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(57) Device (100) for a radio communications system
(1000), wherein said device (100) includes at least a
processing unit (102), a memory unit (104) and a trans-
ceiver (106), wherein said transceiver (106) is configura-
ble to exchange data with at least one further device by
means of a radio communications channel (RCC),

wherein said device (100) comprises a light emitting de-
vice (110) configurable to emit (202) at least one light
signal (LS) in the infrared wavelength range comprising
information related to said device (100) facilitating estab-
lishment of said radio communications channel between
the device and the at least one further device.
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Description

Specification

Field of the invention

[0001] The invention relates to a device for a radio com-
munications system. The invention further relates to a
method of operating a device for a radio communications
system.
[0002] The invention also relates to a mobile device
and a method of operating a mobile device.

Background

[0003] Conventional devices for radio communications
systems such as e.g. WiFi access points are configured
to transmit radio frequency (RF) beacon signals, for ex-
ample beacon frames as defined by the IEEE 802.11
protocol family, that enable other devices such as mobile
user equipment devices to detect said access points
while being in a radio coverage range of said access
point. This way, even a plurality of different access points
may be discovered by other devices. However, if the oth-
er device is not within a radio coverage range, the access
point cannot be detected.

Summary

[0004] Various embodiments provide an improved de-
vice for a radio communications system and an improved
method of operating such device which are more flexible
in use and which avoid at least some of the abovemen-
tioned limitations of prior art.
[0005] In some embodiments, said device includes at
least a processing unit, a memory unit and a transceiver,
wherein said transceiver is configurable to exchange da-
ta with at least one further device by means of a radio
communications channel, wherein said device compris-
es a light emitting device configurable to emit at least one
light signal in the infrared (IR) wavelength range com-
prising information related to said device facilitating es-
tablishment of said radio communications channel be-
tween the device and the at least one further device. This
advantageously enables to optically signal the presence
of the device, which may e.g. be an access point of said
communications network, so that it may be detected by
other devices even if these other devices are not located
within a radio coverage area of said access point. Further,
the optical signalling advantageously enables an efficient
association of a specific spatial position with said device
or access point, which may not be attained with conven-
tional RF based beaconing and detection approaches.
Still further, novel augmented reality (AR) applications
are enabled by the optical signalling according to the em-
bodiments, as will be explained in detail further below.
Still further, the information related to said device facili-
tates establishment of said radio communications chan-

nel between the device and the at least one further de-
vice.
[0006] Moreover, due to the use of infrared light, the
light signal does not fall into the visible spectrum, thus
being invisible to the naked (human) eye. At the same
time, opto-electric detectors such as silicon detectors
present in today’s cameras are usually comparatively
sensitive to wavelengths in the infrared range, so that
many options for economic detection of said light signal
are at hand. Particularly, when using light signals having
wavelengths in the infrared range between about 700 nm
(nanometer) and about 1400 nm, preferably between
about 780 nm and 1000 nm, many camera systems in-
tegrated e.g. in smartphones or tablets may be capable
of detecting such light signals, so that the optical signal-
ling provided by the device according to the embodiments
may easily be detected by existing smartphones and oth-
er mobile devices equipped with comparable camera
systems.
[0007] In the context of the present application, the ex-
pression "configurable" defines that the device according
to the embodiments may include at least one operating
mode in which the device is acting according to at least
one aspect of the embodiments, e.g. at least temporarily
transmitting said optical signal in the IR wavelength
range. I.e., according to some embodiments, the device
may also comprise further operating mode(s) wherein no
optical signal transmitting functionality in the sense of the
embodiments is provided.
[0008] Particularly, the expression "configurable" also
includes a device which is, for example in a static con-
figuration, configured to perform aspects of the embod-
iments. In addition, the expression "configurable" also
includes a device which can be configured (e.g., by a
further device such as a base station or other control
mechanism, which may e.g. be implemented remotely or
locally to the device) to perform aspects of the embodi-
ments, but which comprises at least one operating mode
in which it does not perform aspects of the embodiments.
[0009] While the application of the principle according
to the embodiments is not limited to access points of radio
communications systems, in the following description it
is exemplarily referred to access point-type devices for
explaining further advantageous embodiments.
[0010] According to an embodiment, said light emitting
device is configurable to provide a modulated light signal
comprising information for identification of the device.
Thus, the device may be identified by (only) using said
modulated light signal. As an example, said information
for identification of the device may comprise a unique
identifier associated with a specific device or access
point, respectively.
[0011] According to further embodiments, said light
emitting device is configurable to use at least one of the
following modulation schemes for providing said modu-
lated light signal: amplitude shift key, particularly on-off
keying, OOK, frequency shift keying, FSK, for providing
said modulated light signal. In addition to the abovemen-
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tioned optical signalling, this enables to provide various
types of information to be conveyed by means of the mod-
ulated light signal.
[0012] According to a further embodiment said infrared
wavelength range comprises wavelengths between
about 700 nanometer, nm, and about 1400 nm, prefera-
bly between about 780 nm and about 1000 nm. This is
particularly beneficial since many conventional cameras
may efficiently detect optical signals of said wavelength
range.
[0013] According to a further embodiment said light
emitting device is configurable to provide a modulated
light signal, e.g. using one or more of the abovemen-
tioned modulation techniques, comprising at least one of
the following information: position information character-
izing a spatial position of the device (e.g., comprising
global positioning system, GPS, coordinates), one or
more operational parameters of the device (e.g., a load
state regarding available radio resources that may be
used for radio communication with further devices), in-
formation characterizing said radio communications
channel.
[0014] According to further embodiments, alternatively
to or in addition to using a light signal in the IR wavelength
range, said light emitting device may be configurable to
provide a light signal having spectral components in at
least one of the following wavelength ranges: a visible
(visible to human beings) wavelength range, an ultravi-
olet (UV) wavelength range, wherein said visible wave-
length range comprises wavelengths between about 380
nm and about 700 nm, wherein said UV wavelength
range comprises wavelengths between about 10 nm and
about 380 nm. When using visible light signals, it may be
beneficial to employ modulation frequencies of 25 Hz and
above to limit the visual intrusiveness of the light signal,
e.g. to avoid flickering that may be perceived by human
beings within the range of the optical signal. Combina-
tions of visible light signals and light signals in the IR
range are also possible according to further embodi-
ments.
[0015] According to further embodiments, the light
emitting device may comprise one or more semiconduc-
tor light source, such as e.g. light emitting diodes (LED),
for example IR diodes.
[0016] According to further embodiments, the device
according to the embodiments may be a stationary de-
vice, for example with a housing of said device fixedly
attached to a building, a lamp post, or the like. According
to further embodiments, the device according to the em-
bodiments may be a mobile device, e.g. attached to a
mobile target system such as a vehicle, particularly an
unmanned aerial vehicle (UAV), e.g. a drone.
[0017] Some embodiments feature a method of oper-
ating a device for a radio communications system, where-
in said device includes at least a processing unit, a mem-
ory unit and a transceiver, wherein said transceiver is
configurable to exchange data with at least one further
device by means of a radio communications channel,

wherein said device comprises a light emitting device,
wherein said light emitting device emits at least one light
signal in the infrared wavelength range comprising infor-
mation related to said device facilitating establishment
of said radio communications channel between the de-
vice and the at least one further device.
[0018] According to a further embodiment, said light
emitting device provides a modulated light signal com-
prising information for identification of the device. Accord-
ing to an embodiment, said light emitting device may use
at least one of the following modulation schemes for pro-
viding said modulated light signal comprising information
for identification of the device: amplitude shift keying, par-
ticularly on-off keying, OOK, frequency shift keying, FSK.
[0019] According to a further embodiment, said light
emitting device provides a modulated light signal com-
prising at least one of the following information: position
information characterizing a spatial position of the device,
one or more operational parameters of the device, infor-
mation characterizing said radio communications chan-
nel.
[0020] Some embodiments feature a mobile device
comprising: a processing unit; a memory unit; a camera
configurable to capture at least one image of a surround-
ing area; a display configurable to display the at least
one image to a user; and a transceiver configurable to
exchange data with at least one device according to the
embodiments over a radio communications channel;
wherein the mobile device is configurable to detect, within
said at least one image, the presence of the least one
device by evaluating at least one light signal in the infra-
red wavelength range comprising information related to
said at least one device for facilitating establishment of
said radio communications channel between the mobile
device and said device. This way, the access point ac-
cording to the embodiments may efficiently be detected
(and optionally also identified), using the light signal(s)
emitted thereby, and a user of the mobile device may
e.g. be notified on so detected and/or identified access
points. Advantageously, this enables detection and iden-
tification of access points according to the embodiments
even if the mobile device is not within an RF coverage
area of the access point, as well as facilitating establish-
ment of said radio communications channel between the
mobile device and said device. Moreover, the principle
according to the embodiments enables to enhance ex-
isting AR applications that may be provided on said mo-
bile device.
[0021] According to an embodiment, said mobile de-
vice is configurable to determine a position of said at least
one device within said at least one image, and to visualize
said at least one device on the display depending on said
position.
[0022] According to some embodiments, a visualiza-
tion of said at least one device on the display may com-
prise a schematic indication of a position and/or a direc-
tion in which said at least one device is located with re-
spect to a position and/or spatial orientation of said mo-
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bile device and its user. In these embodiments, it is not
required to display said at least one image on the display
of the mobile device. However, according to further em-
bodiments, it may also be possible to display said at least
one image captured by the camera of the mobile device
and to additionally visualize said at least one device on
said display, for example by adding a schematic repre-
sentation of said at least one device.
[0023] According to further embodiments, said mobile
device is configurable to identify said at least one device,
to present on said display a real-world environment view
based on said at least one image, and to augment said
real-world environment view by adding information relat-
ed to at least one identified device.
[0024] According to a further embodiment, said mobile
device is configurable to determine a position of said at
least one device within said at least one image, and to
visualize the position of said at least one device on the
display.
[0025] According to a further embodiment, said mobile
device is configurable to augment (or to provide and aug-
ment) a marker at the position of said at least one device
within said at least one image on the display.
[0026] As mentioned above, said mobile device inter
alia comprises a transceiver and is configurable to ex-
change data with said at least one device by means of a
radio communications channel. For example, the princi-
ple according to the embodiments may be used to identify
a specific access point by a user of said mobile device
or by the mobile device itself, and once such identification
of said access point has been performed, the user may
select said access point for wireless data communica-
tions using the radio communications channel provided
by said access point.
[0027] Some embodiments feature a method of oper-
ating a mobile device comprising a processing unit, a
memory unit, a camera, a display, and a transceiver, the
method comprising: capturing with said camera at least
one image of a surrounding area; detecting, within said
image, the presence of at least one device according to
the embodiments by evaluating at least one light signal
in the infrared wavelength range comprising information
related to said at least one device for facilitating estab-
lishment of a radio communications connection between
the mobile device and the at least one device.
[0028] According to an embodiment, said mobile de-
vice identifies said at least one device, presents on said
display a real-world environment view based on said at
least one image, and augments said real-world environ-
ment view by adding information related to the at least
one identified device.
[0029] According to a further embodiment, said meth-
od further comprises: - determining a position of said at
least one device within said at least one image; and -
visualizing the position of said at least one device within
said at least one image on the display.
[0030] According to a further embodiment, said step
of visualizing comprises augmenting a marker at the po-

sition of said at least one device within said at least one
image on the display.

Brief description of the figures

[0031] Further features, aspects and advantages of
the illustrative embodiments are given in the following
detailed description with reference to the drawings in
which:

Figure 1 schematically depicts a simplified block di-
agram of a device for a radio communica-
tions system according to an embodiment,

Figure 2 schematically depicts a simplified flowchart
of a method according to an embodiment,

Figure 3 schematically depicts a simplified block di-
agram of a radio communications system
according to an embodiment,

Figure 4A schematically depicts an operational sce-
nario according to an embodiment,

Figure 4B schematically depicts a further operational
scenario according to an embodiment,

Figure 5A schematically depicts an image according
to an embodiment,

Figure 5B schematically depicts an image according
to a further embodiment,

Figure 6 schematically depicts an image according
to a further embodiment,

Figure 7 schematically depicts a simplified block di-
agram of a mobile device according to an
embodiment,

Figure 8 schematically depicts a mobile device ac-
cording to a further embodiment,

Figure 9 schematically depicts a simplified flowchart
of a method of operating a mobile device
according to an embodiment, and

Figure 10 schematically depicts a block diagram ac-
cording to a further embodiment.

Description of the embodiments

[0032] Figure 1 schematically depicts a simplified
block diagram of a device 100 for a radio communications
system according to an embodiment. A corresponding
radio communications system 1000 will be explained fur-
ther below with reference to Fig. 3.
[0033] The device 100 includes at least a processing
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unit 102 such as a digital signal processor (DSP) or gen-
eral purpose microprocessor or correspondingly config-
ured field programmable gate array (FPGA) or an ASIC
(application specific integrated circuit) or the like. The
device 100 further comprises a memory unit 104 com-
prising RAM (random access memory) 104a and/or ROM
(read only memory) 104b and/or other forms of volatile
and/or non-volatile memory devices. The device 100 also
comprises a transceiver 106, said transceiver 106 having
a transmitter (not shown) and a receiver (not shown) and
being configurable to exchange data with at least one
further device by means of a radio communications chan-
nel RCC. Such a radio communications channel RCC
may be a channel as implemented in known telecommu-
nications technologies, including, but not limited to, any
version of any of the standards presently known and re-
ferred to as WiFi (IEEE 802.11), GSM, CDMA2000, TD-
SCDMA, W-CDMA, 3G, 4G, LTE, LTE-Advanced or
WiMax. Additionally, radio communication channels that
will be defined for future technologies, such as 5G, may
be used, if available.
[0034] Still further, the device 100 comprises a light
emitting device 110 configurable to emit at least one light
signal LS in the infrared wavelength range comprising
information related to said device 100 for facilitating es-
tablishment of the radio communications channel RCC
between the device 100 and the at least one further de-
vice. Thus, other devices comprising suitable optical re-
ceivers may be optically notified of the presence of the
device 100 and be supplied with information using the
optical domain signal transmission that may enable them
to establish a connection with the device 100 via the radio
communications channel, as explained in more detail fur-
ther below.
[0035] While the application of the principle according
to the embodiments is not limited to access points of radio
communications systems, for the following exemplary
description it is assumed that device 100 represents an
access point (AP) of a radio communications system en-
abling further devices to wirelessly exchange data with
said AP 100 via said radio communications channel
RCC. The AP 100 provides access to a further network
(not shown) that is part of the communication system
1000 as is known in the art. The AP 100 may take the
form of a base station.
[0036] According to an embodiment, the light emitting
device 110 may comprise one or more semiconductor
light sources 112, such as e.g. light emitting diodes
(LED), for example IR LEDs.
[0037] According to a particularly preferred embodi-
ment, said light emitting device 110 is configurable to
provide a modulated light signal LSM, which advanta-
geously enables to convey information to potential re-
ceivers receiving said modulated light signal LSM.
[0038] According to an embodiment, said light emitting
device 110 is configurable to use at least one of the fol-
lowing modulation schemes: amplitude shift keying, par-
ticularly on-off keying, OOK, frequency shift keying, FSK.

According to further embodiments, other modulation
schemes may also be used to provide said modulated
light signal LSM.
[0039] According to a further embodiment, an opera-
tion of the light emitting device 110 may e.g. be controlled
by the processing unit 102 of the access point 100. A
corresponding software or computer program for control
of the light emitting device 110 may e.g. be provided in
the memory unit 104.
[0040] According to a further embodiment said infrared
wavelength range comprises wavelengths between
about 700 nanometers, nm, and about 1400 nm, prefer-
ably between about 780 nm and 1000 nm. This is partic-
ularly beneficial since many conventional cameras are
equipped with a receiver, such as an image sensor, ca-
pable of efficiently detecting optical signals such as said
modulated light signal LSM with a transmission wave-
length within said wavelength range.
[0041] Also, the proposed IR wavelength range for the
light signal LS and the modulated light signal LSM is in-
visible to the (naked) human eye thus presenting a non-
intrusive approach to optical signal transmission from the
access point 100 to further devices.
[0042] Figure 2 schematically depicts a simplified flow
chart of a method of operating a device 100 for a radio
communications system according to an embodiment. In
a first optional step 200, the device, e.g. access point,
100 (Fig. 1) collects information to be transmitted to fur-
ther devices by means of said modulated light signal
LSM. In particular, such information is collected for the
purpose of facilitating establishment of said radio com-
munications channel RCC with further devices, e.g. if a
user of such further device desires to establish such con-
nection. Such information may e.g. comprise identifica-
tion information of the device 100. Other examples of
information that may be used for this purpose include,
but are not limited to position information characterizing
a spatial position of the device 100, and one or more
operational parameters of the device 100, information
characterizing said radio communications channel RCC.
[0043] In a second step 202 (Fig. 2), the light emitting
device 110 emits a modulated light signal LSM (Fig. 1)
in the IR wavelength range, wherein at least one of the
above-mentioned information is comprised within said
modulated light signal LSM.
[0044] According to an embodiment, the modulation,
e.g. using an OOK modulation scheme, may be effected
by appropriately switching one or more IR LEDs of said
semiconductor light source 112 (Fig. 1) between an "on"
state and an "off" state, wherein said switching is con-
trolled by a corresponding modulation signal which may
e.g. be provided by the processing unit 102 or a compo-
nent of the light emitting device 110.
[0045] According to a further embodiment, at least fifty
percent of signal energy of the modulated light signal
LSM, is located in a modulation frequency range between
0 Hertz, Hz, and 200 Hz. By, at least predominantly, using
modulation frequencies below about 200 Hz to modulate
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information onto the infrared light signal, a reliable de-
tection with conventional camera equipment, such as
cameras built into conventional smartphones or tablets,
is possible, e.g. preventing that a receiver’s camera can-
not follow the signal frequencies of the modulated light
signal LSM which are carrying information.
[0046] Figure 3 schematically depicts a simplified
block diagram of a radio communications system 1000
according to an embodiment.
[0047] The System 1000 comprises a first access point
100a which may for example comprise the structure as
explained above for device 100 with reference to Fig. 1.
As explained above, the first access point 100a may ex-
change data with at least one further device such as the
devices 10a, 10b, 10c of Fig. 3 by means of at least one
radio communications channel RCC. Moreover, the first
access point 100a may also provide a light signal LS, or
preferably a modulated light signal LSM, as also ex-
plained above with reference to figure 1.
[0048] In contrast to the modulated light signal LSM,
according to some embodiments, the light signal LS may
be an unmodulated light signal, which may e.g. be pro-
vided by switching on one or more semiconductor light
sources 112 of the light emitting device 110 and leaving
them in the "on" state. While this configuration cannot
convey much information to potential receivers, it may
well signalize by means of the optical IR signal LS to
potential receivers that said first access point 100a is
present and potentially available for wireless data com-
munication using the at least one radio communications
channel RCC.
[0049] However, according to preferred embodiments,
the first access point 100a may provide a modulated light
signal LSM as explained above which enables to supply
potential receivers that may be comprised in the further
devices 10a, 10b, 10c with various types of information
related to said first access point 100a.
[0050] According to further embodiments, it is also pos-
sible that for some time, the first access point 100a pro-
vides an unmodulated light signal LS, and for some other
times, said first access point 100a provides said modu-
lated light signal LSM.
[0051] According to other embodiments, it is also pos-
sible that at least temporarily the access point 100a does
not provide any light signal LS, LSM.
[0052] According to an embodiment, the further access
point 100b of figure 3 may comprise a structure similar
or identical to that of the first access point 100a. In this
case, for example, both access points 100a, 100b may
emit a respective modulated light signal which may com-
prise identification information that may be used by po-
tential receivers to distinguish between both said access
points 100a, 100b. In other words, upon receiving the
respective modulated light signal from both access points
100a, 100b, according to some embodiments, a receiver
may be configured to demodulate the received modulat-
ed light signals and to obtain the respective identification
information associated with said access points 100a,

100b. This way, the receiver is notified of the identity of
both access points 100a, 100b employing the optical data
transmission channels embodied by the respective mod-
ulated light signals of the corresponding light emitting
devices 110.
[0053] Figure 7 schematically depicts a simplified
block diagram of a mobile device 300 according to an
embodiment. As an example, one or more of the further
devices 10a, 10b, 10c of Fig. 3 may comprise a structure
300 as explained in the following with reference to figure
7.
[0054] The mobile device 300 comprises a processing
unit 302 such as a DSP or general purpose microproc-
essor or correspondingly configured FPGA or an ASIC
or the like. The mobile device 300 further comprises a
memory unit 304 comprising RAM 304a and/or ROM
304b and/or other forms of volatile and/or non-volatile
memory devices. The mobile device 300 also comprises
a camera 306 for capturing one or more images, e.g. of
a real-world environment surrounding the mobile device
300, as well as a display 308. The display 308 may e.g.
be used to present to a user of the mobile device 300 a
graphical user interface (GUI), but may also be used to
display one or more captured images that have been
obtained by the camera 306.
[0055] Particularly, besides being able to capture im-
ages based on visible light, the camera 306 enables a
capturing of one or more light signals LS and/or modu-
lated light signals LSM in the infrared wavelength range
provided by an access point 100a (Fig. 1) according to
the embodiments as explained above with reference to
figure 1 and figure 2.
[0056] More specifically, an image sensor 306a of the
camera 306 is configured such that it can detect spectral
components of the wavelength range used for the light
signals LS, LSM, i.e. presently spectral components of
the IR wavelength range. Preferably, the image sensor
306a is capable of detecting wavelengths of a visible
wavelength range. In other words, according to a pre-
ferred embodiment, the image sensor 306a can detect
signals in the visible wavelength range as well as signals
of the IR wavelength range as used by the light emitting
device 110 according to the embodiments. The image
sensor 306a may be capable of generating electrical sig-
nals in response to the reception of detection of the light
signals LS, LSM, which electrical signals may serve as
an input for the processing unit 302. For example, the
sensor 306a may be provided on a charge-coupled de-
vice (CCD) integrated circuit.
[0057] The mobile device 300 also comprises a trans-
ceiver 310, said transceiver 310 having a transmitter (not
shown) and a receiver (not shown) and being configura-
ble to exchange data with at least one further device,
such as the access point 100 (Fig. 1), 100a (Fig. 3) via
the radio communications channel RCC.
[0058] Figure 9 schematically depicts a simplified flow-
chart of a method of operating a mobile device 300 ac-
cording to an embodiment. In a first step 400, the mobile
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device 300 (Fig. 7) captures with its camera 306 at least
one image of a surrounding area. In the following step
402 (Fig. 9) the mobile device 300 detects the presence
of at least one access point 100, 100a by detecting one
or more light signals LS, LSM emitted by the at least one
access point 100, 100a if at least portions of these signals
are comprised within said at least one image that has
been captured in step 400. The mobile device 300 then
further evaluates the information modulated onto the one
or more signals. The mobile device 300 may then notify
the detection to a user of the mobile device 300 via the
display 308. The user may decide to establish a connec-
tion with the access point 100, 100a. Alternatively, the
mobile device 300 may be configured to establish such
connection without explicit instructions. The mobile de-
vice 300 may establish such connection via the radio
communications channel RCC using the information re-
ceived via the detected light signal LSM.
[0059] Optionally, in a further step 404, the mobile de-
vice 300 may perform further actions depending on the
information gathered during the preceding steps 400,
402.
[0060] As an example, for step 404, the mobile device
300 may determine a position of at least one access point
100 within at least one captured image and may visualise
said at least one device on the display 308 (Fig. 7) de-
pending on said position.
[0061] As a further example, the mobile device 300
may place a graphical symbol representing said access
point 100 at specific coordinates within said display 308,
wherein said coordinates depend on the position of the
access point 100 as determined within said captured im-
age. Alternatively, or additionally, according to further
embodiments, direction information may be presented
on the display 308 notifying the user of a specific direction
said access point 100 is positioned at, e.g. a direction
relative to a current spatial orientation of the display 308
and/or the mobile device 300. This enables a user of the
mobile device to visually become aware of the access
point 100 although he cannot directly perceive the trans-
mitted IR light signals LS, LSM of said access point 100
himself.
[0062] According to a further embodiment, said mobile
device 300 identifies said at least one access point 100
(e.g., by detecting its modulated light signal LSM and by
demodulating said modulated light signal LSM to obtain
the desired identification information), presents on said
display 308 a real-world environment view based on said
at least one image that has been captured in step 400,
and augments said real-world environment view by add-
ing information related to said at least one identified ac-
cess point 100.
[0063] In the following, a preferred operational scenar-
io of the devices 100, 300 according to the embodiments
is explained with reference to figures 4A to 5B.
[0064] Figure 4A schematically depicts an exemplary
operational scenario, as seen with the human eye,
wherein three lamp posts L1, L2, L3 are deployed in an

outdoor area A. Each lamp post L1, L2, L3 comprises
several light sources L for illuminating at least portions
of said outdoor area A, wherein only two light sources of
the first lamp post L1 are denoted with the reference sign
"L" for reasons of clarity.
[0065] For the further explanations of the embodiment,
it is not relevant whether the light sources L of the lamp
posts are switched on or not, i.e. currently illuminating
the outdoor area A or not. Rather, the lamp posts L1, L2,
L3 more or less serve as a target system for mounting
access point devices according to the embodiments. In
this setting depicted by a figure 4A, two access points of
the type 100 as explained above with reference to figure
1 are deployed, wherein a position of the first access
point is indicated by reference sign 100a’, and the posi-
tion of the second access point is indicated by reference
sign 100b’. Note that the access points themselves are
basically not visible, as they are integrated into the re-
spective lamp posts L1, L3.
[0066] Figure 4B schematically depicts the exemplary
operational scenario of Fig. 4A, however, as "seen" or
detected with the camera 306 of the mobile device 300
(Fig. 7). As the access points are still "hidden" within the
lamp posts L1, L3, they are not visible, either, in the de-
piction of figure 4B. However, as the image sensor 306a
of the camera 306 is also sensitive to IR wavelengths, in
the depiction of figure 4B, light signals LS1, LS2 can be
identified at the indicated positions 100a’, 100b’ of the
access points. This is because currently both access
points are emitting a respective light signal LS1, LS2
(which may or may not be a modulated light signal) in
the IR wavelength range.
[0067] Advantageously, the image data as symbolical-
ly depicted by figure 4B may be displayed on the display
308 of the mobile device 300, so that a user of the mobile
device 300 can visually identify the light signals LS1, LS2,
too. In other words, capturing at least one image of the
outdoor area A (Fig. 4A) with its lamp posts L1, L2, L3
and the access points integrated therein and displaying
such captured image to the user of the mobile device 300
enables the user of the mobile device 300 to visually de-
tect the light signals LS1, LS2 originating from the access
points according to the embodiments.
[0068] For example, according to a further embodi-
ment, the mobile device 300 may be configured such that
its camera 306 can be operated in a preview mode,
wherein periodically (e.g., with a frequency of some few
Hertz, for example 5 Hertz) images from the surrounding
area are captured. In this preview mode, IR light signals
LS1, LS2 from access points are also presented in the
course of the preview, so that a user may point the cam-
era at different directions to efficiently determine whether
(further) access points according to the embodiments,
which emit IR light signals, are present.
[0069] Figure 5A schematically depicts an image IMG1
according to an embodiment. This image IMG1 has been
obtained as explained above with reference to figures 9,
4A, 4B. In addition to presenting on the display 308 (Fig.
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7) of the mobile device 300 the captured image data in-
cluding the light signals of the access points, the mobile
device 300 may enhance the displayed data by adding
visual markers M1, M2, presently in the form of dashed
rectangles or squares, at the respective positions of the
IR light sources within the captured image. Thus, a real-
world view of the outdoor area A (Fig. 4A) as captured
by the camera 306 (Fig. 7) is augmented by the markers
M1, M2 (Fig. 5A). This way, the spatial position of the
respective access points is clearly presented to a user
of the mobile device.
[0070] Figure 5B schematically depicts an image IMG2
according to a further embodiment. Presently, for the light
signal of the first access point, which is marked by the
visual marker M1, additional information INF is blended
into the displayed image IMG2, wherein presently said
additional information is symbolised by the text "AP1
info ...". Such additional information may e.g. comprise
any type of information that has been provided by the
access point via the modulated light signal LSM (Fig. 1)
and has been received and detected by the mobile device
300 (Fig. 7). As will be mentioned hereinafter, at least a
portion of the additional information could be obtained
via the radio communication channel RCC after estab-
lishment of a connection between the access point and
the mobile device 300.
[0071] As the information modulated onto the IR light
signal LSM (Fig. 1) may dynamically change according
to some embodiments, the additional information INF
(Fig. 5B) displayed within the image IMG2 may also dy-
namically change. For example, an access point may
transmit via its modulated light signal LSM (Fig. 1) a cur-
rent load status of a radio cell provided thereby, which
evidently may dynamically change. A mobile device 300
according to the embodiments may periodically capture
an image such as IMG2 of Fig. 5B, may decode the cur-
rent load status transmitted from said access point, and
may blend into the image IMG2 (and subsequent images
of this type) the said demodulated current load status,
so that a user of the device 300 is continuously informed
on the information currently transmitted by the access
point via its optical transmission channel implemented in
form of the modulated light signal LSM.
[0072] In other words, according to some embodi-
ments, the mobile device 300 is configured to periodically
capture images by means of its camera 306 and to per-
form the process as explained with reference to figure 9.
This way, it is possible to provide a real-time or near-real-
time view of the real-world environment, e.g. the outdoor
area A (Fig. 4A), around the camera 306, which may
optionally be augmented by information related to access
points that may be present within said real-time view thus
providing an augmented view of the real-world environ-
ment which comprises valuable information on potential-
ly present access points 100a, 100b and their properties
and the like.
[0073] In this context, figure 8 schematically depicts a
mobile device 300a according to an embodiment. As can

be seen, an augmented reality (AR) view of a real-world
environment is presented on the display 308 of the device
300a. Presently, the contents presented on the display
308 are similar to those of the embodiment explained
above with reference to figure 5A.
[0074] Figure 6 schematically depicts an image IMG3
according to a further embodiment. In this embodiment,
the mobile device 300 is configured to determine a posi-
tion of at least one access point according to the embod-
iments within a captured image IMG3. As an example,
the depicted coordinate grid with a horizontal axis and a
vertical axis may be used for defining respective positions
within said image IMG3.
[0075] For example, the mentioned process of position
determination yields coordinate values (X1, Y1) for the
first access point and coordinate values (X2, Y2) for the
second access point.
[0076] Figure 10 schematically depicts a block dia-
gram according to a further embodiment. A receiver
chain, which may e.g. be used in the mobile device 300,
comprises an IR filter F and a Detector D.
[0077] For the present example, it is assumed that
many (N) active (i.e., currently transmitting a (modulated)
light signal LS, LSM) APs 100 (Fig. 1) may be present in
the vicinity of the device 300. A signal containing identi-
fication information ("ID") of the AP and, possibly, some
other additional information, is denoted as Sn. Said signal
Sn is being sent by APn, with n=1, 2, ..., N. At the mobile
device 300, a receiver (which may e.g. be implemented
by the processing unit 302 of the device 300 and a re-
spective software program) may first process an image
captured by the camera 306 (Fig. 7) with the IR filter F,
cf. Fig. 10. According to an embodiment, the IR filter F
is configured to:

a) estimate the number N of APs;

b) then, for each of said N APs, determine the posi-
tion (Xn, Yn) (cf. Fig. 6) of the received signal Rn
(which is typically a noisy version of Sn) in the cap-
tured image (wherein said image may be displayed
on the screen 308).

[0078] An example of the coordinates used for this
process has been explained above with reference to Fig.
6.
[0079] At an output of the IR filter F, tuples <Rn, (Xn,
Yn)> combining the received signal Rn for a specific ac-
cess point "n" with the determined position (Xn, Yn) are
obtained and forwarded to the detector D.
[0080] The detector D processes each received signal

Rn to get  which is an estimate of the noiseless trans-

mitted light signal Sn (also cf. the light signals LSM ex-
plained above).
[0081] According to a further embodiment, after
processing the received signal Rn from the AP, for each
AP n with n=1, 2, ..., N, the mobile device 300 may per-
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form one or more of the following steps:

a) visualize the AP on the screen (e.g., display 308),
preferably together with its position (Xn, Yn);

b) establish a connection with the AP via the radio
communications channel RCC;

c) identify the AP thanks to its ID that may be derived
from the signal Sn and/or from data received over
the radio communications channel RCC after estab-
lishment of a connection with the AP; and

d) provide further information regarding the AP,
which may include position information, based on
evaluation of the signal Sn and/or data received over
the radio communications channel RCC after estab-
lishment of a connection with the AP.

[0082] According to further embodiments, the function-
ality of the mobile device 300 (Fig. 7) may also be imple-
mented in a non-mobile, i.e. stationary, device. However,
according to a preferred embodiment, the functionality is
provided in a mobile device such as a user equipment
for a radio communications system, e.g. a smartphone,
or a tablet.
[0083] According to further embodiments, convention-
al user equipment for a radio communications systems
such as WiFi-and/or LTE-compatible user devices, e.g.
smartphones or tablets, may be enhanced by adding the
functionality according to the embodiments. In many cas-
es, such conventional devices may already comprise a
camera 306 suitable for (also) capturing IR signals. In
these cases, the functionality according to the embodi-
ments may advantageously be added to the conventional
devices in the form of firmware or software that may be
executed by a processing device 302 thereof.
[0084] The principle according to the embodiments
may be used to visualize, e.g., on a screen (display 308,
cf. Fig. 7) of a mobile device 300, such as a smartphone
or tablet, a position and/or status (e.g., load, available
RF beams, etc.) of access points (APs) according to the
embodiments nearby, wherein "nearby" in the present
context denotes the range of the optical signal LS, LSM
as provided by said access point. Advantageously, such
visualization may (but, according to some embodiments,
is not necessarily required to) be combined with one or
more camera images as captured by a camera of the
smartphone or tablet.
[0085] According to further embodiments, it is also pos-
sible to provide an AP 100a (Fig. 3) with some virtual
haptic (i.e., touch-based) feedback from a user that can
be used by the system 1000 (Fig. 3) to improve the quality
of service of that particular user.
[0086] Advantageously, the principle according to the
embodiments enables to efficiently detect a presence of
access points and to identify all access points according
to the embodiments, which are within the range of the

transmitted light signal LS, LSM. Particularly, even ac-
cess points that are either not visible to the human/cam-
era eye (e.g., because of their concealed positions, cf.
the embodiment of Fig. 4A) or do not (yet) cover the user’s
position (e.g., a mm-wave AP with limited coverage that
is not probing beams pointing towards a given user’s lo-
cation) may be recognized and identified if their light sig-
nal LS, LSM can be received by the mobile device ac-
cording to the embodiments.
[0087] The principle according to the embodiments is
particularly well-suited for applications in the field of aug-
mented reality (AR), because it enables to visually iden-
tify the access points 100 according to the embodiments
on a display of a mobile device.
[0088] A further advantage of the principle according
to the embodiments is the fact that a substantial amount
of information can be transmitted using the modulated
light signals LSM, which is primarily only limited by the
capabilities of the receiving camera system regarding de-
tection of the modulated light signals in the e.g. IR wave-
length range and the frequency at which subsequent
camera images may be recorded.
[0089] Moreover, the type of information transmitted
by means of the modulated light signal LSM according
to the embodiments may change freely, e.g. under con-
trol of a processing unit 102 of the access point 100 (Fig.
1). For example, during different times, different types of
information may be transmitted using the modulated light
signal LSM, e.g. in the fashion of a time-division multi-
plexing system.
[0090] Also, current values of operational parameters
of an access point such as a free capacity, a maximum
data rate for radio data exchange, and the like, may be
transmitted using the modulated light signal LSM.
[0091] The principle according to the embodiments
can also efficiently be deployed with existing access
points and other devices capable of radio communica-
tions with further devices. In principle, an existing con-
ventional access point may be enhanced by adding a
light emitting device 110 (Fig. 1) according to the embod-
iments, e.g. comprising one (or more) IR LEDs, and func-
tionality to control the emission of light signals LS, LSM.
[0092] According to further embodiments, several
APs, preferably each AP (this applies also to APs to be
deployed in the field in future), may then be assigned a
unique identification code to help distinguish it from all
the other APs. The APs may convey their identification
code by correspondingly modulating the light signal LSM,
whereby mobile devices 300 that receive such light signal
LSM may not only detect the presence of such AP, but
may also identify it and distinguish between several APs.
[0093] An advantage of the infrared frequencies, which
are proposed for the light signals LS, LSM according to
preferred embodiments, is that they do not fall into the
visible spectrum, i.e., a potential blinking/flickering of the
infrared light, which may result from applying modulation
schemes, is invisible to the naked (human) eyes. On the
other hand, the silicon detectors present in today’s cam-
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eras and mobile devices such as smartphones and tab-
lets are usually sensitive to infrared wavelengths and,
when the camera is active, reproduce the pulses trans-
mitted by the LED in the visible spectrum in the form of
one or more (parts of) camera images, whereby the light
signals LS, LSM according to the embodiments may be
made visible to human beings (through the screen/device
display 308 (Fig. 7)).
[0094] A further significant advantage of the principle
according to the embodiments is the fact that it is easy
and cheap to implement in all devices equipped with a
camera, as they already have sensors capable of col-
lecting light in the IR spectrum. Only few modifications
may be required to be made to a conventional device to
allow detection of the signals LS, LSM transmitted by an
access point according to the embodiments.
[0095] Another significant advantage of the principle
according to the embodiments is the fact that the scheme
is not intrusive. In fact, even if an ultra-dense network is
considered where a user could be served by many APs
100a, 100b, ... (Fig. 3) (note that network densification
will become a reality in the next few years to cope with
the forecasted increase in demand for greater through-
put), people will not notice the blinking of all these LEDs
and possibly other light sources that may be used for
generating the signals LS, LSM according to the embod-
iments. Only users who want to use the system according
to the embodiments may use the principle according to
the embodiments and look for APs. I.e., only those users
who voluntarily decide to use the principle according to
the embodiments will see e.g. the blinking of the LEDs
on their screens when their cameras are activated.
[0096] Advantageously, the principle according to the
embodiments may be used in many types of applications
based on augmented reality, as the access points can
be made "visible" by enhancing camera images of real-
world settings by means of adding information gathered
according to the principle of the embodiments.
[0097] In the following, a further exemplary application
scenario for the devices 100, 300 according to the em-
bodiments is explained.
[0098] A mobile user is considered who is - in this spe-
cific example - assumed to be a human being walking
around in an outdoor area A (Fig. 4A) and who is looking
for a connection setup in the vicinity. In order to check
available connections and related access points 100a,
100b (Fig. 3), the user switches on the camera of his
mobile device 300 (cf. Fig. 7), and the image as sche-
matically depicted by Fig. 5A is presented to the user on
the display 308 (Fig. 7) of his mobile device. From this
depiction, the user may recognize two IR light sources,
e.g. blinking LEDs on top of the two lamp posts L1, L3
(as recognized by the camera in Figure 4B). Note that,
at this stage, the user’s mobile device 300 a) visualizes
the position of the two APs 100a, 100b (Fig. 3) available
in the area A (Fig. 4A), and b) could have already detected
the ID of the two APs, e.g., AP1 and AP2, by using con-
ventional RF-based detection techniques, which may

e.g. be based on evaluating an RF beacon signal of the
respective access points. However, it is still not capable
of distinguishing them, i.e., it still does not recognize
which of the two blinking LEDs on the screen is related
to AP1 and which to AP2.
[0099] To obtain sufficient information regarding the
APs, the mobile device 300 may detect the signals LS1,
LS2 transmitted by the two LEDs and process them ac-
cording to the principle of the embodiments already ex-
plained above. After this operation, the mobile device
300 is able to distinguish the APs , i.e. AP1 and AP2 in
this example, in the area (see Figure 5B) and to establish
a connection with them.
[0100] In some embodiments, a real-world view based
on a camera image IMG2 may be presented to the user
via the display of the mobile device. Advantageously,
said real-world view may be augmented by the informa-
tion determined by the mobile device, such as the re-
spective access point’s identity, and/or further informa-
tion INF related to a specific detected access point.
[0101] The description and drawings merely illustrate
the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended ex-
pressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention
and the concepts contributed by the inventor(s) to fur-
thering the art, and are to be construed as being without
limitation to such specifically recited examples and con-
ditions. Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the invention, as well
as specific examples thereof, are intended to encompass
equivalents thereof.
[0102] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in computer
readable medium and so executed by a computer or proc-
essor, whether or not such computer or processor is ex-
plicitly shown.
[0103] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage
devices, e.g., digital data storage media, which are ma-
chine or computer readable and encode machine-exe-
cutable or computer-executable programs of instruc-
tions, wherein said instructions perform some or all of
the steps of said above-described methods. The program
storage devices may be, e.g., digital memories, magnetic
storage media such as a magnetic disks and magnetic
tapes, hard drives, or optically readable digital data stor-
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age media. The embodiments are also intended to cover
computers programmed to perform said steps of the
above-described methods.
[0104] The functions of the various elements shown in
the FIGs., including any functional blocks labeled as
"processors", may be provided through the use of dedi-
cated hardware as well as hardware capable of executing
software in association with appropriate software. When
provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to re-
fer exclusively to hardware capable of executing soft-
ware, and may implicitly include, without limitation, digital
signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field pro-
grammable gate array (FPGA), read only memory (ROM)
for storing software, random access memory (RAM), and
non-volatile storage. Other hardware, conventional
and/or custom, may also be included. Similarly, any
switches shown in the FIGS. are conceptual only. Their
function may be carried out through the operation of pro-
gram logic, through dedicated logic, through the interac-
tion of program control and dedicated logic, or even man-
ually, the particular technique being selectable by the
implementer as more specifically understood from the
context.
[0105] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in computer
readable medium and so executed by a computer or proc-
essor, whether or not such computer or processor is ex-
plicitly shown.
[0106] At least parts of the above described radio com-
munications network including base stations could be im-
plemented using network functions virtualization (NFV).
NFV is a network architecture that makes use of tech-
nologies of computer virtualization. Entire network equip-
ment like base stations or parts thereof or part of their
functions can be virtualized using software building
blocks that may connect, or interact, to create commu-
nication services. A virtualized network function of e.g. a
base station may include at least one virtual machine
running different software and processes, on top of
standard high-volume servers, switches and storage, or
a cloud computing infrastructure, instead of having cus-
tomized hardware appliances for each network function.
As such a base station function may be implemented
using a computer program product embodied on a non-
transitory computer readable medium (M) for performing
operations, wherein the computer program product com-
prises instructions, that when executed by a processor
(Pr), perform the operations of the specific base station

function.

Claims

1. Device (100) for a radio communications system
(1000), wherein said device (100) includes at least
a processing unit (102), a memory unit (104) and a
transceiver (106), wherein said transceiver (106) is
configurable to exchange data with at least one fur-
ther device by means of a radio communications
channel (RCC), wherein said device (100) compris-
es a light emitting device (110) configurable to emit
(202) at least one light signal (LS) in the infrared
wavelength range comprising information related to
said device (100) facilitating establishment of said
radio communications channel between the device
and the at least one further device.

2. Device (100) according to claim 1, wherein said light
emitting device (110) is configurable to provide a
modulated light signal (LSM) comprising information
for identification of the device (100).

3. Device (100) according to one of the preceding
claims, wherein said infrared wavelength range com-
prises wavelengths between about 700 nanometer,
nm, and about 1400 nm, preferably between about
780 nm and about 1000 nm.

4. Device (100) according to one of the preceding
claims, wherein said light emitting device (110) is
configurable to provide a modulated light signal
(LSM) comprising at least one of the following infor-
mation: position information characterizing a spatial
position of the device (100), one or more operational
parameters of the device (100), information charac-
terizing said radio communications channel (RCC).

5. Method of operating a device (100) for a radio com-
munications system (1000), wherein said device
(100) includes at least a processing unit (102), a
memory unit (104) and a transceiver (106), wherein
said transceiver (106) is configurable to exchange
data with at least one further device by means of a
radio communications channel (RCC), wherein said
device (100) comprises a light emitting device (110),
wherein said light emitting device (110) emits (202)
at least one light signal (LS) in the infrared wave-
length range comprising information related to said
device (100) facilitating establishment between the
device and the at least one further device.

6. Method according to claim 5, wherein said light emit-
ting device (110) provides a modulated light signal
(LSM) comprising information for identification of the
device.
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7. Method according to one of the claims 5 to 6, wherein
said light emitting device (110) provides a modulated
light signal (LSM) comprising at least one of the fol-
lowing information: position information characteriz-
ing a spatial position of the device (100), one or more
operational parameters of the device (100), informa-
tion characterizing said radio communications chan-
nel (RCC).

8. Mobile device (300) comprising:

- a processing unit (302);
- a memory unit (304);
- a camera (306), configurable to capture (400)
at least one image of a surrounding area;
- a display (308) configurable to display the at
least one image to a user; and
- a transceiver (310) configurable to exchange
data with at least one device according to any
one of claims 1-4 over a radio communications
channel; wherein the mobile device is configura-
ble to detect, within said at least one image, the
presence of the least one device (100) by eval-
uating at least one light signal (LS) in the infrared
wavelength range comprising information relat-
ed to said at least one device for facilitating es-
tablishment of said radio communications chan-
nel between the mobile device (300) and said
device (100).

9. Mobile device (300) according to claim 8, wherein
said mobile device (300) is configurable to identify
said at least one device (100), to present on said
display (308) a real-world environment view based
on said at least one image, and to augment said real-
world environment view by adding information relat-
ed to at least one identified device (100).

10. Mobile device (300) according to claim 8 or claim 9,
wherein said mobile device (300) is configurable to
determine a position of said at least one device (100)
within said at least one image, and to visualize the
position of said at least one device (100) on the dis-
play (308).

11. Mobile device (300) according to claim 10, wherein
the mobile device is configurable to augment a mark-
er (M1, M2) at the position of said at least one device
(100) within said at least one image on the display
(308).

12. Method of operating a mobile device (300) compris-
ing a processing unit (302), a memory unit (304), a
camera (306), a display (308), and a transceiver
(310), the method comprising:

- capturing (400) with said camera (306) at least
one image of a surrounding area;

- detecting (402), within said image, the pres-
ence of at least one device (100) according to
one of the claims 1 to 4 by evaluating at least
one light signal (LS) in the infrared wavelength
range comprising information related to said at
least one device for facilitating establishment of
a radio communications connection between
the mobile device and the at least one device.

13. Method according to claim 12, wherein said mobile
device (300) identifies said at least one device (100),
presents on said display (308) a real-world environ-
ment view based on said at least one image, and
augments said real-world environment view by add-
ing information related to the at least one identified
device (100).

14. Method according to claim 12 or claim 13, further
comprising:

- determining a position of said at least one de-
vice (100) within said at least one image; and
- visualizing the position of said at least one de-
vice (100) within said at least one image on the
display (308).

15. Method according to claim 14, wherein visualizing
comprises augmenting a marker (M1, M2) at the po-
sition of said at least one device (100) within said at
least one image on the display (308).
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