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includes identitying a master region in which the mobile device is located
and sub-region definitions associated with the master region, where the sub-
region definitions are indicative of area occupied by the sub-regions within
the master region; obtaining a first estimated position of the mobile device
within the master region; defining a projected area centered at the first es-
timated position; and obtaining first assistance data corresponding to at least
one sub-region that overlaps the projected area.
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METHOD AND APPARATUS FOR MANAGING POSITIONING
ASSISTANCE DATA

BACKGROUND

[0001] Advancements in wireless communication technology have greatly increased the
versatility of today’s wireless communication devices. These advancements have enabled
wireless communication devices to evolve from simple mobile telephones and pagers into
sophisticated computing devices capable of a wide variety of functionality such as
multimedia recording and playback, event scheduling, word processing, e-commerce, etc.
As a result, users of today’s wireless communication devices are able to perform a wide
range of tasks from a single, portable device that conventionally required either multiple

devices or larger, non-portable equipment.

[0002] Various applications are utilized to obtain and utilized to locate the position of a
wireless communication device. For instance, location based services (LBSs) leverage the
location of an associated device to provide controls for one or more applications running
on the device. Applications of LBS functionality implemented with respect to wireless
communication devices include personal navigation, social networking, targeting of
content (e.g., advertisements, search results, etc.), among others. For some positioning
systems, such as indoor positioning systems, areas are defined in terms of regions or other

units.

SUMMARY
[0003] An example of a method for managing positioning assistance data is described
herein. The method includes obtaining assistance data relating to a master region, the
assistance data including information relating to a set of nodes within the master region;
determining whether either a total size of the assistance data exceeds a mobile device
operating capacity or a total count of nodes in the set of nodes exceeds an upper-bound
number of nodes; and in response to determining that either the total size of the assistance
data exceeds the mobile device operating capacity or the total count of nodes in the set of
nodes exceeds the upper-bound number of nodes, dividing the master region into a

plurality of sub-regions according to one or more criteria.
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[0004] Another example of a method for retrieving positioning assistance data at a
mobile device is described herein. The method includes identifying a master region in
which the mobile device is located and sub-region definitions associated with the master
region, where the sub-region definitions are indicative of area occupied by the sub-regions
within the master region; obtaining a first estimated position of the mobile device within
the master region; defining a projected area centered at the first estimated position; and
obtaining first assistance data corresponding to at least one sub-region that overlaps the

projected area.

[0005] An example of an apparatus for managing positioning assistance data is
described herein. The apparatus includes an assistance data management module
configured to obtain assistance data relating to a master region, the assistance data
including information relating to a set of nodes within the master region; a system
analysis module communicatively coupled to the assistance data management module and
configured to determine whether either a total size of the assistance data exceeds a mobile
device operating capacity or a total count of nodes in the set of nodes exceeds an upper-
bound number of nodes; and an assistance data division module communicatively coupled
to the assistance data management module and the system analysis module and configured
to divide the master region into a plurality of sub-regions according to one or more criteria
in response to determining that either the total size of the assistance data exceeds the
mobile device operating capacity or the total count of nodes in the set of nodes exceeds

the upper-bound number of nodes.

[0006] An example of a mobile device configured to retrieve positioning assistance data
is described herein. The mobile device includes a region manager configured to identify a
master region in which the mobile device is located and sub-region definitions associated
with the master region, where the sub-region definitions are indicative of area occupied by
the sub-regions within the master region; an initial location estimate module configured to
obtain a first estimated position of the mobile device within the master region; a horizon
tile positioning module communicatively coupled to the initial location estimate module
and configured to define a horizon tile including a first projected area centered at the first
estimated position; and an assistance data retrieval module communicatively coupled to
the horizon tile positioning module and the region manager and configured to obtain first

assistance data corresponding to at least one sub-region that overlaps the horizon tile.
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[0007] Another example of an apparatus for managing positioning assistance data is
described herein. The apparatus includes means for obtaining assistance data relating to a
master region, the assistance data including information relating to a set of nodes within
the master region; means for determining whether either a total size of the assistance data
exceeds a mobile device operating capacity or a total count of nodes in the set of nodes
exceeds an upper-bound number of nodes; and means for dividing the master region into a
plurality of sub-regions according to one or more criteria in response to determining that
either the total size of the assistance data exceeds the mobile device operating capacity or

the total count of nodes in the set of nodes exceeds the upper-bound number of nodes.

[0008] Another example of a mobile device configured to retrieve positioning assistance
data is described herein. The mobile device includes means for identifying a master
region in which the mobile device is located and sub-region definitions associated with
the master region, where the sub-region definitions are indicative of area occupied by the
sub-regions within the master region; means for obtaining a first estimated position of the
mobile device within the master region; means for defining a horizon tile including a first
projected area centered at the first estimated position; and means for obtaining first

assistance data corresponding to at least one sub-region that overlaps the horizon tile.

[0009] An example of a computer program product as described herein resides on a
processor-executable computer storage medium and includes processor-executable
instructions configured to cause a processor to obtain assistance data relating to a master
region, the assistance data including information relating to a set of nodes within the
master region; determine whether either a total size of the assistance data exceeds a
mobile device operating capacity or a total count of nodes in the set of nodes exceeds an
upper-bound number of nodes; and in response to determining that either the total size of
the assistance data exceeds the mobile device operating capacity or the total count of
nodes in the set of nodes exceeds the upper-bound number of nodes, divide the master

region into a plurality of sub-regions according to one or more criteria.

[0010] Another example of a computer program product as described herein resides on
a processor-executable computer storage medium and includes processor-executable
instructions configured to cause a processor to identify a master region in which a mobile
device is located and sub-region definitions associated with the master region, where the

sub-region definitions are indicative of area occupied by the sub-regions within the master
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region; obtain a first estimated position of the mobile device within the master region;
define a projected area centered at the first estimated position; and obtain first assistance

data corresponding to at least one sub-region that overlaps the projected area.

[0011] An example of an apparatus for managing positioning assistance data as
described herein comprises a processor configured to obtain assistance data relating to a
master region, the assistance data including information relating to a set of nodes within
the master region, to determine whether either a total size of the assistance data exceeds a
mobile device operating capacity or a total count of nodes in the set of nodes exceeds an
upper-bound number of nodes, and to divide the master region into a plurality of sub-
regions according to one or more criteria in response to determining that either the total
size of the assistance data exceeds the mobile device operating capacity or the total count
of nodes in the set of nodes exceeds the upper-bound number of nodes. The apparatus

further includes a memory coupled to the processor and configured for storing data.

[0012] An example of an apparatus for retrieving positioning assistance data as
described herein includes a processor configured to identify a master region in which the
apparatus is located and sub-region definitions associated with the master region, wherein
the sub-region definitions are indicative of area occupied by the sub-regions within the
master region, to obtain a first estimated position of the apparatus within the master
region, to define a projected area centered at the first estimated position, and to obtain first
assistance data corresponding to at least one sub-region that overlaps the projected area.
The apparatus further includes a memory coupled to the processor and configured for

storing data.

[0013] Items and/or techniques described herein may provide one or more of the
following capabilities, as well as other capabilities not mentioned. Positioning
applications can be made more scalable, allowing their use on a wide range of devices
with varying operating capabilities. Large areas, such as airports, can be handled more
efficiently by mobile positioning applications by dividing the area into smaller sub-areas.
The amount of assistance data utilized for positioning can be decreased in some instances,
reducing network loading associated with requesting and obtaining the data and device
storage usage associated with maintaining the data. Other capabilities may be provided
and not every implementation according to the disclosure must provide any, let alone all,

of the capabilities discussed. Further, it may be possible for an effect noted above to be
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achieved by means other than that noted, and a noted item/technique may not necessarily

yield the noted effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic diagram of a wireless telecommunication system.
[0015] FIG. 2 is a block diagram of components of a mobile station shown in FIG. 1.

[0016] FIG. 3 is a generalized block diagram of a wireless communication network

supporting position location.

[0017] FIG. 4 is a block diagram of a system for managing positioning assistance data

associated with a region.
[0018] FIG. 5 is an illustrative view of sub-region definitions generated within a region.

[0019] FIG. 6 is a block diagram of a system for retrieving and utilizing positioning

assistance data.

[0020] FIG. 7 is a block diagram of a region management system utilizing sub-region

definitions.

[0021] FIGS. 8-13 are diagrams illustrating horizon tile placement and sub-region

identification performed by the system shown in FIG. 6.

[0022] FIG. 14 is a functional block diagram of a tiling algorithm performed by the

system shown in FIG. 6.

[0023] FIG. 15 is a block flow diagram of a process of managing sub-region position

assistance data.

[0024] FIG. 16 is a block flow diagram of a process of retrieving sub-region position

assistance data.

[0025] FIG. 17 is a block diagram of an example of a computer system.

DETAILED DESCRIPTION
[0026] Described herein are systems and methods for management and retrieval of
assistance data for regions defined within a positioning system. Location areas, such as

indoor areas including floors of buildings, are defined within a positioning system as
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regions. These regions are referred to as indoor or outdoor regions and/or by other
naming conventions. These areas may also be defined in one or more ways, such as via a
location context identifier (LCI) or other means. Each region is defined by assistance data
for the region, which may include, but is not limited to, the following: connectivity, utility
and heatmap information corresponding to all nodes in the region; coordinates of one or
more points (e.g., vertices, etc.) within the region, e.g., relative to a coordinate system
defined with respect to the Earth (e.g., latitude/longitude/altitude, etc.), a coordinate
system defined with respect to an area that includes the region; size or dimensions (e.g.,
length and width) of the region given by number of nodes; the media access control
(MAC) addresses of the access points (APs) which have influence on the region (i.e., an
AP list); etc. As used herein, a “node” refers to a given location within a region, such as

an anchor point or any other defined location of interest within the region.

[0027] The amount of assistance data associated with a region grows in proportion to
the size of the region. Large regions result in large amounts of assistance data, which may
be difficult or impractical to process at devices with limited processing ability, memory
and/or storage, such as mobile devices. Accordingly, techniques are described herein
whereby large regions are handled by dividing a master region into several smaller sub-
regions. These sub-regions are subsequently selectively loaded and utilized by a mobile

device as it moves through the master region.

[0028] Systems and methods described herein operate via one or more mobile devices
operating in a wireless communication system. Referring to FIG. 1, a wireless
communication system 10 includes base transceiver stations (BTSs) 14 disposed in cells
16. The BTSs 14 provide communication service for a variety of wireless communication
devices, referred to herein as mobile devices 12. Wireless communication devices served
by a BTS 14 can include, but are not limited to, personal digital assistants (PDAs),
smartphones, computing devices such as laptops, desktops or tablet computers,

automobile computing systems, etc., whether presently existing or developed in the future.

[0029] The system 10 may support operation on multiple carriers (waveform signals of
different frequencies). Multi-carrier transmitters can transmit modulated signals
simultaneously on the multiple carriers. Each modulated signal may be a Code Division
Multiple Access (CDMA) signal, a Time Division Multiple Access (TDMA) signal, an
Orthogonal Frequency Division Multiple Access (OFDMA) signal, a Single-Carrier
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Frequency Division Multiple Access (SC-FDMA) signal, etc. Each modulated signal may

be sent on a different carrier and may carry pilot, overhead information, data, etc.

[0030] The BTS 14 can wirelessly communicate with the mobile devices 12 in the
system 10 via antennas. A BTS 14 may also be referred to as a base station, an access
point, an access node (AN), a Node B, an evolved Node B (eNB), etc. The BTS 14 is
configured to communicate with mobile devices 12 via multiple carriers. The BTS 14 can
provide communication coverage for a respective geographic area, here the cell 16. The
cell 16 of the BTS 14 can be partitioned into multiple sectors as a function of the base

station antennas.

[0031] The system 10 may include only macro base stations 14 or it can have base
stations 14 of different types, e.g., macro, pico, and/or femto base stations, etc. A macro
base station may cover a relatively large geographic area (e.g., several kilometers in
radius) and may allow unrestricted access by terminals with service subscription. A pico
base station may cover a relatively small geographic area (e.g., a pico cell) and may allow
unrestricted access by terminals with service subscription. A femto or home base station
may cover a relatively small geographic area (e.g., a femto cell) and may allow restricted
access by terminals having association with the femto cell (e.g., terminals for users in a

home).

[0032] The mobile devices 12 can be dispersed throughout the cell 16. The mobile
devices 12 may be referred to as terminals, access terminals (ATs), mobile stations, user
equipment (UE), subscriber units, etc. The mobile devices 12 can include various devices

as listed above and/or any other devices.

[0033] As further shown in FIG. 1, a mobile device 12 receives navigation signals from
a satellite positioning system (SPS), ¢.g., through SPS satellites 20. The SPS satellites 20
can be associated with a single multiple global navigation satellite system (GNSS) or
multiple such systems. A GNSS associated with satellites 20 can include, but are not
limited to, Global Positioning System (GPS), Galileo, Glonass, Beidou (Compass), etc.

SPS satellites 20 are also referred to as satellites, space vehicles (SVs), etc.

[0034] A mobile device 12 within the communication system 10 can estimate its current
position within the communication system 10 using various techniques, based on other
communication entitics within view and/or information available to the mobile device 12.

For instance, a mobile device 12 can estimate its position using information obtained from
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BTSs 14 and/or SPS satellites 20, as well as additional information as described in further

detail below.

[0035] Referring next to FIG. 2, an example one of the mobile devices 12 includes a
wireless transceiver 121 that sends and receives wireless signals 123 via a wireless
antenna 122 over a wireless network. The transceiver 121 is connected to a bus 101 by a
wireless transceiver bus interface 120. While shown as distinct components in FIG. 2, the
wireless transceiver bus interface 120 may also be a part of the wireless transceiver 121.
Here, the mobile device 12 is illustrated as having a single wireless transceiver 121.
However, a mobile device 12 can alternatively have multiple wireless transceivers 121
and wireless antennas 122 to support multiple communication standards such as WiFi,
Code Division Multiple Access (CDMA), Wideband CDMA (WCDMA), Long Term
Evolution (LTE), Bluetooth, etc.

[0036] A general-purpose processor 111, memory 140, digital signal processor (DSP)
112 and/or specialized processor(s) (not shown) may also be utilized to process the
wireless signals 123 in whole or in part. Storage of information from the wireless signals
123 is performed using a memory 140 or registers (not shown). While only one general
purpose processor 111, DSP 112 and memory 140 are shown in FIG. 2, more than one of
any of these components could be used by the mobile device 12. The general purpose

processor 111, DSP 112 and memory 140 are connected to the bus 101.

[0037] The mobile device 12 also includes an SPS receiver 155 that receives SPS
signals 159 (e.g., from SPS satellites 20) via an SPS antenna 158. The SPS receiver 155
processes, in whole or in part, the SPS signals 159 and uses these SPS signals 159 to
determine the location of the mobile device 12. The general-purpose processor 111,
memory 140, DSP 112 and/or specialized processor(s) (not shown) may also be utilized to
process the SPS signals 159, in whole or in part, and/or to calculate the location of the
mobile device 12, in conjunction with SPS receiver 155. Storage of information from the
SPS signals 159 or other location signals is performed using a memory 140 or registers

(not shown).

[0038] The memory 140 includes a non-transitory computer-readable storage medium
(or media) that stores functions as one or more instructions or code. Media that can make
up the memory 140 include, but are not limited to, RAM, ROM, FLASH, disc drives, etc.

Functions stored by the memory 140 are executed by the general-purpose processor 111,
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specialized processor(s), or DSP 112. Thus, the memory 140 is a processor-readable
memory and/or a computer-readable memory that stores software 170 (programming
code, instructions, etc.) configured to cause the processor 111 and/or DSP 112 to perform
the functions described. Alternatively, one or more functions of the mobile device 12

may be performed in whole or in part in hardware.

[0039] As shown in FIG. 3, one or more mobile devices 12 and access points 14 as
described above, together with a positioning server 310, are collectively used to
implement a positioning system 300. As shown in FIG. 3 and described above, the
mobile devices 12 and access points 14 communicate with each other, e.g., over a wireless
medium. As further shown in FIG. 3, the access points 14 communicate with the
positioning server 310, e.g., over a direct wired or wireless network connection and/or
indirectly by way of one or more data networks or the Internet. While not shown in FIG.
3, the mobile devices 12 may also communicate with the positioning server 310, either
directly or through the access points 14. Mobile devices 12 and access points may also
communicate with each other (e.g., through peer-to-peer and backhaul connections,

respectively).

[0040] The positioning server 310 maintains positioning assistance data (also referred to
as simply “assistance data”) for one or more regions. The positioning server 310 may be a
local server that maintains data for only a single region or a small group of regions, or
alternatively the positioning server 310 may maintain generalized information for many
regions over a larger geographical area (e.g., a city, country, continent, etc.). While the
positioning server 310 is shown in system 300 as an entity independent of other devices in
the system 300, the positioning server 310 may also be implemented at least in part by

one or more of the access points 14 and/or mobile devices 12.

[0041] As discussed above, the size of the assistance data associated with a region
grows in proportion to the size of the region. For instance, the sizes of the connectivity
graph, utility map and access map for a given region are a direct function of the size of the
region. These components are typically defined for every node of the region and thereby
grow as the region grows. Although the heatmap associated with a given region is
restricted to an area around respective APs, the size of the heatmap will also increase as
region size increases since the number of APs within a region is typically larger for a

large region. For very large regions, such as airports or the like, these size increases
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present challenges to mobile devices in terms of memory usage and computational
complexity. In order to avoid these bottlenecks, systems and methods presented herein
constrain the size of the assistance data consumed by a mobile device to within the
operating capabilities of the mobile device even for very large regions. To these ends, the
positioning server 310 is configured to divide a master region into several smaller sub-
regions. Further, a mobile device 12 is configured to define a horizon tile, which is a
projected area centered at a predefined location within the master region, and only use
assistance data corresponding to sub-regions overlapping the horizon tile. Each of these

techniques is described in further detail below.

[0042] Referring next to FIG. 4, a system 400 for managing assistance data associated
with a region includes an assistance data management module 410, a system analysis
module 420, and an assistance data division module 430. System 400 is implemented by,
e.g., a positioning server 310 and/or any other device or entity that is configured to

manage assistance data for a region.

[0043] The system 400 is configured to split an original “large” region into smaller sub-
regions so that subsequently a device utilizing the assistance data will have the option to
use the assistance data corresponding to the sub-regions. The system analysis module 420
analyzes one or more operating parameters of mobile devices 12 that utilize the assistance
data associated with the assistance data management module 410 and/or an underlying
communication network. These parameters may include, e.g., memory or storage
capacity, network loading restrictions, or the like. If the system analysis module 420
compares the size of the assistance data associated with a given region as maintained by
the assistance data management module 410 to determine whether the size of the
assistance data exceeds a maximum size determined based on the identified operating
parameters. If the size of the assistance data exceeds an upper-bound size, or the number
of nodes exceeds an upper-bound number of nodes, an assistance data division module
430 divides the corresponding assistance data into sub-regions as described below. The
assistance data for the sub-regions are then provided back to the assistance data

management module 410 for subsequent processing.

[0044] As an example, the system analysis module 420 may determine an upper-bound
assistance data size (e.g., 4 megabytes (MB), etc.) corresponding to a maximum amount

of memory that can be utilized by a mobile device 12 for assistance data, and/or based on

10
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other criteria. Similarly, the system analysis module 420 may determine an upper-bound
number of nodes based on a maximum number of nodes for which corresponding
assistance data can be stored in memory at a mobile device 12 (e.g., 100,000 nodes),
and/or based on other criteria. Thus, if the assistance data for a region is larger than the
defined maximum size, or if the number of nodes exceeds the defined node limit, a tiling
algorithm is triggered at the assistance data division module 430. The sub-region size is
selected by the assistance data division module 430 in such a way that when a combinable
amount of sub-regions are assembled together in the memory of the mobile device 12, the
total size of the sub-regions will not exceed the designated maximum size. To satisfy this
condition, the assistance data division module 430 imposes various restrictions. These
restrictions may include, but are not limited to: the length of each sub-region (denoted
herein as /; chosen based on the maximum AP range), the maximum number of APs per
sub-region, the maximum number of nodes (e.g., anchor points and/or other predefined
locations) per sub-region, and/or other criteria identified as a potential limiting factor of

the ability of a mobile device 12 to process assistance data.

[0045] Based on at least the above criteria, a three-stage algorithm is used by the
assistance data division module 430 to determine the number of sub-regions in which to
divide a given region (also referred to herein as a “master region”). The algorithm

proceeds as follows:

[0046] 1) Define / and /, as the width and height of the master region, respectively. In
addition, define /s as an upper-bound length for each sub-region, as determined by the
system analysis module 420. Based on these definitions, initial estimates for the number

of sub-regions in the x and y dimensions, given as 4, and k,, respectively, are given as

l l :
k, =Zand k, =2 . Next, based on a tolerance value o/ defined according to 0 < tol <
L Yy o g

S

1 the number of sub-regions on the x and y dimensions, denoted as », and n,, respectively,

are determined from the initial estimates A, and £, as follows:

Lk, ] ifk, —k,| < tol
Ny = lk, ]+ 1 otherwise

B { |k,|  ifk, —|k,| < tol
Ty = [kyJ +1 otherwise

[0047]  2) Next, assume that APs are uniformly distributed over the master region. Define

an upper-bound number of APs per sub-region as maxAPs, and define the total number of

11
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APs as totAPs. Using these definitions, a first preliminary sub-region count n4p 18

totAPs

computed as nyup = [ ] Using nyp, update n, and n, using the following pseudo-

maxAPs

code:

while nyp > n,n,

if (n, > n,)
n, =n, + 1,
clse
n, =n, +1;
end if;
end while;

[0048] 3) Define an upper-bound number of nodes per sub-region as maxNodes and the

total number of nodes as totNodes. Using these definitions, a second preliminary sub-

totNodes

W]‘ Using ny, update n, and n, based on the

region count ny is computed as ny = [

following pseudo-code:

while ny > n,n

y
if (n, > n,)
n, =n, + 1,
clse
n, =n, +1;
end if;
end while;

[0049] To generalize the above, the assistance data division module 430 splits a master
region into a number of sub-regions determined by computing initial sub-region counts
associated with upper-bound sub-region sizes, AP densities and node densities and
utilizing the highest of the initial counts. Diagram 500 in FIG. 5 illustrates a master
region split into four sub-regions in a 2x2 grid by the assistance data division module 430.
Each sub-region, and its associated assistance data, are defined by various parameters.

These can include, but are not limited to, the following:

[0050] (1) Connectivity information, utility map, and heatmap information

corresponding to the nodes in each sub-region.

[0051] (2) Coordinates of the lower left vertex of the sub-region, e.g., defined in
relation to a map coordinate system associated with the master region and/or a global

coordinate system.
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[0052] (3) Length and height of the sub-region, ¢.g., given as a unit of measurement

(e.g., feet, meters, etc.) and/or number of nodes.

[0053] (4) The MAC addresses of the APs located in each sub-region, given as an AP

list and/or in other forms.

[0054] Other parameters for defining a sub-region and/or its associated data are also

possible.

[0055] Here, the assistance data division module 430 is implemented by the positioning
server 310 to split the assistance data for a master region into sub-regions. The assistance
data is split such that the connectivity data between regions and sub-regions is preserved.
The assistance data for the sub-regions, along with their own bounding boxes, are
encrypted and provided as a single entity to requesting mobile devices 12. This
information may be provided over an N1 interface and/or by other means in a transparent
manner to the mobile devices 12. For instance, as shown by system 600 in FIG. 6,
assistance data can be transmitted from the positioning server 310 via a transceiver 650 to
one or more mobile devices 12 via transceivers 660 at the mobile devices 12. The
assistance data management module 410 performs format alterations to the sub-region
assistance data to distinguish the sub-regions (¢.g., with respect to size, bounding boxes,
etc.), enabling the mobile device 12 to subsequently assemble or use the data. As noted
above, however, the format changes described here are performed at the positioning

server 310 and are transparent to the mobile devices 12.

[0056] Data received from the positioning server 310 and stored at the mobile device 12
are encrypted until needed. Decryption occurs upon loading the data into working
memory or otherwise designating particular data for use. Thus, the positioning server 310
packages assistance data such that although data are encrypted once stored by a mobile

device 12, the mobile device 12 can still select data corresponding to desired sub-regions.

[0057] The assistance data division module 430 can divide some or all assistance data
associated with a given region. As an example, assistance data for a region can include a
connectivity list, which, for each node in the region, contains information (e.g., binary 0/1
values) indexed for each node in the region and indicating whether the corresponding
node is connected to each other node in the region. In splitting connectivity information
into sub-regions, the assistance data division module 430 populates a sub-region

connectivity list with information relating to the nodes located in the sub-region of
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interest. The sub-region connectivity list indicates whether nodes in the sub-region are
connected to respective other nodes in the sub-region and may also indicate connectivity
between nodes in the sub-region and nodes in other sub-regions within the original master
region. Other information, such as heatmap information, may be divided in a similar

manncr.

[0058] As system 600 further shows, a mobile device 12 uses sub-region assistance data
by defining and positioning a horizon tile relative to a position of the mobile device 12.
The horizon tile is an area projected from a given point in a region, such as the estimated
position of the mobile device. While the projected area corresponding to the horizon tile
is shown as a square area in the following description and illustrations, the area may be of
any suitable shape or size (e.g., circular or semicircular, rectangular, triangular, or any
other regular or irregular shape of any size). An initial location estimate module 610 and
position tracking module 620 are used to estimate the position of the mobile device 12,
based on which a horizon tile positioning module 630 defines and positions a horizon tile
relative to the mobile device 12. An assistance data retrieval module 640 then retrieves
assistance data relating to sub-regions overlapping the horizon tile. The assistance data
obtained by the assistance data retrieval module 640 may be obtained from one or more
local data stores (e.g., disk drives or other computer-readable media) associated with the
mobile device 12; alternatively, the assistance data retrieval module 640 may request
assistance data that are not locally stored from the positioning server 310 via the
transceiver 660. The operations of the mobile device 12 and its illustrated components

610, 620, 630, 640, 660 are described in further detail below.

[0059] Diagram 700 in FIG. 7 illustrates a functional implementation of the sub-region
processing techniques described herein as implemented at a mobile device 12. A
positioning application (e.g., implemented in software and/or hardware) at the mobile
device 12 unpacks sub-regions 710 from a master region. The data sent to the mobile
device 12 are encrypted, and decryption occurs at the mobile device 12 as needed. The
data corresponding to the sub-regions 710 are saved in system memory. A region
manager 720 maintains the sub-region data and facilitates selection of relevant sub-
regions 710. As sub-regions 710 are needed, the region manager 720 facilitates the
decryption of the relevant assistance data 730 and provides the assistance data 730 to
process memory (¢.g., RAM) to be utilized by a positioning engine 740. The sub-regions

710 are partitioned as described above and as shown in diagram 500. Once assistance
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data 730 for a given sub-region 710 is no longer needed by the positioning engine 730, the
old assistance data 730 are removed from the process memory and, if needed, new
assistance data 730 are obtained. The positioning algorithm utilized by the mobile device

12 includes three stages, which are outlined and then described in further detail below.

[0060] 1) Region disambiguation: Determine the region (e.g., building, floor, etc.) in

which the user is located. This step is performed prior to tiling.

[0061] 2) No-fix (sub-region disambiguation) mode: In this stage, an algorithm is
deployed for choosing initial sub-regions and providing the corresponding assistance data
to the positioning engine 740. This stage is based on measured RSSI values and/or other

signal parameters.

[0062] 3) Tracking mode: In this stage, based on the current fix, another algorithm is

implemented for choosing relevant sub-regions.

[0063] Region disambiguation is performed by the mobile device 12 according to
various techniques generally known in the art. Once a present region is determined, the
no-fix and tracking modes are used to define a horizon tile and to select relevant sub-
regions as described below. Any number and/or configuration of sub-regions 710 could
be selected for further use. For instance, a single sub-region or a group of contiguous sub-
regions in any size (e.g., m X n for any m and »n greater than 0) could be selected. The
number of sub-regions selected can be predetermined, or alternatively the number of sub-
regions could be dynamically scaled based on available memory at the mobile device 12
or other factors. By utilizing assistance data corresponding to sub-regions 710, the mobile
device 12 may change the assistance data in process memory only when the horizon tile
for the mobile device 12 enters a new sub-region, thereby reducing file system and
network loading corresponding to dynamically maintaining assistance data for a region

defined around the mobile device 12 in real time.

[0064] The no-fix mode proceeds by first defining a horizon tile 812, as shown in
diagram 800 in FIG. 8. While the horizon tile 812 is illustrated as square, other shapes
are possible. The size of the horizon tile 812 is determined by the range of the APs within
the region (e.g., a maximum AP range, ctc.). Here, each side of the horizon tile 812 has a
length approximately equal to two times the maximum AP range within the region.

However, other sizes could be used as appropriate.
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[0065] As the name implies, there is no previous position fix available in the no-fix
mode. Thus, the horizon tile 812 and its center point 810 are determined using measured
RSSI values corresponding to different APs located in the region. The horizon tile 812 is

defined and relevant sub-regions are selected as follows.

[0066] 1) Identify the highest RSSI measured at the mobile device 12. This step may be
performed via a passive scan performed multiple times in order to reduce the chance of

missing APs located in the region.

[0067] 2) Find the corresponding MAC address of the AP with the highest measured
RSSI. Using AP lists (e.g., maintained locally at the mobile device 12 or obtained via a

communications network), find the relevant sub-region in which the AP is located.

[0068] 3) Use the AP’s heatmap corresponding to the sub-region to roughly estimate the
location of the AP. This is done by, ¢.g., finding the location on the heatmap where the

heatmap value is highest. This point is the estimated AP location.

[0069] 4) Define a center point 810 for the horizon tile 812 at the AP’s estimated
location. While this is a rough estimate of the position of the mobile device 12, any
inaccuracy in the initial estimate can be reduced by selecting a sufficiently large horizon

tile size.

[0070] 5) Select the sub-regions that overlap the horizon tile 812, and fetch the

assistance data corresponding to each of the selected sub-regions as described above.

[0071] Based on the position of the horizon tile 812, the mobile device 12 maintains a
dynamic set of sub-regions loaded in its process (working) memory. Diagrams 900 and
1000 in FIGS. 9 and 10 show situations in which the horizon tile 812 overlaps with one
and two sub-regions, respectively. If the center point 810 of the horizon tile 812 is near a
border of the master region, some regions of the horizon tile 812 may be located outside
the master region. In this case, the horizon tile is cut such that it is confined within the

arca of the master region. This is shown in diagram 1100 in FIG. 11.

[0072] The no-fix mode described above is utilized at the beginning of positioning,
although it may be used in other situations as well. For instance, the no-fix mode may be
utilized in cases in which the mobile positioning system resets (e.g., after a period of

inactivity, etc.), when positioning measurements are not available for a certain amount of
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time, or for other reasons. In these situations, the no-fix mode employs the most recent

set of measurements received.

[0073] Once position outputs are obtained from the positioning engine 740 (e.g., via a
particle filter), the positioning engine 740 enters tracking mode. In tracking mode, the
obtained position outputs (e.g., given as (x, y) coordinates relative to the current region)
are used by the region manager 720 to decide which sub-regions to be used for generating

the assistance data for the positioning engine 740.

[0074] The region manager 720 uses the current position output of the positioning
engine 740 as the center point 810 of the horizon tile 812 similarly to that described above
for the no-fix mode and shown in diagram 800. Next, the region manager 720 determines
which sub-regions are to be used for generating the assistance data for the horizon tile
812. If needed, the region manager 720 fetches the appropriate information for these sub-
regions and stitches them together to provide the assistance data for the consumption of

the positioning engine 840.

[0075] In both the no-fix and tracking modes, the mobile device 12 is configured with a
number of sub-regions that are to be managed simultaneously. Here, the mobile device 12
is configured to manage four sub-regions in a 2x2 grid, although other configurations are
possible. The assistance data corresponding to the present sub-regions of interest are kept
in process memory (e.g., RAM). When the horizon tile 812 is updated, some data from
previously used sub-regions may be retained, thereby reducing the need for accessing the
file system and/or network resources frequently. This reduces time associated with file
system access (e.g., approximately 100-500 ms per access) in exchange for keeping some
unused assistance data in the RAM. In addition to reducing the amount of file system
access, retaining sub-regions in the RAM makes the positioning algorithms described
above more robust to ping-pong effects. In particular, if the position fix goes back and

forth between two close points, the assistance data will not be updated.

[0076] If the horizon tile 812 overlaps with fewer sub-regions than the total number of
sub-regions the mobile device 12 is configured to manage simultaneously, the mobile
device 12 can select surrounding sub-regions in any suitable manner. For instance, in the
scenarios shown in diagrams 900, 1000, the mobile device 12 may load assistance data for
cach of sub-regions 1-4. The surrounding sub-regions loaded into process memory may

be selected based on predetermined rules or criteria. For example, they may be selected
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based on relative position (e.g., select sub-regions located to the left/right or top/bottom of
the horizon tile 812). Alternatively, they may be selected based on previous mobile
positions and/or previously stored sub-regions in order to minimize file system and/or
network access, as described above. For instance, if the horizon tile 812 as shown in
diagrams 900, 1000 moved solely within sub-regions 1-4 and no other sub-regions, the

assistance data loaded in RAM at the mobile device would not change.

[0077] Ifthe horizon tile 812 enters a new sub-region, new sub-regions are selected
such that the desired number and configuration of sub-regions are maintained in the
RAM. For instance, in diagram 1200 in FIG. 12, the horizon tile 812 begins in sub-
regions 1, 2, 4 and 5. If the horizon tile 812 moves to sub-region 6 as shown in diagram
1202, sub-regions 3 and 6 are fetched such that sub-regions 2, 3, 5 and 6 located in the
RAM form a rectangle. If the horizon tile 812 enters more than one new sub-region, the
new sub-regions are fetched such that the sub-regions loaded in the RAM form the desired
configuration. For instance, as shown in FIG. 13 for a horizon tile that moves from sub-
regions 1, 2, 4 and 5 in diagram 1300 to sub-regions 5, 6, 8 and 9 in diagram 1302, sub-
regions 6, 8 and 9 are fetched after the movement to form a new rectangle with previously

loaded sub-region 5.

[0078] When the horizon tile 812 is updated and new sub-regions are fetched and
loaded into the RAM, portions of the previous sub-region data are discarded and/or re-
used. The sub-region data may be reorganized, re-indexed or renamed, etc., to account for
changes in the utilized sub-regions. For instance, in a system where nodes are named
and/or indexed relative to their position in a region, nodes are re-indexed and/or renamed

upon fetching new sub-regions. Other operations are also possible.

[0079] The operation of a positioning system as described above in the no-fix and
tracking modes is summarized by flow diagram 1400 in FIG. 14. At stage 1402, the
present mode is determined. For the no-fix mode, stages 1404-1412 are performed. At
stage 1404, a maximum measured RSSI is found. At stage 1406, the MAC address of the
AP corresponding to the maximum RSSI is found. At stage 1408, the location of the AP
is estimated using an AP heatmap. At stage 1410, a horizon tile 812 is centered at the AP
location. At stage 1412, the relevant sub-regions are selected and loaded relative to the

horizon tile 812.
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[0080] For the tracking mode, stages 1414-1418 are performed. At stage 1414, a
horizon tile 812 is centered at a present position fix. At stage 1416, the center of the
horizon tile 812 is updated based on a subsequent position fix. At stage 1418, relevant

sub-regions are selected and loaded relative to the horizon tile 812.

[0081] Referring to FIG. 15, with further reference to FIGS. 1-14, a process 1500 of
managing sub-region position assistance data includes the stages shown. The process
1500 is, however, an example only and not limiting. The process 1500 can be altered,
¢.g., by having stages added, removed, rearranged, combined, and/or performed
concurrently. Still other alterations to the process 1500 as shown and described are

possible.

[0082] At stage 1502, assistance data for a master region, such as connectivity, utility
and/or heatmap information, vertex coordinates of the region, length and width of the
region (e.g., given by units of measurement and/or number of nodes), the MAC addresses
or other identifiers of APs or other entities which have influence on the region, etc., is
obtained. The assistance data is obtained at a positioning server 310 and/or other suitable
device or combination of devices associated with a communications network via, e.g., an
assistance data management module 410. The assistance data obtained at stage 1502 is
composed at least partially of information (e.g., connectivity maps, utility maps,

heatmaps, etc.) relating to a set of nodes within the master region.

[0083] At stage 1504, a determination is made, ¢.g., by a system analysis module 420,
whether either (1) a total size of the assistance data obtained at stage 1502 for the master
region exceeds a given mobile device operating capacity, or (2) a total count of nodes in
the set of nodes identified at stage 1502 exceeds an upper-bound number of nodes. The
mobile device operating capacity may be a single network-wide parameter, such as an
average or minimum operating capacity, or alternatively multiple capacity parameters can
be considered and processed. The operating capacity parameters may be defined in a
variety of ways, such as, but not limited to, maximum region length, maximum number of

APs per region, maximum assistance data file size, etc.

[0084] At stage 1506, in response to a positive determination at stage 1504, the
assistance data is divided, e.g., by an assistance data division module 430, into a plurality
of sub-regions. Here, division of the assistance data at stage 1506 is performed based on

one or more of the operating capacity parameters used at stage 1504 by identifying a
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number of sub-regions that an associated mobile device is configured to assemble and
dividing the assistance data such that the sub-region assistance data, once assembled at the
mobile device, will not exceed the operating capacity of the mobile device and/or the
upper bound number of nodes. The assistance data may be divided in relation to an
upper-bound sub-region length, upper-bound number of APs and/or nodes per sub-region,
etc., to construct a grid of sub-regions similar to that shown by diagram 500. The
parameters used to divide the region at stage 1506 may be the same as, or different from,
the parameters used at stage 1504. Further, the assistance data may be divided at stage
1506 into one set of sub-regions, or alternatively multiple sets of sub-regions may be
created in which each set of sub-regions uses a different sub-region size. Multiple sub-
region sets may be used, for example, in cases in which multiple mobile device operating

capacity parameters are considered at stage 1504. Other divisions are possible.

[0085] Referring to FIG. 16, with further reference to FIGS. 1-14, a process 1600 of
retrieving sub-region position assistance data includes the stages shown. The process
1600 is, however, an example only and not limiting. The process 1600 can be altered,
e.g., by having stages added, removed, rearranged, combined, and/or performed
concurrently. Still other alterations to the process 1600 as shown and described are

possible.

[0086] At stage 1602, a present, master region and sub-region definitions associated
with the region are identified. The sub-region definitions are indicative of, among other
information as described above, area occupied by the respective sub-regions within the
region. Here, identification of the master region corresponds to determining an indoor or
outdoor region (e.g., a building or floor of a building, an outdoor shopping center or park,
etc.) at which a device, such as a mobile device 12, is located. Sub-region definitions are
generated by a positioning server 310 or other means as described above and provided to

the device in any suitable manner for conveying information to a computing device.

[0087] At stage 1604, an estimated position within the master region is determined. As
described above, an estimated position within a region can be computed using a no-fix
mode (e.g., via an initial location estimate module 610) if no previous usable position
information is present, or a tracking mode (e.g., via a position tracking module 620) based
on previous usable position information if such information is available. In general, the

no-fix mode estimates position of a device based on a closest AP to the device (e.g., as
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determined according to RSSI measurements or other AP parameters), while the tracking
mode estimates position of a device using one or more previously estimated positions in

combination with previously obtained assistance data.

[0088] At stage 1606, a projected area, e.g., a horizon tile 812, is defined such that a
center point 810 of the projected area is located at the estimated position determined at
stage 1604. The area is defined by, ¢.g., a horizon tile positioning module 630 using
position information obtained via either the no-fix mode or tracking mode, as described

above.

[0089] At stage 1608, assistance data relating to at least one sub-region of the present
region that overlaps with the projected arca defined at stage 1606 is obtained. If the
overlapping sub-regions are stored locally at a device performing the process 1600, the
sub-regions can be loaded from storage into working or process memory (e.g., by an
assistance data retrieval module 640). If the sub-regions are not stored locally, the device
requests the sub-region data from a positioning server 310 (e.g., via the assistance data

request module 640 through a transceiver 660).

[0090] A computer system 1700 as illustrated in FIG. 17 may be utilized to at least
partially implement the functionality of the previously described computerized devices.
FIG. 17 provides a schematic illustration of one embodiment of a computer system 1700
that can perform the methods provided by various other embodiments, as described
herein, and/or can function as a mobile device or other computer system. FIG. 17
provides a generalized illustration of various components, any or all of which may be
utilized as appropriate. FIG. 17, therefore, broadly illustrates how individual system
elements may be implemented in a relatively separated or relatively more integrated

manncr.

[0091] The computer system 1700 is shown comprising hardware elements that can be
electrically coupled via a bus 1705 (or may otherwise be in communication, as
appropriate). The hardware elements may include one or more processors 1710, including
without limitation one or more general-purpose processors and/or one or more special-
purpose processors (such as digital signal processing chips, graphics acceleration
processors, and/or the like); one or more input devices 1715, which can include without
limitation a mouse, a keyboard and/or the like; and one or more output devices 1720,

which can include without limitation a display device, a printer and/or the like. The
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processor(s) 1710 can include, for example, intelligent hardware devices, e.g., a central
processing unit (CPU) such as those made by Intel® Corporation or AMD®, a

microcontroller, an ASIC, etc. Other processor types could also be utilized.

[0092] The computer system 1700 may further include (and/or be in communication
with) one or more non-transitory storage devices 1725, which can comprise, without
limitation, local and/or network accessible storage, and/or can include, without limitation,
a disk drive, a drive array, an optical storage device, solid-state storage device such as a
random access memory (“RAM”) and/or a read-only memory (“ROM”), which can be
programmable, flash-updateable and/or the like. Such storage devices may be configured
to implement any appropriate data stores, including without limitation, various file

systems, database structures, and/or the like.

[0093] The computer system 1700 might also include a communications subsystem
1730, which can include without limitation a modem, a network card (wireless or wired),
an infrared communication device, a wireless communication device and/or chipset (such
as a Bluetooth™ device, an 802.11 device, a WiFi device, a WiMax device, cellular
communication facilities, etc.), and/or the like. The communications subsystem 1730 may
permit data to be exchanged with a network (such as the network described below, to
name one example), other computer systems, and/or any other devices described herein.
In many embodiments, the computer system 1700 will further comprise, as here, a

working memory 1735, which can include a RAM or ROM device, as described above.

[0094] The computer system 1700 also can comprise software elements, shown as being
currently located within the working memory 1735, including an operating system 1740,
device drivers, executable libraries, and/or other code, such as one or more application
programs 1745, which may comprise computer programs provided by various
embodiments, and/or may be designed to implement methods, and/or configure systems,
provided by other embodiments, as described herein. Merely by way of example, one or
more processes described herein might be implemented as code and/or instructions
executable by a computer (and/or a processor within a computer). Such code and/or
instructions can be used to configure and/or adapt a general purpose computer (or other

device) to perform one or more operations in accordance with the described methods.

[0095] A sct of these instructions and/or code might be stored on a computer-readable

storage medium, such as the storage device(s) 1725 described above. In some cases, the
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storage medium might be incorporated within a computer system, such as the system
1700. In other embodiments, the storage medium might be separate from a computer
system (e.g., a removable medium, such as a compact disc), and/or provided in an
installation package, such that the storage medium can be used to program, configure
and/or adapt a general purpose computer with the instructions/code stored thereon. These
instructions might take the form of executable code, which is executable by the computer
system 1700 and/or might take the form of source and/or installable code, which, upon
compilation and/or installation on the computer system 1700 (e.g., using any of a variety
of generally available compilers, installation programs, compression/decompression

utilities, etc.) then takes the form of executable code.

[0096] Substantial variations may be made in accordance with specific desires. For
example, customized hardware might also be used, and/or particular elements might be
implemented in hardware, software (including portable software, such as applets, etc.), or
both. Further, connection to other computing devices such as network input/output

devices may be employed.

[0097] A computer system (such as the computer system 1700) may be used to perform
methods in accordance with the disclosure. Some or all of the procedures of such
methods may be performed by the computer system 1700 in response to processor 1710
executing one or more sequences of one or more instructions (which might be
incorporated into the operating system 1740 and/or other code, such as an application
program 1745) contained in the working memory 1735. Such instructions may be read
into the working memory 1735 from another computer-readable medium, such as one or
more of the storage device(s) 1725. Merely by way of example, execution of the
sequences of instructions contained in the working memory 1735 might cause the

processor(s) 1710 to perform one or more procedures of the methods described herein.

[0098] The terms “machine-readable medium” and “computer-readable medium,” as
used herein, refer to any medium that participates in providing data that causes a machine
to operate in a specific fashion. In an embodiment implemented using the computer
system 1700, various computer-readable media might be involved in providing
instructions/code to processor(s) 1710 for execution and/or might be used to store and/or
carry such instructions/code (e.g., as signals). In many implementations, a computer-

readable medium is a physical and/or tangible storage medium. Such a medium may take
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many forms, including but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical and/or magnetic
disks, such as the storage device(s) 1725. Volatile media include, without limitation,
dynamic memory, such as the working memory 1735. Transmission media include,
without limitation, coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 1705, as well as the various components of the communication
subsystem 1730 (and/or the media by which the communications subsystem 1730
provides communication with other devices). Hence, transmission media can also take
the form of waves (including without limitation radio, acoustic and/or light waves, such as

those generated during radio-wave and infrared data communications).

[0099] Common forms of physical and/or tangible computer-readable media include,
for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic
medium, a CD-ROM, a Blu-Ray disc, any other optical medium, punchcards, papertape,
any other physical medium with patterns of holes, a RAM, a PROM, EPROM, a FLASH-
EPROM, any other memory chip or cartridge, a carrier wave as described hereinafter, or

any other medium from which a computer can read instructions and/or code.

[0100] Various forms of computer-readable media may be involved in carrying one or
more sequences of one or more instructions to the processor(s) 1710 for execution.
Merely by way of example, the instructions may initially be carried on a magnetic disk
and/or optical disc of a remote computer. A remote computer might load the instructions
into its dynamic memory and send the instructions as signals over a transmission medium
to be received and/or executed by the computer system 1700. These signals, which might
be in the form of electromagnetic signals, acoustic signals, optical signals and/or the like,
are all examples of carrier waves on which instructions can be encoded, in accordance

with various embodiments of the invention.

[0101] The communications subsystem 1730 (and/or components thercof) generally
will receive the signals, and the bus 1705 then might carry the signals (and/or the data,
instructions, etc. carried by the signals) to the working memory 1735, from which the
processor(s) 1705 retrieves and executes the instructions. The instructions received by the
working memory 1735 may optionally be stored on a storage device 1725 either before or

after execution by the processor(s) 1710.
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[0102] The methods, systems, and devices discussed above are examples. Various
alternative configurations may omit, substitute, or add various procedures or components
as appropriate. For instance, in alternative methods, stages may be performed in orders
different from the discussion above, and various stages may be added, omitted, or
combined. Also, features described with respect to certain configurations may be
combined in various other configurations. Different aspects and elements of the
configurations may be combined in a similar manner. Also, technology evolves and, thus,

many of the elements are examples and do not limit the scope of the disclosure or claims.

[0103] Specific details are given in the description to provide a thorough understanding
of example configurations (including implementations). However, configurations may be
practiced without these specific details. For example, well-known circuits, processes,
algorithms, structures, and techniques have been shown without unnecessary detail in
order to avoid obscuring the configurations. This description provides example
configurations only, and does not limit the scope, applicability, or configurations of the
claims. Rather, the preceding description of the configurations will provide those skilled
in the art with an enabling description for implementing described techniques. Various
changes may be made in the function and arrangement of elements without departing from

the spirit or scope of the disclosure.

[0104] Configurations may be described as a process which is depicted as a flow
diagram or block diagram. Although each may describe the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In addition,
the order of the operations may be rearranged. A process may have additional steps not
included in the figure. Furthermore, examples of the methods may be implemented by
hardware, software, firmware, middleware, microcode, hardware description languages,
or any combination thereof. When implemented in software, firmware, middleware, or
microcode, the program code or code segments to perform the necessary tasks may be
stored in a non-transitory computer-readable medium such as a storage medium.

Processors may perform the described tasks.

[0105] Asused herein, including in the claims, “or” as used in a list of items prefaced
by “at least one of” indicates a disjunctive list such that, for example, a list of “at least one
of A, B, or C” means A or B or C or AB or AC or BC or ABC (i.e., A and B and C), or
combinations with more than one feature (e.g., AA, AAB, ABBC, etc.).
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[0106] Asused herein, including in the claims, unless otherwise stated, a statement that
a function or operation is “based on” an item or condition means that the function or
operation is based on the stated item or condition and may be based on one or more items

and/or conditions in addition to the stated item or condition.

[0107] Having described several example configurations, various modifications,
alternative constructions, and equivalents may be used without departing from the spirit of
the disclosure. For example, the above elements may be components of a larger system,
wherein other rules may take precedence over or otherwise modify the application of the
invention. Also, a number of steps may be undertaken before, during, or after the above

clements are considered. Accordingly, the above description does not bound the scope of

the claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for managing positioning assistance data, the method
comprising:

obtaining assistance data relating to a master region, the assistance data
comprising information relating to a set of nodes within the master region;

determining whether either a total size of the assistance data exceeds a
mobile device operating capacity or a total count of nodes in the set of nodes exceeds an
upper-bound number of nodes; and

in response to determining that either the total size of the assistance data
exceeds the mobile device operating capacity or the total count of nodes in the set of
nodes exceeds the upper-bound number of nodes, dividing the master region into a

plurality of sub-regions according to one or more criteria.

2. The method of claim 1 wherein the dividing comprises:

identifying a number of sub-regions a mobile device is configured to
assemble; and

configuring sizes of the sub-regions such that a combined size of assistance
data associated with the number of sub-regions the associated mobile device is configured

to assemble does not exceed the mobile device operating capacity.

3. The method of claim 1 wherein the dividing comprises:

identifying a number of sub-regions a mobile device is configured to
assemble; and

configuring sizes of the sub-regions such that a combined number of nodes
in the assistance data associated with the number of sub-regions the mobile device is

configured to assemble does not exceed the upper-bound number of nodes.

4. The method of claim 1 wherein the dividing comprises adding at
least one of the size of each of the sub-regions, length of each of the sub-regions or width

of each of the sub-regions to the assistance data of each respective sub-region.

5. The method of claim 1 wherein the dividing comprises dividing the

master region according to an upper bound sub-region length.
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6. The method of claim 1 wherein the dividing comprises dividing the

master region based on an upper bound number of access points per sub-region.

7. The method of claim 1 wherein the dividing comprises dividing the

master region based on an upper bound number of anchor points per sub-region.

8. The method of claim 1 wherein obtaining the assistance data
comprises obtaining first information comprising at least one of connectivity data for
nodes in the master region, a utility map corresponding to the master region, or a heatmap

relating to access points in the master region.

9. The method of claim 8 wherein the dividing comprises dividing the
first information into second information for respective ones of the sub-regions, the
second information comprising at least one of connectivity data for nodes in the sub-
region, a utility map corresponding to the sub-region, or a heatmap relating to access

points in the sub-region.

10.  The method of claim 1 further comprising computing vertex
coordinates for respective ones of the sub-regions and adding the vertex coordinates to the

assistance data for the respective ones of the sub-regions.

11.  The method of claim 1 further comprising transmitting the
assistance data relating to the master region and assistance data relating to the sub-regions

to at least one mobile device.

12. A method for retrieving positioning assistance data at a mobile
device, the method comprising;:

identifying a master region in which the mobile device is located and sub-
region definitions associated with the master region, wherein the sub-region definitions
are indicative of area occupied by the sub-regions within the master region;

obtaining a first estimated position of the mobile device within the master
region;

defining a projected area centered at the first estimated position; and

obtaining first assistance data corresponding to at least one sub-region that

overlaps the projected area.
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13.  The method of claim 12 wherein defining the projected area
comprises defining the projected arca based at least in part on access point (AP) ranges

within the master region.

14.  The method of claim 12 wherein obtaining the first estimated
5  position comprises:
measuring signal strengths corresponding to access points (APs) within
communication range of the mobile device;
designating an AP having a highest signal strength as a selected AP; and

setting the first estimated position to a position of the selected AP.

10 15.  The method of claim 14 further comprising obtaining an AP
heatmap corresponding to the master region, wherein obtaining the first estimated position

further comprises identifying the position of the selected AP based on the AP heatmap.

16.  The method of claim 15 wherein obtaining the first estimated
position further comprises obtaining a media access control (MAC) address of the
15  selected AP and locating the selected AP using the AP heatmap according to the MAC
address of the selected AP.

17.  The method of claim 12 further comprising obtaining a second
estimated position of the mobile device based on the first estimated position of the mobile

device and the first assistance data.

20 18. The method of claim 17 further comprising:
repositioning the projected area such that the projected area is centered at
the second estimated position; and
obtaining second assistance data corresponding to at least one sub-region

that overlaps the projected area subsequent to the repositioning.

25 19.  The method of claim 18 wherein obtaining the first assistance data

comprises loading the first assistance data into a process memory at the mobile device.

20.  The method of claim 19 further comprising discarding respective
portions of the first assistance data from the process memory that correspond to sub-
regions that do not overlap the projected area and loading the second assistance data into

30  the process memory subsequent to the repositioning.
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21.  The method of claim 12 wherein defining the projected arca
comprises altering a shape of the projected area such that instead of extending beyond the

master region the projected area is entirely within the master region.

22.  An apparatus for managing positioning assistance data, the
5  apparatus comprising:
an assistance data management module configured to obtain assistance data
relating to a master region, the assistance data comprising information relating to a set of
nodes within the master region;
a system analysis module communicatively coupled to the assistance data
10 management module and configured to determine whether either a total size of the
assistance data exceeds a mobile device operating capacity or a total count of nodes in the
set of nodes exceeds an upper-bound number of nodes; and
an assistance data division module communicatively coupled to the
assistance data management module and the system analysis module and configured to
15  divide the master region into a plurality of sub-regions according to one or more criteria in
response to determining that either the total size of the assistance data exceeds the mobile
device operating capacity or the total count of nodes in the set of nodes exceeds the upper-

bound number of nodes.

23.  The apparatus of claim 22 wherein the assistance data division
20  module is further configured to divide the master region according to an upper bound sub-

region length.

24.  The apparatus of claim 22 wherein the assistance data division
module is further configured to divide the master region based on an upper bound number

of access points per sub-region.

25 25.  The apparatus of claim 22 wherein the assistance data division
module is further configured to divide the master region based on an upper bound number

of anchor points per sub-region.

26.  The apparatus of claim 22 wherein:
the assistance data management module is configured to obtain first

30  assistance data comprising at least one of connectivity data for nodes in the master region,
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a utility map corresponding to the master region, or a heatmap relating to access points in
the master region; and

the assistance data division module is further configured to divide the first
assistance data into second assistance data for respective ones of the sub-regions, the
second assistance comprising at least one of connectivity data for nodes in the sub-region,
a utility map corresponding to the sub-region, or a heatmap relating to access points in the

sub-region.

27.  The apparatus of claim 22 wherein the assistance data division
module is further configured to generate sub-region information comprising at least one of
vertex coordinates for respective ones of the sub-regions, size of the sub-regions, length of
the sub-regions or width of the sub-regions and to associate the sub-region information

with the plurality of sub-regions.

28. A mobile device configured to retrieve positioning assistance data,
the mobile device comprising:

a region manager configured to identify a master region in which the
mobile device is located and sub-region definitions associated with the master region,
wherein the sub-region definitions are indicative of area occupied by the sub-regions
within the master region;

an initial location estimate module configured to obtain a first estimated
position of the mobile device within the master region;

a horizon tile positioning module communicatively coupled to the initial
location estimate module and configured to define a horizon tile comprising a first
projected area centered at the first estimated position; and

an assistance data retrieval module communicatively coupled to the
horizon tile positioning module and the region manager and configured to obtain first

assistance data corresponding to at least one sub-region that overlaps the horizon tile.

29.  The mobile device of claim 28 wherein the initial location estimate
module is configured to measure signal strengths corresponding to access points (APs)
within communication range of the mobile device, to designate an AP having a highest
signal strength as a selected AP, and to set the first estimated position to a position of the

selected AP.
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30.  The mobile device of claim 29 wherein the initial location estimate
module is further configured to obtain an AP heatmap corresponding to the master region,
to obtain a media access control (MAC) address of the selected AP, and to locate the
position of the selected AP using the AP heatmap and the MAC address of the selected
AP.

31.  The mobile device of claim 28 further comprising a position
tracking module communicatively coupled to the horizon tile positioning module and the
assistance data retrieval module and configured to obtain a second estimated position of
the mobile device based on the first estimated position of the mobile device and the first

assistance data.

32.  The mobile device of claim 31 wherein the horizon tile positioning
module is further configured to reposition the horizon tile such that the horizon tile
comprises a second projected area centered at the second estimated position, and wherein
the assistance data retrieval module is further configured to obtain second assistance data
corresponding to at least one sub-region that overlaps the horizon tile subsequent to the

repositioning.

33.  The mobile device of claim 28 wherein the assistance data retrieval
module is configured to obtain the first assistance data from at least one of a storage

medium of the mobile device or a positioning server.

34.  An apparatus for managing positioning assistance data, the
apparatus comprising:

means for obtaining assistance data relating to a master region, the
assistance data comprising information relating to a set of nodes within the master region;

means for determining whether either a total size of the assistance data
exceeds a mobile device operating capacity or a total count of nodes in the set of nodes
exceeds an upper-bound number of nodes; and

means for dividing the master region into a plurality of sub-regions
according to one or more criteria in response to determining that either the total size of the
assistance data exceeds the mobile device operating capacity or the total count of nodes in

the set of nodes exceeds the upper-bound number of nodes.
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35.  The apparatus of claim 34 wherein the means for dividing
comprises means for dividing the master region into sub-regions according to at least one
of an upper bound sub-region length, an upper bound number of access points per sub-

region, or an upper bound number of anchor points per sub-region.

36. The apparatus of claim 34 wherein:

the means for obtaining assistance data comprises means for obtaining first
assistance data comprising at least one of connectivity data for nodes in the master region,
a utility map corresponding to the master region, or a heatmap relating to access points in
the master region; and

the means for dividing comprises means for dividing the first assistance
data into second assistance data for respective ones of the sub-regions, the second
assistance comprising at least one of connectivity data for nodes in the sub-region, a
utility map corresponding to the sub-region, or a heatmap relating to access points in the

sub-region.

37.  The apparatus of claim 34 further comprising:

means for generating sub-region information comprising at least one of
vertex coordinates for respective ones of the sub-regions, size of the sub-regions, length of
the sub-regions or width of the sub-regions; and

means for associating the sub-region information with the plurality of sub-

regions.

38. A mobile device configured to retrieve positioning assistance data,
the mobile device comprising:

means for identifying a master region in which the mobile device is located
and sub-region definitions associated with the master region, wherein the sub-region
definitions are indicative of area occupied by the sub-regions within the master region;

means for obtaining a first estimated position of the mobile device within
the master region;

means for defining a horizon tile comprising a first projected area centered
at the first estimated position; and

means for obtaining first assistance data corresponding to at least one sub-

region that overlaps the horizon tile.
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39.  The mobile device of claim 38 wherein the means for obtaining the
first estimated position comprises:
means for measuring signal strengths corresponding to access points (APs)
within communication range of the mobile device;
5 means for designating an AP having a highest signal strength as a selected
AP; and
means for setting the first estimated position to a position of the selected

AP.

40.  The mobile device of claim 39 wherein the means for obtaining the
10 first estimated position further comprises:
means for obtaining an AP heatmap corresponding to the master region;
and

means for locating the selected AP using the AP heatmap.

41.  The mobile device of claim 38 further comprising means for
15  obtaining a second estimated position of the mobile device based on the first estimated

position of the mobile device and the first assistance data.

42.  The mobile device of claim 41 further comprising:
means for repositioning the horizon tile such that the horizon tile
comprises a second projected area centered at the second estimated position; and
20 means for obtaining second assistance data corresponding to at least one

sub-region that overlaps the horizon tile subsequent to the repositioning.

43. A computer program product residing on a processor-executable
computer storage medium, the computer program product comprising processor-
executable instructions configured to cause a processor to:

25 obtain assistance data relating to a master region, the assistance data
comprising information relating to a set of nodes within the master region;

determine whether either a total size of the assistance data exceeds a
mobile device operating capacity or a total count of nodes in the set of nodes exceeds an
upper-bound number of nodes; and

30 in response to determining that either the total size of the assistance data

exceeds the mobile device operating capacity or the total count of nodes in the set of
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nodes exceeds the upper-bound number of nodes, divide the master region into a plurality

of sub-regions according to one or more criteria.

44.  The computer program product of claim 43 wherein the instructions
configured to cause the computer to divide the master region are further configured to
cause the processor to:

identify a number of sub-regions a mobile device is configured to
assemble; and

configure a size of the sub-regions such that a combined size of assistance
data associated with the number of sub-regions the mobile device is configured to

assemble does not exceed the mobile device operating capacity.

45. The computer program product of claim 43 wherein the
instructions configured to cause the computer to divide the master region are further
configured to cause the processor to:

identify a number of sub-regions a mobile device is configured to
assemble; and

configure a size of the sub-regions such that a combined number of nodes
in the assistance data associated with the number of sub-regions the mobile device is

configured to assemble does not exceed the upper-bound number of nodes.

46. The computer program product of claim 43 wherein the instructions
configured to cause the computer to divide the master region are further configured to
cause the processor to divide the master region according to at least one of an upper
bound sub-region length, an upper bound number of access points per sub-region, or an

upper bound number of anchor points per sub-region.

47. A computer program product residing on a processor-executable
computer storage medium, the computer program product comprising processor-
executable instructions configured to cause a processor to:

identify a master region in which a mobile device is located and sub-region
definitions associated with the master region, wherein the sub-region definitions are
indicative of area occupied by the sub-regions within the master region;

obtain a first estimated position of the mobile device within the master

region;
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define a projected area centered at the first estimated position; and
obtain first assistance data corresponding to at least one sub-region that

overlaps the projected area.

48. The computer program product of claim 47 wherein the instructions
5  configured to cause the processor to obtain the first estimated position are further
configured to cause the processor to:
measure signal strengths corresponding to access points (APs) within
communication range of the mobile device;
designate an AP having a highest signal strength as a selected AP; and

10 set the first estimated position to a position of the selected AP.

49.  The computer program product of claim 47 further comprising
instructions configured to cause the processor to obtain a second estimated position of the
mobile device based on the first estimated position of the mobile device and the first

assistance data.

15 50.  The computer program product of claim 49 further comprising
instructions configured to cause the processor to:
reposition the projected area such that the projected area is centered at the
second estimated position; and
obtain second assistance data corresponding to at least one sub-region that

20  overlaps the projected arca subsequent to the repositioning.

51.  An apparatus for managing positioning assistance data, the
apparatus comprising:
a processor configured to obtain assistance data relating to a master region,
the assistance data comprising information relating to a set of nodes within the master
25  region, to determine whether either a total size of the assistance data exceeds a mobile
device operating capacity or a total count of nodes in the set of nodes exceeds an upper-
bound number of nodes, and to divide the master region into a plurality of sub-regions
according to one or more criteria in response to determining that either the total size of the
assistance data exceeds the mobile device operating capacity or the total count of nodes in
30  the set of nodes exceeds the upper-bound number of nodes; and

a memory coupled to the processor and configured for storing data.
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52.  An apparatus for retrieving positioning assistance data, the
apparatus comprising:

a processor configured to identify a master region in which the apparatus is
located and sub-region definitions associated with the master region, wherein the sub-
region definitions are indicative of area occupied by the sub-regions within the master
region, to obtain a first estimated position of the apparatus within the master region, to
define a projected area centered at the first estimated position, and to obtain first
assistance data corresponding to at least one sub-region that overlaps the projected area;
and

a memory coupled to the processor and configured for storing data.
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because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11, 22-27, 34-37, 43-46, 51

Method and apparatus to divide a master region into
subregions in order to manage positioning assistance data

2. claims: 12-21, 28-33, 38-42, 47-50, 52

Method and apparatus for retrieving positioning assistance
data of subregions forming part of a master region
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