionally, the first housing is made of a materi-
al (e.g. plastic) that allows radio waves to pass through
(not shown in FIG. 3). This allows the radio waves ra-
diated by the RF module 201 to travel through the first
housing 101 in the direction of the second surface 101b of
the first housing 101.

[0101] Optionally, the first housing 101 may comprise
in the surface 101a, on which the second housing 200 is
arranged, one or more slot antennas such that the one or
more slot antennas are configured to couple radio waves
radiated by the one or more slot antennas 202b (arranged
in the second surface 200b of the second housing 200)
into the first housing 101 (not shown in FIG. 3). This
allows the radio waves radiated by the RF module 201
to travel through the first housing 101 in the direction of
the second surface 101b of the first housing 101. The
aforementioned one or more optional slot antennas of the
first housing 101 may be configured to direct the radio
waves radiated by the one or more slot antennas 202b
(arranged in the second surface 200b of the second
housing 200) in a direction of the area A1 of the second
surface 101b of the first housing 101, via which the light
source 102 is configured to emit light.

[0102] As shown in FIG. 3, the light source 102 (e.g.
comprising two or more lighting means, such as two or
more LEDs) may be arranged on a printed circuit board
103 (PCB) in the first housing 101, the PCB 103 being
substantially parallel to the surface 101a of the first
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housing 101, on which the second housing 200 is ar-
ranged. As shown in FIG. 3, the PCB 103 may comprise a
keep out area A2 for components comprising a material
(e.g. metal) that does not allow radio waves to pass
through. The keep out area A2 is an area of the PCB
103, through which radio waves radiated by the one or
more slot antennas 202b (arranged in the second surface
200b of the second housing 200) in a main radiation
direction of the respective slot antenna travel.

[0103] This allows ensuring that radio waves radiated
by the RF module 201 are not blocked or extenuated by
the components of the luminaire 100 for light emission,
i.e. by the light source 102 of the luminaire 100 and the
PCB 103, on which the light source 102 is arranged.
[0104] The example of FIG. 3 shows that the second
housing 200 is arranged on the surface 101a of the first
housing 101, wherein the surface 101a is an outer sur-
face of the first housing 101. This is only a possible
example.

[0105] According to another optional implementation,
the second housing 200 may be arranged on the surface
101a of the first housing 101 being an inner surface of the
first housing 101 (not shown in FIG. 1). For this optional
case the description of FIG. 3 is correspondingly valid.
Especially, when the second housing 200 comprises one
or more slot antennas 202a in the first surface 200a of the
second housing 200, the radio waves radiated by the RF
module 201 may be radiated via the one or more slot
antennas 202a to the outside of the second housing 200
in a direction towards the surface 101a (inner surface) of
the first housing 101. In this case, the radio waves travel
through the first housing 101 to the outside of the lumi-
naire 100. This allows a wireless communication by the
RF module 201 in the space between the ceiling 300 and
the suspended ceiling 400, e.g. with another entity 500
arranged in said space.

[0106] In the aforementioned case, a part of the first
housing 101, on which radio waves radiated by the one or
more slot antennas 202a in a main radiation direction of
the respective slot antenna impinge, may comprise an
opening or may be made of a material (e.g. plastic) that
allows radio waves to pass through. This allows the radio
waves radiated by the RF module 201 to travel through
the first housing 101 to outside the luminaire 100, e.g. in
the direction of another entity 500 arranged in the space
between the ceiling 300 and the suspended ceiling 400.
[0107] Optionally, the first housing is made of a materi-
al (e.g. plastic) that allows radio waves to pass through.
This allows the radio waves radiated by the RF module
201 to travel through the first housing 101 to outside the
luminaire 100, e.g. in the direction of another entity 500
arranged in the space between the ceiling 300 and the
suspended ceiling 400.

[0108] Optionally, the first housing 101 may comprise
in the surface 101a, on which the second housing 200 is
arranged, one or more slot antennas such that the one or
more slot antennas are configured to couple radio waves
radiated by the one or more slotantennas 202a (arranged
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in the first surface 200a of the second housing 200) out of
the firsthousing 101 (notshownin FIG. 3). This allows the
radio waves radiated by the RF module 201 to travel
through the first housing 101 to outside the luminaire 100,
e.g. in the direction of another entity 500 arranged in the
space between the ceiling 300 and the suspended ceiling
400. The aforementioned one or more optional slot an-
tennas of the first housing 101 may be configured to direct
the radio waves radiated by the one or more slot anten-
nas 202a (arranged in the first surface 200a of the second
housing 200) in a direction of the space between the
ceiling 300 and the suspended ceiling 400, e.g. in a
direction of another entity 500 arranged in said space.
[0109] When the second housing 200 is arranged on
the surface 101a being an inner surface of the first
housing 101 (not shown in FIG. 3) and the second hous-
ing 200 comprises one or more slot antennas 202b in the
second surface 200b of the second housing 200, the
radio waves radiated by the RF module 201 may be
radiated via the one or more slot antennas 202b to the
outside of the second housing 200 through the first
housing 100 in a direction towards the second surface
101b of the firsthousing 101. In this case, the radio waves
travel through the first housing 101 and via the second
surface 101b of the first housing 101 to the outside of the
luminaire 100.

[0110] According to another optional implementation,
the second housing 200 may be arranged on a side
surface 101c of the first housing 101 (not shown in
FIG.3), the side surface 101c of the first housing 101
connecting the surface 101a and the second surface
101b of the first housing 101. In this optional case, the
side surface 101c may be an inner surface or an outer
surface of the first housing 101. The above description of
FIG. 3 is correspondingly valid in case the second hous-
ing 200 is arranged on a side surface 101c of the first
housing 101.FIG. 4is a schematic view of an example ofa
system according to an embodiment of the present in-
vention. The system of FIG. 4 corresponds to the system
of FIG. 3. The system of FIG. 4 differs from the system of
FIG. 3 with regard to the implementation of the luminaire
100 of the system. Thus, for describing the system of FIG.
4 reference is made to the description with regard to FIG.
3 and in the following mainly the difference of the system
of FIG. 4 with regard to the system of FIG. 3 is described.
[0111] AsshowninFIG. 4, instead of having a keep out
area A2, the PCB 103 may be interrupted in an area A3,
through which radio waves radiated by the one or more
slotantennas 202b (arranged in the second surface 200b
ofthe second housing 200) in a main radiation direction of
the respective slot antenna travel.

[0112] This allows ensuring that radio waves radiated
by the RF module 201 are not blocked or extenuated by
the components of the luminaire 100 for light emission,
i.e. by the light source 102 of the luminaire 100 and the
PCB 103, on which the light source 102 is arranged.
[0113] FIG. 6 (a) is an example of a radiation pattern
emittable by the RF module of a system according to an
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embodiment of the present invention. FIG. 6 (b) is an
example of a radiation pattern emittable by the RF mod-
ule of a system according to an embodiment of the
present invention.

[0114] The system of FIGs. 6 (a) and 6 (b) may be any
system of FIGs. 1 to 4. In the FIGs. 6 (a) and 6 (b) a top
view of the first housing 101 of the luminaire 100 and the
second housing 200 having a slot antenna 202 in one of
its surfaces is shown. FIG. 6 (a) and Figure 6 (b) differ
from each other in that the orientation of the slot antenna
202 in the surface of the second housing 200 is different.
That is, the slot antenna 202 of the second housing 200
shownin FIG. 6 (b) is tilted, e.g. by 45°, with regard to the
slot antenna 202 of the second housing 200 shown in
FIG. 6 (a). As may be derived from FIGs. 6 (a) and (b) the
orientation of the slot antenna 202 of the second housing
has an effect on the radiation pattern 600 radiated by the
RF module 201 via the slot antenna 202 to outside the
second housing 200. In other words, a beam shaping
may be achieved by the slot antenna orientation. As
outlined already above, the effective radiation pattern
of the RF module 201 perceived outside of the second
housing 200 may depend on the number of slot anten-
na(s) 202 of the second housing, the arrangement of the
slot antenna(s) 202 at the second housing 200, and the
design (e.g. size, shape and/or orientation) of the slot
antenna(s) 202 of the second housing 200.

[0115] FIG. 7 is an example of a radiation pattern
emittable by the RF module of a system according to
an embodiment of the present invention. The system of
FIG. 7 may be any system of FIGs. 1to4.Inthe FIG. 7, a
side view of the first housing 101 of the luminaire 100 and
the second housing 200 is shown. In the example of
Figure 7, it is assumed that the second housing 200
comprises a slot antenna 202a in the second surface
200b of the second housing 200 facing the surface 101a
of the first housing 101. As shown in FIG. 7, this allows
achieving a radiation pattern 600 in the direction of the
first housing 101, i.e. towards the lower hemisphere,
without strong blind spots regardless of the antenna type
used by the RF module 201 for the radiation of radio
waves. In other words, this allows achieving a radiation
pattern 600 with a relatively evenly distributed radiation,
e.g. compared to the radiation pattern shown in FIG. 5.
[0116] FIG. 8 (a) is an example of a radiation pattern
emittable by the RF module of a system according to an
embodiment of the presentinvention. The system of FIG.
8 (a) may be any system of FIGs. 1to4. Inthe FIG. 8 (a), a
side view of the first housing 101 of the luminaire 100 and
the second housing 200 is shown. In the example of
Figure 8 (a), it is assumed that the second housing
200 comprises a slot antenna 202ain the second surface
200b of the second housing 200 facing the surface 101a
of the first housing 101 and two slot antennas 202a in the
first surface 200a of the second housing. As shown in
FIG. 8 (a), this allows achieving a radiation pattern 600 in
the direction of the first housing 101 and in a direction
away from the first housing 101, i.e. towards the lower
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hemisphere and upper hemisphere, without strong blind
spots regardless of the antenna type used by the RF
module 201 for the radiation of radio waves. In other
words, this allows achieving a radiation pattern 600 with
arelatively evenly distributed radiation, e.g. compared to
the radiation pattern shown in FIG. 5.

[0117] FIG. 8 (b) is an example of a radiation pattern
emittable by the RF module of a system according to an
embodiment of the present invention. In the FIG. 8 (b), a
side view of the first housing 101 of the luminaire 100 and
the second housing 200 is shown. In the example of
Figure 8 (b), it is assumed that the second housing
200 comprises a slot antenna 202a in the second surface
200b of the second housing 200 facing the surface 101a
of the first housing 101 and two slot antennas 202a in the
first surface 200a of the second housing 200. As shown in
FIG. 8 (b), this allows achieving a radiation pattern 600 in
the direction of the first housing 101 and in a direction
away from the first housing 101, i.e. towards the lower
hemisphere and upper hemisphere, without strong blind
spots regardless of the antenna type used by the RF
module 201 for the radiation of radio waves. Comparing
the examples of FIGs. 8 (a) and 8 (b) shows that the
design (e.g. size, shape and/or orientation) of the slot
antennas of the second housing 200 and optional the
arrangement of the slot antennas of the second housing
200 may change the effective radiation pattern 600 ra-
diated by the RF module 201 and perceived outside the
second housing 200.

[0118] Thus, the second housing of the system, espe-
cially the one or more slot antennas of the second hous-
ing, of the present invention allow customizing radiation
patterns of the RF module arranged in the second hous-
ing with regard to desired radiation characteristics of the
RF module. This may be done regardless of the type of
RF module, e.g. regardless of the antenna type used by
the RF module for radio wave radiation.

[0119] The number of slot antennas described with
regard to FIGs. 6 to 8 are only by way of example and
may be differently for achieving a desired radiation pat-
tern of radio waves outside the second housing.

[0120] In the claims as well as in the description the
word "comprising" does not exclude other elements or
steps and the indefinite article "a" or "an" does not ex-
clude a plurality. A single element or other unit may fulfill
the functions of several entities or items recited in the
claims. The mere fact that certain measures are recited in
the mutual different dependent claims does not indicate
that a combination of these measures cannot be used in
an advantageous implementation.

Claims

1. A system comprising

- aluminaire (100) that comprises a first housing
(101) and a light source (102) arranged in the
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first housing (101), and

- a second housing (200), in which a radio fre-
quency, RF, module (201) being packaged is
arranged; wherein

- the second housing (200) is arranged

- on a surface (101a) of the first housing
(101), the surface (101a) being opposite to
a second surface (101b) of the first housing
(101) via which the light source (102) of the
luminaire (100) is configured to emitlight, or
-onaside surface (101c) of the first housing
(101), the side surface of the first housing
(101) connecting the surface (101a) and the
second surface (101b) of the first housing
(101),

- the second housing (200) comprises one or
more slot antennas (202), and

- the RF module (201) is arranged in the second
housing (200) such that the RF module (201) is
configured to radiate radio waves via the one or
more slot antennas (202) to an outside of the
second housing (200).

2. The system according to claim 1, wherein

- at least one slot antenna (202) of the one or
more slot antennas (202) of the second housing
(200) is arranged in one or more of:

- a first surface (200a) of the second hous-
ing (200) that is opposite to a second sur-
face (200b) of the second housing (200)
facing the surface (101a) of the first housing
(101) or the side surface (101c) of the first
housing (101), on which the second hous-
ing (200) is arranged,

- the second surface (200b) of the second
housing (200), and

- one or more side surfaces (200c, 200d) of
the second housing (200) connecting the
first surface (200a) and second surface
(200b) of the second housing (200).

3. The system according to any one of the claims,
wherein

-the second housing (200) has a cuboidal shape
or cylindrical shape.

4. The system according to any one of the previous
claims, wherein

- a distance between two opposing inner sur-
faces of the second housing (200) is a multiple of
half awave-length of the radio waves that the RF
module (201) is configured to radiate.
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5. The system according to any one of the previous
claims, wherein

- a driver (203) for the light source (102) of the
luminaire (100) is arranged in the second hous-
ing (200) and is electrically connected with the
light source (102) of the luminaire (100), and

- the driver (203) is electrically connected to the
RF module (201) or the RF module (201) is part
of the driver (203).

6. The system according to claim 5, wherein

- the light source (102) comprises one or more
LEDs and the driver (203) is a LED driver.

7. The system according to any one of the previous
claims, wherein

- the luminaire (100) is a recessed luminaire for
being installed in a space between a ceiling
(300) and a suspended ceiling (400), a suspen-
sion luminaire or a surface-mounted luminaire.

8. The system according to any one of the previous
claims, wherein

- at least one slot antenna (202b) of the one or
more slot antennas (202) of the second housing
(200) is arranged in a surface (200b) of the
second housing (200) facing the surface
(101a) of the first housing (101) or the side sur-
face (101c) of the first housing (101), on which
the second housing (200) is arranged, and

- a part of the first housing (101), on which radio
waves radiated by the at least one slot antenna
(202b) in a main radiation direction of the slot
antenna (202b) impinge, comprises an opening
or is made of a material that allows radio waves
to pass through.

9. The system according to any one of the previous
claims, wherein

- at least one slot antenna (202b) of the one or
more slot antennas (202) of the second housing
(200) is arranged in a surface (220b) of the
second housing (200) facing the surface
(101a) of the first housing (101) or the side sur-
face (101c) of the first housing (101), on which
the second housing (200) is arranged, and
-thefirsthousing (101) is made of a material that
allows radio waves to pass through.

10. The system according to any one of the previous
claims, wherein

- at least one slot antenna (202b) of the one or
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26

more slot antennas (202) of the second housing
(200) is arranged in a surface (200b) of the
second housing (200) facing the surface
(101a) of the first housing (101) or the side sur-
face (101c) of the first housing (101), on which
the second housing (200) is arranged, and

- the first housing (101) comprises in the surface
(101a) or the side surface (101c), on which the
second housing (200) is arranged, one or more
slot antennas such that the one or more slot
antennas are configured to couple radio waves
radiated by the at least one slot antenna (202b)
into the first housing (101) or out of the first
housing (101).

11. The system according to claim 10, wherein

- the one or more slot antennas of the first
housing (101) are configured to direct the radio
waves radiated by the at least one slot antenna
(202b) in a direction of an area (A1) of the
second surface (101b) of the first housing
(100), via which the light source (102) is config-
ured to emit light.

. The system according to any one of the previous
claims, wherein

- at least one slot antenna (202b) of the one or
more slot antennas of the second housing (200)
is arranged in a surface (200b) of the second
housing (200) facing the surface (101a) of the
firsthousing (101), on which the second housing
(200) is arranged,

- the light source (102) is arranged on a printed
circuit board (103), PCB, in the first housing
(101), the PCB (103) being substantially parallel
to the surface (101a) of the first housing (101),
on which the second housing (200) is arranged,
and

- the PCB (103) is interrupted in an area (A3),
through which radio waves radiated by the at
least one slot antenna (202b) of the second
housing (200) in a main radiation direction of
the slot antenna (202b) travel.

13. The system according to any one of the previous
claims, wherein

- at least one slot antenna (202b) of the one or
more slot antennas (202) of the second housing
(200) is arranged in a surface (200b) of the
second housing (200) facing the surface
(101a) of the first housing (101), on which the
second housing (200) is arranged,

- the light source (102) is arranged on a printed
circuit board (103), PCB, in the first housing
(101), the PCB (103) being substantially parallel



27 EP 4 556 792 A1

to the surface (101a) of the first housing (101),

on which the second housing (200) is arranged,

and

- the PCB (103) comprises a keep out area (A2)

for components comprising a material that does 5
not allow radio waves to pass through, the keep

out area (A2) being an area of the PCB (103),
through which radio waves radiated by the at
least one slot antenna (202b) of the second
housing (200) in a main radiation direction of 10
the slot antenna (202b) travel.

14. The system according to any one of the previous
claims, wherein

15
- the second housing (200) is partly made of
metal.
15. Ahousing (200) for a packaged radio-frequency, RF,
module (201), wherein 20

- the housing (200) is configured to be arranged
onasurface (101a, 101c) of a housing (101) of a
luminaire (100),

- the housing (200) comprises one or more slot 25
antennas (202), and

- the housing (200) is adapted for arranging the
packaged RF module (201) in the housing (200)
such that the packaged RF module (201) is
configured to radiate radio waves via the one 30
or more slot antennas (202) to an outside of the
housing (200) when the packaged RF module
(201) is arranged in the housing (200).
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