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CROWDSOURCING INFORMATION IN A COMMUNICATION NETWORK
USING SMALL CELLS

BACKGROUND

18081} Aspects of the disclosure relate to computing technologics, including
computer software and computer hardware.  In particular, various aspects of the
disclosure relate to using small cells {c.g., micro, pice or femto cells) as reliable

crowdsourcing agents.

18862} A number of software applications, websites, and other functionahities that
can be provided on a mobile device are beginning 10 use position information to further
enhance a user’s experience when using such a device. For example, a device may
access a particular website, such as 2 restaurant review website, and the website may
use information about the device’s current location in order to provide location-specific
content, such as reviews of nearby restaurants, to the device. Other applications and
websites may, for fnstance, use information about a device’s current location to display
relevant maps to a user, provide the user with information about local businesses, or

mform the user of a local weather forecast,

18803} An ability to estimate a mobile device’s location may be made possible by
any one of several signals-based position cstimation technologics such as, for example,
satellite positioning systems {¢.g., the Global Positioning System (GPS) and the like),
advanced forward-link trilateration (AFLT), observed time difference of arrival

{OTDQOA), enhanced cellular identification (ECID), just to name a fow examples.

[8804] In many instances, a mobile device that estimaies a position as a result of
receiving signals from base stations of a cellular network or from space vehicles of a
satellite positioning system (SPR), for example, may be assisted by signals from a
terrestrial cellular voice or data communications system. Such assistance may reduce a
time required by the mobile device (o acquire positioning signals, and may inchide
information to allow position calculation, such as location of base stations or access
points, timing of or between base stations, positioning reference signal (PRS) structure
information, and the like.
1-
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R LIRS, Oune way for obtaining such assistance information {¢.g., basc station’s
location, timing between base stations, radio parameters) is via mobile device

crowdsourcing.

T In mobile device crowdsourcing, a multitude of mobile devices send
observed data to a crowdsourcing server. Examples of observed data can include signal
strength information, tiodng information of base stations or befween base stations,
round-trip-time (RTT) measurements, or the like. The observed data can further be
associated with a particular source identifier (e.g., 2 cell-identifier (ID)} of the base
station, medium access control (MAC) address of the access point} and tagged with the
mobile device's focation, if avallable. A crowdsourcing server can estimate information
based on the reccived observed data from mubtiple mobile devices. The estimated
information (¢.g., base station/access point locations, base station/access point coverage
arcas, base station/access point timing) can be stored in a database. The database may
be used for assisted position calculation, or to provide assistance data to other mobile
devices in the network., Additionally, even though an mdividual mobile deviee-
ohserved data may be inaccurate, the counsensus of the moltitude of mobile devices can
be more precise. Furtbermore, mobile device crowdscurcing may obtain necessary
mformation of the radio network (e.g., base stationfaccess point locations, fiming

information) which would otherwise be difficult or impossible to obtain.

{88071 Crowdsourcing via mobile devices may encounter several disadvantages
associated with osing a mobile device as a crowdsourcing agent including limited
battery life, position unceriainty, and comparative availability. The crowdsourcing
activity in the mobile device may impact user experience (e.g., significantly draining the
battery, make the mobile device less responsive to user interactions). Additionally, it
can require bandwidth of the communications network for uploading the measurement
data o the server over the air. In addition, the mobile device’s location may be needed
for the server to correctly estimate information based on the observed data. The mobile
device’s location may not be available or obtaining it may further drain the battery. The
guality of the information maintained by the crowdsourcing servers can be inaccurate if

the mobile device’s location is maccurate.
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8008] Furthermore, there may be privacy concerns with the mobile device

crowdsourcing approach, since the mobile device is associated with a particular
user/subscriber, and the observed data may reveal information about the user (e.g.,
his/her location)., Therefore, the user of the mobile device can have the option to
explicitly allow or deny the reporting of the observed data. If many users dony the data
reporting, the quality of the information maintained by the crowdsourcing servers might

be less than desired.
BRIEF SUMMARY

18609} Certain embodiments are described that relate to using small cells as reliable
crowd-sourcing agents. In contrast to mobile devices, small cells (e.g., microcells,
picocells, femtocelis) may have a known location, may have a wired broadband
connection to the Internet and may not be powered by a batiery.  Additionally, the
location of small cells may change very rarely, or not at all. This makes small cells
suited for crowdsourcing mformation, since it avoids the disadvantages of the mobile

device crowdsourcing approach.

[88106] In some embodiments, a small cell installed at a known location may
chserve one or more wircless signals at the known location, wherein the small cell
comprises a buili-in network listen receiver for observing cellular downlink signals,
Subsequently, the small cell may provide, to at lgast one crowdsourcing server,
information that identifics the location and describe one or more detected propertics of
the one or more observed wireless signals. In at feast one arrangement, the information
provided to at least one crowdsourcing server is a positioning reference signal (PRS)
configuration based on observed long term evelution {LTE) downlink signals. In at
least one arrangement, the information provided to at least one crowdsourcing server
mcludes PRS bandwidth mformation, PRS configuration mndex information, number of
PRS subframes, and/or PRS muting or idle patterns based on observed LTE downlink
signals.  In at least ove arrangement, the information provided 1o at least one
crowdsourcing server is contigured to be used by the at least one crowdsourcing server
in providing position assistance information to one or more mobile devices located in a

vicinity of the location.
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8011} According to another embodiment, a small cell for crowdsourcing wireless
signals may comprise: one or more small cell baseband processors; and memory storing
computer-readable instructions that, when executed by the one more small cell baseband
processors, cause the small cell to: observe one or more wircless signals at a known
location at which the small cell is installed, wherein the small cell comprises a built-in
network Hsten receiver for observing cellular downlink signals; and provide, to at least
one crowdsowrcing scrver, information that identifies the known location and describes
one or more detected properties of the one or more observed wircless signals, wherein
the mformation is used by the at least one crowdsoureing server in providing position
assistance nformation to one or more mobile devices located in a vicinity of the known

{ocation.

6612} According to another cmbodiment, the small cell-based method for
crowdscurcing wireless signals may comprise: a means for observing, by a small cell
mstalled at a known location, one or more wireless signals at the known location,
wherein the small cell comprises a built-in network listen receiver for observing cellular
downlink sigpals; and a means for providiog, by the small cell, to at lcast one
crowdsourcing server, information that identifics the known location and describes one
or more detected propertics of the one or more observed wireless signals, wherein the
information is used by the at least one crowdsourcing server in providing position
assistance information to one or more mobile devices located in a vicinity of the known

{ocation.

18013} According to another embodiment, one or more computer-readable media
storing computer-executable instructions for crowdsourcing wircless signals that, when
executed, may cause one or more computing devices included in a small cell to: observe
one o1 more wirciess signals at g known location at which the small cell is nstalied,
wherein the small cell comprises a built-in network listen recetver for observing cellular
downlink signals; and provide, fo at least one crowdsourcing server, mformation that
identifics the known location and describes one or more detected properties of the one

or maore observed wircless signals, wherein the information s used by the at least one
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crowdsourcing server in providing position assistance information fo one or more

mobile devices located in a vicinity of the known location.

8614} I some embodiments, a8 multitude of small cells with a crowdsourcing client
can monitor the radio environment {¢.g., a global system for mobile communications
{(GSM) network, a universal mobile telecommunications system (UMTS), wireless local
arca network (WLAN)) and can report the measurement data to a crowdsourcing server.
In one or more arrangements, the monitored network does not need to use the same
technology as the small cell. For example, a GS5M or WLAN network may be

monitored by an LTE small cell.

[8615] For example, the crowdsourcing chient, in the small cell, may perform the
access network observations using a network lsten recetver. The crowdsourcing clierd
may, optionally, also receive or derive global navigation satellite system {GNSS)
readings. The network Hsten receiver may listen to downlink transmissions {e.g.,
broadcast signals) at licensed frequencies (e.g., GSM, UMTS, LTE, code division
multiple access (CDMAY), and also at unlicensed fregueuncies (e.g., WLAN). The GNSS
function in the network listen receiver may time stamp radio frames with GNSS system
time and dehiver these cellular-GNSS time associations to the crowdsourcing client,
Alterpatively, the crowdsourcing client itseif may derive the cellular-GNSS tine

association.

186816] According to some embodiments, the crowdsourcing client may process the
data according to certain requirements to determine the measurement data. For example,
it may determine received signal strength indications, RTT measurements for the
occived base stations and/or access peints. The measwrement data processing may,
optionally, make use of a lecal database (e.g., basc station coordinates, access poud
coordinates). The local database may be generated by the crowdsourcing client or may
be received from a crowdsourcing scrver.  The measwrement data can then be
encapsulated in a particular crowdsourcing protocol, and an upload manager can

transmiit the measurement data via the network to a crowdsourcing server.
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18017} In some embodiments, a crowdsourcing server may coraprise at least one
processor; and memory storing computer-readable instructions that, when executed,
cause the server to receive, from a small cell installed at a known location, information
describing one or more wireless signals observed by the small cell at the known
location, wherein the small cell comprises a buili-in network listen receiver for
observing cellular downlink signals; update a database based om the received
information; and provide location assistance information to one or more mobile devices

using information included in the database.

18818} In another embodiment, a method for crowdsourcing wircless signals using a
crowdsourcing server may comprise: receiving, from a sroall cell installed at a known
location, information describing one or more wireless signals ghserved by the small cell
at the koown location, wherein the small cell comprises a built-in network listen
recciver for observing cellular downlink signals; updating a databasec based on the
received information; and providing location assistance information to one or more

mobile devices using information included in the database.

16619} fn another embodiment, one or more computer-readable media storing
computer-exccutable  instructions for crowdsourcing wireless signals that, when
executed, 1oay cause one or more computing devices included in 2 crowdsourcing server
to: receive, from a small cell installed at a known location, information describing one
or more wireless signals observed by the small cell at the known location, wherein the
small cell comprises a built-in network listen recciver for observing cellular downlink
signals; update a databasec based on the received information; and provide location
assistance information o one or more mobile devices using nformation included in the

database.

{8020] In another embodiment, a methed for crowdsourcing wircless signals using a
crowdsourcing server may comprise: a means for receiving, from a small celf installed
at a known location, information describing one or more wircless signals observed by
the small cell at the known location, wherein the small cell comprises a built-in network

listen receiver for ohserving cellular downlink signals; a means for updating a database
g 2 5 ! g
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based on the reccived information; and a means for providing location assistance

miformation to one or more mobile devices using information included in the database.

86211 In one or more arrangements, the information provided to the crowdsourcing
server may be configured to be position location data. For example, the crowdsourcing
server may be configured o receive observed signal information from a mobile device,
analyze this information by comparing the signals observed by the mobile device with
stored information originally received from one or more small cells (and possibly other
sowrees) about obscrvable signals in varicus locations, and determine an estimated
position of the mobile dovice based on the analysis of the signals obscrved by the
mobile device. In other examples, the crowdsourcing server may be configured to
provide the stored mformation to a mobile device so as to allow the mobile device to

analyzc the observed signal information and determine an estimated position for itselfl

68221 In pne or more arrangements, the information that characterizes the fixed
focation and describes the one or more detected properties of the one or more observed
wircless signals may jnclude one or more reccived signal strength indication (RSSD
measurements corresponding to the one or morce observed wireless signals, one or more
time of arrival {TOA) measurements corresponding to the one or more observed
wircless signals, onc or more time difference of arrival (TDOA)Y measurements
corresponding to two or more observed wireless signals, one or more angle of arrival
(AQA) measwrements corresponding to the one or more observed wireless signals,
and/or one or more round trip time (RTT) measurements corresponding to the one or
more observed wireless signals. These various propertics may, for instance, provide the
criteria for comparing observed wircless signals with stored information about
observable signals, and thereby may facilitate determining an estimated position based

on information sbout signals observed by a particular device.
BRIFF DESCRIPTION OF THE DRAWINGS

188231 Aspects of the disclosure are illustrated by way of cxample. In the

accompanying figures, like reference numbers indicate similar elements, and:
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18024} FIG. 1 illustrates a simplified diagram of a smali cell and its associated

maodules;

18625} FIG. 2 illustrates a simplified diagram of a crowdsourcing client according to

some embodiments;

{8026} FIG. 3A illostrates a simplified diagram of a crowdsourcing architecture

according to some embodiments;

18627} FIG. 38 illustrates a simplified diagram of a crowdsourcing server and its

assoctated modules;

[B028] FIG. 4A illustrates an example method of receiving and maintaining

information about obscrved wireless signals according to some cmbodimenis;

{80291 FIG. 4B illusirates an cxample method of providing calculation assistance to
a mobile device in an mobile station (MS) -Assisted mode of operation according fo

some embodiments;

18030} FiG. 4C dlustrates an cxample method of providing position assistance
information to a mobile device in an M3-Based mode of operation according to some

embodiments;

{8031} FIG. 4D illustrates an example method of providing position assistance

information to a mobile device according to some embodiments;

{8032} FIG. 4E illustrates an example method of providing position assistance
information to a mobile device using a crowdsourcing server according to some

embodiments;

18033} FIG. § illustrates an exarople method outlining the steps for determining the

PRS information by listening to LTE downhlink signals according to some embodiments;

18034} FIG. 6A illustrates the mapping of positioning refercnee sigonals to resource
clements for a normal cyclic prefix for one-or-two transmit anterma ports according to
some embodiments;

8-
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18035} FIG. 68 illustrates the mapping of positioning reference sigoals to resource
clements for a normal cyclic prefix for four transmit anteona ports according to some

embodiments;

{8036} FIG. 7A illostrates the mapping of positioning reference sigunals to resource
clements for an extended cyclic prefix for ong-or-two transmit antenna ports according

to some embodiments;

{8637} FIG. 7B illustrates the mapping of positioning reference signals to resource
elements for an extended cychic prefix for four transmit antenna ports according 10 some

embodiments;

[8038] FIG. 8 illustrates an cxample of positioning occasions with Npgs = 4

subframes, separated by Tprs subframes according to some embodiments;

18639 FIG. 9 illustrates an example of the cell specific subframe offset, which
defines the starting subframe of PRS transmission relative to system frame noamber

SFN=0 according t¢ some embodiments;

{38487 FIG. 10 illusirates an example of the determination of the PRS transmission
schedule based on correlating the received signal frame with the replica signal generated

according to some embodiments;

{8041} Fig. 11 illustrates an cxample of the corrclation results for one PRS
subframe, under the assemption that there are 50 resource blocks for the PRS according

1o some embodiments;

{8042} FIG. 12 illustrates an example where the system bandwidth of the received
signal is 50 resource blocks, but the PRS oceupy only 13 rescurce blocks according to

gsome embodiments;

16843] Fig. 13 dlustrates an example of PRS muting pattern with Type of four

positioning occasions according to some embodiments;
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18044} FIG. 14 dlustrates an cxample of a group of four cells with alicrmating

muting patterns according 1o some embodiments; and

18045} FIG. 15 llustrates an example of 8 computing system i which one or more

embodiments may be implemented.
DETAILED DESCRIPTION

18846] Several illustrative embodiments will now be described with respect to the
accompanying drawings, which form a part hereof. While particular embodiments, in
which one or more aspects of the disclosure may be implemented, are described below,
other embodiments may be used and various modifications may be made without

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

16647 Certain embodiments are described that relate to using small cells for
observing wireless signals and reporting measurement data about observed signals to a
crowdsourcing server. Small cells can inclode low-powered radio access nodes, such as
a femtocell, picocell, and microcell. This may cnable othor devices, such as mobile
wireless devices, to determine their position based on the signals that they can observe
and the mnformation reccived from the crowdsourcing server. Such assistance
information received from a crowdsourcing server may also reduce a time required by
the mobile device to acquire positioning sigoals, and may include information fo allow
position calculation, such as location of base stations or access points, timing of or
between base stations, positioning reference signal (PRS) structure information, and the

like

{88481 While some counventional systems may provide other types of signal-
chservation-based position determination and assistance data information, these systoms
often rely on expensive, inaccurate, and inconvenient techmigues for gathering
information about the wireless signals that are observable in particolar locations, such as
war driving or mobile-device-based crowd-sourcing. By using small cells as reliable
crowd-sourcing agents, however, in accordance with various aspects of the disclosure,
miformation about observable wireless signals at various locations can be gathered and
compiled more easily, accurately, and conveniently.
-19-
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18049} Advantages of Small Cells as a Crowdsonreing Agent

{88587 Smaii cells can be ideal for crowdsourcing becausc small cells may be
located at a fixed or known location. Additionally, small cells can communicate over a
wired network, which does not create more air traffic for measurement reporting.
Furthermore, small cells do not have to be powered by battery; so they are not power-
constrained and can constantly monitor signals,  Small cells can also have more

processing power than mobile devices {e.g., processing complex LTE correlation data).

18051} In various crabodiments sraall cells {e.g., micro, pico or feroto cells) are used
as reliable crowdsourcing agents.  Certain aspects relate to techmiques that utilize the
capabilities of small cells to collect information about observed wircless signals that can
be used by mobile devices as crowd-sourced location assistance information. For
example, position location metheds (e.g., observed time difference of arrival (OTDOA),
advanced forward link irilateration {AFLT), WLAN positioning, assisted-GNSS (A-
GNSS)) requires the geographical location of base stations or access points, and timing
between base stations and radio parameters (e.g., idle/muting periods, reference
signal/pilot configurations). One way for obtaining such information is via small cells
crowdsourcing. Small cells are particolarly suited for crowdscurcing information,
because they avoid disadvantages of the mobile device crowdsourcing approach, as

discussed in the backgroumd section.

16652} Furthermore, heterogeneous networks, or HetNet, have emerged 1o increase
mobile data traffic capacity in communication networks, HetNet can use multiple types
of access nodes in a wireless network, For example, a HetNet can use macrocells and
small cells {(c.g., microcells, picocells, femtocells) for wircless coverage in an
environment with a wide varicty of wircless coverage zones. The idea is to have a
macrocells {e.g., high power base station) cooperating with small cells (e.g., microcells,
picocehs, fomtocels) to work together within the macro network, As demand for more
mobile data traffic mcreases, HetNets can become more prominent, and the number of
small cells can increase. Therefore, having a large quantity of small cells can make the

crowdsourcing more accurate.

-11-
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{8053} Smali cells can be leveraged to fraprove coverage and deliver capacity nside
buildings. An example of a femtocell can be a home base station where a user plugs it
into a home or office broadband connection to boost network signals inside buildings.
For example, a picoccl can be used to extend cutdoor signal coverage to an indoor area
such as metro station or to add network capacity in an arca with dense phoune usage. An
example of a microcell can be a low power cell in a cellular network served by a base
station, covering a limited arca such as a building. According to one cmbodiment, the
range of a microcel]l can be two miles; a picocell can be 200 vards; and a fomtocell can

be 20 yards, whereas a standard base station can have a range of 22 miles.

HHIRE] Furthermore, the location of the small cells may be required in order to
confirm that the small cell is being used within the operator’s licensed region. It may
aiso be used to ensure thet commercial resirictions on the use of the small cell are

complied with., Thercfore, the location of the small cells may be known.

{8055} For example, there are scveral approaches for determining the small cell
location. The most widely used approach 15 the use of an A-GNSS module inside the
small cell. Additionally, the GNSS location assistance data may be obtained from a
location server via the broadband connection of the small cell {e.g., digital subscriber

tine (DSL), power line communication).

18856] Small cells can have a known location and may have wired broadband
connection to the tdernet. The location of the small cell usually changes very rarely, or
not at all.  Additionally, small cells are not powered by a battery. Furthermorve, the
population of small celis is expocted to be high in the fiture, as previously mentioned
with the HetNet mplementation. Therefore, it can be foreseeable that cach building or
roor may be deployed with a small cell to fulfill the bandwidth demands of future

maobile communications.

{8657 This makes small cells perfectly suited for crowdsourcing information of the
c.g., macro network, since they avoid the disadvantages of the mobile device

crowdsourcing approach described in the background section.

[B058] Network Monitoring using Small Celis
13-
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18059] A network listening module (NLM) (also referred to as network listen
receiver 140) which may be already available in small cells (e.g., fomtocells), can be
modified to include an additional crowdsourcing module for additicnal measuring
capabilities. The NLM may receive continuously and operates alongside the small ceil
radio.  This allows long obscrvation or histen times, which for example, may be

desirable for determining PRS contiguration parameters for LTE signals.

{8860 As previously mentioned, the monitored network does not need to use the
same techuology as the small cell. For example, a GSM or WLAN network may be

monitored by 2 LTE small cell

{8061} A small cell may monitor a radio network continuously, since the small cell
is usually not powered by a battery. The small cell may obtain measurcruents needed 1o
derive the necessary mformation, such as base station locations of the e.g., macro
network, timing information (e.g., base station timing relative to GNSS time), or pilot
signal configuration {e.g., LTE positioning reference signal (PRS) structure, muting or

idle patterns).

8062} Various embodiments will now be discussed in greater detail with reference

to the accompanying figures, beginning with FIG. {.

18863} Fig. 1 tllustrates a stmplified diagram of a small cell 100 and its associated
modales. For example, a small cell {e.g., fomtocell) may include modems (e.g., UMTS
femte modem 101, LTE femto modem 102, ¢dma2000 1x fomto modem 103, data only
{DO) or high rate packet data (HRPD) fomto modem 104), a digital signal processor
(DSP) 116, a central processing unit (CPUY 120, and an ethernet module 130, The small
cell 100 may also inchide a network listen receiver 140, which may be able to receive
signals from various access notworks using various network receivers {(e.g., GSM
recetver 141, UMTS receiver 142, LTE receiver 143, CDMA receiver 144, WLAN
receiver 145}, According to some cmbodiments, the network receivers can be
incorporated in one physical recciver module or in muoltiple receiver modules. The
network listen receiver 140 can also include a GNSS receiver 146 for position location

and timdng determination. The GNSS receiver 146 may also bave the capability for

-13.
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time stamping the various access network signals with a GNSS time {c.g., for providing

fine fime assistance measurements).

H ] GSM, UMTS and LTE are described in documents from a consortium named
“3rd Generation Partnership Project” (3GPP).  ¢dmaZ000 Ix, DO, and HRPD are
described in documents from a consortivm named “3rd Generation Partnership Project
27 (3GPPY). 3GPP and 3GPP2 documents are publicly available,. A WLAN may

mchude an TEEE 802,11 network.

18065} The GNSS receiver may comprise a global positioning system (GPS)
receiver, a Galileo receiver, a Glonass receiver, a Quasi-Zenith Satellite System (QZ55)
receiver, an Indian Regional Navigational Satellite System (IRNSS) receiver, 8
Beidow/Compass receiver, a Satellite Based Augmentation Systern (SBAS)) receiver,

and/or the hike.

88686] In some embodiments, the network listen receiver 140 may observe wirciess
signals at the location at which the small cell is installed. For example, the network
listen receiver 140 may observe wircless signals transmitted by a macro BS 310 by
detecting the presence of these signals and measuring various propertics of these
signals, which may include taking one or more received signal strength indication
(RSS31) measurements, one or more time of arrival (TOA) measurements, one or more
time difference of arrival (TDOA) measwrements, one or more angle of arrival {ADA)
measurcments, and/or one or more round #rip fime (RTT) measurements.  While these
measurements are Histed here as examples, other measurements may similarly be taken

by the network listen receiver 140 m addition to and/or instead of one or more of these

18867] As another example, the network listen receiver 140 may cobserve wireless
signals fransmitted by an access point 320 by sivdlarly detecting the presence of these
signals and measuring various propertics of the signals. For instance, access point 320
may be configured to provide a local wireless network, and the network listen receiver
140 may detect and obscrve siguals fransmitted by access point 320 in providing the

{ocal network.
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(8863 In some embodiments, one or more receivers in the network lsten receiver
140 may both actively observe wircless signals and passively observe wireless signals.
In a passive mode, one or more receivers in the network listen receiver 140 may receive
signals and measure wireless signals. On the other hand, in an active mode, one o
more receivers in the network Hsten recetver 140 may send a probe message and wait
for a response. This may, for mstance, be used in observing WLAN signals using
WLAN receiver 145 which has additional transmit capability in such an embodiment, in
which the WLAN receiver 145 may periodically send a probe request that causes all
wireless access poimnts detecting the probe request to vespond. If RTT information is
being gathered by the WLAN receiver 145 for example, the WLAN receiver 145 may
send an active probe, wait for a response, and then measure the round trip time between

sending the probe and receiving the response(s).

[8068] In some embodiments, in addition to being configured to observe wircless
signals described above {e.g., GSM signals, UMTS signals, LTE signals, CDMA

signals, WLAN signals, and/or GNSS signals) transmitted by access points and/or base
stations and/or space vehicles , the small cell also may be configured to observe
wircless signals transmitted by one or more other devices instead of and/or o addition
to the access points, base stations, and space vehicles discussed above. For example,
the small cell additionally or alternatively may be configured to observe broadcast
and/or wireless broadband signals (e.g., DTV signals, MediaFLO signals, ISDB-T
signals, DVB-H signals, ete.), WLAN signals {e.g., Zigbee signals, BT signals, UWB
signals, NFC signals, RFID signals, etc.), and/or any other tvpe(s) of signals, Ag
discussed in greater detail below, in addition (o observing various signals, the small cell
100 may gather and report information about any and/or alf of the signals that are

observed to a crowdsourcing server 3340,

18078} Oune or more commmunication paths may be provided that cnables the ove or
more modules described in FIG. T to commumicate with and exchange data with cach
other. In addition, the various modules illastrated in FIG. 1 may be implemented in

software, hardware, or combinations thereof
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(8871} In various embodiments, small cell 100 may include other modules than
those shown in FIG. 1. Additionally, the embodiment shown in FIG. 1 is only one
example of a systern that may incorporate some cmbodiments, and in other
embodiments, soxall cell 100 may have more or fower modules than those illustraied in
FI1G. 1, may combine two or more modules, or may have a different configuration or

arvangement of modules.

[B872] In some embodiments, the network histen receiver 140 can observe one or
more wircless signals at the location at which the small ccll is deployed. In observing
wircless signals, the small cell may, for instance, enable onc or more wircless interfaces,
provided by the smali cell 100, to scan for and receive one or more witeless signals that
are capable of being received at the location, and record and store information
describing varicus properiies of the received wircless signals, as well as any other
mformation that may be desirable, such as the time and/or date at which the signals
were received. Any and/or all of this information may subsequently be reported to a

crowdsourcing server 330, for instance, by the Ethernet module 130,

18673} Additionally, the network listen receiver 140 can unigue to a small cell. For
example, a small cell can use an network lsten recetver 140 to determine the level of
interference at the location where the small cell is deployed, which is needed for various

self-configuration purposes.

16674 According to some cmbodimenis, the small cell 100 can include a
crowdsourcing client 150, The crowdsourcing client 130 can collect data from the
network listen receiver 140, and determines desired data for upleading to a

crowdsourcing server 334

LLERY it should be noted that 3 Wi-Fi access point (AP} cannot be used for the
crowdsourcing purposes as described i this disclosure. Unlike a small cell, the Wi-Fi
AP does have a network hsten receiver which operates alongside the Wi-Fi AP, For
example, a Wi-Fi AP cannot Hsten to cellular signals (e.g., LTE signals). Additionally, a
Wi-Fi AP is not required to have a known location. A Wi-Fi AP requires at least a

network Hsten veceiver 140, which i1s not built-in in a conventional Wi-Fit AP. In

16~
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condrast, a small cell 100 bas the required hardware (¢.g., network lsten receiver 140)

for crowdsourcing purposes already built-in,

18876} Similarly, a plarality of macrocells cannot be used for the crowdsounrcing
purposes as described in this disclosore. Unlike smali cells, macrocells cannot listen to

downlink signals. Rather, macrocells can only transmit downlink signals.

{8077} According to some embodiments, a small cell may comprise of a base station
with all the common basc station functionality and a network listen receiver. For
exanple, the network listen receiver can be similar 1o user equipment (UE) device that
is only receiving. Both elements work alongside and independent of each other. The
base station part can be the communication part. The network listen receiver can be the
monitoring device to assist the sclf-configuration process {e.g., set transmit power,
determine neighbor lists for UE handover) of the base station. For example, the self-
configuration process can mchide items which a macro cell deployment would do as
part of the ccll deployment/planning process. Additionally, a small cell may be
deployed by the user, thercfore reguiring the sroall cell to self-configure using the

network lsten recciver for assistance to help provide the necessary measurements.

[B878] Furthermore, the network listen receiver 140 is unique to a small cell. For
gxample, the network listen receiver 140 can be used to determune the level of
interference at the location where the small cell is deployved, which may be needed for
various self-configuration purposes. A conventional small cell includes a built-in
network Hsten receiver. As a result, the built-in network Hsten receiver makes the small
cell suited for crowdsourcing, because the required hardware is already boilt-in and
needed for sclf-configuration purposes. Crowdsourcing using small cells takes
advantage of the avauability of the network listen receiver being already built-in the

srnall cell

18679} According to some embodiments, the PRS mmformation determination
modode 160 and crowdsourcing client 150 can be implemented by software and be

specifically designed for crowdsourcing purposes.

[8888] Reporting Measurement Bata to a Crowdsourcing Server

1“’
o
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{8081} The small cells may report the measurement data, for example, when
requested by a crowdsourcing server, or may report the measurements periodically, or

may report the measurements when there 1s 8 change in the reporting quantity.

{6682} In particelar, in some embodiments, the crowdsourcing client 150 may cause
the small cell to report measurement data about the observed signals to the
crowdsourcing server 330, which may access, store, and/or maintain a location
assistance server 360 in which information about the wireless signals that are observable
at various locations may be stored.  In reporting the measurement data about the
ohserved signals to the crowdsourcing server 330, the crowdsourcing client 150 may,
for instance, establish a data connection with the crowdsourcing server 330 via the
Ethernet modele 130 and subsequenily send one or more data messages to the
crowdsourcing server 330, In some cmbodiments, one or morg of those messages sent
by the crowdsourcing chient 150 may be 2 signal observations message, as discussed in

greater detail below.

18083} FiG. 2 illustrates a sinplified diagram of the crowdsourcing client 150, The
crowdsourcing chent 150 can receive put data 210 from the network listen receiver
140. Examples of input data 210 can include access network observations from the
network listen receiver 140, together with GNSS readings 206. The network listen
receiver 140 may hsten o downlink transmissions (e.g., broadeast signals) at
frequencies of the macro network {e.g., G8M readings 201, UMTS readings 202, LTE
readings 203, CDMA readings 204), but also at unlicensed frequencies (¢.g., WLAN
readings 205). As previously mentioned, the GNSS receiver 146 in the network listen
receiver 140 may also time stamp radio frames with the GNSS system time, and deliver
these cellular-GNSS  time associations to the crowdsourcing client 150, or the

crowdsourcing client 150 itsclf may derive the cellolar-GNSS time association.

16484] According to some cmbodiments, the crowdsourcing client 150 can
aggregate and filter the input data 210 using the data aggregation and filtering module
220, The measurement data processing module 230 can take the outputied data from
the data aggregation and filkering module 220 to process and obtain measurement data.
For cxample, measurement data can inchide received signal sivength indications, RTT

18-
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measuremeents for a macro base station {B35) 310 or an access point 320, Accerding o
some embodiments, the measurement data processing module 230 can use location
information {c.g., base station or access point coordinates) stored in 3 local database
250, For example, the focation information in the local database 250 may be generated
by the crowdsourcing chient 150, or the location information may have been received
from the crowdsourcing server or from a location server.  For example, location
information (c.g., base station coordinates) can be used to improve the fine time
assistance measurements {cellular-GNSS time associations), because the propagation

delay between the small cell 100 and the macro BS 310 can then be compensated.

18085} The crowdsourcing client 150 can encapsulate the measurcment data using a
crowdsourcing protocol 260 and use an upload manager 240 to trassmit the
measurement data to the Etheract module 130 in the small cell 100 for oploading to 2

crowdscurcing server 330,

[3886] in some ecmbodiments, the Ethornet meodule 130 may enable the
crowdsourcing client 150 to comuwmnicate clectronically with one or more other devices.
The Fthernet module 130 may include one or more wired and/or wireless interfaces via
which the crowdsowrcing chient 150 may send and/or receive mformation. Examples of
wired interfaces that may be cluded in the Ethemet module 130 inclade one or more
Ethernet interfaces, one or more serial port interfaces, and/or other wired
conumunications interfaces. Examples of wireless interfaces that may be inchided in the
Ethernet modole 130 {(e.g., using a wircless adapter) include one or more cellular
commuunications interfaces {c.g., one or more CDMA interfaces, WCDMA interfaces,
GSM interfaces, ete.), one or more WLAN interfaces (e.g., one or more {EEE R02.11

interfaces), and/or other wireless commumications interfaces (e.g., Bluetooth).
2 \ &0 5

{B087] FIG. 3A illustrates 8 simplified architectare of crowdsourcing using small
cells. A multitude of small cells using a crowdsourcing client 150 can monitor the radio
environment (e.g., GSM, UMTS, WLAN) of macro BS 310 and access point 320 and
report the measurement data to a crowdsourcing server 330, Although, FIG. 3A shows
only one macro BS 310 and one access potnt 320, it should be understood that multiple
macro basc stations and/or access points may be available in 3 network. According to
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some embodiments, the small cell 100 can iransmit the measurement data to the
crowdsourcing server 330 via a network 350, In onc or more arrangements, the
crowdsourcing server 330 may be configured to access, store, and/or maintain a signal
database in which information about the wireless signals that are observable at various
locations may be stored. For exarople, via the network 350, the crowdsourcing server
330 may receive information about wireless signals observed at particular locations
from small cells. Subsequently, the crowdsourcing server 330 may aggregaie, refing,
and/or filker such mformation, and perform other functions associated with maintaining
the server, such as updating uncertainty values and/or reliability factors corresponding

to various measurements, of calculating base station/access point coordinates.

{86881 FIG. 3B ilustrates a simplified diagram of a crowdsourcing server 330 and
its associated modules. The method of using a crowdsourcing server to provide location
assistance data to wvwobile devices is further explained in FIG. 4E.  For example, a
crowdsourcing server 330 may include one or more processor(s) 375 and memory 380
storing instructions that cause the crowdsourcing server 330 to receive via a network
350 mformation describing wircless signals from a small cell 100, The crowdsourcing
server 330 can update the location assistance server 360 based on the received
mformation.  Additionally, the crowdsourcing server 330 and/or location assistance

server 360 can provide assistance imformation {0 one or more mobile device 370

1B8889] In some embodiments, crowdsourcing server 330 may further use the
measurements provided by crowdsourcing client 150 to determine the locations of
macro base stations 310 or access points 320 using 2 reverse positioning mechanism for
example. Traditionally, devices at unkmown location establish their position by
measuring the propagation delay or delay differences to muhtiple base stations with
known position and applying multilateration methods. A reverse mechanism can be
used to deterovine the position of the base station or access pourd by determining the
propagation delay to a multiple of small cells at different known location and applyving
simifar multilateration procedures. The data for multilateration can be accumuiated in
time, as the both, the base stations and small cells are fixed. Location information of

base stations and/or access points may be subsequently provided to location assistance
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server 360 and/or mobie device 370 in the network to assist various mobile location

technologies {e.g., OTDOA, A-GNSS, ete.).

18894} fn the event that the location of a small cell changes during the
multilateration procedures, the location assistance server 360 can detect that the location
has changed based on changes in the small cell’s signature from other existing known or
stationary points. Once this detection oceurs, the location assistance server 360 can
update its database to ignore {e.g., delete) previous data that the small cell observed

before the location of the small cell was changed.
18091} Location Assistance using Crowdseurcing Information

{8092} A location assistance server 360 may be configured to interact with devices
in the operating environment 300 via a network, so as to assist mobile devices in
determining their estimated positions using information from the crowdsourcing server
330 For cxample, the Jocation assistance scrver 360 may be configured to calculate and
retarn a position fix for a mobile device that provides signal observations to the location
assistance server 360 {e.g., in a “MS-Assisted” mode of operation). Additionally or
alternatively, location assistance server 360 may be configured to seloct regional
mformation from the crowdsourcing server based on a coarse position estimate provided
by a mobile device 370, and subsequently provide such regional information to the
mobile device 370 in order to enable the mobile device to caleulate a finer estimate of

is own position (e.g., in an “MS-Based” mode of operation).

5

{8693 While the crowdsourcing server 330 and location assistance server 360 are

lustrated in FIG. 3A as being separate servers, m some cmbodiments, the
crowdsourcing server 330 and location assistance server 360 may be combined into a
single server that performs any and/or all of the functionalities that each server may
provide individually, For cxample, the crowdsourcing server 330 may, in some
embodiments, also provide any and/or all of the functionalities of the location assistance
server 360, instead of and/or in addition to the other functionalities provided by the
crowdsourcing server 330, In still other embodiments, the functionalitics of the

crowdsourcing server 330 and/or location assistance server 360 may be provided by any
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number of different servers and/or other computing devices, which may be located o

the same place or in any number of different places.

18094} In one or more arrangements, network 350 may provide connectivity to one
or more other wired and/or wireless networks included in operating environment 300,
For example, network 350 may be an Internct Protocol (1P} network, such as the
Ioterpet. o addition, network 350 may provide comnectivity between  the

crowdsourcing server 330 and the small cell 100.

HHIMEY] In one or more arrangemoents, the network 350 can include a wircless
network subsystem, which may include one or more systems and components for
providing wireless telephony and data networks, such as one or more gateways,
switches, routers, controllers, registers, billing centers, service centers, mobile switching
centers, base station controllers, and/or other systems and components. These systems
and components may, for example, cnable a wireless network subsystem to control one
or more wireless base stations, such as macro BS 310, which may transmit and receive
radiofroquency signals to and/or from one or more mobile devices on the network(s)

provided by wireless network subsystem,

{8896 In one or more arrangements, the network 350 can mclude a broadband
network gateway, which may include one or more systems and components for
providing wired telephony and data networks, such as one or more gateways, switches,
and/or rowters, as well as one or more optical, coaxial, and/or hybrid fiber-coaxial lines,
one or more satelhite hinks, one or more radic lnks, and/or other systems and
components. These systems and components may, for example, enable a broadband
network gateway to provide telephone services and/or data/Internet access to one or

more user devices at various locations.

18097} In particular, in addifion to observing wircless signals at the oporating
environment, a small cell 106 also may report information about the observed signals to
a crowdsourcing server 330, As illustrated in FIG. 3A, the small cel 100 may report
this information to the crowdsourcing server 330 using one or more uetwork

connections available to the small cell 100, such as one or more cellular data
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connections previded by macro BS 310, one or more wircless data connections provided
by access point 320, and/or one or more wircline connections {e.g., network 350). For
example, the small cell 100 may report information about observed signals using a
cellular connection and/or a WLAN connection in somgc instances, and in other
wnstances, the small cell 100 may report information about observed signals using a
broadband connection (e.g., using a broadband connection from the small cell 100 to the
crowdsourcing server 330 via notwork 350). In some embodiments, the small cell 100
may report this imformation by sending measurement data, as tllustrated in the FIG. 2

example, to the crowdsourcing server 330,

18098} By observing wircless signals, a small celi 100 may collect information that
can cnable a mobile device 370 located at or near the small cell 100 to determine its
cstimated posttion. For example, as illustrated in FIG. 3A, 3 mobiie device 370 may be
located close to a small cell. 1) for instance, the small cell 100 has observed the
wireless signals present {(e.g., from macro BS 310 and access point 320) and has
reported measurement information about these signals back to a crowdsourcing server
334, then when the mobile device 370 is able to detect signals similar to those observed
by the small cell 100, the mobile device 370 may be able to determine that it is located
at or near the location of the small cell 100, To make this determunation, the mobile
device 370 may send information to the crowdsourcing server 330 and/or location

assistance server 360 describing the signals that the mobile device 370 has detected.

18099] Subsequently, the crowdsourcing server 330 may analyze this information,
for wrstance, by comparing the signals detected by the mobile device 370 with
mformation about observable signals at various locations. The crowdsourcing server
330 may determine, based on the analysis of the signals detected by the mobile device
370 and based on the signals detected at the premise by small cell 14, that mobile
device is located at or near the promises. In another arrangement, the crowdsourcing
server 330 and/or location assistance server 360 may provide mformation about
ohservable wireless signals to the mobile device 370, so as to enable the mobile device
to analyze and/or compare detected wireless sigoals with observed wireless signals, and

thereby determine its position.
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{8100 In some embodiments, crowdsourcing server 330 mav provide location
assistance data to location assistance server 360 enabling various MS-assisted and/or
MS-based mobile location technologies. Assistance data provided to the location
assistance server 360 may inchide GNSS Fine time assistance information, which
comprises a relationship between cellular network time and GNSS time, location
mformation of base stations and/or access peints, and/or PRS signal configuration
information. Crowdsourcing server 330 may have determined the above assistance data

using measurements provided by the crowdsourcing clicot 150 in the small cell 100,

18161} As discussed above, a small cell 100 may, in some embodiments, provide
information about obscrved wircless sigrals to a crowdsourcing server 330 and location
assistance server 360, which may enable the crowdsourcing server and/or location
assistance server 360 to provide position assistance to mobile devices that may be
located at or near the small cell 100, An overview of the processing that may be

performed will now be discussed in greater detail with reference to FIGS. 4A-E.
18162} Receiving and Maintaining nformatien using Crowdsourcing Server

18103] In particular, FIG. 4A dlustrates an cxanple mcthod of receiving and
maimtaining  information about observed wireless signals according to  some
embodiments. As seen in FIG. 44, the method may be initiated n step 403, in which a
crowdsourcing server, such as a crowdsourcing server 33{(), may receive information
about one or more observed witeless signals. For example, 1o step 403, the server may
receive a signal observations message, such as the measurement data, as illustrated in
the FIG. 2 example, from a small cell. While the examples discussed here involve a
crowdsourcing server receiving information sbout one or move obscrved wircless
signals from a small cell, the crowdsourcing server may likewise receive simdlar
miformation from one or more other devices that might not be small cells, such as other
fixed devices that are capable of and/or configured io cobserve and report wireless
signals, as wel as mobile deovices that are capable of and/or configured to observe and

report wircless signals,
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18104} In step 4140, the crowdsourcing server may determing & reliability ranking for
the signal observation mformation received in step 405, For example, in step 410, the
crowdsourcing server 330 may determine a reliability ranking for the measurement data
received in stop 405, based on the source of the signal observation information. In
nstances where the signal obscrvation information 15 reccived by the crowdsourcing

o]

chient 130, such as the measorement data from FIG. 2, the measurement data may

%

include one or more subficlds that include information specifying the source.

[8165] In some embodiments, the crowdsourcing server may, for instance, be
configured to assign a higher reliability ranking to signal observation information that is
received from a small cell, and may be further configured to assign & lower reliability
ranking to signal observation information that is received from another source, such as a
mobile device. In some instances, reliability rankings may be assigned to signal
observation information in this way, as small cells may be considered to be more
reliable sources of signal observation information than mobile devices and/or other
sowrees of signal observation information. Accordingly, signal observation information
that is received from s small cell may be considered to be more reliabie and can
therefore be assigned a higher reliability ranking. For example, the small cell may also
send information identifying the source as a small cell or noting that the data is coming
from a stationary source at a known location. The crowdsourcing server and/or location
assistance seyver may give extra weight to data received from a small cell from a known
location in comparison to data received from a mobile device which may be moving

and/or have an unknown location.

{8166} I step 418, the crowdsourcing server may aggregate, refine, and/or filter the
received signal observation information and/or may determine various assistance data
information from the signal observation information, such as location coordinates of
basc stations and/or access points for example. For example, in step 415, the
crowdsourcing server 330 may combine the reccived signal observation information
(e.g., measurcment data) with other signal observation information stored in 8 server
database maintained by the crowdscurcing server 330. In addition, the crowdsourcing

server 330 may refine and/or filter the received signal observation information (e.g., by
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removing and/or otherwise filtering out data points that arc considered to be outliers, by
executing one of more refinements and/or filter algorithms, by otherwise processing the

received signal information, ete.).

{81673 In step 420, the server may update the server database in view of the
occived signal nformation. For cxample, in step 420, the crowdsourcing server 330
may store the aggregated, refined, and/or filtered signal observation information and
other calculated assistance information in the server database, such that the signal
cheervation nformation and/or assistance information may be used in the future in

assisting other devices in determining their position.

18108} As discussed in greater detail below, there are several ways in which the
signal observation nformation may be used in assisting a mobile device in determining
its position. Two examples of how signal observation information may be used in
determining positions will now be discussed in greater detail with respect to FIGS. 4B

and 4C.
{6169 MS-~Assisted Mode of Operation

{8110} FIG. 4B illustrates an example method of providing calculation assistance to
3 mobife device in an MS-Assisted mode of operation according to some cmbodiments.
As illustrated in the discussion below, in an MS-Assisted mode of operation, a mobile
device may provide mformation about the wireless signal(s) that it can observe to a
location server, which may then compute the position of the mobile device based on the
signal obscrvations, and subsequently return the computed position to the mobile device

for use by the mobile device in various applications.

911y In step 423, 8 mobile device may provide information describing currently
observed wireless signals to a location server. For example, in step 425, mobile device
370 may provide mformation about the signals that #t can cwrrently observe to the
location assistance server 360 and/or various measurements derived from the signal

observations such as for example, TOA, TDOA, AOA measurements,
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8112] In step 430, the location server may load location assistance information
from the crowdsourcing server. For example, in step 430, a location assistance server
360 may load imformation based on the measurement data from the crowdsourcing
server 330, In some embodiments, the location assistance server 360 may be configured
to request regional formation from the crowdsourcing server 330 based on a coarse
understanding of the cwrrent position of the mobile device 370, Such a coarse
understanding of position may, for mstance, be determined and/or otherwise obtained
based on transmitter nformation associated with the signal observed by the mobile
device (e.g., one or more umque identifiers associated with any and/or all of the

transmitters transmiiting the observed wireless signals).

{8113 In step 435, the location server 330 may compute the position of the mobile
device. For cxample, in step 435, the location assistance server 360 may compute the
position of the mobile device 370, based on the fnformation stored 1o the crowdsourcing
server 330 and further based on the one or more wireless signals and/or measurements

ohserved by the mobile device.

{8114} I step 440, the location server 330 may provide the computed position to
the mobile device. For example, in step 435, the location assistance server 360 may

seod one or more data messages to 2 mobile device 370 that indicate and/or otherwise

mform the mobile device 370 of its current position.

18118] In step 445, the mobile device may receive the computed position from the
location server. For example, n step 445, a mobile device 370 may receive the one or
more data messages sent by a location assistance server 360, and subsequently may use
the computed position in various applications being exccuied on and/or otherwise

provided by the mobile device.
{8116} M&-Based Mode of Operation

{8117} FIG. 4C illustrates an oxample method of providing position assistance

information to a mobile device in an MS-Based mode of operation according 1o sone

embodiments,  As ilhwstrated in the discussion below, in an MS-Based mode of

operation, a mobile device may provide information about the wircless signal(s) that it
37
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can observe 1o a location server and/or a coarse indication of its current position to the
location server, which may then lock up {e.g., from the crowdsourcing server) and
provide location tnformation to the mobile device, thereby enabling the mobile device

to compuie ifs corrent position for itself.

{8118} In step 450, a mobile device may provide a coarse indication of its corrent
position to a location server. Such a coarse indication of poesition may, for instance,
melade one or more cell identifications (IDs) that umiguely identify ome or more
transmitters transmitting wireless signals being observed by the mobile device. For
example, in step 443, mobile device 370 may provide a coarse indication of its current
position to a location assistance server 360, The coarse indication of position provided
may, for instance, mclude one or more cell IDs corresponding to one or more of macro
basc station (BS) 310, as this may enable the crowdsourcing and/or location server to
identify a particular region in which the mobile device is currently located. According
to another embodiment, a hybrid implementation can occur, where the system can get

the 1D from one or more Access Poinis 320, rather than from the macro BS 310,

[8119] fn step 455, the location server may load location information from the
crowdsourcing server database. In particular, the location server may load assistance
mformation based on the coarse indication of position provided by the mobile device.
For example, n step 455, the location assistance server 360 may communicate with the
crowdsourcing server 330 i order to load assistance tnformation corresponding to the

oy
i
i

region in which the mobile device 370 is currently located (e.g., as identified by the
location server based on the cell 1D or other coarse indication of posttion provided in
step 450).  As discussed above, the assistance information may, for instance, specify
various properties of wircless signals that can be observed in the particular region to
which the assistance information corresponds as well as location coordinates of base

station and/or tuming information of base stations {e.g., base station cellular timing

refative to GNSS time).

8128 In step 460, the location server may provide the regional assistance
information to the mobile device. For example, in step 460, the location assistance
server 360 may provide the assistance information obtained from the crowdsourcing
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server 330 to a mobile device 370. Such assistance information may be sent by the
location assistance server 360 to the mobile device 370 via one or more data messages,

for instance.

8121} In step 465, the mobile device may compute its current position based on the
assistance information obtained from the location server and based on the one or more
wircless signals that the mobile device can currently observe. For example, in step 465,
the mobile device 370 may compute s current position based on the assistance
information received from the location assistance server 360 and based on the properties

of the various signals that the mobile device 370 can obscrve at its current position.

{8122} To recap, FIG. 4D illustrates a simplified example of providing position
assistance information to a moebile device according to some embodiments.  First, in
step 470, A small cell installed at a known location observing one or more wireless

signals. Then, in step 475, the small cell providing to the crowdsourcing server
information that identifies the known location and describes one or more detected
properties of the one or more obscrved wircless signals. Finally, in step 480, the
crowdsourcing server using the information in providing position assistance information

to mobile devices located in a vicinity of the known location.

8123} As previously described from the architecture diagram in FIG. 3B, FIG. 4E
ilustrates a method of providing position assistance information to a mobile device 370
using a crowdsourcing server 330 according to some cmbodirpents, First, i step 445,
the crowdsourcing server 330 receives information describing wireless signals observed
by a small cell 100 at a known location. Then in step 490, the crowdsourcing server
330 opdatcs a database based on the received nformation. Fioally, in step 493, the
crowdscurcing server 330 provides location assistance information to mobile devices

370 using information included in the database.

18124} Having described several modes of operation in which location information
can be wsed im providing position assistance fonctionalities, several examples
illustrating how a device can determing a position based on assistance information and

mtormation about observed wireless signals will now be discussed.
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[8125] In some embodiments, for instance, a technigque known as “Radio Frequency
(RF) Fingerprinting” may be used to determine a location of a device based on location
information and information about observed wireless signals, In RF Fingerprinting, a
grid of possibic locations may be cstablished and an RF signature or fingerprint at cach
grid point may be defined. The signature may, for instance, include RSSI data for cach
transmitter observed, or may include both RSS! data and RTT information for each
transmiiter observed. Thercafter, the location of the mobile device may be caleulated
by finding the grid point which has a signaturc that most closely matches the signals
ohserved by the mobile device. This caleulation may, for instance, be performed both
in an MS-Assisted mode of operation and in an MS-Based mode of operation, as the
mobile device may report its observations and a location server may perform the
matching fnvelved in RF Finger printing (e.g., in an MS-Assisted mode of operation), or
the server may provide a regional fingerprint database to the mobile device, and the
mobile device may perform the matching on its own {e.g., in an MS-Based mode of

operation).

18126} In some embediments, ancther technique known as “Calculated Location”
may be used to determine a position of a device based on location information and
mformation about observed wireless signals. In the Calculated Location technigue, a
server such as crowdsourcing server 330 may attempt to reverse the positions of the
wirgless transmitters based on the locations and signal observations reported by the
varipus small cells, mobile devices, and other devices observing wireless signals at
varipus locations. Once the transmitter positions are determined, a location (e.g., a
focation of mobile device 370) may be calculated using various estimation techniques
(e.g., by solving renging equations using RTT and/or TOA information, by calculating a
weighted centroid position of transmitters using RSST to weight transmitter locations,
ctc.). The particulars of both of these technigues will be readily apparent to one of

ordinary skifl in the art.

16127} In some embodiments, OTDOA techniques may be used to determine a
location of a device, such as mobile device 370. OTDOA is a downlink positioning

method standardized in e.g., LTE that exploits time difference measurements conducted
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on dowunlink reference signals received from multiple base stations {c.g., macro base
stations 310). Although, OTDOA measurements can be performed on a number of
downlink signals, Positioning Reference Signals (PRS) have been defined in LTE to
allow proper timing and/or ranging measurcments of a mobile device from base station

signals to tuprove OTDOA positioning performance.

18128} PRS can be transnmuitted by a basc station in certzin positioming sub-frames
grouped into positioning occcasions. A positioning occasion can cormprise for example
1, 2, 4, or 6 consecutive positioning subframes and oceurs periodically with 160, 320,
644, or 1280 millisecond intervals for example. Within each positioning occasion, PRS
can be transmitted with a constant power. PRS can also be transmitted with zere power
{i.e., muited), which can be utilized to avoid measuring in the presence of the strongest

interferers.

[#129] To further improve hearability of PRS, positioning sobframes have been
designed as low-interference subframes, that is, without transmission of user data
channels. As a result, in ideally synchronized networks, PRSs arc only interfered by
other cell PRS with the same PRS pattern index (1.¢., with the same frequency shift), but
not by data transmissions. The frequency shift is defined as a function of the physical
cell 1D (PCY), resulting in an effective frequency re-use factor of 6, which is further

explained below.

19138 Thercfore, to achicve good positioning performance, inferference
coordination of cells is part of the PRS plamming strategy, usually carried out by a
network operator. The PRS configuration in a network usually remains rather static,
and does not change very often. For cxample, if a new ccll is deployed with a new
physical cell 1D, a re-configuration of PRS parameters may be needed in some parts of
the network. A network operator may also change the PRS periodicity based on a

tradeoff between current traffic demands and positioning demands.

{8131} In OTDOA positioning, a mobile device (e.g., mobile device 370) receives
the current PRS configuration parameters in the assistance data, ¢.g., from a location

server.  Usually, only a location server owned by the wircless network operator can
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provide the PRS configuration parameters.  This 18 because the network operator
controls the base station parameters and configuration. OTDOA assistance data are

defined in the 3GPP LTE Positioning Protocol (LPP) specification 36.355.

18132} In certain embodiments, it may be desired to provide location assistance data
also from a location server, such as location assistance server 360, which is not owned
or controlled by a network operator which operates or owns the wireless network.
Therefore, PRS configuration mformation needed by mobile devices, such as mobile
device 370, can not be provided by the location server, and therefore, OTDOA

positioning based on PRS would not be available in such cases.

{8133 According to some embodiments, the PRS parameters are determined via
small cell crowdsourcing. Crowdscurcing can allow the determination of the PRS nfo
without any direct mteraction with the network operator. Therefore, OTDOA location
services {e.g., OTDOA assistance data) can also be provided by a location server, which
does not belong to the network operator. Therefore, OTDOA location services (e.g.,
OTDOA assistance data) can be provided for cells belonging to muliiple different
network operators, and can increase the mumber of cells available for OTDOA

positioning. This can further improve positioning performance.
{8134] LTE Positioning Reference Signal (PRS) Example

{8138} A more specific example is described to illustrate the advantages of small
cells for crowdsowrcing mnformation from LTE macrocells. For example small cells
through their crowdsourcing client 150 may monitor a 3GPP LTE network downlink
signal continuously or periodically, since it is not batterv-powered, to obtain
measurements needed to derive the necessary mmformation, such as base station locations
of the LTE network, timing information (c.g., base station timing relative to GNSS
time) and pilot signal configuration. Pilot sigoal configuration can joclude LTE
Positioning Reference Signal (PRS) structure, muting or idle patterns. The measurement
data can then be uploaded to a crowdsourcing server 330 and/or location assistance
server 360 for crowd-sourced location assistance information. The small cell 100 may

autonomously report a new measurement data for the cellular-GNSS time association
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when the cellular-GNSS tuune association changed more than a predefined threshold.
Similarly, the PRS configuration may change rarcly. The small cell 100 may determine
the PRS configuration continuously, or periodically, bat report a new measorement to
the crowdsourcing server 330 when the determined PRS configuration s different

compared to the previous report.

18136} For example, crowdsourcing PRS configuration parameters can require long
gheervation times as described further down below, which make the mobile device

crowdsourcing approach less desirable or impossible in some cases.

18137} According to some embodiments, the method for determining the PRS

information by Hstening to LTE downlink signals is shown in Fig. 5. The LTE receiver

143 scans for possible LTE frequencics and performs the following steps for cach LTE

cell, which 1s described in more detail further down below:

® Step S10: Perform LTE Cell Scarch / Inttial Synchronization proceduore using the
Primary Synchronization Signal (PSS) and the Secondary Synchronization
Signal (85S3;

® Step 520: If initial synchronization procedure was successtul, proceed to decade

the Physical Broadcast Channel (PBCH);

® Step 5300 Deternvine PRS sequence, potentially transmitted by that cell;
® Step 540 Generate reforence signal replicas;

® Step 550: Determine PRS transmission schedule; and

® Step $6{: Determine PRS Info Paramcters.

18138] It should be noted that a macro cell cammot porform any of these steps listed
above. The network Hsten receiver 140 can performs steps 510 and S20. The remaining
steps are specifically designed in the small cell {e.g., PRS information determination
module 160, crowdsourcing client 150} to learn the PRS informatiou.

16139] Positioning Reference Signals (PRS) Info Determination Module

[8149] As shown in FIG. 1, the small cell 100 may also include a PRS information
determination module 160, According to some embodiments, the PR3 information

determination module 160 can determine the signal structare of PRS transmitied by the
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monitored 3GPP LTE network.  According to another cmbodiment, the PRS

mformation determination module 160 can reside in the crowdsourcing client 150,

18141} The PRS configuration as provided in the OTDOA assistance data includes
the following parameters, as described in 3GPP specification 36.35S, section 6.5.1.2.

Table 1 illustrates the PRS parameters for a PRS configuration:

Defines the bandwidth that 1s used for the PRS.

PRS Handwidth 14,3, 5, 10, 15, and 20 MHz bandwidth is possible, which

corresponds to 6, 15, 25, 50, 75, and 100 LTE resource blocks.

PRS Configuration Index N o i
: Defines the PRS periodicity and the PRS offset.
PR3

Defines the number of consecutive subframes Nepg which

Number of PRS subframes inchudes the PRA.

I, 2, 4, 6, or & subframes are possible.

PRS Muting Info Defines the PRS muting configuration.
Table 1
18142} FIG. § illustrates an example method outhining the steps S00 for determining

the PRS info by listening to LTE downlink signals. The network listen receiver 140
{e.g., LTE receiver 143) can scan for possible frequencies {e.g., LTE frequencics) and
can perform the following steps for cach c.g., macre BS 310 {c.g., LTE cell) within

range.

18143} At step 510, the network listen receiver 140 can perform an LTE cell search
and inttial synchronization procedure. For example, in step 510, the network listen
recciver 140 can listen for the Primary Synchronization Signal {PSS) and the Secondary
Synchronization Signal (8588). For example, the detection of the PSS and S88 can
enable fime and frequency synchronization; provides the small cell with the physical

Cell-1D; provides the small cell with the cyclic prefix length; and informs the small cell
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whether the macre BS 310 {e.g., LTE cell} uses Frequency Division Duplex (FDD) or

Time Division Duplex (TDD).

18144} After step S10, the small cell can obtain the physical 1D of the base station,
the cyclic prefix lengths and data indicating whether the base station uses TDD and
FDDE, among other potential information. Therefore, the small cell can have the basic
system information and can begin decoding the broadeast channel information {c.g.,
physical broadcast channel (PBCH)). TFrom this decoding, the small cell can obtain
additional information {(c.g., bandwidth of the cell, system frame number (SFN)} and

know how many antenna ports the base station has.

{8145} A conventional mobile device normally performs step 510, but a small cell
{e.g., LTE recetver 143) can be configured to perform step 510 in order to determine
required parameters which define the details of the PRS sequence the base station
transmits. The PRS configuration depends among others on the physical cell ID which
was determined in step 510, the TBD/FDD mode and how many antenna ports are used

to define the PRS sequence in step 530.

18146} Ounce the fnuial synchromization procedure in step 510 is completed, the
process proceeds to decode the Physical Broadeast Chamnel (PBCH), as shown in step
520. For example, step 520 allows the LTE receiver 143 to obtain system information,
which is carried in the master information block (MIB) of the LTE cell. For example,
the system information can include: downlink system bandwidth; physical hybrid ARQ
mdicator channel (PHICH) configuration of the LTE cell; system frame mumber (SFN);

and member of transmit antenna ports.

#8147} Next, in step 530, the PRS information Determination module 160 in small
cell 100 can determine the PRS sequence transmitied from each LTE cell. For example,

. {m) . . . . . .
the reference-signal sequence %7 18 detined by the 3GPP specification 36.211,

section 6.10.4.1;

o .
#r, (= (1= 2 o2y )+

‘\IA'.

(1=2-cQm+1)), m=00. 285 | where

>

&
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7, is the slot number within a radio frame (slot = 0.5 ms; frame = 10 ms), n, =0,1,2 .. .19,;
! is the OFDM symbol number within the slot; /=0,1,2,..6 for nonmal oyclic prefix; ; =0,1,2,.5
for extended cyclic prefix;

-
/

(i} 18 2 length-31 Gold code sequence as defined 1o 3GPP Specification 36.211, section 7.2;

smax, D . . <y ~ . . . ~ 2 RB
Nep” " is the largest downlnk bandwidth configneation, expressed in multiples of N, ;

PB. i1 : CO H % arthearriorc
N is the resource block size in the frequency domain, expressed as a number of subcarriers;

3¢

and

N =17 subcarriers for PRS, with 15 kiz spacing and 180 kiz total.

18148} The pseudo-random sequence generator for ¢ff) s initialized at the start of

each OFDM symbol with:

¥ (- ;) [~ aroel 3 -C A
e =207 b 1) HEA 2 NI U 2 NS+ N, where
i fornormal CyclicPredix
Nep . ’ . .
g {0 forextended Cyclic Prefix
NE' Physical layer cell identity.
[8149] Therefore, 1n this example, all parameters needed to determine the PRS

sequence, which isr,, (m}, can be obtained from steps 510 and step 520

ws, { Framne/slot timing is known after initial synchronization {step 518);
N is known after initial synchronization {step 510);

Nep is known after initial synchronization (step 510);

NRBBL s known after decoding the PBCH (step 520).

{8150] Then in step 540, the small cell can generate veference signal replicas.
Agccording to some embodiments, the reference signal sequence, 7, (m), is generated
for each slot in a radio frame {e.g., 20 reference signal veplicas are geonerated for cach of

the 20 slots). For exaraple, the refercnce signal sequence can be mapped to complox-
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valued QPSK modulation symbols used as reference signals for an anteona port p in a

slot according to 3GPP specification 36,211, section 6.10.4.2:

al¥) =y, (m'), where, for

normal cyclie prefix:

5 —_— .
b il DL RSV i
K_ta(m PNy~ Npg 16 —1 4y jmod6

{356 it nymod 2=0
{= < 1,235,606 it nymodZ =1 and (l or 2 PBCHantenna ports)
E.‘2,3,5,6 if nomod2 =1 and (4 PBCH antenna pQrts}

P RS,
m=01....2 Nuno —1

secepd VPR TR

P —— N-ng.l).,, AN[E;S

extended cyclic pretin:

{ L 4 PRS ) ; )
k=6lm+ Ngy —~ Npo ) (57 + vy Jmod 6

[4,5 it nymod2 =0
I=41245 Hamod2=1and ( or 2 PBCH antenna ports)
1‘2,4,5 if mreod 2 =1 and {4 PRCHantenna ports}

, s
m=01. 2 Ngy ~1

>

m - oy ,m[égx,DL — 7 ,ggs
, . ) . . e . . NERS
{81581} In this example, the bandwidth for positioning reference signals s 788 and
. e v = VO medé
the cell-specific frequency shift is given by Tt ™ 7w modé
18152} As previously mentiovned, all the parameters needed to map the reference

signal sequence 7, (m)to complex valued modulation symbols ¢ are obtained from

N
]

step 510 and step 520, wherein o/ is the value of the resource element for antenna port
p, and wherein (£,7) specifies the resource clement with frequency-domain index & and
time-domain index /:

cyelic prefix length is known after step 516;

nunber of transnnt antenna ports {e.g., 1 012, 4} is known after step 524,

Vehifr » cell specific frequency shift, which is based on the physical Cell-T3, s known after

step 514,
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. R . L . , RS . | i
The bandwidth for positioning refevence signals Ny is assumed {0 be the system bandwidth

DY, o - - e ) . e 1
Ngy, which is known after step 520, If this is not the case, soe examples ilustrated by FIGR. 11-

>

2y
H
14,

181583} FIG. 6A and FIG. 6B illustrate the mapping of posttioning reference signals
{o resource clements for a normal cyclic prefix according o some cmbediments. FIG.
6A illustrates the mapping for one or two transmit antenna ports, and FiG. 68 illustrates
the mapping for four transmit antenna ports.

[B#154] FIG. 7A and FIG. 7B illustrate the mapping of positioning reference signals
to resource elements for an cxtended cyclic prefix according to some cmbodiments.
FI1G. 7A illustrates the mapping for one-or-two fransmit aotenna ports, and FIG, 7B
illustrates the mapping for four transmit anteona ports.

{8155} The squares in Fig. 6A-7B can represent a resource element with frequency-
domain index & and time-domain index /. For cxample, the squares labelled R, can
mdicate PR3 resource elements within a block of 12 suabcarriers over 14 or 12 OFDM
symbols, respectively. Additionally, the white squares can illustrate subcarriers which
do not contain any signal or data.

18156} In step 540, a replica signal can be geverated for cach slot or subframe
within a 10-millisecond radio frame {e.g., for 10 subframes/20 slots).

181587} Once the rephica signals have generated, the PRS Information Determination
module 160 determines the PRS transmission schedule, at step 550, For example, PRSs
are transmitied in pre-defined positioning subframes grouped by several consecutive
subframes MNegs, alse known as positioning occasions. Positioning gccasions ¢an occur
perigdically with a certain periodicity Teps.  The period Tepy 18 defined in 3GPP
specification 36.211 and can be 160, 320, 640, or 1280 subframes or milliseconds, and
the number of consecutive subframes Negs can be 1, 2, 4, or 6 subframes. To illustrate,
Fig. 8 shows an example of posttioning occasions with Npgs = 4 subframes, separated
by Tprs subframes.

16138) FI1G. 9 illustrates an example of the cell specific subframe offset Aprg, which
defines the starting subframe of PRS transmission relative to SFN=0. The Apgs is the

third parameter that characterizes the PRS transmission schedule.  Additionally, the
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Aprg can be mierred relative to the beginning of cach PRS period Tere. Furthermore,
the parameters Tprg and Aprg can be derived from the PRS Configuration Index Ipge, 8s
specified in 3GPP specification 36.211, section 6.10.4.3. Table 2 illustrates the

association between Tprs, Aprs and fprs.

PRS configuration Index PRS periodicity Tpgg PRS subframe offset A,
Ipns {subframes} {subframes)
G159 180 Tops

160 — 479 320 Topg —160
480 — 1118 540 Topy —480
1120 - 239¢ 1280 fugs —1120
2400-4088 Reserved

Table 2

{6159 For example, for the first subframe of the Ny dowunlink subframes, the

) Venad 7o =
ug / /J Apgg jindTprg =0,

positioning reference signal instances can satisfy (10xn, +{n,
where #r 18 the system frame number (SFN), and #; is the slot number within a radio
frame.

8168} Therefore, as illustrated in FIG. 10, the determination of the PRS
transmission schedule can be based on correlating the received signal frame with the
rephica signal generated o step 340, For example, cach subframe of the received radio
frame can be correlated with the corresponding replica subframe (1.e., 2 slots coherent
accunulation) generated at step 340, resulting in 10 correlation results per frame.
According to one embodiment, the process can start with the received radio frame with
SFN=0 to casily determine the PRS subframe offset Apgs. Given that the SFN i LTE
can nun from O to 1023, this can correspond to a 10.23 seconds SFN cycle. For
example, as llustrated at the bottom of Fig. 10, if a PRS is transmitted i a particular
subframe, the correlation result would show a strong peak, if there s no PRS
transmiited in that particular subframe, the corrclation result would be essentially zero.
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According to some embodiments, the correlations can be performed at least for twice
the maximum PRS periodicity of Tprs, which is equal to 2x1280 ms, to be able to
determine Apps and Tprs for the longest possible PRS periodicity of 1280 ms,
Furthermore, the correlations can be performed continuously, to reliably detect the
transmission schedule, and to detect any possible changes in the PRS transmission.

18161} For exarople, the small cell can perform step 550 for 2 long enough time and

conclode that the base stations are transmitting PRSs and not just regular user traffic.

{812} Unlike a mobile device, the smali cell has the ability to perform these steps.
Additionally, since the location of the monitored {¢.g., macro) cell and small celi do not
change often, 2 re-syochronization {e.g., steps S10 and 520) is not needed once the
timing of the monitored cell has been determined. Steps 510 and 520 can be performed
periodically (e.g., once or twice per day) in order to detect any changes in the cell

timing or physical cell ID.

{8163} Therefore, based on the correlation results, as illustrated in FIG, 10, the PRS
parameters can be determined.  For cxample, the first subframe where the first

correlation peak occurs {(relative to SFN={) determines the PRS subframe offset Arxs

(in subframes). Additionally, the number of consecutive subframe correlation peaks
determines the length of the positioning occasion (Npeg). Furthermore, the recorrence
of the correlation peak group determines the PRS periodicity Tpps, in subframes. After
determining the Ters and Apgs, the PRS configuration Index {(fprs) can then be obtamed
using table 2. For example, if it 15 determined that Appg = 50 and the Tpre = 320, then
fors 18 50 + 160 = 210,

{8104} The correlation process as described in step 540 can be performed
continuously in crder to reliably detect the parameters Nprs and frrg. This can prevent
the parameter from being determived based on a single snapshot.

{8165} After the small cell determines the PRS transmission schedule in step 5350,
the small cell then determines the PRS information parameters in step 560, According
to some cmbodiments, after stop 550, the parameters neoded to describe the PRS

configuration, with the exception of the muting parameters, bave been determined by
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the PRS mnformation deternunation module 160 in the small cell 100 and can be

delivered to the crowdsourcing client 150.

{8166} According to some embodiments, the procedure described in the steps 500
above assumes that PRSs are transmitted over the whole LTE system bandwidth, which
is normal practice. However, this is not required by the 3GPP LTE standards, and the
PRE transmeission bandwidth may actually be smaller than the LTE system bandwidth.
Therefore, the PRS information determination module 160 may need to determine or

verify the PRS transmission bandwidth.

81s7} As previously mentioned, the possible PRS  transmission bandwidth
comprises 6, 15, 25, 50, 78, or 100 rescurce blocks., Therefore, in order to determine or
verify the assumed PRS bandwidth, the correlations described in step 550 are performed

for each possible bandwidth.

16168} For example, if the LTE systom bandwidth, as determined in step 520,
mdicates 50 resource blocks, the correlations can be performed with replica signals
generated for 6, 15, 25 and 50 resource blocks. Therefore, according to this example, for
cach subframe, four correlations are porformed.  Additionally, the replica signals for
each subframe at step 530 and step 540 can be generated for cach possible PRS
bandwidth. Fuorthermore, the subframe correlations at step S50 can be performed with

cach possible replica signal

{8169 As illustrated in the example in FIG. 11, if the PRSs are transmitted over the
whele assumed bandwidth, which is 50 resource blocks in this example, the correlation
results for the PRS subframes can increase coherently. Fig. 11 illustrates the correlation
results for one PRS subframe, under the assumption that there are 50 resource blocks for
the PRS. For cach subframe the correlation is performed with a roplica signal of 6, 15,
25, and 50 resource blocks. Given that the received PRS signal is 50 resource blocks in
this example, the correlation results inerease coherently with the increased replica
bandwidth. Therefore, in this example, it would be determined that the PRS

transmission bandwidih is indeed S0 resource blocks.
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{8178} Fig. 12 illustrates an example where the system bandwidth of the received
signal 15 50 resource blocks, but the PRSs occupy only 15 resource blocks. The
correlations can be performed as previcusly described, wherein there are fowr
correlations for gach subframe with different replica PRS bandwidth. According to this
example, the correlation does not increase when the correlations are performed with
replica PRS bandwidth of 23 and 50 vesource biocks. Therefore, it would be determined
that the PRS transmission bandwidth is only 15 resource blocks in this example, even

though the total systen bandwidth is 50 resource blocks,

18171} As can be understood from the described examples, the complexity in the
case of unknown PRS transmission bandwidth increases considerably, since multiple
correlations per subframe need to be performed, cach with a different assumption about
the transmitted PRS bandwidth. Therefore, using small cells for this crowdsourcing
approach is ideal because the additional complexity could be easily handled {c.g., within
the PRS information determination module 160) without affecting the small cell’s

intended operation,

6172 PRS Muting Pattern

18173} As previously described, the PRSs in the individeal positioning cccasions
are fransroifted with constant power. Usually, the power is the same as for the other
signals within the downlink resource blocks, but an operator may also decide to merease
the PRS power to improve hearability, also known as PRS power boosting. However,

as the PRS power increascs, the PRS interference also increases.

{8174} Alternatively, another approach for increasing hearability is the PRS muting
approach, where the PRSs in ceriain positioning occasions are transmitted with zero
power. For example, when the strong PRS signal is muted by the serving base station,
the weak PRS signals from the neighbor base stations with the same frequency shift can

be more easily detected by the mobile device.

8178 According to 3GPP specification 36.355, the PRS muting configuration of a
g ! 5 £ 2
cell is defined by a pericdic muting sequence with periodicity Trpe, whore Trpe counted

in myber of PRS positioning occasions can be 2, 4, &, or 16, Furthermore, the PRS
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muting nfo is represented by a bit string of length 2, 4, 8, or 16 bits, which correspond
to the selected Thpp. Additionally, each bit in this bit string can have the value “0” or
“1.” Therefore, if a bit in the PRS muting info 15 set to “07, then the PRS is muted in

the corresponding PRS positioning occasion.

18176} Fig. 13 iliustrates an example of a PRS muting pattern with Tyep of four
positioning occasions. For this example, the positioning occasions with the cross-
stitched pattern marking are muted. Therefore, the corresponding PRS muting bit string

would be “1100.°

B17h For example, when the positioning occasion is nusted, the correlation results
determined by the method in step 550 can equal zero at the muted positioning occasion.
18178} As ilostrated 1n FIG. 13, pvwting patterns can typically bave a structure
consisting of muted and non-muted positioning occasions {e.g., 11007, “11110000%).
For this example, the small cell can detect the consecutive positioning occasions using
the method previously described in order to determing the Tege, and the gaps between
them, and therefore the small cell can determine Trep.

18179} Alternatively, ambiguities may occur with muting patterns with alternating
‘Ws and “P’s {e.g., ‘1010107, When ambiguities do occur, the method may not be able
to determine the muting pattern, but may instead detect a Teps which 1s twice the fength
of the true Ters. According to some embodiments, these ambiguoities may be resolved at
the crowdsowrcing server 330 by comparing the detected PRS information with
gvailable PRS information of neighbor cells.

18188] Given that the PRS in a notwork can be synchronized and coordinated, by
comparing the PRS mformation for a group of cells, the crowdsourcing server 330 can
determine if a particelar positioning occasion is muited. For example, when the PRS of
a cell is muted, the PRS of 3 neighbor cell, with the same PRS frequency shift, may not

be muted.

18181} To illustrate this cxample, FIG. 14 shows a group of four cells with
alternating muting patterns (e.g., 107 or ‘01"). The PRS information detected by each
individual observed cell may show a wrong Ters (2.8, @ Terg between non-muted
positioning occasions), because the muted positioning occasion in-between would not
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be detected. However, by looking at the group of cells, the crowdsourcing server 330
can determine whether there are muted positioning oceasions in-between, since not all
cells in a neighbor group are muted at the same time.

18182] However, from a mobile device point of view, both imstances of PRS
information received in assistance data are equivalent. This is because the purpose of
the PRS mformation is to provide assistance data to the mobile device. The PRS
information informs the mobile device when a PRS cccurs in order to measure a TOA.
Therefore, the PRS configuration shown in Fig. 14 can be determined without muting
information, as long as the Tepg and the Appg are known (e.g., using the steps 300
associated with table 2). Furthermore, the mobile device does not need to know that a
neighboring PRS is muted, because the mobile device can just sce interleaved non-
muted positioning occasions (for example, different PRS mformation parameters for
various neighbor cells).

[B8183] According to one or more aspects, a computer system as illustrated in FIG.
15 may be incorporated as part of a computing device, which may implement, perform,
and/or execute any and/or all of the features, methods, and/or methed steps described
herein. For example, computer system 700 may represent some of the components of a
small cell 100, an access point 320, a crowdsounrcing server 330, or any other computing
device, such as a laptop computcer, a tablet conputer, a mobile device 370, a video-game
conscle, or a desktop computer. I addition, computer system 700 may represent some
of the components of small cell 100 of FIG. 1. FIG. 15 provides a schematic illustration
of one embodiment of a computer system 700 that can perform the methods provided by
various other embodiments, as described herein. FIG. 1S is meant only to provide 3
generalized ilustration of varicus componends, any and/or all of which may be utilized
as appropriate. FIG. 15, therefore, broadly illustrates how individual system elements
may be implemented 1o a relatively separated or relatively more inlegrated manner.
18184} The computer syster 700 18 shown conprising bardware clements that can
be clectrically coupled via a bus 705 (or may otherwise be in communication, as
appropriate).  The hardware eclements may inclade one or more processors 710,
including without limitation one or more general-purpose processors and/or one of more
special-purpose  processors  {(such  as  digital signal processing  chips, graphics

acceleration processors, small cell baseband processor, processor 375 of the
A4
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crowdscurcing server and/or the like); one or more input devices 715, which can inclade
without Hmitation a camera, a mouse, a kevboard and/or the Hke; and one or more
sutput devices 720, which can include without mitation a display unit, a printer and/or
the hike.

18185} The computer system 700 may further include {(and/or be in communication
with) one or more non-transitory storage devices 725, which can comprise, without
Himitation, local and/or network accessible storage, and/or can include, without
tmattation, a disk drive, a drive array, an optical storage device, a sclid-state storage
device such as a vandom access memory (“RAM”) and/or a read-only memory
(“ROM”), which can be programmable, flash-apdateable and/or the like. Such storage
devices may be configured to implement any appropriate data storage, including without
limitation, various file systems, database structures, and/or the like.

{8186} The computer systemn 700 might also inclade a commumications subsystem
730, which can include without Himitation a modem, a network card (wirgless or wired},
an infrared communication device, a wircless commmunication device and/or chipset
(such as a Bluetooth® device, an 802,11 device, a Wi-Fi device, a WiMax device,
gellular commumnication facilities, ctc.), and/or the like. The communications subsystem
730 may permit data to be exchanged with a network {such as the network described
below, to name onc cxample), other computer systems, and/or any other devices
described herein.  In many embodiments, the computer system 700 will further
comprise a non-transitory working memory 73S, which can inclade 2 RAM or ROM

evice, as described above.

{8187} The computer systern 700 also can comprise software elements, shown as
being currently located within the working memory 735, including an operating system
740, device drivers, executable libraries, and/or other code, such as one or more
application programs 745, which may comprise computer prograras 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 procedures described with respect to the method(s) discussed above, for
example as described with respect to FIGS. 4C, 4D and 5, might be tuplemented as
code and/or mmstructions executable by a computer (and/or a8 processor within a

compuicr); in an aspect, then, such code and/or instructions can be used to configure
45
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and/or adapt a general purpose computer {or other device) to perform one or more
operations in accordance with the deseribed methods.

[8185] A set of these instructions and/or code might be stored on a2 computer-
readable storage medivm, such as the storage device(s) 725 described above. In some
cases, the storage mediom might be incorporated within a computer system, such as
computer system 700. In other embodiments, the storage medium might be separate
from a computer sysiem {e.g., a removable medium, such as a compact disc), and/or
provided fo an installation package, such that the storage medivm can be used fo
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
exccutable by the computer system 700 and/or might take the form of source and/or
wnstallable code, which, upon compilation and/or instaliation on the computer system
700 {e.g., using any of a varicty of generally available compilers, installation programs,
compression/decompression uiilities, ete.) then takes the form of executable code.

{8185 Substantial variations may be made in accordance with specific
requirements. For example, customized hardware might also be used, and/or particular
elements might be implemented in hardware, software (including portable software,
such as applets, ctc.), or both. Further, connection to other computing devices such as
network input/output devices may be employed.

18194} Some embodiments may employ a computer system (such as the computer
system 700} 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 700 in response to processor 710 executing one or more sequences of one or
more instructions {which might be incorporated into the operating system 740 and/or
other code, such as an application program 745) contained in the working memory 735.
The memory 380 in FIG 38 can be an example of the working memory of 735, Such
mstractions may be read into the working memory 733 from another computer-readable
medium, sach as one or more of the storage device(s) 725. Merely by way of example,
execution of the sequences of instructions contained in the working memory 735 might
cause the processor(s) 710 to perform one or more procedures of the methods described
herein, for example one or more steps of the methods described with respect to FIGS.

4C, 4D and 5.
A6



WO 2014/092945 PCT/US2013/070867

8191} The terms “machine-readable medium” and “computer-readable medium,”
as used herein, vefer to any medium that participates in providing data that causes a
machine to operate in a specific fashion. In an embodiment implemented using the
compuier systems 700, various computer-readable media might be invelved in providing
mstractions/code to processor(s) 710 for execution and/or mright be used to store and/or
carry such mstructions/code (e.g., as signals). In many implementations, a computer-
readable mediom is a physical and/or tangible storage medivm. Such 2 medivm may
take many forms, including but not Hmited to, non-volatile media, volatile media, and
transmission media, Noun-volatile media include, for example, optical and/or magnetic
disks, such as the storage device(s) 725. Volatile media nclude, without limitation,
dynamic memory, such as the working memory 735, Transmission media inchude,
without limitation, coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 705, as well as the various components of the communications
subsystem 730 {and/or the media by which the communications subsystem 730 provides
communication with other devices). Hence, transmission media can also take the form
of waves (inchiding without Hmitation radio, acoustic and/or Hight waves, such as those
generated daring radio-wave and infrared data commanications).

{8192} Common forms of physical and/or tangible computer-readable media
mclade, for example, a floppy disk, a flexible disk, bard disk, magnetic tape, or any
other magnetic mediom, a CD-ROM, any other optical medivm, punch cards, paper
tape, any other physical mediom with patterns of holes, a RAM, a PROM, EPROM, &
FLASH-EPROM, any other memory chip or cartridge, a carrier wave as deseribed
herenatter, or any other mediom from which a computer can read instroctions and/or
code.

{8193} Various forms of computer-readable media may be involved in carrying one
or more sequences of one or more instructions to the processor(s) 710 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 romote computer might load the
instructions into its dypamic memory and send the insiructions as signals over a
transmission medium to be received and/or exccuted by the computer system 700,

These signals, which might be m the form of electromagnetic signals, acoustic signals,

AT
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optical signals and/or the like, arc all exaraples of carrier waves on which instructions
can be encoded, in accordance with various embodiments of the mvention,

{8194} The communications subsystem 730 (and/or components thereof) generally
will receive the signals, and the bus 705 thon might carry the signals (and/or the data,
mstractions, cte. carried by the signals) to the working memory 735, from which the
processor{s} 710 retrieves and executes the instructions, The instructions received by
the working memory 735 may optionally be stored on a non-transiiory storage device
725 cither before or after execution by the processor(s) 710,

{B8195] The methods, systems, and devices discussed above are examples. Various
gmbodiments may omit, substitute, or add varicus procedures or components as
appropriate. For instance, in alterpative configurations, the methods described may be
performed in an order different from that described, and/or various stages may be
added, omitted, and/or combined. Also, features described with respect to certain
cmbodiments may be combined in various other embodiments. Different aspects and
ciements of the embodiments may be combined in a similar manner. Also, technology
evolves and, thus, many of the elements are examples that do not hmit the scope of the
disclosure to those specific examples.

18196} Specific details are 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 techniques have been shown without vmnecessary detail in order to avoid
obscuring the embodiments. This description provides example embodiments only, and
1s not miended to limit the scope, applicability, or configuration of the invention.
Rather, the preceding description of the embodiments will provide those skilled i the
art with an enabling description for implementing embodiments of the invention.
Various changes may be made in the function and arrangement of clements without
departing from the spirit and scope of the invention.

18197} Also, some embodiments were described as processes depicted as flow
diagramus or block diagrams. Although each may describe the operations as 2 sequential
process, many of the operations can be performed in parallel or concurrently, o
addition, the order of the operations may be rearranged. A process may have additional

steps not inchided in the figure. Furthermore, embodiments of the methods may be
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mplemented by hardware, software, fumware, middleware, microcode, hardware
description languages, or any combination thereof. When implemented in software,
firmware, middieware, or microcode, the program code or code segments to perform the
associsted tasks may be stored in a computer-readable medivm such as a storage
mediun. Processors may perform the associated tasks.
16198) Having described several embodiments, various modifications, alternative
constructions, and equivalents may be wsed without departing from the spirit of the
disclosure. For example, in some cmbodiments, a device other than a small cell 100
may include and/or otherwise provide one or more of the components and/or
functionalities discussed above, and accordingly may implement one or more
embodiments described herein.
16199 In still additional and/or alternative embodiments, the above clements may
merely be a component of a larger system, wherein other rules may take precedence
over or otherwise modify the application of the invention. Also, 8 number of sieps may
¢ undertaken before, during, or after the above clements are considered.  Accordingly,

the above description does not Himit the scope of the disclosure.
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WHATIS CLAIMEDR IS;

I. A small ccll-based method for crowdsourcing wirciess signals
comprising:

observing, by a small cell installed at a known location, one or more wircless
signals at the known location, wherein the small ccll comprises a built-in network listen
recciver for observing cellalar downlink signals; and

providing, by the small cell, to at least one crowdsourcing server, information
that identifies the known location and describes one or more detected propertics of the one or
more observed wireless signals, whercin the information is used by the at least onc
crowdsourcing server in providing position assistance nformation to one or more nwwobile

devices located in a vicinity of the known location.

2. The method of claim 1, wherein the information provided to at least
one crowdsoureing server is a Positioning Reference Signal (PRS) configuration based on an

observed LTE downlink signals.

3. The method of claim 2, wherein the PRS configuration inclades at least

one or more PRS bandwidth information clements;
one or more PRS Configuration Indices;
one or more Number of PRS Subframes information clements; and

one or more PRS Muting Information clements,

4. The method of claim 1, wherein the small cell is a microcell, picocell

or femtocell.

s, The method of claim 1, wherein the information that identifies the
known location and describes the one or move detected properties of the one or more
observed wireless signals includes at feast one of:

one or more received signal strength indication (RSSI) measurcmonis
corresponding 1o the one or more observed wircless signals;

one or more fime of arrival (TOA) measurements corresponding 1o the one or
more observed wireless signals;

=50~
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one or maore time difference of arrival (TDOA) measurements corresponding
to at least two of the one or more observed wireless signals;

ong or more angle of arrival (AQA) measurements corresponding to the one or
more observed wireless signals; and

one or more round trip time (RTT) measurements corresponding to the one or

maore observed wircless signals,

b. The method of claim 1, wherein a network histening receiver ohserves

the one or more wireless signals,

=

7. The method of claim 1, wherein the information provided to at least
one crowdsourcing server includes at least one of:

one o more base station locations corresponding to the one or more observed
wireless signals;

ong or more base station timings refative to a GNSS time corresponding to the
onc of more observed wireless signals; and

one or more pilot signal configurations corresponding to the one or more

observed wireless signals.

g. The method of claim 7, wherein the GNSS time is a GNSS fine time

assistance measurement.

9. The method of claim 1, wherein the information provided to at least
one crowdsowreing server is provided periodically, when requested by the at least one

crowdsourcing server or when the information changes.

10, The method of claim 1, wherein the one or more wircless signals
include at least one oft

(GSM signals;

UMTS signals;

LTE signals;

CDMA signals; and

WLAN signals,
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it. The method of claim 1, wherein the known location is derived from an

A-GNSS module inside the small cell.

12, The method of claim 1, wherein a local database can provide the small

cell with location mformation for a base station or access point.

13, The method of claim 1, wherein the mformation provided by the small

cell to at least one crowdsourcing server s measurement data.

4. A small cell for crowdsourcing wireless signals comprising:

one or more small cell baseband processors; and

memory storing computer-readable instructions that, when executed by the
one or more small cell baseband processors, cause the small cell to:

observe one or more wircless signals at a known location at which the small
cell is installed, wherein the small cell compriscs a built-in network listen receiver for
chserving celluiar downlink sigoals; and

provide, to at least one crowdsourcing server, information that identifies the
known focation and describes one or morg detected properties of the one or more ohserved
wircless signals, whercin the information is used by the at least one crowdsourcing server in
providing position assistance information to one or more mobile devices located in a vicinity

of the known location.

I5. The small cell of claim 14, wherein the information provided to at least
one crowdsourcing server is a Positioning Reference Signal (PRS) configuration based on an

observed LTE downlink signals.

16.  The smali celi of claim 15, wherein the PRS configuration includes at
least one of’

one or more PRS bandwidth information elements;

one or more PRS Configuration Indices;

one of more Number of PRS Subframes information clements; and

one or more PRS Muting Information clements.

K7
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17. The small cell of claim 14, wherein the small cell is a microcell,

picocel] or femitocell.

1&. The small cell of claim 14, wherein the information that identifics the
koown location and describes the onc or more detected propertics of the one or more
observed wireless signals includes at least one oft

one or more received signal strength indication (RS3SI} measurements
corresponding to the one or more observed wircless signals;

one or raore time of arrival (TOA) measurements cotresponding to the one or
maore observed wireless signals;

one or more Hme difference of arrival (TDOA) measurements corresponding
to at feast two of the one or more obscrved wireless signals;

one or more angle of arrival (AQA) measurements corresponding to the one or
more observed wireless signals; and

ong or more round trip time (RTT) measurements corresponding to the ong or

more observed wircless signals.

19, The small cell of claim 14, wherein a network lstening receiver

ohserves the one or more wireless signals.

24 The small cell of clatm 14, wherein the fnformation provided to at least
one crowdsourcing server includes at least one of:

one or more base station locations corresponding to the one or more observed
wircless signals;

one or more base station timings relative to a GN3S time corresponding to the
one or more shserved wireless signals; and

ong or more pilot signal configurations corresponding to the one or more

chserved wircless signals.

21 The small cell of claim 20, wherein the GNSS time is a GNSS fine

time assistance measurement.
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22, The small cell of claim 14, wherein the information provided to at least
one crowdsourcing server is provided periodically, when roquested by the at least one

crowdsourcing server or when the information changes.

&

23. The small cell of claim 14, wherein the one or more wircless sigoals
melade at least one of:

GSM signals;

UMTS signals;

LTE signals;

CDMA signals; and

WLAN signals.

24, The small cell of claim 14, wherein the known location 18 derived from

an A-GNSS module inside the small cell.

25. The small cell of claim 14, wherein a local database can provide the

small coll with location information for a base station or access point,

26.  The small ccll of claim i4, wherein the information provided by the

soall cell to at least one crowdsourcing server is measurement data.

27. Ume or more computer-readable media storing computer-executable
mstructions for crowdsourcing wireless signals that, when executed, cause one or more
computing devices inchided in a small cell to:

observe onc or more wircless signals at a known location at which the small
cell is iostalled, wherein the small cell comprises a built-in vetwork listen receiver for
observing cellalar downlink signals; and

provide, to at least one crowdsourcing server, information that identifies the
koown focation and describes one or more detected properties of the one or more observed
wircless signals, whercin the information is used by the at least one crowdsourcing server in
providing position assistance information to one or more mobile devices located in a vicinity

of the known location.

-S4
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28, The onc or more comaputer-readable media of claim 27, wherein the
mformation provided to at least one crowdsourcing server 1s a Positioning Reference Signal

(PRS) configuration based on an observed LTE downlink signals.

29.  The one or more computer-readable media of claim 28, wherein the
PRS configuration includes at least one of!

one or more PRS bandwidth information clements;

one or more PRS Configuration Indices;

one or more Mumber of PRS Sobframes information clements; and

ong or more PRS Muting Information elements,

30.  The one or more computer-readable media of claim 27, wherein the

small cell 1s a microcell, picocell or ferntocell.

31, The onc or more compuicr-readable media of claim 27, wherein the
mformation that identifics the known location and describes the one or more detected
properties of the one or more observed wireless signals includes at least one of:

one or more received signal strength indication (RSSI) measurements
corresponding 1o the one or more observed wircless signals;

one or more fime of arrival (TOA) measurements corresponding 1o the one or
more observed wireless signals;

ong or more time difference of arrival (TDOA) measurements corresponding
1o at least two of the one or more obscrved wircless signals;

one or more angle of arrival {AOA) measurements corresponding to the one or
more observed wireless signals; and

one of more round trip time (RTT) measurements corresponding to the one or

more observed wircless signals.

(N7

2. The one or more computer-readable media of claim 27, wherein a

network listening receiver observes the one or more wireless signals,

3. The one or more conputer-readable media of claim 27, wherein the
33 T'h T Ioor ter-readabl tia of ¢l 27, wherein th

mformation provided to at least one crowdsourcing server inclades at least one of:
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one of more base station locations corresponding to the one or more observed
wireless signals;

ong or more base station timings refative to a GNSS time corresponding to the
one or more observed wireless signals; and

one or more pilot signal configurations corresponding 1o the one or more

observed wireless signals.

34, The one or more computer-readable media of claim 33, wherein the

GNSE time is g GNSS fine time assistance measurement,

35, The one or more computer-readable media of claim 27, wherein the
mformation provided to at least one crowdsourcing server is provided periodically, when

requested by the at least one crowdsourcing server ot when the information changes.

36. The one or more computer-readable media of claim 27, wherein the
one or more wircless signals inclade at least one of:

(GSM signals;

UMTS signals;

L. TE signals;

CDMA signals; and

WLAN signals.

37. The one or more computer-readable media of claim 27, wherein the

known location is dertved from an A-GNSS module inside the small cell.

38. The one or more computer-readable media of claim 27, wherein a local
database can provide the small cell with location information for a base station or access

point,

39, The one or more computer-readable media of claim 27, wherein the
nformation provided by the small cell to at least one crowdsourcing server 1s measurement

data.
40, A small cell for crowdsourcing wireless signals comprising:
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mecans for observing, by a small cell installed at a known location, one or more
wireless signals at the known location, wherein the small cell comprises a built-in network
listen receiver for observing celhidar downlink signals; and

means for providing, by the small cell, to at least one crowdsourcing server,
mformation that identifies the known location and describes one or more detected propertics
of the one or more observed wireless signals, wherein the information is used by the at least
one crowdsourcing server in providing position assistance information to one or more mobile

devices located in a vicinity of the known location,

41, The method of claim 40, whercin the information provided o at least
one crowdsourcing server is a Positioning Reference Sigoal (PRS) configuration based on an

observed LTE downlink signals.

42, The method of claim 41, wherein the PRS configuration includes at
icast one of:

one or more PRS bandwidth informaiion elemenis;

one or more PRS Configuration Indices;

one or more Number of PRS Subframes information clements; and

one or more PRS Muting Information elements.

43, The method of claim 40, wherein the small cell is a microcell, picocel]

or femtocell.

44, The method of claim 40, wherein the information that identifies the
koown location and describes the one or more detected properties of the one or more
observed wireless signals includes at least one oft

one or more received signal strength indication (RS3SI} measurements
corresponding to the one or more observed wircless signals;

one or raore time of arrival (TOA) measurements corresponding to the one or
maore observed wireless signals;

one or more time difference of arrival (TDOA)Y measurements corresponding

to at least two of the one or more observed wircless signals;
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one ot rore angle of arrival {AOA) measurcments corresponding to the one oy
more observed wireless signals; and
one or more round trip time (RTT) measarements corresponding to the one or

more observed wireless signals,

45, The method of claim 40, wherein the information provided to at icast
one crowdsourcing server includes at icast one oft

one or more base station locations corresponding to the one or more observed
wireless signals;

ong of more base station timings refative to a GNSS time corresponding to the
one or more chserved wireless signals; and

one or more pilot signal configurations corresponding to the one or more

observed wirgless signals.

46, The method of claim 45, wherein the GNSS time is a GMNSS fine time

assistance measurement,

47. The method of claim 40, wherein the information provided to at least
one crowdsourcing server is provided periodically, when requested by the at least one

crowdsourcing server or when the information changes.

48, The method of claim 40, wherein the one or more wireless signals
mehide at least one of:

(3SM signals;

UMTS signals;

LTE signals;

CDMA signals; and

WILAN signals.

49, The method of claim 40, wherein the known location is derived from

an A-GNSS module inside the small cell.

50. The method of claim 40, whercin a local database can provide the

small cell with location information for a base station or access point,
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31, The method of claim 40, wherein the information provided by the

small cell to at least one crowdsourcing server is measurement data.

32, A crowdsourcing server comprising:

at least ong processor; and

memory storing computer-readable instructions that, when executed, cause the
crowdsourcing server to:

receive, from a small cell installed at a known location, information describing
one or more wircless signals observed by the small cell at the known location, wherein the
small cell comprises a built-in network listen receiver for observing celivlar downlink
signals;

update a database based on the received information; and

provide location assistance nformation to one or more mobile devices using

mformation included 1 the database.

43

53, The crowdsourcing server of claim 52, whercin the roceived

f,

mformation is a Positioning Reference Signal (PRS) configuration based on an observed LTE

downlink signals.

S4.  The crowdsourcing server of claim 53, wherein the PRS configuration
mchades at least one of:

one or more PRS bandwidth informaiion elemenis;

one or more PRS Configuration Indices;

one or more Number of PRS Subframes information clements; and

one or more PRS Muting Information elements.

SS. The crowdsourcing server of claim 52, wherein the database includes
signal obscrvation information provided by a plurality of small cells instalied at a plurality of

different locations.

36,  The crowdsourcing server of claim 52, wherein the database fumther

nchudes signal ebservation information received from other mobile devices.
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37, A method for crowdsourcing wircless signals using a crowdsourcing
Server comprising:

receiving, from a small cell installed at a konown location, information
describing one or more wircless signals observed by the small cell at the known location,
wherein the sroall cell comprises a buili-in network listen receiver for observing celiular
downlink signals;

updating a database based on the received information; and

providing location assistance information to one or more mobile devices using

mformation included in the database.

58. The method of claim 57, wherein the reccived information is a
Positioning Reference Signal (PRS) configuration based on an observed LTE downlink

signals.

$9.  The method of claim S8, wherein the PRS configuration inchides at
icast one of

one or mwore PRS bandwidth information elements;

one or more PRS Configuration Indices;

one or more Number of PRS Subframes information clements; and

one or more PRS Muting Information clements.

60.  The method of claim 37, wherein the database mcludes signal
chservation information provided by a plurality of small cells installed at a plurality of

different locations.

61, The method of claim 57, wherein the database further includes signal

ghservation information recetved from other mobile devices.

62. One or more computer-readable media storing computer-executable
mstructions for crowdsourcing wireless signals that, when exccuted, cavse one or more
computing devices included in a crowdsourcing server to:

receive, from a small cell installed at a known location, information describing

one or more wircless signals observed by the small cell at the known location, wherein the

=61
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small cell comprises a built-in network lsten receiver for obscrving cellular downlink
signals;

update a database based on the received information; and

provide location assistance information to one or more mobile devices using

information included in the database,

63, The one or more conputer-readable media of claim 62, wherein the
received information s a Positioning Reference Signal (PRS) configuration based on an

ghserved LTE downlink signals.

64, The one or more computer-readable media of claim 63, wherein the
PRS configoration includes at least one of:

one or more PRS bandwidth information clements;

one or more PRS Configuration Indices;

one or more Mumber of PRS Sobframes information clements; and

ong or more PRS Muting Information elements,

65.  The one or more computer-readable media of claim 62, wherein the
database includes signal observation information provided by a plurality of small cells

mstalled at a plurality of different locations.

66.  The onc or more compuicr-readable media of claim 62, wheremn the

database further includes signal observation information received from other mobile devices.

67, A crowdsourcing server comprising:

means for receiving, from a small cell installed at a known location,
nformation describing one or more wircless signals observed by the small ecli at the known
location, wherein the small celi comprises a built-in network listen receiver for observing
cellular downlink signals;

means for updating a database based on the received information; and

means for providing location assistance information to onc or more mobile

devices using information incladed in the databasc.
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6. The method of claim 67, wherein the received information is a
Positioning Reference Signal (PRS) configuration based on an observed LTE downhink

signals,

P

69.  The method of claim 68, wherein the PRS configaration nclodes at
lcast one of!

one or more PRS bandwidth information clements;

one or more PRS Configuration Indices;

one or more Mumber of PRS Sobframes information clements; and

ong or more PRS Muting Information elements,

70.  The method of claim 67, wherein the database includes signal
observation information provided by a plurality of small cells installed at a plurality of

different locations.

71, The metbod of claim 67, wherein the database further includes signal

observation information received from other mobile devices.
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