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Description
FIELD OF THE DISCLOSURE

[0001] The invention relates to the field of positioning
of mobile terminals, and more specifically to path-loss
models to be used in positioning mobile terminals in a
three-dimensional (3D) space such as for instance a
building.

BACKGROUND

[0002] Mobile terminal positioning methods that are
based on positions of Wireless Local Area Network
(WLAN) access points suit particularly well for indoor po-
sitioning due to the global existence of WLAN connec-
tivity in buildings. Moreover, such methods are easily
scalable, because additional infrastructure is needed on-
ly on the server side in order to compute the location
estimation, for instance in the form of servers providing
radiomaps (e.g. maps indicating at which positions ac-
cess points can be observed) and/or positioning services.
[0003] Indoor mobile positioning can for example be
done based on WLAN Received Signal Strengths (RSS)
collected at different floors inside the buildings. There
are typically two stages in WLAN-based positioning:

First, the training phase or data collection stage,
where the data is collected in the form of so-called
fingerprints, which contain location estimate (e.g., if
available, based on a Global Navigation Satellite
System (GNSS), sensor-based, WLAN-based, man-
ually inputted, etc.) and the measurements taken
from the radio interface(s) at the respective location.
The training can for example be a continuous back-
ground process, in which mobile terminals are con-
tinuously reporting measured data to the server or
learn their internal offline radiomap.

Second, the estimation/positioning phase or data es-
timation phase, where the mobile terminal estimates
its current location based on the data available from
the training phase.

[0004] The measurements collected and stored in the
training phase may for example contain (specifically in
the WLAN case):

* Signal strengths (for example, RSS index, physical
Rx level in dBm ref 1 mW, etc.)

e Basic Service Set IDs (BSSIDs) (e.g. Medium Ac-
cess Control (MAC) addresses) of the WLAN access
points observed and, possibly,

o Service Set IDs (SSIDs)
o timing measurements (Round-Trip Time)

[0005] This measurement data gets uploaded/report-
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ed to the server or cloud, where algorithms are run to
generate models of the WLAN access points for position-
ing purposes. Such models may be coverage areas,
node positions, radio propagation models (e.g. path-loss
models), etc. In the end, these models or parts of them
are transferred back to the mobile terminals for use in
position determination (terminal-based positioning). Al-
ternatively, the models may be stored in a positioning
server to which the mobile terminals connect as clients
for position information (terminal-assisted positioning).
[0006] US 2006/240843 A1 relates to method of esti-
mating a location of a wireless terminal and is based on
the recognition that there are traits of electromagnetic
signals that are dependent on topography, the receiver,
the location of the transmitter, and other factors.

[0007] WO 2012/074379 A1 discloses a system for lo-
cating an identification unit, using a processor unit and
a plurality of base stations. Each base station includes a
received signal strength indication measurement unit for
determining a received signal strength indication param-
eter.

[0008] US 2013/028131 A1 discloses a system for de-
termining a position of location of a tag.

SUMMARY OF SOME EXAMPLE EMBODIMENTS OF
THE INVENTION

[0009] Indoor positioning is inherently a 3D positioning
problem due to the existence of floors. While outdoors in
many use cases it suffices to express latitude and longi-
tude, indoors also the altitude information (floor) is re-
quired in order to be able to, say, display the floor plan
for the correct floor. While 2D indoor localization via RSS
has been thoroughly addressed so far, the 3D modeling
of the wireless environment in terms of RSS s still an
open issue.

[0010] As an example embodiment of the present in-
vention, a method performed by an apparatus is dis-
closed, the method comprising:

- obtaining position information from a mobile terminal
on a position of said mobile terminal and received
signal strength information representative of a
strength of a signal from a communication node re-
ceivable at the position; and

- generating or updating a 3D sectorized path-loss
model associated with the communication node at
least based on the position information and the re-
ceived signal strength information, wherein the po-
sition information and the received signal strength
information are used to generate or update one or
more path-loss parameters for a 3D sector of a set
of at least two 3D sectors of the 3D sectorized path-
loss model in which 3D sector the position is located.

[0011] Asafurtherexample embodimentofthe present
invention, a further method is disclosed, the method com-
prising:
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- at least one of storing, providing or obtaining infor-
mation on or derived from a 3D sectorized path-loss
model associated with a communication node, the
3D sectorized path-loss model comprising at least
two 3D sectors with one or more respective path-
loss parameters, the information on or derived from
the 3D sectorized path-loss model useable, together
with received signal strength information represent-
ative of a strength of a signal received from the com-
munication node by a device, in a process of deter-
mining an estimate of a position of the device.

[0012] For both methods, according apparatuses con-
figured to perform these methods or comprising means
for performing these methods, computer programs caus-
ing an apparatus to perform these methods when exe-
cuted on a processor and tangible computer-readable
media storing such computer programs are disclosed.
[0013] Embodiments of the invention allow to generate
orupdate a 3D sectorized path-loss model from a plurality
of fingerprints. The 3D sectorized path-loss model is sec-
tor-oriented in that path-loss parameters are for instance
determined for each 3D sector. This takes into account
the different propagation characteristics of signals emit-
ted from a communication node in different directions
(e.g. in one direction, there may be an attenuating wall,
while another direction, there may be a corridor basically
allowing for much less attenuated free-space propaga-
tion). In example embodiments, the position indicated by
the position information received in the fingerprints is first
assigned to at least two 3D sectors, and then, for each
3D sector, position information and received signal
strength information pertaining to a plurality of positions
is processed to determine path-loss parameters (e.g. an
assumed transmission power of the communication node
and a path-loss coefficient of a logarithmic path-loss
model) for the 3D sectors, for example by a curve fitting
procedure. Path-loss parameters of at least two 3D sec-
tors of 3D sectorized path-loss models for one or

more communication nodes or information derived from
these path-loss parameters (e.g. a 3D received signal
strength grid for each communication node) may then be
used to determine an estimate of a position for which
received signal strength information with respect to the
one or more communication nodes is available.

[0014] Embodiments of the invention are used for in-
door positioning, for instance for WLAN access points as
communication nodes (here assumed to be non-cellular
communication nodes). Equally well, embodiments of the
invention may be applied to 3D positioning in a cellular
communication network with base stations as communi-
cation nodes. 3D sectorized path-loss models may also
be generated and/or updated for a mixture of cellular and
non-cellular communication nodes.

[0015] It is to be understood that the presentation of
embodiments of the invention in this section is merely
exemplary and non-limiting.

[0016] Other features of the present invention will be-
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come apparent from the following detailed description
considered in conjunction with the accompanying draw-
ings. It is to be understood, however, that the drawings
are designed solely for purposes of illustration and not
as a definition of the limits of the invention, for which
reference should be made to the appended claims. It
should be further understood that the drawings are not
drawn to scale and that they are merely intended to con-
ceptually illustrate the structures and procedures de-
scribed herein.

BRIEF DESCRIPTION OF THE FIGURES

[0017]
Figs. 1a-1c  are schemaitic illustrations of positioning
systems in which example embodiments
of apparatuses according to the present
invention are deployed;

is an illustration of positions on four dif-
ferent floors where measurements relat-
ed to communication nodes were taken
according to an example embodiment of
the present invention;

is an illustration of a 3D sector according
to an example embodiment of the present
invention;

are illustrations of six (Fig. 4a) and eight
(Fig. 4b) direction angles defining respec-
tive 3D sectors;

are illustrations of measurements taken
with respect to a communication node on
four differentfloors of a building according
to an example embodiment of the present
invention, non-normalized (Fig. 5a) and
normalized to the unit sphere (Fig. 5b)

is an illustration of a fitting of a path-loss
function to a plurality of measurements
within one sector of a 3D sectorized path-
loss model according to an example em-
bodiment of the present invention;

are flowcharts of example embodiments
of methods according to the present in-
vention;

are block diagrams of example embodi-
ments of apparatuses according to the
present invention; and

is a schematic illustration of example em-
bodiments of tangible storage media ac-
cording to the present invention.

Fig. 2

Fig. 3

Figs. 4a-4b

Fig. 5a-5b

Fig. 6

Figs. 7-10

Figs. 11-12

Fig. 13

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS OF THE INVENTION

[0018] Fig. 1a shows a positioning system 1a, in which
example embodiments of apparatuses according to the
present invention can be deployed. In Fig. 1a, mobile
terminal 2a is capable of observing one or more commu-
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nication nodes 3-1, 3-2 and 3-3 of one or more commu-
nication networks, as will be further described below.
Communication nodes 3-1, 3-2 and 3-3 are exemplarily
deployed in different floors of a building with four floors.
Although advantageous in indoor environments, the
present invention is not limited to positioning in indoor
scenarios and could equally well also be used for outdoor
positioning. It should also be understood that the number
and distribution of communication nodes 3-1, 3-2 and 3-3
in Figs. 1a-1c is merely exemplary.

[0019] Each of communication nodes 3-1, 3-2 and 3-3
provides radio coverage in a respective 3D coverage
space. Thus an information that a mobile terminal is with-
in respective 3D coverage spaces of one or more com-
munication nodes may be exploited for determining an
estimate for the position of the mobile terminal. In addition
or alternatively, also information on the respective
strength of respective signals received from one or more
communication nodes at a mobile terminal may be used
for determining a position estimate for the mobile termi-
nal, since the Received Signal Strength (RSS) is physi-
cally related to the distance towards the communication
node that sent the signal. Embodiments of the present
invention thus exploit information on the RSS for deter-
mining an estimate for the position of a mobile terminal.
[0020] In the positioning system 1a of Fig. 1a, mobile
terminal 2a is a collector terminal that is capable of de-
termining or obtaining its current position. To this end,
mobile terminal 2a may for example be equipped with a
receiver of a Global Navigation Satellite System (GNSS)
or may obtain its current position via a user interface by
interaction of a user of mobile terminal 2a. Information
on this position, together with identification information
on one or more communication nodes that can be ob-
served at this position, is provided as a so-called "finger-
print" to path-loss model generation and/or updating
server 4. This may happen in regular intervals, or upon
request, to name but a few examples. Each fingerprint
may pertain to a single position only, or may pertain to
several positions, i.e. may comprise position information
for several positions and respective identification infor-
mation on one or more communication nodes that can
be observed at these positions.

[0021] Server4, based on fingerprints received from a
plurality of collector terminals like mobile terminal 2a,
generates and/or updates path-loss models for the one
or more communication nodes. This generation and/or
updating may possibly be based on other information
sources as well, such as for instance plans (e.g. floor
maps) or information on the radio-propagation-related
characteristics of the propagation environment, such as
for instance characteristics of construction materials
used (e.g. characteristics of walls and/or floors).

[0022] In the positioning system 1b of Fig. 1b, informa-
tion on or derived from such path-loss models is stored
in path-loss model database 6 and is used by positioning
server 5, which has access to path-loss model database
6 or incorporates path-loss model database 6, to deter-
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mine a position estimate for mobile terminal 2b. To obtain
a position estimate from positioning server 5, mobile ter-
minal 2b provides identification information on one or
more communication nodes that are observable at the
position of mobile terminal 2b, and respective RSS infor-
mation with respect to these communication nodes, to
positioning server 5. Positioning server 5, in response to
the received information, retrieves according information
on or derived from the path-loss models for these com-
munication nodes and uses this information and the RSS
information to determine a position estimate for mobile
terminal 2b, which position estimate is then provided to
mobile terminal 2a.

[0023] Fig. 1c shows a further positioning system 1c,
where position estimates for mobile terminal 2c are de-
termined by mobile terminal 2c itself. To this end, mobile
terminal 2c has either pre-stored information on or de-
rived from path-loss models or - as shown in Fig. 1c -
obtains such information from path-loss model server 7.
Path-loss model server 7 may for instance incorporate
an according path-loss model database (similar to path-
loss model 6 of Fig. 1b). Mobile terminal 2c may for in-
stance specify for which area/space information on or
derived from respective path-loss models for communi-
cation nodes is required, for instance for a specific build-
ing or all buildings of a specific town. The requested in-
formation may also depend on the technical capabilities
of mobile terminal 2c. For instance, if the mobile terminal
2c is only capable of observing communication nodes of
one or more communication networks, only information
pertaining to these communication networks, but no in-
formation pertaining to further communication networks
is provided, even if the path-loss model database should
comprise such information pertaining to further commu-
nication networks.

[0024] The process of actually determining a position
estimate then takes place as described for positioning
server 5 in the context of Fig. 1b before, only that now
the determining is performed locally on mobile terminal
2c based on identification information and RSS informa-
tion created by mobile terminal 2c itself.

[0025] Inthe above systems 1a-1c, non-limiting exam-
ples of nodes of communication networks (also denoted
as communication network nodes herein) are access
points or beacons of communication networks, such as
for instance of a WLAN network, a Bluetooth system, a
radio-frequency identification (RFID) system or a Near
Field Communication (NFC) system, a broadcasting sys-
tem such as for instance Digital Video Broadcasting
(DVB), Digital Audio Broadcasting (DAB) or Frequency-
Modulated (FM) / Amplitude-Modulated (AM) radio, a
Near Field Communication (NFC) system, etc.). Further
examples of communication network nodes are base sta-
tions or base transceiver stations (or sectors thereof) of
one or more cellular communication networks, such as
forinstance second generation (2G, for instance the Glo-
bal System for Mobile Communication (GSM) and its de-
rivatives, such as the General Packet Radio System
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(GPRS), the Enhanced Data Rates for GSM Evolution
(EDGE) or the High Speed Circuit-Switched Data (HSC-
SD)), third generation (3G, for instance the Universal Mo-
bile Telecommunication System, UMTS, or CDMA-2000)
or fourth generation (4G, for instance the Long Term Ev-
olution, LTE, system, the LTE Advanced (LTE-A) system
or the IEEE 802.16m WIMAX system) communication
networks. A cellular communication network may for in-
stance be characterized by a basically seamless pave-
ment of a geographical area (usually in the order of at
least hundreds or thousands of square kilometers) with
cells in which coverage is provided by communication
network nodes that are operated by the same operator,
which network may for instance support communication
handover between cells.

[0026] Non-limiting examples of a mobile terminal are
a cellular phone (e.g. a smartphone), a personal digital
assistant, a laptop computer, a tablet computer, a navi-
gation device (which may be portable by a human user
or be installed in a vehicle, for example) or a multimedia
player. Each of these devices is capable of wirelessly
communicating at least in one communication network.
[0027] A path-loss model (orradio channel model) may
for instance describe how the power of a signal emitted
by a communication network node associated with a cell
decays with increasing distance from the communication
network, for instance under consideration of further pa-
rameters as for instance the radio transmission frequen-
cy. To this end, the path-loss model may for instance
take into account effects of free space propagation, slow
fading and fast fading, to name but a few examples. The
path-loss channel model may forinstance be parameter-
ized by and/or characterized by one or more parameters,
such as for instance a path loss exponent, as it is known
to a person skilled in the art.

[0028] Receiving signals or information from a com-
munication node may for instance require that the mobile
terminal is technically capable to receive such signals or
information. Thus a mobile terminal may have to support
the transmission technology (e.g. the communication
standard) used by the communication node. Receiving
signals or information from the communication node may
also require that the mobile terminal is entitled to com-
municate with or at least receive signals or information
from the node.

[0029] Observing a communication node by a mobile
terminal may for instance require that the mobile terminal
is able to receive one or more signals (e.g. a broadcast
channel), which are sentby the communication node with
a pre-defined minimum quality (for instance defined in
terms of a signal-to-noise ratio or a signal-to-noise and
interference ratio), and/or is able to at least partially re-
ceive and correctly decode one or more signals sent by
the node associated with the cell, and/or is able to receive
and correctly decode an identifier of the cell (e.g. a
BSSID). Some or all of these conditions for observing a
communication node may for instance be met when the
mobile terminal is within the coverage space of the com-
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munication node associated with the cell.

[0030] A communication node may for instance only
be identifiable by a mobile terminal if it is observable by
the mobile terminal. Therein, a communication node may
forinstance have an identifier thatis unique (e.g. globally
unique) at least in the communication network (and for
instance also in all other communication networks).
Equally well, a communication node may for instance
have an identifier that is not globally unique (e.g. only
locally unique) in the communication network, but that is
at least unique in a sub-region/sub-space of the re-
gion/space covered by the communication network. In a
WLAN network, an example of a globally unique identifier
is a BSSID. In a 3GPP network, an example of a globally
unique identifier is the Global Cell Identity (GCI), which
is based on the Country Code - Network Code - Cell ID
hierarchy in 3GPP networks. An example of an only lo-
cally unique identifier in a cellular communication net-
work is the Local Cell Identity (LCI), which is related to
the physical resources allocated for the cell. Forexample,
in the case of GSM and its derivatives the physical re-
sources are associated with the cell tower (BISC) and
the frequency (ARFCN). The physical resources are re-
used in the network, i.e. the same BSIC/ARFCN combi-
nation repeats in the network. Thus the LCI can be iden-
tified with the corresponding GClI only, when there is ad-
ditional information on the location, i.e. the mapping
LCI—>GCI is only locally injective whereas GCI—LCI
mapping is globally injective.

[0031] Example embodiments of the presentinvention
use a 3D sectorized path-loss model to describe the RSS
produced by a communication node. This 3D sectorized
path-loss model may for instance be generated as fol-
lows:

* Having a database of communication nodes, where
for each communication node, 3D RSS information
obtained from terminal-based measurements in fin-
gerprints as described with respect to Fig. 1a above
is stored, for instance in a form of a spatial 3D grid.
The third dimension may for instance be expressed
in terms of absolute altitude or in terms of floors
(height difference). If the third dimension is ex-
pressed in floors, in the modelling phase the floor
height can be obtained from a map or set to a con-
figured value.

* Dividing the measurements pertaining to a commu-
nication node for which a 3D sectorized path-loss
model is to be generated into 3D sectors. The
number of sectors is generally variable and may for
instance encompass at least the values: 4, 6, 8 and
14.

e Using the 3D RSS information to estimate the path
loss parameters associated with the communication
node in a sectorized way, with a pair of two values
(Po) n), n ¢)) per sector (i) and per communication
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node (cn):

- Py 4 the value corresponding to the apparent
transmit power from communication node cn in
the i-th sector and

- nf, the value corresponding to the path-loss
coefficient from communication node cn in the
i-th sector .

[0032] The sectors are defined as sphere sectors as
will be explained below.

[0033] Fig.2 shows an example of measurement data
that has been gathered on four floors 20, 21, 22, 23 of a
building (e.g. the building of Fig. 1a). The positions for
which measurements (position information, identification
information pertaining to the observed communication
nodes and respective RSS information for the signals
from the observed communication nodes) are indicated
by solid dots, of which one has been exemplarily labeled
with reference numeral 200. The measurement data is
at least temporarily stored in a server, such as path-loss
model generation/updating server 4 of Fig. la. As de-
scribed with respectto Fig. 1a above, this data may come
from the users of the positioning technology (crowd-
sourcing), or can be a result of dedicated data collection.
The data is stored, e.g. per floor, and it contains the 3D
(x,y,z) coordinates of the measurement positions as well
as the associated RSS information from each observed
communication node. Alternatively, equivalent data
could be stored, from which the x,y,z could be inferred.
For example, data could be stored as a table where x,y
coordinates are not given explicitly, but can be deduced
(e.g. from indices given in the table).

[0034] When the floor height is not known, it is for in-
stance possible to make the convention that a fixed and
constant floor height is assigned to each floor, such that
the first floor has the height 0, the second floor has a
height h (e.g. 4 m), the third floor has a height 2*h, etc.
If the value of h is not known a-priori (i.e. from a map
etc.), the value in the model may for instance be trans-
ferred to the mobile terminal for the positioning stage in
which the pathloss parameters are used for 3D position-
ing of the mobile terminal. The mobile terminal may need
to know the height used in the model generation. The
height may for instance be indicated to the mobile termi-
nal explicitly. Alternatively, the model may indicate that
the height from the indoor map was used. Therein, it is
assumed that the device has access to the indoor map
information.

[0035] Fig. 3 shows the definition 30 of the 3D sector
302 as part of the unit sphere 301 with sphere center
303. The whole space is divided into several directions
304 (examples are shown in Figs. 4a and 4b as explained
below) which can be arbitrarily chosen using any desired
azimuth and elevation angles. Directions 304 may for
instance be appointed symmetrically around the sphere
301 to achieve coverage over all possible azimuth and
elevation angles. After defining the direction angles 304,
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a cone 302 with a spherical convex base 306 lying on
the surface of the sphere 301 is built around each direc-
tion 304. The cone opening is defined by an opening
angle (or a sector width). The sector width is defined as
the ratio between the area 306 (i.e. the convex-formed
base of the conical 3D sector entirely lying on the unit
sphere and illustrated in hashed form in Fig. 3) that a
sector 302 takes on a sphere surface compared to the
total area of the sphere surface (i.e. Agecto/Asphere), and
it can vary between 0 and 1. For example, a sector
width=0.5 means that each cone 302 is in fact a semi-
sphere. If the sector width is too small, the sectors 302
do not fill the whole surface of the sphere 301 and may
leave empty spots in the space. The choice of the sector
width parameter is a design choice. In embodiments of
the invention, the sectors 302 somewhat overlap to han-
dle large variations of parameters between adjacent sec-
tors 302.

[0036] Figs. 4a and 4b show two examples of setting
the sector direction angles, respectively. The plot in Fig.
4a has six sectors (up, down, left, right, front and back-
wards) and the plot in Fig. 4b has eight sectors. Sector
directions are illustrated via an arrow (42-1 .. 42-6 in Fig.
4a, and 44-1 .. 44-8 in Fig. 4b), and the black dots define
the point where each direction angle hits the unit sphere
surface (43-1 .. 43-6 in Fig. 4a corresponding to the di-
rection 42-1 .. 42-6, and 45-1 .. 45-8, corresponding to
the directions 44-1 .. 44-8). A sector direction is under-
stood here as the perpendicular uniting the sphere center
with the center of the base of the cone that defines that
sector (see the direction angle 304 shown in Fig. 3 to
illustrate thisidea). The direction angles are set manually,
and at least the values 1 (omni-directional case), 2, 4, 6,
8 and 14 are for instance practical, since they can all be
easily derived and understood by exploiting the faces
and corner points of a cube.

[0037] When dividing the measurements into sectors,
the measurement coordinates (x; y; z;) are considered as
vectors and their norms are normalized to one. Thus all
the measurements will be on a unit sphere surface after
the normalization.

[0038] The division into 3D sectors is then done in two
steps:

1. For each sector k, calculate the Euclidian distanc-
es

- 2 , 2 _\2  be-
=l =5 f +0 -0 e, -2,)
tween measurement points (x;y;z;) and the sector-

specific direction angle point (x,, y;.z,). The direction
angle point is the black dot (on the unit sphere sur-
face, see Figs. 4a (dots 43-1 .. 43-6) and 4b (dots
45-1 ..45-8))found at the intersection of the direction
angle 304 and the unit sphere 301 in Fig. 3.

2. For each sector k, if de <2 ’Sec[orWidlhk

then the measurement (x;y; z;) is decided to belong
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to that specific sector k. Notice that if sector width is
large enough, one measurement point can belong
into two or more sectors at the same time.

[0039] Therein, the equation initem 2 above is derived
as follows:

The area of a spherical cap of a sector k on the unit
sphere 301 (see Fig. 3) is equal to the chord length x,
squared times 7, and also equal to the SectorWidth,
times the total area of the unit sphere 301 with radius R
=1. The "chord" here is a straight line extending from the
pierce point 307 on the sphere 301 to a point on the edge
ofthe spherical cap 306. The chord length x, as afunction
of the SectorWidth, can thus be calculated as follows:

Area), = SectorWidth, -4-7 - R*=rx -xk2

[0040] With R=1 (unit sphere),

X, =2 /Se‘ctorWidthk . In order for a point (x;y;z)

(which has a norm normalized to 1 as stated above) to
be on the spherical cap of sector k and thus within sector
k, we must have x > d;, yielding the equation of item 2
above.

[0041] The above method allows a clear code imple-
mentation and clear definition for 3D-sectors by using
only two parameters: the direction angle point (defined
either with (x,,y,,z,) coordinate or with a corresponding
azimuth and elevation angle) and the sector width.
[0042] Figs. 5a and 5b show exemplary representa-
tions of measurement data with respect to a communi-
cation node 50 from four floors of a building without nor-
malization (Fig. 5a) and with normalization to the unit
sphere (Fig. 5b). Each measurement has position infor-
mation determining its location in the coordinate systems
of Figs. 5a and 5b. Furthermore, the RSS information
with respect to communication node 50 is indicated by
the sign (dot sign, circle sign, plus sign, x sign triangle
sign) and assigned to the respective measurement da-
tum.

[0043] Fig. 6 shows an example of how the path-loss
parameters P and n of a single sector of a 3D sectorized
path-loss model for a communication node are deter-
mined. To this end, for all measurements that have been
divided into this sector as described above, from their
respective coordinates (x; y;, z;), the respective distance
d; with respect to the assumed position of the communi-
cation node is determined, and the respective logarithm
log (d,) of this distance is plotted together with the re-
spective RSS; information (e.g. the RSS in dBm) in a two-
dimensional coordinate system as shown in Fig. 6.
Therein, such a log(d;), RSS; data pair is exemplarily la-
beled 60. If plural of such data pairs are available for the
same sector (and the same communication node), a
curve 61 can be fitted to these data pairs as shown in
Fig. 6, for instance by using known curve fitting tech-
niques.
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[0044] InFig. 6, afitting of the data pairs to a path-loss
function P = P, - 10 n log (d) is desired, and the fitting
returns the parameters Py and n as Py~ -24 dBm and n
~ 4.3 dBm/m.

[0045] The curve fitting can be linear fit, polynomial fit
or Bayesian fit, to name but a few examples. The path
loss curve fitting in one 3D sector relies on the existence
of sufficient measurement data within that particular sec-
tor. If data is missing or insufficient, interpolation can be
used to model the missing data in some sectors.

[0046] To be able to determine the distances di of the
measurements from the communication node, the posi-
tion of the communication node has to be determined. In
the 3D sectorized path-loss mode, the sphere "centre"
303 (see Fig. 3) is the apparent location of the commu-
nication node. This position can for instance be found by
considering all the measurement points for the commu-
nication node and calculating the weighted average po-
sition using the RSS information as the weight. Alterna-
tively, the communication node position may for instance
be set as the location of the measurement point with the
highest RSS. Thus among all the measurements pertain-
ing to a communication node, the position information of
the measurement with the largest RSS (according to its
RSS information) is assumed as the position of the com-
munication node to be used in the 3D sectorized path-
loss model (e.g. for all sectors; further alternatively, the
position of the measurement with the largest RSS per
sector may be used as the position of the communication
node for generating the path-loss model for this sector).
[0047] It should be noted that the 3D path loss mode-
ling (generation) stage is independent of the positioning
stage. Any path-loss-based localization method (such as
Maximum Likelihood, Bayesian, Kalman filtering, etc)
can be used in the positioning stage.

[0048] In the following, exemplary embodiments of the
present invention will be described that exploit the prin-
ciple of a 3D sectorized path-loss model. Therein, the
description presented above shall be understood as ex-
emplary, non-limiting support for the description of these
exemplary embodiments, so that features from the above
description can provide further optional details, either in
isolation or as a combination of several features, for the
exemplary embodiments described on a more general
level below.

[0049] A first example method according to the inven-
tion - illustrated by the flowchart 700 of Fig. 7 - is per-
formed by an apparatus and comprises obtaining position
information on a position and RSS information represent-
ative of a strength of a signal from a communication node
receivable at the position (step 701); and generating or
updating a 3D sectorized path-loss model associated
with the communication node at least based on the po-
sition information and the received signal strength infor-
mation (step 702), wherein the position information and
the received signal strength information are used to gen-
erate or update one or more path-loss parameters for a
3D sector of a set of at least two 3D sectors of the 3D
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sectorized path-loss model in which 3D sector the posi-
tion is located.

[0050] The position information and the RSS informa-
tion may for instance stem from a mobile terminal, as
explained with reference to Fig. la above. It may for in-
stance be obtained by an apparatus that is or forms part
of a server, such as for instance path-loss generation/up-
dating server 4 of Fig. 1a. This information may for in-
stance be obtained together with similar information per-
taining to further positions, either from the same mobile
terminal or from other mobile terminals. At least based
on this position information and the RSS information, a
3D sectorized path-loss model for the communication
node is generated (e.g. if it did not exist before). If a 3D
sectorized path-loss model already exists, it may be up-
dated, e.g. on a regular basis, or if it is detected that the
communication node and/or the propagation environ-
ment have undergone changes. Examples for generating
a 3D sectorized path-loss model have already been de-
scribed above. Updating may be for instance be per-
formed by computing the path-loss parameters anew for
each 3D sector. Alternatively, the previous path-loss pa-
rameters may be transitioned into new path-loss param-
eters by using weighting factors.

[0051] The position information may for instance be
obtained as 3D coordinates. Equally well, they may be
obtained as 2D coordinates, with the coordinate of the
third dimension being obtained as further (e.g. non-co-
ordinate) information such as for instance a floor level
(e.g. "first floor").

[0052] The first example method according to the in-
vention may for instance further comprise obtaining iden-
tification information allowing to identify the communica-
tion node, wherein a plurality of communication nodes
comprising the communication node exist, and wherein
at least the position information and the received signal
strength information are used for generating or updating
only the 3D sectorized path-loss model for the commu-
nication node identified by the identification information.
The identification information may for instance comprise
a BSSID in case of the communication node being a
WLAN access point. The identification information may
for instance allow to globally identify a communication
node (e.g. uniquely in a communication network or even
in several communication networks), or may for instance
only allow to locally (non-globally) identify a communica-
tion node (e.g. by using the physical resources such as
frequencies or spreading codes, which may be reused
within the communication network). From such a local
identification, nevertheless a global identification may be
derived based on further information, for instance be-
tween an only locally identifiable communication node
and a globally identifiable communication node.

[0053] Therein, the position information, the received
signal strength information and the identification informa-
tion may for instance be determined by a device and pro-
vided in a fingerprint. The fingerprint may for instance
also comprise further information.

10

15

20

25

30

35

40

45

50

55

[0054] According to the first example method accord-
ing to the invention, respective position information and
respective received signal strength information pertain-
ing to a plurality of positions located in the 3D sector may
be used to generate or update the path-loss parameters
forthe 3D sector. The respective position information and
the respective RSS information pertaining to the plurality
of positions may for instance be determined by one de-
vice (e.g. a mobile terminal) or by several devices. If pro-
vided by one device, this information may be provided in
one or more fingerprints.

[0055] Therein, respective distances between the po-
sitions indicated by the respective position information
and a position of the communication node are determined
at least based on the respective position information per-
taining to the positions and used together with the re-
spective signal strength information of the positions to
determine the path-loss parameters.

[0056] Forinstance, the respective distances between
the positions indicated by the respective position infor-
mation and the position of the communication node and
the respective signal strength information of the positions
are used as respective data pairsin a curvefitting process
for determining the path-loss parameters. An example of
such a curve fitting process has already been presented
above with respect to Fig. 6

[0057] The position of the communication node may
forinstance be estimated at least based on the respective
position information and the respective received signal
strength information pertaining to the plurality of positions
located in the 3D sector. For example, the position of the
communication node may be estimated based onrespec-
tive position information pertaining to a position for which
respective received signal strength information indicates
a largest received signal strength among the plurality of
positions. Alternatively, the position of the communica-
tion node may be estimated as or based on an average
of the positions indicated by the respective position in-
formation weighted with the respective received signal
strength indicated by the respective signal strength in-
formation.

[0058] In the first example method according to of the
invention, information on or derived from the 3D sector-
ized path-loss model is useable, together with received
signal strength information representative of a strength
of a signal received from the communication node by a
device, in a process of determining an estimate of a po-
sition of the device. To this end, this information may be
provided to another device, e.g. to a server (e.g. posi-
tioning server 5 of Fig. 1b) or a mobile terminal (e.g. mo-
bile terminal 2c of Fig. 1c).

[0059] A second example method according to the in-
vention - illustrated by the flowchart 800 of Fig. 8 - is
performed by an apparatus, and comprises storing infor-
mation on or derived from a 3D sectorized path-loss mod-
el associated with a communication node (step 801), the
3D sectorized path-loss model comprising at least two
3D sectors with one or more respective path-loss param-
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eters, the information on or derived from the 3D sector-
ized path-loss model useable, together with received sig-
nal strength information representative of a strength of a
signal received from the communication node by a de-
vice, in a process of determining an estimate of a position
of the device.

[0060] The second example method according to the
invention may for instance be performed by a server (e.g.
path-loss model generation/updating server 4 of Fig. 1a
or positioning server 5 of Fig. 1b or path-loss model serv-
er 7 of Fig. 1c) or a mobile terminal (e.g. mobile terminal
2c¢ of Fig. 1c).

[0061] A third example method according to the inven-
tion - illustrated by the flowchart 900 of Fig. 9 - is per-
formed by an apparatus, and comprises providing infor-
mation on orderived from a 3D sectorized path-loss mod-
el associated with a communication node (step 901), the
3D sectorized path-loss model comprising at least two
3D sectors with one or more respective path-loss param-
eters, the information on or derived from the 3D sector-
ized path-loss model useable, together with received sig-
nal strength information representative of a strength of a
signal received from the communication node by a de-
vice, in a process of determining an estimate of a position
of the device.

[0062] The third example method according to the in-
vention may for instance be performed by a server (e.g.
path-loss model server 7 of Fig. 1c).

[0063] A fourth example method according to the in-
vention - illustrated by the flowchart 1000 of Fig. 10 - is
performed by an apparatus, and comprises obtaining in-
formation on or derived from a 3D sectorized path-loss
model associated with a communication node (step
1001), the 3D sectorized path-loss model comprising at
least two 3D sectors with one or more respective path-
loss parameters, the information on or derived from the
3D sectorized path-loss model useable, together with re-
ceived signal strength information representative of a
strength of a signal received from the communication
node by a device, in a process of determining an estimate
of a position of the device.

[0064] The fourth example embodiment according to
the invention may for instance be performed by a server
(e.g. positioning server 5 of Fig. 1b) or a mobile terminal
(e.g. mobile terminal 1c of Fig. 1c).

[0065] The second and fourth example methods ac-
cording to the invention may for instance comprise per-
forming the process of determining the estimate of the
position of the device, as illustrated by steps 802 of Fig.
8 and 1002 of Fig. 10.

[0066] Inthe process of determining an estimate of the
position of the device, information on or derived from a
3D sectorized path-loss model associated with a further
communication node may for instance be used together
with received signal strength information representative
of a strength of a signal received from the further com-
munication node by the device.

[0067] The respective 3D sectorized path-loss models
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and/or the respective information on or derived from
these 3D sectorized path-loss models for the different
communication nodes may for instance be selected
based on respective identification information allowing
to respectively identify the different communication
nodes, the respective identification information deter-
mined by the device.

[0068] Inthe process of determining an estimate of the
position of the device, the received signal strength infor-
mation and the information on or derived from the 3D
sectorized path-loss model associated with the commu-
nication node may for instance be used to determine like-
lihood information expressing a likelihood that a position
is the position of the device, wherein the received signal
strength information representative of the strength of the
signal received from the further communication node by
the device and the information on or derived from the 3D
sectorized path-loss model associated with the further
communication node is used to determine further likeli-
hood information expressing a likelihood that a position
is the position of the device, and wherein both the likeli-
hood information and the further likelihood information
are jointly considered to obtain the estimate of the posi-
tion of the device.

[0069] Therein, the likelihood information may for in-
stance be determined for a plurality of predefined posi-
tions. The further likelihood information may for instance
also be determined for the plurality of predefined posi-
tions, or for a deviating plurality of positions.

[0070] The plurality of predefined positions may for in-
stance form a 3D grid.

[0071] The 3D grid may for instance be a grid with equi-
distant positions in at least one dimension. It may for
instance have respectively equidistant positions in two
or three dimensions.

[0072] According to the fourth example method ac-
cording to the invention, there may for instance be, for a
3D sectorized path-loss model, N 3D sectors with respec-
tive path-loss parameters (e.g. an assumed transmission
power and a path-loss coefficient of a logarithmic path-
loss model), where N is an integer number. This may be
an example of information on the 3D sectorized path-loss
model. Furthermore, the position of the communication
node for which the 3D sectorized path-loss model holds
may be known. For instance to simplify the processing
involved in positioning, a symmetric cubic grid may for
instance be set around the position of the communication
node. For each grid point, it may then first be evaluated
into which 3D sector it belongs. Furthermore, the dis-
tance towards the communication node is determined.
Atleast the distance and the path-loss parameters of this
3D sector are then used to determine an expected RSS
for this grid point. If a grid point belongs to two sectors,
for instance the larger RSS may be used. Alternatively,
for instance an average value of both RSS values may
be used, e.g. a linear or geometric average, to name but
afew examples. In this way, RSS levels associated with
grid points of the 3D grid are obtained. These RSS levels
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can be compared to a RSS measured by a mobile termi-
nal to be positioned, in order to get the likelihood that the
mobile terminal is positioned at the respective position
associated with the respective RSS level. Such RSS lev-
els associated with 3D grid points, which may be consid-
ered as an example for information derived from the 3D
sectorized path-loss model, may for instance have been
determined for a plurality of communication nodes, e.g.
for all communication nodes of one or more networks in
a building. Therein, the grid points may for instance be
the same for all or at least a subgroup of the communi-
cation nodes. In positioning then, based on identification
information (identifying the observed communication
nodes) and respective RSS information (representative
of the RSS with respect to the respective observed com-
munication node), which may for instance be determined
by a mobile terminal to be positioned, for instance the
RSS levels are retrieved for the observed communication
nodes and used to determine, for each grid point and
communication node, a likelihood that the mobile termi-
nal is positioned at this grid position. For each grid point,
then the respective likelihoods for each observed com-
munication node may then for instance be multiplied to
obtain an overall likelihood that the mobile terminal is
located at this grid point. The grid point with the largest
overall likelihood (normalized over all grid points) then
may be considered the estimate of the position of the
mobile terminal.

[0073] As an alternative to this grid-based (i.e. discre-
tized) approach, where the likelihood per-grid-pointis de-
termined and which allows modeling of arbitrary proba-
bility distributions, the likelihood information could also
be presented as a sum of Gaussian distributions (in con-
trast to having it as discrete values only). In the limit of
an infinite number of Gaussian distributions, any arbitrary
distribution can be expressed by Gaussian distributions.
[0074] According to the first, second, third and fourth
example methods according to the invention, the path-
loss parameters are an assumed transmit power of the
communication node and a path-loss coefficient that
characterizes a steepness of a decay of the assumed
transmit power with a logarithm of a distance towards the
communication node. The path-loss parameters may for
instance be an assumed transmit power PO of the com-
munication node and a path-loss coefficient n of a path-
loss model describing a received signal strength P in a
distance d towards the communication node as P = PO
- 10 * n * log (d). Such a model has already been dis-
cussed with respect to Fig. 6 above.

[0075] According to the first, second, third and fourth
example methods according to the invention, the 3D sec-
tors are 3D sphere sectors of a sphere having a position
of the communication node at its center. The 3D sectors
may for instance be of conical form, wherein respective
tops of the 3D sectors lie on the center of the sphere and
wherein respective convex bases of the 3D sectors lie
on a surface of the sphere.

[0076] Therein, respective ratios of an area of the re-
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spective convex bases and a total area of the surface of
the sphere may for instance define respective sector
widths of the 3D sectors.

[0077] A position may then for instance be considered
to be located in a 3D sector of the 3D sectors if an Eu-
clidean distance between the position and a center of the
convex base of the 3D sector are smaller than or equal
to 2 times a square root of the sector width.

[0078] According to the first, second, third and fourth
example methods according to the invention, the 3D sec-
tors are symmetrically arranged in a sphere. The 3D sec-
tors may for instance at least partially overlap, so that a
position may be located in one or more 3D sectors (and
may for instance be considered in the generation/updat-
ing of path-loss models for these one ormore 3D sectors).
[0079] According to the first, second, third and fourth
example methods according to the invention, each of the
3D sectors may for instance have its own set of path-loss
parameters.

[0080] According to the first, second, third and fourth
example methods according to the invention, atleastone
path-loss parameter for at least two different 3D sectors
has respectively different values. For instance all path-
loss parameters for at least two (or for instance even all)
3D sectors have respectively different values. A first 3D
sector thus may have a different assumed transmission
power and a different path-loss coefficient as a second
3D sector.

[0081] According to the first, second, third and fourth
example methods according to the invention, the 3D sec-
torized path-loss model has at least two 3D sectors.
[0082] Furthermore, with respect to the first, second,
third and fourth example methods according to the in-
vention and their further optional features described
above, the following is disclosed:

- A computer program code, the computer program
code when executed by a processor causing an ap-
paratus to perform any of the first, second, third and
fourth example methods according to the invention
and optionally one or more of their further features
described above. The computer program code may
for instance be stored in a computer readable stor-
age medium. Therein, ifa method comprises several
methods steps, the computer program code may for
instance comprise respective instructions for each
of these steps.

- An apparatus configured to realize or comprising re-
spective means for realizing any of the first, second,
third and fourth example methods according to the
invention and optionally one or more of their further
features described above. Therein, if a method com-
prises several methods steps, there shall be respec-
tive means for each of these steps.

- Anapparatus comprising at least one processor and
at least one memory including computer program
code, the at least one memory and the computer
program code configured to, with the at least one
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processor, cause an apparatus at least to perform
any of the first, second, third and fourth example
methods according to the invention and optionally
one or more of their further features described
above.

[0083] Fig. 11 is a schematic block diagram of an ex-
ample embodiment of an apparatus 11 according to the
invention. This apparatus may represent or at least form
a part (e.g. as a module) of a mobile terminal, e.g. the
mobile terminal 1a of Fig. 1a, the mobile terminal 1b of
Fig. 1b or the mobile terminal 1c of Fig. 1c.

[0084] Apparatus 11 comprisesa processor111.Proc-
essor 111 may represent a single processor or two or
more processors, which are for instance at least partially
coupled, for instance via a bus. Processor 111 executes
a program code stored in program memory 112. This
program code may for instance cause apparatus 11 to
perform any one of the second and fourth example meth-
ods according to the invention (see the flowcharts of Figs.
8 and 10), when executed on processor 111. Processor
111 further interfaces with a main memory 113.

[0085] Some or all of memories 112 and 113 may also
beincludedinto processor20. One of or both of memories
112 and 113 may be fixedly connected to processor 111
or at least partially removable from processor 111, for
instance in the form of a memory card or stick. Program
memory 112 may for instance be a non-volatile memory.
It may for instance be a FLASH memory (or a part there-
of), any of a ROM, PROM, EPROM and EEPROM mem-
ory (or a part thereof) or a hard disc (or a part thereof),
to name but a few examples. Program memory 112 may
also comprise an operating system for processor 111.
Program memory 112 may for instance comprise a first
memory portion that is fixedly installed in apparatus 11,
and a second memory portion that is removable from
apparatus 11, for instance in the form of a removable SD
memory card. One or more sets of PRI that are useable
by apparatus 11 to determine positions may for instance
be stored in program memory 112. Main memory 113
may for instance be a volatile memory. It may forinstance
be a RAM or DRAM memory, to give butafew non-limiting
examples. It may for instance be used as a working mem-
ory for processor 111 when executing an operating sys-
tem and/or programs.

[0086] Processor 111 further controls a communica-
tion interface 115 configured to receive and/or output in-
formation. For instance, communication interface 115
may be configured to receive signals from nodes 3-1, 3-2
and 3-3 of system 1a, 1b or 1c of Figs. 1a, 1b and 1c,
respectively. Communication interface 115 may further
be configured to transmit information to path-loss model
generation/updating server 4 of system 1a (see Fig. 1a),
to exchange information with positioning server 5 of sys-
tem 1b (see Fig. 1b) or to exchange information with path-
loss model server 7 of system 1c (see Fig. 1c), e.g. de-
pending on whether apparatus 11 represents or forms
part of mobile terminal 2a, 2b or 2c, respectively. This
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communication may for instance be based on a wireless
connection. Communication interface 115 may thus for
instance comprise circuitry such as modulators, filters,
mixers, switches and/or one or more antennas to allow
transmission and/or reception of signals. In embodi-
ments of the invention, communication interface 115 is
configured to allow communication according to a
2G/3G/4AG cellular communication network and for in-
stance also a non-cellular communication network, such
as forinstance a WLAN network. Nevertheless, the com-
munication route between mobile terminal 2a/2b/2¢ and
servers 4/5/7 may equally well at least partially comprise
wire-bound portions. For instance, servers 4/5/7 may be
connected to a back-bone of a wireless communication
network (associated with mobile terminal 2a/2b/2c) via a
wire-bound network such as for instance the internet.
Communication interface 115 may for instance include
a modem that is capable of receiving signals from com-
munication nodes 3-1, 3-2 and 3-3 and to identify these
communication nodes, e.g. based on their BSSID. This
modem may also be capable of determining the RSS of
signals received from communication nodes. Further-
more, communication interface 115 may be configured
to provide this identification/ RSS information to proces-
sor 111 to enable processor 111 to use this information
for positioning purposes (e.g. to enable processor 111
to provide this information in a fingerprint to another entity
or to provide this information to a positioning server, or
to use this information for terminal-based positioning).
[0087] Processor 111 further controls a user interface
114 configured to present information to a user of appa-
ratus 11 and/or to receive information from such a user.
Such information may for instance comprise information
on a position estimate determined by RSS-based posi-
tioning. User interface 114 may forinstance be the stand-
ard user interface via which a user of apparatus 11 inter-
acts with apparatus 11 to control other functionality there-
of, such as making phone calls, browsing the Internet,
etc.

[0088] Processor 111 may further control an optional
positioning unit 116 (given in dashed lines in Fig. 11)
configured to receive positioning information of a GNSS
such as Global Positioning System (GPS), Galileo, Glo-
bal Navigation Satellite System (i.e. "Globalnaja
Nawigazionnaja Sputnikowaja Sistema", GLONASS)
and Quasi-Zenith Satellite System (QZSS). It should be
noted that, even in case apparatus 11 has a GNSS in-
terface 116, the user of apparatus 11 or for instance the
mobile terminal comprising apparatus 11 can still benefit
from using the above-described RSS-based positioning
technologies, since these technologies may allow for sig-
nificantly reduced time-to-first-fix and/or lower power
consumption as compared to GNSS-based positioning.
Also, not all applications on a mobile terminal may require
highly accurate GNSS-based position estimates. For in-
stance, for a local weather application, it may be sufficient
to use RSS-based position estimates. Also, and perhaps
even more important, RSS-based positioning technolo-
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gies work indoors, which is generally a challenging en-
vironment for GNSS-based technologies. Positioning
unit 116 may equally well other or additional positioning
techniques, e.g. sensor-based positioning techniques, or
RSS-based positioning techniques, or may be configured
to allow manual entry of position information (e.g. read
from a map) by a user of apparatus 11 via user interface
114.

[0089] The components 112-116 of apparatus 11 may
for instance be connected with processor 111 by means
of one or more serial and/or parallel busses.

[0090] Fig. 12 is a schematic block diagram of an ex-
ample embodiment of an apparatus 120 according to the
invention. This apparatus may represents or at least
forms a part (e.g. as a module) of a server, e.g. the path-
loss model generation/updating server 4 of Fig. 1a, the
positioning server 5 of Fig. 1b or the path-loss model
server 7 of Fig. 1c.

[0091] Apparatus 120 comprises a processor 121.
Processor 121 may represent a single processor or two
or more processors, which are for instance at least par-
tially coupled, for instance via a bus. Processor 121 ex-
ecutes a program code stored in program memory 122.
This program code may for instance cause apparatus
120 to perform any one of the example embodiments of
methods according to the first, second, third and fourth
example method according to the invention (see the flow-
charts of Figs. 7-10) or combinations thereof, when ex-
ecuted on processor 121.

[0092] Processor 121 further interfaces with a main
memory 123 (for instance acting as a working memory)
and optionally with a mass storage 125, which may for
instance store information on or derived from 3D sector-
ized path-loss models for one or more communication
nodes of one or more communication networks. Such a
mass storage may for instance be present if apparatus
120 embodies the path-loss model server 7 of Fig. 1c.
[0093] Memories 122 and 123 may have the same or
a similar configuration and relationship with processor
121 as already described for memories 112 and 113 of
apparatus 11 above. Mass storage 125 may for instance
be embodied as mass storage device, for instance with
capacities of several Gigabytes or several Terabytes. It
may either be fixedly connected to processor 121, or may
be releasably connectable thereto. Non-limiting exam-
ples of mass storage 125 are a direct-attached storage
(DAS), a storage area network (SAN) or a Network-at-
tached storage (NAS).

[0094] Processor 121 further controls a communica-
tion interface 124 configured to receive and/or output in-
formation. For instance, communication interface 124
may be configured to exchange information with mobile
terminal 2a/2b/2c of system 1a/1b/1c (see Figs.
1a/1b/1c). This may for instance comprise receiving fin-
gerprints from mobile terminal 2a or identification infor-
mation and RSS information from mobile terminal 2b or
arequest for information on or derived from a 3D sector-
ized path-loss model from mobile terminal 2c, and pro-
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viding a position estimate to mobile terminal 2b, or the
requested information on or derived from a 3D sectorized
path-loss model. This communication may for instance
be based on a wireless connection. Communication in-
terface 124 may thus for instance comprise circuitry such
as modulators, filters, mixers, switches and/or one or
more antennas to allow transmission and/or reception of
signals. In embodiments of the invention, communication
interface 124 is configured to allow communication ac-
cording to a 2G/3G/4G cellular communication network
and/or a non-cellular communication network, e.g. a
WLAN network. Equally well, communication interface
124 may be a wire-bound network interface. It may for
instance allow apparatus 120 to communicate with a net-
work such as the internet. The communication channel
between apparatus 120 (e.g. server 4/5/7) and mobile
terminal 2a/2b/2c may then for instance comprise both
wire-bound and wireless portions. The wire-bound por-
tion may for instance connect communication interface
124 with a backbone of a wireless communication net-
work, and the wireless portion may connect the wireless
communication network with mobile terminal 2a/2b/2c.
Furthermore, communication interface 124 may be con-
figured to exchange information with path-loss model da-
tabase 6 of Fig. 1b. This exchange may for instance be
performed via a wire-bound network such as forinstance
the internet.

[0095] The components 122-125 of apparatus 120
may for instance be connected with processor 121 by
means of one or more serial and/or parallel busses.
[0096] Program memories 112 of Fig. 11 and 122 of
Fig. 12 may be considered as tangible storage media,
which may in particular be non-transitory storage media.
They may comprise respective programs, which in turn
comprise respective program code (for instance a set of
instructions).

[0097] Itis to be noted that the circuitry formed by the
components of apparatuses 11 and 12 may be imple-
mented in hardware alone, partially in hardware and in
software, or in software only.

[0098] As used in this text, the term ‘circuitry’ refers to
any of the following:

(a) hardware-only circuit implementations (such as
implementations in only analog and/or digital circuit-
ry)

(b) combinations of circuits and software (and/or
firmware), such as: (i) to a combination of proces-
sor(s) or (ii) to portions of processor(s)/ software (in-
cluding digital signal processor(s)), software, and
memory(ies) that work together to cause an appa-
ratus, such as a mobile phone, to perform various
functions) and

(c) to circuits, such as a microprocessor(s) or a por-
tion of a microprocessor(s), that require software or
firmware for operation, even if the software or
firmware is not physically present.
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[0099] As a further example, as used in this text, the
term ’circuitry’ also covers an implementation of merely
a processor (or multiple processors) or portion of a proc-
essor and its (or their) accompanying software and/or
firmware. The term ‘circuitry’ also covers, for example, a
baseband integrated circuit or applications processor in-
tegrated circuit for a mobile phone.

[0100] Any of the processors mentioned in this speci-
fication, in particular but not limited to processors 111
and 121 of Figs. 11 and 12, could be a processor of any
suitable type. Any processor may comprise but is not
limited to one or more microprocessors, one or more
processor(s) with accompanying digital signal proces-
sor(s), one or more processor(s) without accompanying
digital signal processor(s), one or more special-purpose
computer chips, one or more field-programmable gate
arrays (FPGAS), one or more controllers, one or more
application-specific integrated circuits (ASICS), or one
or more computer(s). The relevant structure/hardware
has been programmed in such a way to carry out the
described function.

[0101] Fig. 13 illustrates examples of tangible storage
media that may for instance be used to implement pro-
gram memory 112 of Fig. 11 and/or program memory
122 of Fig. 12. To this end, Fig. 13 displays a flash mem-
ory 130, which may for instance be soldered or bonded
to a printed circuit board, a solid-state drive 131 compris-
ing a plurality of memory chips (e.g. Flash memory chips),
a magnetic hard drivel 32, a Secure Digital (SD) card
133, a Universal Serial Bus (USB) memory stick 134, an
optical storage medium 135 (such as for instance a CD-
ROM or DVD) and a magnetic storage medium 136.
[0102] Example embodiments of the presentinvention
provide a 3D sectorized path-loss model, e.g. for indoor
positioning. This model can for instance provide good
accuracy for generic cases (e.g., when the topology of a
building where positioning is to be performed is not
known) since it treats the different directions of wave
propagation differently, and can implicitly model the wave
propagation across floors in vertical and horizontal direc-
tions (if enough measurements in that direction are avail-
able).

[0103] An advantage of the presented 3D modeling is
thatthe path-loss and floor estimation can be done jointly.
In a 3D model, there may be no need for a separate floor
detection and a sub-sequent 2D path-loss model for in-
floor positioning, since the 3D model offers all the needed
information in one package. With a 3D path-loss model,
the estimation of the position of the mobile terminal can
be done directly in 3D, and the floor height can be im-
plicitly deduced from there. Moreover, 3D path-loss mod-
eling is likely to offer information also about the cases
when the mobile terminal is in between floors (e.g., inside
an elevator or on stairs), because the height or z-dimen-
sion is modeled as a continuous parameter similarly to
x-y dimensions. This is a significant difference to 2D path-
loss models, in which the height for the mobile terminal
position is only allowed some discrete values, equal to
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floor heights, and this difference can prove beneficial to
an all-encompassing mobile positioning. Moreover, a
sectorized 3D path-loss modeling may intrinsically cap-
ture the floor attenuations, because the propagation
model will be different along different 3D axes. This spec-
ification has disclosed an accurate and effective way of
modeling the 3D path losses, e.g. in the indoor radio
channel, and describes the parameters needed to be
stored on the server or the client side.

[0104] Any presented connection in this specification
istobe understood in away that the involved components
are operationally coupled. Thus, the connections can be
direct or indirect with any number or combination of in-
tervening elements, and there may be merely a functional
relationship between the components.

[0105] The expression "A and/or B" is considered to
comprise any one of the following three scenarios: (i) A,
(i) B, (iii) A and B. Furthermore, the article "a" is not to
be understood as "one", i.e. use of the expression "an
element" does not preclude that also further elements
are present. The term "comprising" is to be understood
in an open sense, i.e. in a way that an object that "com-
prises an element A" may also comprise further elements
in addition to element A.

[0106] It will be understood that all presented embod-
iments are only exemplary, and that any feature present-
ed for a particular example embodiment may be used
with any aspect of the invention on its own or in combi-
nation with any feature presented for the same or another
particular example embodiment and/or in combination
with any other feature not mentioned. It will further be
understood that any feature presented for an example
embodiment in a particular category (method/appara-
tus/computer program) may also be used in a corre-
sponding manner in an example embodiment of any oth-
er category. Finally, it should be understood that pres-
ence of a feature in the presented example embodiments
shall not necessarily mean that this feature forms an es-
sential feature of the invention and cannot be omitted or
substituted.

Claims

1. A method performed by an apparatus (4), the method
comprising:

- obtaining position information from a mobile
terminal (2a) on a position of said mobile termi-
nal (2a) and received signal strength information
representative of a strength of a signal from a
communication node (3-1, 3-2, 3-3) receivable
at said position;

- generating or updating a three-dimensional,
3D, sectorized path-loss model associated with
said communication node (3-1, 3-2, 3-3) at least
based on said position information and said re-
ceived signal strength information, wherein said
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position information and said received signal
strength information are used to generate or up-
date one or more path-loss parameters for a 3D
sector (302) of a set of at least two 3D sectors
(302) of said 3D sectorized path-loss model in
which 3D sector (302) said position is located.

The method according toclaim 1, wherein respective
position information and respective received signal
strength information pertaining to a plurality of posi-
tions located in said 3D sector (302) are used to gen-
erate or update said path-loss parameters for said
3D sector (302).

The method according to claim 2, wherein respective
distances between said positions indicated by said
respective position information and a position of said
communication node (3-1, 3-2, 3-3) are determined
atleastbased on said respective position information
pertaining to said positions and used together with
said respective signal strength information of said
positions to determine said path-loss parameters,
wherein, in particular, said respective distances be-
tween said positions indicated by said respective po-
sition information and said position of said commu-
nication node (3-1, 3-2, 3-3) and said respective sig-
nal strength information of said positions are used
as respective data pairs in a curve fitting process for
determining said path-loss parameters.

The method according to claim 3, wherein said po-
sition of said communication node (3-1, 3-2, 3-3) is
estimated at least based on said respective position
information and said respective received signal
strength information pertaining to said plurality of po-
sitions located in said 3D sector (302), in particular
based on respective position information pertaining
to a position for which respective received signal
strength information indicates alargest received sig-
nal strength among said plurality of positions, or as
or based on an average of the positions indicated by
said respective position information weighted with
said respective received signal strength indicated by
said respective signal strength information.

A method performed by an apparatus (6, 7), the
method comprising:

- at least one of storing, providing or obtaining
information on or derived from a three-dimen-
sional, 3D, sectorized path-loss model associ-
ated with a communication node (3-1, 3-2, 3-3),
said 3D sectorized path-loss model comprising
at least two 3D sectors (302) with one or more
respective path-loss parameters, said informa-
tion on or derived from the 3D sectorized path-
loss model useable, together with received sig-
nal strength information representative of a
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strength of a signal received from said commu-
nication node (3-1, 3-2, 3-3) by adevice (2b, 2c),
in a process of determining an estimate of a po-
sition of said device (2b, 2c¢).

The method according to claim 5, comprising at least
one of said obtaining and storing, and further com-
prising performing said process of determining said
estimate of said position of said device, wherein in
said process of determining an estimate of said po-
sition of said device (2b, 2c), information on or de-
rived from a 3D sectorized path-loss model associ-
ated with a further communication node (3-1, 3-2,
3-3) is used together with received signal strength
information representative of a strength of a signal
received from said further communication node (3-1,
3-2, 3-3) by said device (2b, 2c).

The method according to claim 6, wherein in said
process of determining an estimate of said position
of said device (2b, 2c), said received signal strength
information and said information on or derived from
said 3D sectorized path-loss model associated with
said communication node (3-1, 3-2, 3-3) are used to
determine likelihood information expressing a likeli-
hood that a position is said position of said device
(2b, 2c), wherein said received signal strength infor-
mation representative of said strength of said signal
received from said further communication node (3-1,
3-2, 3-3) by said device (2b, 2c) and said information
on orderived from said 3D sectorized path-loss mod-
el associated with said further communication node
(3-1, 3-2, 3-3) are used to determine further likeli-
hood information expressing a likelihood that a po-
sition is said position of said device (2b, 2c), and
wherein both said likelihood information and said fur-
ther likelihood information are jointly considered to
obtain said estimate of said position of said device
(2b, 2c¢).

The method according to claim 7, wherein said like-
lihood information is determined for a plurality of pre-
defined positions, and

wherein said further likelihood information is also de-
termined for said plurality of predefined positions.

The method according to claim 8, wherein said plu-
rality of predefined positions form a 3D grid, in par-
ticular a grid with equidistant positions in at least one
dimension.

The method according to any of the claims 1-9,
wherein said path-loss parameters are an assumed
transmit power PO of said communication node (3-1,
3-2, 3-3) and a path-loss coefficient n of a path-loss
model describing a received signal strength P in a
distance d towards said communication node (3-1,
3-2,3-3)as P =PO-10+n « log (d).
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The method according to any of the claims 1-10,
wherein said 3D sectors (302) are 3D sphere sectors
of a sphere (301) having a position of said commu-
nication node (3-1, 3-2, 3-3) at its center.

The method according to claim 11, wherein said 3D
sectors (302) are of conical form, wherein respective
tops of said 3D sectors (302) lie on said center of
said sphere (301) and wherein respective convex
bases (306) of said 3D sectors (302) lie on a surface
of said sphere (301).

The method according to claim 12, wherein respec-
tive ratios of an area of said respective convex bases
(306) and a total area of said surface of said sphere
(301) define respective sector widths of said 3D sec-
tors (302), and wherein a position is considered to
be located in a 3D sector (302) of said 3D sectors
(302) if a Euclidean distance between said position
and a center of said convex base (306) of said 3D
sector are smaller than or equal to 2 times a square
root of said sector width.

A computer program code, the computer program
code when executed by a processor causing an ap-
paratus to perform the actions of the method of any
of claims 1-13.

An apparatus configured to realize or comprising re-
spective means for realizing the method of any of
the Claims 1-13.

Patentanspriiche

1.

Ein Verfahren, das von einer Vorrichtung (4) ausge-
fuhrt wird, wobei das Verfahren Folgendes umfasst:

- Erhalten von Positionsinformation von einer
Mobilstation (2a) Gber eine Position dieser Mo-
bilstation (2a) und Empfangene-Signalstarke-
Information, die fir eine Starke eines Signals
von einem Kommunikationsknoten (3-1, 3-2,
3-3), das an dieser Position empfangbar ist, re-
prasentativ ist;

- Erzeugen oder Aktualisieren eines mit dem
Kommunikationsknoten (3-1, 3-2, 3-3) assozi-
ierten dreidimensionalen, 3D, sektorisierten Pf-
adverlustmodells zumindest basierend auf der
Positionsinformation und der Empfangene-Sig-
nalstarke-Information, wobei die Positionsinfor-
mation und die Empfangene-Signalstarke-Infor-
mation verwendet werden, um einen oder meh-
rere Pfadverlustparameter fiir einen 3D-Sektor
(302) eines Satzes von mindestens zwei 3D-
Sektoren (302) des 3D sektorisierten Pfadver-
lustmodells, in welchem 3D-Sektor (302) sich
die Position befindet, zu erzeugen oder zu ak-
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tualisieren.

Das Verfahren nach Anspruch 1, wobei jeweilige Po-
sitionsinformation und jeweilige Empfangene-Sig-
nalstarke-Information, die sich auf mehrere Positio-
nen in dem 3D-Sektor (302) beziehen, verwendet
werden, um die Pfadverlustparameter fir den 3D-
Sektor (302) zu erzeugen oder zu aktualisieren.

Das Verfahren nach Anspruch 2, wobei jeweilige Ab-
stédnde zwischen den durch die jeweilige Positions-
information angezeigten Positionen und einer Posi-
tion des Kommunikationsknotens (3-1, 3-2, 3-3) zu-
mindest auf der Grundlage der jeweiligen Positions-
information, die sich auf die Positionen bezieht, be-
stimmt und zusammen mit der jeweiligen Signalstar-
ke-Information der Positionen verwendet werden,
um die Pfadverlustparameter zu bestimmen, wobei
insbesondere die jeweiligen Abstande zwischenden
durch die jeweilige Positionsinformation angezeig-
ten Positionen und der Position des Kommunikati-
onsknotens (3-1, 3-2, 3-3) und die jeweilige Signal-
starke-Information der Positionen als jeweilige Da-
tenpaare in einem Kurvenanpassungsverfahren zur
Bestimmung der Pfadverlustparameter verwendet
werden.

Das Verfahren nach Anspruch 3, wobei die Position
des Kommunikationsknotens (3-1, 3-2, 3-3) zumin-
dest auf der Grundlage der jeweiligen Positionsin-
formation und der jeweiligen Empfangene-Signal-
starke-Information, die sich auf die Vielzahl der Po-
sitionenin dem 3D-Sektor (302) beziehen, geschatzt
wird, insbesondere auf der Grundlage von jeweiliger
Positionsinformation, die sich auf eine Position be-
zieht, fir welche die jeweilige Empfangene-Signal-
starke-Information eine gréf3te empfangene Signal-
starke unterder Vielzahl der Positionen anzeigt, oder
als ein Mittelwert oder auf der Grundlage eines Mit-
telwerts der von der jeweiligen Positionsinformation
angezeigten Positionen, gewichtet mitder jeweiligen
empfangenen Signalstarke, die von der jeweiligen
Signalstarke-Information angezeigt wird.

Ein Verfahren, das von einer Vorrichtung (6, 7) aus-
gefluhrt wird, wobei das Verfahren Folgendes um-
fasst:

- Speichern, Bereitstellen und/oder Erhalten von
Information Giber oder abgeleitet aus einem drei-
dimensionalen, 3D, sektorisierten Pfadverlust-
modell, das mit einem Kommunikationsknoten
(3-1, 3-2, 3-3) assoziiert ist, wobei dieses 3D
sektorisierte Pfadverlustmodell mindestens
zwei 3D-Sektoren (302) mit einem oder mehre-
ren entsprechenden Pfadverlustparametern
umfasst, wobei diese Information lGiber oder ab-
geleitet aus dem 3D sektorisierten Pfadverlust-
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modell zusammen mit Empfangene-Signalstar-
ke-Information, die fiir eine Starke eines von die-
sem Kommunikationsknoten (3-1, 3-2, 3-3)
durch ein Gerat (2b, 2c) empfangenen Signals
reprasentativ ist, in einem Prozess zum Bestim-
men einer Schatzung einer Position des Gerats
(2b, 2c) verwendbar sind.

Das Verfahren nach Anspruch 5, das das Erhalten
und/oder Speichern und ferner das Ausfiihren des
Prozesses zum Bestimmen der Schatzung der Po-
sition des Gerats umfasst, wobei in diesem Prozess
des Bestimmens einer Schatzung der Position des
Geréts (2b, 2c) Information iber oder abgeleitet aus
einem 3D sektorisierten Pfadverlustmodell, das mit
einem weiteren Kommunikationsknoten (3-1, 3-2,
3-3) assoziiert ist, zusammen mit Empfangene-Sig-
nalstarke-Information, die fiir eine Starke eines von
diesem weiteren Kommunikationsknoten (3-1, 3-2,
3-3) durch das Geréat (2b, 2c) empfangenen Signals
reprasentativ ist, verwendet werden.

Das Verfahren nach Anspruch 6, wobei in dem Pro-
zess des Bestimmens einer Schatzung der Position
des Gerats (2b, 2c) diese Empfangene-Signalstar-
ke-Information und die Information tber oder abge-
leitet aus dem 3D sektorisierten Pfadverlustmodell,
das mit dem Kommunikationsknoten (3-1, 3-2, 3-3)
assoziiert ist, verwendet werden, um Wahrschein-
lichkeitsinformation zu bestimmen, die eine Wahr-
scheinlichkeit ausdriickt, dass eine Position diese
Position dieses Gerats (2b, 2¢) ist, wobei diese Emp-
fangene-Signalstarke-Information reprasentativ fir
die Starke dieses durch dieses Gerat von dem wei-
teren Kommunikationsknoten (3-1, 3-2, 3-3) emp-
fangenen Signals ist und die Information Uiber oder
abgeleitet aus dem 3D sektorisierten Pfadverlustmo-
dell, das mit dem weiteren Kommunikationsknoten
(3-1, 3-2, 3-3) assoziiert ist, verwendet werden, um
weitere Wahrscheinlichkeitsinformation zu bestim-
men, die eine Wahrscheinlichkeit ausdriickt, dass
eine Position diese Position des Gerats (2b, 2c) ist,
und wobei sowohl die Wahrscheinlichkeitsinforma-
tion als auch die weitere Wahrscheinlichkeitsinfor-
mation zusammen berlcksichtigt werden, um die
Schatzung der Position des Gerats (2b, 2c) zu er-
halten.

Das Verfahren nach Anspruch 7, wobei die Wahr-
scheinlichkeitsinformation flr eine Vielzahl von vor-
definierten Positionen bestimmt wird, und

wobei die weitere Wahrscheinlichkeitsinformation
auch fur diese Vielzahl von vordefinierten Positionen
bestimmt wird.

Das Verfahren nach Anspruch 8, wobei die Vielzahl
von vordefinierten Positionen ein 3D-Gitter bilden,
insbesondere ein Gitter mit dquidistanten Positionen
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30
in mindestens einer Dimension.

Das Verfahren nach einem der Anspriiche 1 bis 9,
wobei die Pfadverlustparameter eine angenomme-
ne Sendeleistung PO des Kommunikationsknotens
(3-1, 3-2, 3-3) und ein Pfadverlustkoeffizient n eines
Pfadverlustmodells, das eine empfangene Signal-
starke P in einer Entfernung d zu dem Kommunika-
tionsknoten (3-1, 3-2, 3-3) als P=PO - 10+ n * log
(d) beschreibt, sind.

Das Verfahren nach einem der Anspriiche 1 bis 10,
wobei die 3D-Sektoren (302) 3D-Kugelsektoren ei-
ner Kugel (301) sind, die eine Position des Kommu-
nikationsknotens (3-1, 3-2, 3-3) als ihre Mitte auf-
weist.

Das Verfahren nach Anspruch 11, bei dem die 3D-
Sektoren (302) konisch geformt sind, wobei die je-
weiligen Spitzen der 3D-Sektoren (302) auf der Mitte
der Kugel (301) liegen, und wobei die jeweiligen kon-
vexen Basen (306) der 3D-Sektoren (302) auf einer
Oberflache der Kugel (301) liegen.

Das Verfahren nach Anspruch 12, wobei die jewei-
ligen Verhaltnisse einer Flache der jeweiligen kon-
vexen Basen (306) und einer Gesamtflache der
Oberflache der Kugel (301) jeweilige Sektorbreiten
der 3D-Sektoren (302) definieren, und wobei ange-
nommen wird, dass sich eine Position in einem 3D-
Sektor (302) der 3D-Sektoren (302) befindet, wenn
ein Euklidischer Abstand zwischen der Position und
einer Mitte der konvexen Basis (306) des 3D-Sektors
kleiner oder gleich ist als das Zweifache einer Qua-
dratwurzel der Sektorbreite.

Ein Computerprogrammcode, wobei der Computer-
programmcode, wenn er von einem Prozessor aus-
gefluhrt wird, veranlasst, dass eine Vorrichtung die
Aktionen des Verfahrens nach einem der Anspriiche
1-13 ausflhrt.

Eine Vorrichtung, die konfiguriert ist, das Verfahren
nach einem der Anspriiche 1 bis 13 zu realisieren
oder entsprechende Mittel zum Realisieren des Ver-
fahrens nach einem der Anspriiche 1 bis 13 umfasst.

Revendications

1.

Procédé réalisé par un appareil (4), le procédé
comprenant :

- l'obtention d’'informations de position en pro-
venance d’'un terminal mobile (2a) sur une po-
sition dudit terminal mobile (2a) et d’informa-
tions d’intensité de signal regu représentatives
d’une intensité d’un signal en provenance d’un
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noeud de communication (3-1, 3-2, 3-3) pouvant
étre regu au niveau de ladite position ;

- la génération ou la mise a jour d’'un modéle
d’'affaiblissement de propagation sectorisé tridi-
mensionnel, 3D, associé audit noeud de com-
munication (3-1, 3-2, 3-3) sur la base d’au moins
lesdites informations de position et lesdites in-
formations d’intensité de signal regu, dans le-
quel lesdites informations de position et lesdites
informations d’intensité de signal regu sont uti-
lisées pour générer ou mettre a jour un ou plu-
sieurs parametres d’affaiblissement de propa-
gation pour un secteur 3D (302) d’'un ensemble
d’aumoins deux secteurs 3D (302) dudit modéle
d’affaiblissement de propagation sectorisé 3D,
dans lequel secteur 3D (302) ladite position est
située.

Procédé selon la revendication 1, dans lequel les
informations de position respectives et les informa-
tions d’intensité de signal regu respectives concer-
nant une pluralité de positions situées dans ledit sec-
teur 3D (302) sont utilisées pour générer ou mettre
a jour lesdits parameétres d’affaiblissement de pro-
pagation pour ledit secteur 3D (302).

Procédé selon la revendication 2, dans lequel des
distances respectives entre lesdites positions indi-
quées par lesdites informations de position respec-
tives et une position dudit noeud de communication
(3-1, 3-2, 3-3) sont déterminées sur la base d’au
moins lesdites informations de position respectives
concernant lesdites positions et utilisées conjointe-
ment auxdites informations d’intensité de signal res-
pectives desdites positions pour déterminer lesdits
paramétres d’affaiblissement de propagation, dans
lequel, en particulier, lesdites distances respectives
entre lesdites positions indiquées par lesdites infor-
mations de position respectives et ladite position du-
dit noeud de communication (3-1, 3-2, 3-3) et lesdi-
tes informations d’intensité de signal respectives
desdites positions sont utilisées en tant que paires
de données respectives dans un processus d’ajus-
tement de courbe pour déterminer lesdits parame-
tres d’affaiblissement de propagation.

Procédé selon la revendication 3, dans lequel ladite
position dudit noeud de communication (3-1, 3-2,
3-3) est estimée sur la base d’au moins lesdites in-
formations de position respectives et lesdites infor-
mations d’intensité de signal regu respectives con-
cernant ladite pluralité de positions situées dans ledit
secteur 3D (302), en particulier sur la base d’infor-
mations de position respectives concernant une po-
sition pour laquelle des informations d’intensité de
signal regu respectives indiquent une intensité de
signal regu la plus grande parmi ladite pluralité de
positions, ouen tantque ou surlabase d’'une moyen-
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ne des positions indiquées par lesdites informations
de position respectives pondérée par ladite intensité
de signal regu respective indiquée par lesdites infor-
mations d’intensité de signal respectives.

Procédé réalisé par un appareil (6, 7), le procédé
comprenant :

- au moins 'une des actions parmi le stockage,
la fourniture ou I'obtention d’informations sur ou
dérivées d’'un modéle d’affaiblissement de pro-
pagation sectorisé tridimensionnel, 3D, associé
a un noeud de communication (3-1, 3-2, 3-3),
ledit modéle d’affaiblissement de propagation
sectorisé 3D comprenant au moins deux sec-
teurs 3D (302) avec un ou plusieurs parameétres
d’affaiblissement de propagation respectifs, les-
dites informations sur ou dérivées du modele
d’affaiblissement de propagation sectorisé 3D
pouvant étre utilisées conjointement a des infor-
mations d’'intensité de signal recu représentati-
ves d’une intensité d’'un signal regu en prove-
nance dudit noeud de communication (3-1, 3-2,
3-3) par un dispositif (2b, 2c), dans un processus
de détermination d’'une estimation d’'une posi-
tion dudit dispositif (2b, 2c).

Procédé selon la revendication 5, comprenant au
moins'une des actions parmiladite obtention et ledit
stockage, et comprenant en outre la réalisation dudit
processus de détermination de ladite estimation de
ladite position dudit dispositif, dans lequel, dans ledit
processus de détermination d’'une estimation de la-
dite position dudit dispositif (2b, 2c), des informations
sur ou dérivées d’'un modéle d'affaiblissement de
propagation sectorisé 3D associé a un noeud de
communication supplémentaire (3-1, 3-2, 3-3) sont
utilisées conjointement a des informations d’intensi-
té de signal regu représentatives d’'une intensité d’'un
signal recu en provenance dudit noeud de commu-
nication supplémentaire (3-1, 3-2, 3-3) par ledit dis-
positif (2b, 2c).

Procédé selon la revendication 6, dans lequel, dans
ledit processus de détermination d’une estimation
de ladite position dudit dispositif (2b, 2c), lesdites
informations d’intensité de signal regu et lesdites in-
formations sur ou dérivées dudit modele d’affaiblis-
sement de propagation sectorisé 3D associé audit
noeud de communication (3-1, 3-2, 3-3) sont utili-
sées pour déterminer des informations de vraisem-
blance exprimant une vraisemblance qu’'une posi-
tion est ladite position dudit dispositif (2b, 2c), dans
lequel lesdites informations d’intensité de signal regu
représentatives de ladite intensité dudit signal regu
en provenance dudit noeud de communication sup-
plémentaire (3-1, 3-2, 3-3) par ledit dispositif (2b, 2¢)
et lesdites informations sur ou dérivées dudit modele



10.

1.

12.

13.

33

d’affaiblissement de propagation sectorisé 3D asso-
cié audit noeud de communication supplémentaire
(3-1, 3-2, 3-3) sont utilisées pour déterminer des in-
formations de vraisemblance supplémentaires ex-
primant une vraisemblance qu’une position est ladite
position dudit dispositif (2b, 2c), et dans lequel les-
dites informations de vraisemblance et lesdites in-
formations de vraisemblance supplémentaires sont
toutes deux prises en considération conjointement
pour obtenir ladite estimation de ladite position dudit
dispositif (2b, 2c).

Procédé selon la revendication 7, dans lequel lesdi-
tes informations de vraisemblance sontdéterminées
pour une pluralité de positions prédéfinies, et

dans lequel lesdites informations de vraisemblance
supplémentaires sont également déterminées pour
ladite pluralité de positions prédéfinies.

Procédé selon la revendication 8, dans lequel ladite
pluralité de positions prédéfinies forme une grille 3D,
en particulier une grille avec des positions équidis-
tantes dans au moins une dimension.

Procédé selon I'une quelconque des revendications
1 a9, dans lequel lesdits paramétres d’affaiblisse-
ment de propagation sont une puissance de trans-
mission supposée PO dudit noeud de communica-
tion (3-1, 3-2, 3-3) et un coefficient d’affaiblissement
de propagation n d’'un modéle d’affaiblissement de
propagation décrivant une intensité de signal recu P
dans une distance d vers ledit noeud de communi-
cation (3-1, 3-2, 3-3) sous la forme P = PO-
10-n-log(d).

Procédé selon I'une quelconque des revendications
1 a 10, dans lequel lesdits secteurs 3D (302) sont
des secteurs de sphére 3D d’une sphére (301) ayant
une position dudit noeud de communication (3-1,
3-2, 3-3) au niveau de son centre.

Procédé selon la revendication 11, dans lequel les-
dits secteurs 3D (302) sont de forme conique, dans
lequel des sommets respectifs desdits secteurs 3D
(302) se trouvent sur ledit centre de ladite sphére
(301) et dans lequel des bases convexes (306) res-
pectives desdits secteurs 3D (302) se trouvent sur
une surface de ladite sphére (301).

Procédé selon la revendication 12, dans lequel des
rapports respectifs entre une aire desdites bases
convexes (306) respectives et une aire totale de la-
dite surface de ladite sphere (301) définissent des
largeurs de secteur respectives desdits secteurs 3D
(302), et dans lequel une position est considérée
comme étant située dans un secteur 3D (302) des-
dits secteurs 3D (302) si une distance euclidienne
entre ladite position et un centre de ladite base con-
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vexe (306) dudit secteur 3D sont inférieurs ou égaux
a 2 fois une racine carrée de ladite largeur de sec-
teur.

Code de programme informatique, le code de pro-
gramme informatique lorsqu’il est exécuté par un
processeur amenant un appareil a réaliser les ac-
tions du procédé selon I'une quelconque des reven-
dications 1 a 13.

Appareil configuré pour réaliser ou comprenant des
moyens respectifs pour réaliser le procédé selon
I'une quelconque des revendications 1 a 13.
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