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ACCESS POINT SELECTION FOR ASSISTANCE DATA GENERATION

BACKGROUND
[6801] Aspects of the disclosure relate to the use of wireless network based
positioning systems. fn particular, aspects relate to access point selection for assistance
data generation. This may particularly apply to areas in which a total number of access

points may be large enough to cause issues with assistance systems.

16662] Mobile electronic devices with the capability to provide information regarding

the location of the device and the device’s user, along with associated wireless network

based positioning systems are becoming more and more widespread in teday’s society.,
For example, people use cellular phones, smart phounes, personal digital assistants,
laptop computers, pagers, tablet computers, and other such devices 1o send and receive
data wirclessly from countless locations via network access points. Advancements in
wircless communication technology have aided in the use of networks to create and use
location information created via interaction between the wireless networks and the
mobile devices. Location assistance services may use such information to provide

assistance to mobile device users.

{8803]  In certain public environments, access points may be made available to users
ot mobile electronic devices. Such aceess points may connect with local area networks
which further connect to additional networks to enable a wide variety of services to
asers of mobile devices, inclading Internet connectivity and location assistance services.
In certain environments and location systems, assistance data may be providedto a

user’s devices to assist in focating and using these access points,

[3804] In some environments, the total number of access points may overwhelm the
ability of certain devices and systoms to function. As the prevalence of users with
mobile clectronic devices operafing in an arca at any given time increases, the number
of access points available to provide network services fncreases, and the number of
arcas in which wircless network based location services are available also increases,
improved systems may be designed which provide bencfits and functionality not
previously known based on the widespread presence and usage of mobile devices and
networks with location services. Deployments of wireless network based posttioning
-1-
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systems are thus creating new possibilities and complexities in providing services to

users of mobile devices.

BRIEF SUMMARY

[G805] Certain embodiments are described that relaie to access point sclection for
assistance data generation. For example, one embodiment described herein may be a
method comprising: identifying, using a computing device, a plurality of access points
in a first arca using an identifier for cach access point of the plurality of access points;
associating a location assistance quality value with cach access point of the plurality of
access points; selecting a subset of the plurality of access points based on the location
assistance quality value of cach access point of the phaslity of access points; and
gencrating assistance data including wdentificrs for the subset of the plurality of access
points.

{8886} Another embodiment of such a method may further  comprise
communicating the assistance data for the subset of the plurality of access points (o 3
mobile device i response to a request for location services.  Another ershodiment of
such a method may further function where the location assistance quality valoe
comprises a first quality value based on previously determined vendor priority. Another
embodiment of such a method may further function where the location assistance
quality value comprises a second quality value based on a number of access pomts
associated with a particalar vendor.

{63077 Another embodiment of such 3 method may further function where the
location assistance quality value comprises a value associated with a mobile side chip.
Anocther embodiment of such a method may further function where the location
assistance quality value comprises a horizontal dihition of precision (HDOP) value.
Another embodiment of such a method may further function where the location
assistance quality value comprises a received sigoal strength indication (RSS51) heat map
quality value.

{8808} Another crabodiment of such a method may further comprise calculating the
location assistance quality value using a name quality value, a name quantity value, and
a mobile quality value.

BB Anocther embodiment of such a method may further function where
calculating the location assistance quality valoe further comprises: determining a first

s
-
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group of aceess points from the name quality value, the name guantity vaklee, and the
mobile quality vahlue of each of the plurality of access points to identify the first group
of access poinis; recciving HDOP information and RSST heat map information for cach
access point of the first group of access poinds; calculating a signal guality value from
the HDOP information and the RSS3I heat map information; and further caleulating the
location assistance quality value using the signal qoality value.

16418} Another emabodiment of such a method may further fimction where sclecting
the subset of the plurality of access poinis based on the location assistance quality value
of each access point of the plurality of access points compriscs eliminating access points
identified as having mobile chipsets from the sabset of the phurality of access points.
18811} Another  embodiment of such a method may further comprise
communicating the assistance data to a location assistance server. Another embodiment
of such a method may finther fonction where identifying the plurality of access points
in the first area using the identifier for cach access poini of the plurality of access points
comprises; receiving, using a mobile device comprising the computing device at a first
location within the first area, a first set of signals from at least a first portion of the
phurality of access points; receiving, using the mohile device at a second location within
the first arca, a second sct of signals from at east 2 second portion of the plumality of
access points; and associating a fivst set of identifiers comresponding to the identifier for
gach access point of the plurality of access points with each access point of the first and
second portions of the plurality of access points.

16812] Another embodiment of such a method may further function where
identifving the plurality of access points in the first area using the identifier for each
access point of the phwrality of access points comprises:  identifying a phuality of
media access controls (MACs) associated with a single access point; merging the
phurality of MACs associated with the single access point into a virtual access point;
and assigning a first identifier to the virtual access point.

{6813] Another ombodiment of such a method may further function where
associating the location assistance quality value with each access poeint of the plarality
of access points comprises associating a first location assistance quality value with the
virtual access point.

{8814} Another potential cmbodiment may be a mobile device comprising: a
processor; an anteuna coupled to the processor; and a computer readable storage device
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coupled to the processor; where the antenma receives signals from a plurality of access
points and conmmumicates the signals to the processor which identifies the plurality of
access points in a first arca using an identifier for cach access point of the plurality of
access points; and where the processor associates a location assistance quality value
with each access peint of the plurality of access points, selects a subset of the plurality
of access points based on the location assistance quality value of each access point of
the plurality of access points and gencrates assistance data including identifiers for the
subset of the plurality of access poings.

186153 Another embodiment of such a mobile device may further function where
the processor further communicates the assistance data to a location assistance server
via the antenoa.  Ancther cobodiment of such a mobile device may further function
where the processor further calculates RSSI map data using the signals from the
plorality of access points, and wherein the location assistance quality value of cach
access point of the plurality of access points is based on the RSS1 map data.

16816} Another embodiment may be a nou-transitory computer readable storage
medium comprising a computer program product of computer readable instructions for
performing a method of providing assistance data, the method comprising: receiving, at
a computing device, at least one sigual associated with a plurality of access points in a
first area; identifying the plurality of access points using an identifier for each access
point of the plurality of access points; associating a location assistance quality value
with the identifier for cach access point of the plorality of access points; selecting 3
subset of the plarality of access points based on the location assistance quality value of
each access point of the phuality of access points; and generating the assistance data
inchuding identifiers for the subset of the plarality of access points.

{8817} fn further embodiments of such a non-transitory computer readable storage
medimn the computing device comprises a location assistance server, snd the at least
one signal is received from a first mebile device in communication with at least a
portion of the plarality of access points.

16818} In further embodiments of such a noo-transitory computer readable storage
medium the computing device the method further comprises: receiving, from a second
mobile device, a request for the assistance data asscciated with the first area; and
compmmnicating from the computing device to the second mobile device, the assistance
data including the identiticrs for the subset of the plurality of access points.

4.
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16619} An additional embodiment may be a computing device comprising: means
for identifying a phumality of access points in a first area using an identifier for each
access point of the plurality of access points; means for associating a location assistance
guality value with cach access point of the plurality of access points; means for
sclecting a subsct of the plurality of access points based on the location assistance
quality value of each access point of the phuality of access points; and means for
generating assistance data including identifiers for the subsct of the phurality of access
points.

169281 Additional embodiments of such a computing device may further comprise:
means for communicating the assistance data for the subset of the plorality of access
potnds to a mobile device in respounse to a request for location services or means for
calculating the location assistance guality value using a name quality value, a name
guantity value, and a mobile quality value.

8821} Additional embodiments of such a computing device may further comprise:
means for defermining a first group of access pourds from the name quality value, the
name quantity value, and the mobile quality value of cach of the plurality of access
points o identify the first group of access points; means for receiving horizontal
dilution of precision (HDOP) information and received signal strength indication
(RSS1) heat map information for each access point of the first group of access points;
means for calculating a signal quality value from the HDOP information and the RSSI
heat map information; and means for calculating the location assistance quality value

using the signal quality value.

18622} While various specific embodiments are described, a person of ovdinary skill
in the art will understand that clements, steps, and coraponents of the various
embodiments may be arranged in alternative structures while remaining within the
scope of the description.  Also, additional embodiments will be apparent given the
description herein, and thus the description is not referring only to the specifically
described embodiments, but to any cmbodiment capable of the function or structure

described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
{6023} Aspects of the disclosure are illustrated by way of example. In the

accompanying figures, like reference numbers indicate similar elements, and:

18824} FIG. 1 illustrates a simplified diagram of a system for use with one or more
cmbodiments;
[8825] FIG. 2 illustrates one aspect of an enviromment that may fonction with

aspects of one or more cmbodiments;

18826} FIG. 3a illustrates one aspect of an environment that may function with

aspects of one or more embodiments;

{8427} FIG. 3b illustrates one aspect of an enviromment that may function with

aspects of ong or more embodiments;

16628} FI1G. 4 illostrates aspects of a method that may incorporate one or more

embodiments;

[6429] FIG. § illustrates aspects of a method that may incorporate one or more

embodiments;

18830} FI1G. 6 llustrates an cxample of a computing system in which one or more

embodiments may be implemented; and

18831} FiG. 7 illustrates an cxample of a mobile computing device that may

function in accordance with one or more embodiments.

G-
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DETAILED DESCRIPTION
166832] Several llustrative embodiments will now be described with respect to the
accompanying drawings. While particular embodiments in which one or more aspects
of the disclosure may be implomented are described below, othor embodiments not
specifically detailed will be apparemt from the description.  Such additional
cmbodimenis may be used and various meodifications may be made without departing

from the scope of the disclosure or the spirit of the appended claims.

[8433] In certain embodiments, indoor positioning systems may use knowledge of
access point (AP} locations in order fo provide assistance data such as direction
information to a mobile device. In certain embodiments this knowledge may be used
along with a map of the area for which location services are provided. In arcas with
location services, APs for wircless communication may be used not only as data APsg,
but aiso as location references for services which enable location and direction services.
Mobile devices can perform ranging measurements with these reference APs to obtain
the device location. This is especially trae for mdoor locations where other location

services may be obhstructed, but where APs may be specifically disposed for indoor use.

18834} Additionally, associated heat map data which contains expected signal
strength or round trip time information for an individual AP at a mukiitude of points on
the map provides a user with assistance data to cnable location services. As it becomes
more popular for busincsses to provide APs for use by potential customers and
employees, location services may be degraded by intermittent, low quality, or excessive
numbers of access points that may overlap with other access points. For example, large
numbers of access points involve greater amounts of time to create a heatmap using
cither interpolated measurements or propagation models.  Large nuambers of access
points also generate larger amounts of location assistance data that may slow a deviee’s
ability to quickly process location assistance data for a particular place or area and
merease the data costs (delay and money) of providing the assistance data to the mobile.
Filtering access points for use with location services may thus provide more stable and
higher quality location services. Filtcring access points may also enable certain devices
to use assistance data with location services that might otherwise be overwhelmed or
anable to function without this filtering. Filtering access points may also reduce the

network costs of obtaining assistance data.
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{8835} Certain embodiments of the present innovations are divected to access point
selection for assistance data generation. For example, in one embodiment, a user may
have a relationship with an assistance server whercby the user’s device receives
assistance data from an assistance server., This assistance data may include details for
access points in a particular environment which inchides their locations and/or their
heatmaps of different signal characteristics such as signal strength and round trip time.
Some environments may include a large number of APs so that from specific locations
nside the arca, a mobile device may have an option to connect and receive data from
mutltiple different APs. Depending on the type of information provided for cach AP and
the number of APs, assistance data for overy AP in an area may overwhelm the
bandwidth and storage of a mobile device as well as consume resources in the server
cloud platform that serves the assistance data. In order 1o more efficiently provide the
most useful information to a user device, a subset of the total number of access points in
the enviromment may be identified as the highest value access points, and only
information for that subsct of APs may be created and provided from the assistance
server to the user device as part of assistance data. Such a sclection may not ounly
reduce resource use, but may also provide an improved user experience and reduce
resources used in creating and delivering assistance data. Fmally, depending on the
capabilitics of the requesting mobile device a different subset of APs may potentially be
sclected. For example, if the mobile device does not support RTT ranging, the subset of

APs chosen should not be based on their RTT measurement quality.

{6836} This will impact not only the use of location services by a user, but
deployment time and expense during creation and implementation of location service

for an arca. By filtcring APs before certain types of assistance data is gathered, costs
may be reduced, time may be saved, and data may be generated more efficiently during

deployment of location services.

18437 As discussed herein, “assistance data” roay refer to any data provided to a
aser to assist the user. Specific examples of assistance data may be data that identifies
the location of a user device, or data that provides directions o a user. Assistance data
may additionally include identifving information for access points availabie forusc by a

user device. This information may further inchide maps of received signal strength
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(RSSH for individual access points, horizontal dilution of precision imformation for

particular areas around an AP, or any other such information.

[8938] As described herein, the term “user” refers 1o any person that interacts with a
wireless network based system that provides assistance data. Such users may be within
an arca that a wirgless notwork based service provides assistance data for, or may be
cutside the system. Such persons may bave mobile devices associated with them that

mteract clectronically with the assistance system.

{6639 As used herein, “access peint”, or AP, refors to a device connected as part of
a wireless local area network (WLAN) that may be accessed by a user’s mobile device.
Such a network may provide wireless access to a broader network using a particular
wircless networking protocol such as an IHEE 802.11 protocol, Bluetooth, or any other

wireless communication method,

{8048} As used herein, “mobile device” refers to any mobile electronic computing
device capable of conumunicating with an AP, Examples may include smartphones,
laptop computers, portable gaming systems, specialized clectronic devices for
wdentifying APs, or any other such clectronic device. Additional examples of mobile

devices and computing devices may be disclosed in refationship to figure 6 below.

18841} Figure 1 illustrates one potential implementation of a network system 100
that may be implemented in an arca where location services are to be deploved, and
may be analyzed as part of an analysis of all APs in an arca according to various
embodiments. Network system 100 includes server computer 102, access points 112,
114, and 116, wireless local area network {(WLAN) connectivity 110, and user
computing devices 120, 122, and 124, Tu such s sysiem, access points 112-116 may be
coupled to server computer 102 and any other avaiable infrastructure computing
devices by wired or wireless conmections.  Access points 1i12-116 may then

comnmmicate with user computing devices 122 using WLAN connectivity 110

[6042] Server computer 102 may comprise any computing device capable of
processing location data and compmopicating with oser computing devices 120-124
regarding location data. Server computer 102 may be located on site in an arca for
which assistance data is being provided, or may be located remotely. Server computer
102 may be dedicated to location services or providing assistance data to mobile

9.
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devices, or may alternatively serve multiple fimetions in systems that also provide
network connectivity to an extended network, such as the Internet. In such systems,
user computing devices 120-124 may access Internet data via access points 112-116 via
sgrver computer 102 while simubtancously receiving assistance data from server

computer 102

16843} Figure 2 illustrates an aspect of a system that may be used in conjunction
with the system described by Figure 1. Figure 2 illustrates an area over which a

wireless network based positioning system may be deploved. Figure 2 shows area 210
which encompasses locations 262, 264, 266, 268, 280, and 272, Access points 212,
214, 216, 218, and 220 may provide vetwork counectivity for user’s mobile devices as

described above in Figure 1.

8444} Such access poionts may be associated with a particular lecation within the
arca. For example, if arca 210 is a shopping mall operated by a first corporation,
location 262 may be a first store within area 210 operated by a second and different
corporation.  Access point 212 may then be operated independently by the merchant
with a store at location 262, while access points 216, 218, and 220 may be located
within open arcas of the shopping mall and operated by the first corporation that

manages the mall

18845} In such a system, one party, such as the first corporation that operates the
mall, may offer location services to users within the mall. Alternatively, parties may
contract with an independent third party that may offer location services within arca
210, A server computer such as server computer 102 that manages location services
may thus be operated locally within area 210 or may be positioned remotely, with
location data from uscr mobile devices and access points communicated to the server
computer via a network. If the first corporation that operates the mall offers location
services using a local server computer, individual merchants may be allowed to
integrate their access points into the system to provide enbanced capabilities or to
cnsure adeguate coverage within the merchant’s location. For an individual system,
then, certain access points may be coupled locally to a scrver computer managing
network location services, and other access points may be coupled via a wider network

connection such as through the Internet.

-10-
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8846 Additionally, access points as shown in figure 2 may be positioned to
S o) o

provide wireless network based location services over the entive surface of area 210,

inchuding over vertical locations if, for example, the arca 210 includes multiple floors.

{6847} Figures 3a and 3b show an area 300 similar to area 210 of figwre 2. As
shown by figure 3a and 3b, a large number of APs are deployed in arca 300, Arca 300
may be, for example, a mall with a large number of merchants operating in different
locations fn the mall. Location 310, for example, may be a small shop with a single
merchant run AP 312, Location 330 may be a large chain store with a planned wireless

network for focation 330 that includes multiple APs, such as AP 332 and AP 33¢

[3848] Additionally, APs 342a, 342b, 342¢, 342d, and 342¢ may be part of a
planned wircless deployvment managed by a mall operator for use in public spaces or
throughout arca 300. Finally, additional APs 362 may comprise any number and quality
of additional APs present in arca 300 that may be accessed by a user with a mobile
device from within area 360, APs 362 may be any type and sort of AP, operated by any
operator.  For example, some APs may simply be mobile devices placed in a mode
where they function as temporary access points.  In other circumstances, APs may be
part of a planned permancnt deployment of network connectivity. All of these and other

types of APs may be part of APs 362,

{6849} Figure 3b illustrates usage arcas for APs 342, As shown in figure 3b, AP
3422 may have a signal that is usable by a mobile device within area 343a. Similarly,
APs 342b-¢ arc shown as having associated arcas. arcas 343 may, for example, be
associated with a received signal strength indicator (RSS1) map that indicates the edge
where a signal from a particalar access point becomes unosable. Each AP of figire 3a
may have such an area associated with it, and RSS1 map data may be part of assistance
data. As may be seen from figures 3a and 3b, if detailed RSS1 map data is provided for
cach AP, a significant amount of overlapping data may be nvolved. Selecting a subset
of the APs shown in figire 3a may provide significant efficiencies, and may be
necessary for operation in enviromments where a total number of APs in an area can be

in the hundreds.

16458] A location such as area 300 of figure 3 may have significant overlap of APs

and & wide variety of AP quality., If for example, a scan of APs identified 675 unique
o & 9 5

-11-
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media access control (MAC) addresses with a small mumber of known deployment APs,
the amount of resources required to generate 675 heatmaps is excessive in terms of both
time to create the maps and size of the data o be sent to a mobile device using location
assistance data. If location assistance data was provided to a mobile device for all 675
MAC addresses, the amount of data would be excessive and would slow operation of
the assistance system.  Further, there is a high likelihood that at least a portion of these
would be tramsient or mobile APs, and therefore not provide uscful location
information. Also, there 1s likelihood that many of these would not provide equivalent
levels of information. Some, for example, may not provide stable round trip time (RTT)
ranging information, or may not have RTT ranging fimctionality at all. Finally, some of

these MACs may correspond (o a single AP.

8851} Figure 4 illustrates one polential methoed of selecting a subset of access
points trom plarality of access poinis for assistance data gencration. In 8410, access
points are identified in an area. This may be a densely provided area such that the
npumber of APs and the overlap between APs create redundant and low value APs. In
one potential example embodiment, APs may be identified by walking through the arca
with a specialized mobile device configured to idontity and map APs, and receiving
signals from every accessible AP within communication distance. Such a device may
store identifying information for each AP for which a signal is received at the device.
Such an identification method may be referred to as “warwalking.” Altervatively, AP
operators may provide AP data to a database which may be accesses by a provider of

location services during AP filiering.

[6052] Additionally, as part of 5410, an identifier is associated with cach access
point.  This may be an identifier created by a computing systerm implementing the
method of selecting APs, or may be an identifier derived from a signal received from

cach AP such as a MAC address or other identitying information from an AP signal.

{68531 In §412, data collected for cach AP may be analyzed to create a location

assistance quality for cach access point. In S§414, a subset of the total identified APs is

sclected based on the location assistance quality for cach AP. In certain embodiments,

this may involve creating a table in a computer readable storage mediim on a mobile

device or in a server computer that is analyzing the quality of the APs. A location

assistance quality value may be calculated from multiple quality metrics in the table.
-12-
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APs n the table above a certain quality threshold may then be selected. Alterpately, a
list with certain threshold requirements may be created in a computer memory, and APs

may be deleted from the list as threshold requircments are not met.

[6854] In further embodiments, vanable quality thresholds may be set based on the
number of APs usable from given locations, such that for a map of an arca like arca 300,
the hest AP for sub-arcas or specific locations are placed on the list, and all remaining
APg are not selected.  In still fiwther alternative embodiments, a maximum number of
allowable APs may be selected, and APs may be removed from the list based on
coverage area and location assistance quality uniéll an allowable number of APs remain
to be selected for creation of assistance data.  Finally, in S416, assistance data is

generated for the subset of access points. Such assistance data may be generated by

2]

clecting from among previously generated data, or selected APs may be identified for

additional data collection to be aggregated as assistance data at a later point in time.

{6855] Figure 5 describes an additional alternative embodiment of a method for
selection of APs. In S510, APs in an arca are identified for an area where only a subsat
of the APs may be accommodated with assistance data. This may be done by retrieving
known information sbout APs, or by communicating with APs directly to receive

information from each AP,

186561 fn §512, identified APs are analyzed to determine any association with a
vendor or a place name. AP MACs may be associated with vendors or place names,
and certain vendors or place nares may be assigned a higher priority based on history
ot expectations associated with APs provided by those vendors or operators. I 8514, a
name quality value may be assigned based on 2 pame associated with an AP, and this
name quaiity value may be part of a calcelation for an overall assistance quality value.
A wide range of customized information may be integrated with such name based
priority. If a service set identification (351D} of an AP contains a string similar to a
VeI name of company, it may be assigned a higher priority. Macy’s ™, for example,
in an SSID received from an AP mm 3 mall area may rcasonably be expected to be a
stable high quality signal associated with # store Jocation. In certain embodiments, a
dictionary of potential identifiers and name gquality values associated with each potential
identifier may be used with information about cach AP, Trademarked names or well-
known brand names may be provided high name quality values, and APs associated
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with such high name quality values may receive a high calculated assistance quality

values.

{8957} Similarly v 8516 if a particular name or identifier is scen repeatedly, or if
variations on a particular name or identifier is scen repeatedly, a high name quality
value may be assigned to APs associated with these identifiers. This high name
guantity value may then be used as part of the calculation to create the overall location
assistance quality value. Vendors or other providers with a large number of APs may
thus receive additional priority, since it i1s hikely that such APs a part of a planned
deployment and will thus likely provide more uscful and reliabic location assistance
data. An access poind may thus have both an associated name quality value and a nane
quantity value, where the name quality value may associate a name with an expected
performance of the access point based, for example, on a reputation of the name
associated with the access poiot, and the name quality value is based on a frequency

with which APs having the same or simailar names are scen in a local arca.

{6658] In 8518, information indicating that an AP is a mobile device may be
identified. Such mformation may be used to create a moebile quality value which may
be used in calculating the overall assistance quality value. In certain embodiments this
may be considered a threshold, and APs associated with mobile ¢hips may be removed
frome consideration. For examaple, APs that arc identitied as operating from mobile side
chips such as Novatel™ and Motorola Mobility™ may be removed from consideration,
since they are likely to be mobile and/or tranmsient, and are not likely to provide
consistent assistance o users of a location service, and any associated assistance data

would be unreliable.

{88591 In 5520, MACs associated with a single AP may be merged into a single
virtual AP with a standard set of location assistance data. Creating a single virtual AP
may enable high quality APs to be meluded in the APs for which assistance data is
created without doplicate redundant information for each MAC address. This may
cnable more efficient assistance o be provided as part of location sorvices. In various
aliernative embodiments, two ot more virtual APs may be created from nwltiple MACs

associated with a single AP if the virtual APs have different assistance data.
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18860} In 8522, AP signal quality may be analyzed and a signal quality vahie may
be assigned to each AP. Sigual qoality may be based, for example, on horizontal
dilution of precision and RSSL. APs in arcas with good horizontal dilution of precision
{(HDOP} and sufficient APs within geood RSST range may not be as traportant as APs in
areas with bad HDOP. Another method which may be used m alternative embodiments
would be to ascertain how much the contribution of the specific AP is to the HDOP in
its neighborhood but calculating the HDOP with and without the AP, The priority of the
AP may be higher if its relative contribution to improving the HDOP is higher than us
nearby neighbors. This requires spatial analysis using a generated heatmap. In certain
embodiments, these steps may only be apphied to a portion of the total nomber of APs in
an arca in order to reduce unnccessary data gathering. For cxample, the analysis and
determinations of S512 through 3520 may first be used to select a portion of the total
number of APs for signal guality analysis, and the portion of the total number of APs
may then be analyzed based on signal quality to further reduce the momber of APs for

which assistance data is to be generated and communicated to users.

{6861} In §524, the APs are selected based on the location assistance quality for
cach AP using the individual metrics in 5512 through 8522, Used in combination, the
above sorting clements may allow selection of a reduced set of access pomnts that
provide a higher overall quality of location assistance data with a smaller amount of
location assistance data. In addition, the capabilitics of the mobile device can be a factor
in the selection of the APs. For example, of the mobile device does not support a
particular ranging method such as round trip time or angle of arrival, then those
functionalitics should not be considered in the sclection of the APs in the assistance

data.

[8862] In various embodiments, then, the generated assistance data may be used in
multiple ways. In one potential embodiments, a third party analysis service may
impicment the method of figures 4 or 5, and may then provide the assistance data
inchuding identifiers for the selected highest quality APs to a local assistance service. In
one embodiment, for example, the method of figure S may be implemented using a
mobile device to identify a subset of APs, and the subsct of APs may be provided to a
local assistance server such as server computer 102 of figure 1. The assistance data
including identifiers for the subset of APs and any additional assistance data may then

-15-



WO 2014/150724 PCT/US2014/024079

¢ provided from server computer 102 to user computing devices 120, 122, and 124

when the devices are in the appropriate arca.

18863] fn one potential embodiment, a name quality value, a name quantity value, a
mobile quality value, and an nomber of other quality valucs related to area coverage or
any other relevant quality may be added together to determine an overall location
assistance quality value for cach AP. In aliernative embodiments, the values may be
multiplied, or process through any determined function to arrive at a location assistance
quality vahie for each AP, In still firther embodiments, any combination of functions,

minimom requirements, and/or thresholds may be used.

[8864] In forther alternative embodiments, a remote server computer may access a
database of stored data to identify and analyze APs in an arca according to the method
of figure 4. The server computer may then create the assistance data, and function as &
remote assistance server in, for example, a Secure User Plane Location (SUPL)
enviromment where a SUPL location platform (SLP) may make use of the assistance
data to provide improved location and assistance services to users of mobife devices in

an appropriate arca.

{3365] In ong potential alternative embodiment, the AP selection for a mobile
device may be based on ranging capabilitics of the particular mobile device. A system
may thus request 8 set of capabilitics from a mobile device, and filter oriteria based on
capabilities that the mobile device does not have. For example, if a8 mobile device
cannot perform RTT measurements, then an RTT quality of an AP will be excluded
from the filtering criteria. Similarly, any other criteria which may be used to filtker APs
but is dependent upon functionality existing in a8 mobile device, may be filtered out,
creating separate filtering criteria in such embodiment depending on the functionality of

different mobile devices.

{8866} Figure 6 iHlustrates an example of a compating system in which one or more
cembodiments muay be tuplemented. A computer system as illustrated 1o figure 6 may be
meorporated as part of the previously described computerized devices. For example,
computer system 600 can represent some of the components of the user mobile
computing devices 120-124 and/or the server computer 102 discussed in this

application. Cowmputer system 600 may additionally represent any of the APs of figure
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3. Figure 6 provides a schematic illastration of one embodiment of a computer system
600 that can perform the methods provided by various other embodiments, as described
herein, and/or can functon as the host computer system, a remote kiosk/terminal, a
potni-ot-sale device, a mobile device, and/or a computer systern. Figure 6 is meant ondy
to provide a generalized illustration of various components, any or all of which may be
wtilized as appropriate.  Figure 6, therefore, broadly illustrates how mdividual system
clemenis may be implemented in a relatively separated or relatively more ntegrated

manncy,

{8867} The computer system 600 is shown comprising hardware clements that can

¢ clectrically coupled via a bus 605 {or may otherwise be in communication, as
appropriate).  The hardware clements may include one or more processors 610,
including without limitation one or move gencral-parpose processors and/or one or more
special-purpose  processors  {such as digital signal processing chips, grapbics
acceleration processors, and/or the like), one or more input devices 615, which can
inchide without Bmitation a mouse, a keyboard and/or the like; and one or more output
devices 620, which can imchude without limitation a display device, a printer and/or the

fike.

[8868] The computer system 600 may further include (and/or be in connmunication
with} one or more non-transitory storage devices 625, which can comprise, without
Hmitation, local and/or network accessible storage, and/or can imchide, without
Hmitation, a disk drive, a drive array, an optical storage device, a solid-state storage
device such as a random access memory (“RAM”) and/or a read-only memory
("ROM”), which can be progragunable, flash-updateable and/or the like. Such storage
devices may be configured to implement any appropriate data stores, including without

timitation, varicus file systems, database structures, and/or the like.

18869} The computer systern 600 might also melude a communications subsystem
630, which can include without limtation a modem, a network card (wireless or wired),
an infrared commumication device, a wircless communication device and/or chipsat
{such as a Bluetooth™ device, an 802,11 device, 8 Wi-Fi device, a WiMax device,
celiular communication facilitics, ote.), and/or similar communication interfaces. A
computing system may inchide one or more antenmas for wireless communication ag

part of commmonications subsystems 630 or as a separate component coupled to any
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portion of the system. The commmumications subsystem 630 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 hercin.  In many
cembodiments, the computer system 600 will further comprise a non-transitory working

memory 635, which can include a RAM or ROM device, as described above.

18870} The computer system 600 also can comprise software cloments, shown as
bemg currently located within the working memory 635, including an operating system
640, device drivers, exccutable libranes, and/or other code, such as one or more
application programs 0645, which may comprisc computer programs provided by various
cembodiments, and/or may be designed to traplement methods, and/or configure systoms,
provided by other embodiments, as described herein. Merely by way of example, one
or more procedures described with respect to the method(s) discussed above might be
implemented as code and/or mstructions executable by a computer (and/or a processor
within a computer); in an aspect, then, such code and/or nstructions 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.

{8471} A set of these mstructions and/or code might be stored on 8 computer-
readable storage mediom, such as the storage deviee(s) 625 described above. In some
cases, the storage medivm might be incorporated within & computer system, such as
computer system 600. In other embodiments, the storage mediom might be separate
from a computer system {c.g., a removable medium, such as a compact disc), and/or
provided in an installation package, such that the storage medivm can be used to
program, configurc and/or adapt a general purpose computer with the instructions/code
stored thercon. These instructions might take the form of executable code, which is
gxecutable by the computer system 600 and/or might take the form of source and/or
installable code, which, upon compifation and/or installation on the computer systom
600 {c.g., using any of a variety of generally available compilers, installation programs,

compression/decompression utilitics, ete.) then takes the form of exccutable code.

18972} Substantial variations may be made iv  accordance with specific

requirements. For example, customized hardware might also be used, and/or particular

clemenis might be implemented in bhardware, software (including portable software,

such as applets, cic.}, or both, Moreover, hardware and/or software components that
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provide certain functionality can comprise a dedicated system (having specialized
components) or may be part of 38 more generic system.  For example, an activity
selection subsystem configured to provide some or sl of the features described herein
relating to the selection of activities by a countext assistance server 140 can comprise
hardware and/or software that is specialized (e.g., an apphication-specific integrated
circuit {ASIC), a software method, ete.) or generic (e.g., processor(s) 610, apphications
645, ete.) Further, connection to other computing devices such as network input/output

devices may be emploved.

{8873} Some cmbodiments may emplioy a computer system (such as the computer
system 600 to perform methods in accordance with the disclosure. For example, some
or all of the procedures of the described methods may be performed by the computer
system 600 in response to processor 610 executing one or more sequences of one or
more instructions {(which might be incorporated into the operating system 640 and/or
other code, such as an application program 645) contained in the working memory 635,
Such instructions may be read into the working memory 635 from another computer-
readable medium, such as one or more of the storage device(s) 625. Merely by way of
example, execution of the sequences of instructions contained fo the working memory
635 might cause the processor(s) 610 to perform one or more procedures of the methods

described herein.

16674} The terms “machine-readable medium” and “computer-readable medium,”
as used herein, refer to any medium that participates in providing data that cagses a
machine to operate in a specific fashion. In an cmbodiment implomented using the
computer system 600, various computer-readable raedia nught be involved in providing
mstructions/code to processor{s) 610 for execution and/or might be used to store and/or
carry such fnstructions/code {c.g., as signals). In many implementations, a computer-
readable medium is a physical and/or tangible storage medivim. Such a mediom may
take many forms, including but not Hmited to, non-volatile media, volatile media, and
transmission media. Non-volatile media inclade, for example, optical and/or magnetic
disks, such as the storage device(s) 625. Volatile media inciude, without Hmitation,
dynamic memory, such as the working memory 635, Transmission media inchude,
without limitation, coaxial cables, copper wire and fiber optics, including the wires that

comprise the bus 605, as well as the various components of the commmmications
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subsystem 630 {and/or the media by which the commumications subsystem 630 provides
comnmmication with other devices). Hence, transmission media can also take the form
of waves (inclading without imitation radio, acoustic and/or light waves, such as those

gencrated during radio-wave and infraved data convoumications).

8875} Common forms of physical and/or tangible computer-readable media
wnclude, for example, a floppy disk, a flexible disk, bard disk, magnetic tape, or any
other magoetic medium, a CO-ROM, any other optical medium, puncheards, papertape,
any other physical mediom with patterns of holes, a RAM, a PROM, EPROM, a
FLASH-EPROM, any other memory chip or carividge, a carrier wave as described
hereinafter, or any other medivm from which a computer can read nstructions and/or

code,

18876} Vartous forms of computer-readable media may be invelved in carrying one
or more sequences of one or more nstructions to the processor(s) 610 for execution.
Merely by way of example, the instructions may initially be carried on a magnetic disk
and/or optical disc of a romote computer. A romote computer might foad the
instructions into #s dynamic memory and send the jnstructions as signals over a
transission medium to be received and/or executed by the computer system 660,
These signals, which might be in the form of clectromagnetic signals, acoustic signals,
optical sigonals and/or the like, are all examples of carrier waves on which instructions

can be encoded, 1n accordance with various embodiments of the invention.

18977} The commumications subsystem 630 (and/or components thercof) generally
will receive the signals, and the bus 605 then might carry the signals (and/or the data,
nstructions, ote. carried by the signals) to the working memory 635, from which the
processor{s) 605 retricves and exccutes the instructions. The instructions received by
the working memory 635 may optionally be stored on a non-transitory storage device

625 either before or atter execution by the processor(s) 610,

[8978] Figure 7 may then describe a particular erobodiment of a mobile device such
as user computing devices 120, 122, and 124 of figure 1. Mobile device 700 includes a
processor 710, and a memory 720, Mobile device 700 may use processor 710
configured to execute instructions for performing operations at a number of components

and can be, for example, a general-purpose processor o1 microprocessor suitable for
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implementation within a portable electronic device. Processor 710 1s communicatively
coupled with a plurality of components within mobile device 700, To realize this
compminicative coupling, processor 710 may communicate with the other tllustrated
components acress a bus 740, Bus 740 can be any subsystem adapted to transfer data
within mobile device 700, Bus 740 can be a plurality of computer buses and mclude

additional circuitry to transfer data.

188791 Memory 720 may be coupled to processor 710, In some embodiments,
memory 720 offers both short-termy and long-term storage and may in fact be divided
into scveral units. Memory 720 may be velatile, such as static random access memory
{(SRAM) and/or dypamic random access memory (DRAM) and/or non-volatile, such as
read-only memory (ROM}, flash memory, and the hike. Furthermore, memory 720 can
include removable storage devices, such as secure digital (SD) cards. Thus, memory
720 provides storage of computer veadable instructions, data structurcs, program

modules, and other data for mobile device 700. In some embodiments, memory 720

may be distributed into different hardware modules.

{8880} In some embodiments, memory 720 stores a phurality of application modules
721 through 722, which may be any mumber of applications.  Application modules
contain particedar instroctions to be executed by processor 710, In alternative
embodiments, other hardware modules 761 may additiovally execute certain
applications or parts of applications 721-722. In certain embodiments, memory 720
may additionally include secure memory, which may include additional sceourity

controls to prevent copying or other unauthorized access to secure information.

{8881 In some embodiments, memory 720 includes an operating system 723,
Operating system 723 may be operable to initiate the execution of the insiructions
provided by application modules 721-722 and/or manage other hardware modules 701
as well as interfaces with commumication modules which may use wireless transceiver
712, Operating system 723 may be adapted to perform other operations across the
components of mobile device 700 inclading threading, resource management, data

storage control and other similar functionality.

18882} In some embodiments, mobile device 700 includes a2 plurality of other

hardware modules 701, FEach of other hardware modules 701 is a physical module
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within mobile device 700, However, while each of hardware modules 701 s
permanently configured as a structure, a respective one of hardware modules 701-702
may be temporarily configured to perform specific fimctions or temporarily activated.
A common exanple is an application module that may program a camera module (e,
hardware module) for shutter release and image capture. A respective one of hardware
modules 7 can be, for example, an accelerometer, 2 Wi-Fi transceiver, a satellite
navigation system receiver {¢.g., a GPS module}, 3 pressure module, a temperature
module, an audio cutput and/or foput module (e.g., a microphone), a camera module, a
proxinity sensor, an alternate line service (ALS) module, a capacifive touch sensor, a
near ficld commumnication (NFC) module, a Bhugtooth transceiver, a celbular transceiver,
a magnetorocter, a gyroscope, an inertial sewmsor {e.g., & module the combines an
accelerometer and a gyroscope), an ambient light sensor, a relative humidity sensor, or
any other similar module operable to provide sensory output and/or receive sensory
input. In some embodiments, one or more functions of the hardware modules 701-702

may be implemented in software.

{8983} Mobile device 700 may include a component such as  wireless
comummication module whick may intcgrate antenna 714 and wircless transceiver 712
with any other hardware, fitmware, or software necessary for wireless conmmunications.
Such a wireless commumication module may be configured to receive signals from
various devices such data sources via networks and access points such as network

access point 120

{8884} I addition to other hardware modales 701 and application modules 721-722,
mobile device 700 may have a display module 703 and a user jnput module 704
Display meodule 703 graphically presents information from mobile device 700 to the
user. This information may be derived from one or more application modules 721, one
or more hardware modules 701, 3 combination thereof, or any other suitable means for
resolving graphical comtent for the user {e.g., by operating systems 723).  Display
modude 703 can be Hguid crystal display (LCD) technology, light emitting polymer
display {LPD} technology, or some other display technology. In some embodiments,
display module 703 is a capacitive or resistive touch screen and may be sensitive to
haptic and/or tactile contact with a user. In such embodiments, the display module 703

can comprise a8 multi-touch-sensitive display.
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{6885} The methods, systems, and devices discussed above are examples. Various
embodiments may omit, substitute, or add various procedures or components as
appropriate. For instance, in altemative configurations, the methods described may be
performed in an order difforent from that described, and/or various stages may be
added, omitied, and/or combined. Also, features described with respect to certain
embodiments may be combined in various other embodiments. Difforent aspects and
clements of the embodiments may be combined in a similer manner. Also, technology
evolves and, thus, many of the clements are examples that do ot limit the scope of the

disclosure to those specific examples.

{8086} Specific details arc given in the description to provide a thorough
understanding of the embodiments. However, embodiments may be practiced without
these specific details.  For example, well-known circuits, processes, algorithms,
structures, and technigues have been shown without unnecessary detail in order to aveid
obscuring the embodiments. This description provides example embodiments only, and
is not intended to hmit the scope, applicability, or configaration of the invention.
Rather, the preceding description of the embodimenis will provide those skilled in the
art with an cpabling description for tmplementing embodiments of the mvention.
Various changes may be made in the function and arrangement of elements without

departing from the spirit and scope of the invention.

{8887} Also, some embodiments were described as processes depicted as tlow
diagrams. 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 fncluded in the
figure. Furthermore, embodiments 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 associated tasks may be
stored in a computer-readable medium such as a storage medium. Processors may

perform the associated tasks,

{3888} Having described several embodiments, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the
disclosure. For example, the above clements may merely be a comporent of a larger
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systemn, wherein other rules may take precedence over or otherwise modify the
application of the invention. Also, 3 number of steps may be undertaken before, during,
or after the above cloments are considered. Accordingly, the above description does not

ot the scope of the disclosure.
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WHATIS CLAIMED 15:

1. A method comprising:

identifying, using a computing device, a plurality of access poinis in g
first area using an identifier for cach access point of the plurality of access points;

associating a location assistance guality value with cach access point of
the phurality of access points;

selecting a subset of the plurality of access points based on the location
assistance quality value of each access point of the plurality of access points; and

gencrating assistance data including identifiers for the subset of the

phurality of access points.

2. The method of claim 1 further comprising:
comumunicating the assistance data for the subset of the plurality of

access points to a mobile device in response to a request for location services.

3. The method of claim 1 wherein the location assistance quality valuc

comprises a first quality value based on previously determined vendor priovity.

4. The method of claim 1 wherein the location assistance quality value
comprises a second quality value based on a number of access points associated with a

particular vendor.

5. The method of claim 1 wherein the location assistance quality value

comprises a value associated with a mobile side chip.

6. The method of claim 1 wherein the location assistance quality value

comprises a horizontal dilution of precision {(HDOP) value.

7. The method of claim | wherein the location assistance quality valoe
comprises a received signal strength indication (RSST) heat map quality value.
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8. The method of claim 1 further comprising, caleulating the location
assistance guality value using a name quality value, a2 name quantity value, and a mobile

guality value,

8. The method of claim & wherein calculating the location assistance
guality value further comprises:

determining a first group of access points from the name quality value,
the name quantity value, and the mobile quahity value of each of the plurality of access
points to identify the first group of access points;

receiving hovizontal dilation of precision (HDOP) information and
received signal strength indication (RSS1) heat map information for cach access point of
the first group of access points;

calcolating a signal quality value from the HDOP information and the
RSST heat map information; and

further calculating the location assistance quality value using the signal

quality value.

10. The method of claim | wherein selecting the subset of the plurality
ot access points based on the location assistance quality vahie of cach access point of
the phurality of access points compriscs climinating access points identified as having

mobile chipsets from the subset of the plurality of access points.

11. The method of claim 1 further comprising communicating the

assistance data to a location assistance server.

12. The method of claim | wherein identifying the phlurality of access
points in the first area using the identifier for cach access point of the plurality of aceess
POInts COTIPrises:

receiving, using a mobile device comprising the computing device at a
first location within the first area, a first sct of signals from at least a first portion of the

phuarality of access points;
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receiving, using the mobile device at a second location within the first
arga, a second set of signals from at least a second portion of the plurality of access
points; and

associating a first set of dentificrs corresponding to the wdentifier for
each access point of the plurality of access points with each access point of the first and

seccond portions of the plurality of access points.

13. The method of claim 1 wherein identifying the phurality of access
points in the first area using the identifier for each access point of the plurality of access
POINES comprises:

identifying a plurality of media access controls (MACUs) associated with
a single access point;

merging the plorality of MACs associated with the single access point
into & virtual access point; and

assigning a first identificr to the virtual access point.

14. The method of claim 13 wherein associating the location assistance
guality value with each access point of the plurality of access points coraprises

associating a first location assistance quality vahie with the virtual access point.

15. A mobile device comprising:

& ProCessor;

an anterma coupled o the processor; and

a computer readable storage device coupled to the processor;

wherein the antenna receives signals from a plurality of access points and
communicates the signals to the processor which identifies the plurality of access points
m a first area using an identifier for each access point of the plurality of access pomts;
and

wherein the processor associates a location assistance quality value with
cach access point of the plurality of access points, selects a subset of the plarality of
access points based on the location assistance quahity value of each access point of the
phuarality of access points and generates assistance data including identifiers for the

subset of the plurality of access poiuts.



WO 2014/150724 PCT/US2014/024079

16. The mobile device of ¢laim 15 wherein the processor further

communicates the assistance data to a location assistance server via the antenna.

17. The mobile device of claim 15 wherein the processor further
calculates RSSE map data using the signals from the plurality of access points, and
wherein the location assistance quality value of each access point of the plurality of

access points is based on the RSS1 map data.

18. A non-transitory computer readable storage medivm comprising a
computer program product of computer readable instructions for performing a method
of providing assistance data, the method comprising:

receiving, at a computing device, at least one signal associated with a
phurality of access points in a first area;

identifying the plurality of access points using an identifier for cach
access point of the plurality of access pomnts;

associating a location assistance guality value with the identifier for cach
access point of the plurality of access points;

selecting a subset of the plurality of access points based on the location
assistance quality value of each access point of the plurality of access points; and

gencrating the assistance data including identifiers for the subset of the

phurality of access points.

19. The non-transttory computer readable storage medium of claim 18
wherein the computing device compriscs a location assistance server, and wherein the at
least one signal is received from a first mobile device in comumumication with at least a

portion of the pharality of access points,

20. The non-transitory computer readable storage medium of clatm 19
wherein the method further comprises:
receiving, from a second mobile device, a request for the assistance data

associated with the first arca; and
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communicating from the computing device to the second mobile device,
the assistance data including the identifiers for the subset of the plurality of access

poinis,

2. A computing device comprising:

means for identifving a plurality of access points in a first area using an
identifier for each access point of the plurality of access points;

means for associating a location assistance quality value with each
access point of the plurality of access points;

means for selecting a subset of the phurality of access points based on the
focation assistance quality value of each access point of the plurality of access points;
and

means for generating assistance data meluding wdentifiers for the subset

of the plurality of access points.

22. The device of claim 21 further comprising:
22. Thed fclaim 21 turth I g

means for communicating the assistance data for the subset of the
plorality of access points to a mobile device 1n response to a request for location

SCIVICES.

23, The device of claim 21 further comprising:
means for calculating the location assistance quality value using a name

quality value, a name quantity value, and a3 mobile quality vaiue.

24. The device of claim 21 forther comprising:

means for determining a first group of access poiunts from the name
guality value, the name quantity value, and the mobile quality value of each of the
phurality of access points to identify the first group of access points;

means for receiving horizontal ditution of precision (HDOP) wformation
and received signal strength indication (RSSI) heat map information for cach access

pount of the first group of access poiuts;
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means for caleulating a signal quality value from the HDOP information
and the RSST heat map information; and
means for calculating the location assistance guality value using the

signal guality value,

-30-
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