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(57) Abstract: A mobile device synchronously scans different terrestrial
networks for positioning measurements to align the scans in time. With
minimal time difference between the scans, the positioning measurements
from the different terrestrial networks may be used for crowdsourcing
or position determination. The mobile device may synchronously scan a
wireless wide area network (WWAN) and a local area wireless network
so that positioning measurement derived from the scans are aligned in
time. A local area wireless network is, e.g., a wireless local area networks
(WLANGS) or wireless personal area network (WPANs) but does not in-
clude cellular networks or satellite networks. The scans may be scheduled
at a hardware level to ensure tight synchronization with near-zero time
difference between the scans. Alternatively, the scans may be synchro-
nized at a software level with only scans that occur within a time differ-
ence threshold from each other are used for crowdsourcing or positioning.
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SYNRCHRONOUS SCANNING TERRESTRIAL NETWORKS FOR

CLAIM OF PRIORITY UNDER 33 US.CL 119

{0001} This application claims wnder 35 USC §119 the benefit of and prioriiy to
LLS, Non-Provisional Application nuraber 153/220,313, filed July 26, 2016, and entitled
SSYNCHRONOUS SCANNING TERRESTRIAL NETWORKS FOR
MEASUREMENTS FOR CROWDSOURCING AND POISITIONG,” which is

assigned to the assignee hereof and is incorporated herein by reference in its entirety,

BACKGROUND

Background Field

{0002} The subject matter disclosed herem relates to electronic devices, and more
particalarly to methods and apparatuses for use in or with a mobile device o
synchronize scans from multiple terresirial networks to obtain posttioning
measurements for crowdsourcing or to be used together for positioning and methods and

apparatuses for crowdsourcing using data from synchromized scans.

Relevant Background

{0003} Obtaining accurate position information for mobile devices, such as cellular
telephones or other wireless communication devices, is becoming prevalent in the
communications indostry. A common means to determine the location of a device is to
use a satelbite positioning system {SPS}, such as the well-known Global Positioning
Satellite (GPS) svstem or Global Navigation Satellite System (GNSS), which employa
number of satellites that are i orbit avound the Earth. Other means commonly used to
deternune the location of a device inclades tervestrial based positioning, which is
particularly useful, e.g., when a SPS system is not available or aceurate, e.g., when

mdoors.

{0004] During terrestrial based positioning, measurements of signals from nearby
tragsnytters, such as cellolar base stations (towers) or WiF1L access points, are made.
signal strength indicators (RSSI), ic., may be measured using terrestrial signals. To

estimate a location of the mobile device based on measurements from ferrestrial
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transmitters, a database that includes geonraphical information such as the locations of
typically required. The geographical information for tervestrial transmiiters is often
acquired through crowdsourcing, which mostly depends on the availability of 3PS fixes.
Unfortenately, SPS positioning is often not available or inaccurate within indoor
locations, where terrestrial based posttioning ts particalarly useful. Consequently,

database growth and maintenance 15 compronised.

SUMMARY

[8005] A mobile device synchronously scans different types of terrestrial networks for
positioning measurements to align the scans in time. With minimal time difference
between the scans, the positioning measurements from the different terrestrial networks
may be used for crowdsourcing or position determination. For example, the mobile
device may synchronously scan a wireless wide area network (WWAN) and a local area
wirgless network so that positioming measurement derived from the scans are aligned in
time. A local area wireless network 8, e.g., 8 wireless focal area networks { WLANs) or
wirgless personal area network (WPANs) but does not include cellular networks or
satellite networks. The scans may be scheduled at a bardware level to ensure tight
synchronization with near-zero time difference between the scans. Alternatively, the
scans may be synchronized at a software level with only scans that ocowr within a time

difference threshold from each other are used for crowdsowcing or positioning.

{6006] In one implementation, a method for scanning ferrestrial networks for
positioning weastwrements includes synchronizing scans by a mobile device for wireless
wide area network (WWAN) based positioning measurements and scans Yor local area
wireless network based positioning measurements 1o be gligned in time, wherein the
local area wireless network comprises wireless local area networks {WLANSs) and
wireless personal area network {WPANs) and does not include celtular networks or
satellite networks; scanning with the mobile device for the WWAN based positioning
measurements; scanning with the mobile device for the local area wireless netwerk
based positioning measurements; and using the WWAN based positioning
measurements and the local area wireless network based positioning measurements that
are aligned in time for crowdsourcing or to determine a position fix for the mobile

device.
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{0087] In one implementation, a mobile device for scanning tervestrial networks for
positioning measurements includes a wireless wide area network {WWAN} transcetver
10 scan for WWAN based positioning measwements; a local area wireless network
transceiver 1o scan for local area wireless network based positioning meastirements,
wherein the local area wireless network comprises wireless local area networks
{WLANSs) and wireless personal area network {(WPANs) and does not include cellular
networks or satellite networks; and at least one processor coupled to the WWAN
transceiver and the local aren wireless network transceiver, the at least one processor
configored 1o synchronize scans for the WWAN based positioning measurements and
scans for local area wireless network based positioning measurements to be aligned m
time and to use the WWAN hased positioning measurements and the local area wireless
network based positioning measurements that are aligned n time for crowdsourcing or

to determine a position fix for the mobile device.

{0008] In one implementation, a mobile device for scanning terrestrial networks for
positioning measurements inchades a means for synchronizing scans by the mobile
device for wireless wide area network {WWAN) based positioning measurements and
scans for local area wireless network based positioning measuyrements to be aligned in
time, wherein the local area wireless network comprises wireless local area networks
{WLANs) and wireless personal avea network (WPANs) and does not include celhular
networks or satellite networks, means for scanning with the mobile device for the
WWAN based positioning measwrements; means for scanning with the mobile device
for the local area wireless network based positioning measurements; and means for
using the WWAN based positioning measwrements and the local area wirveless network
based positioning measurements that are aligned m time for crowdsourcing or to

determine a position fix for the mobile device.

{0009] In one implementation, a non-transitory computer-readable medium for scanning
terrestrial notworks for postiioning measurements, the non-transitory computer-readable
mediun inchuding program code stored thereon, includes program code to synchronize
scans by a mobile device for wireless wide area network (WWAN) based positioning
measurements and scans for local area wireless network based positioning
measurements to be aligned in time, wherein the local area wireless network comprises

wireless focal area networks {WLANs) and wireless personal area network {WPANS)
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and does not include cellular networks or satellite networks; program code to scan with
the mobile device for the WWAN based positioning measurements; program code to
scan with the mobile device for the local area wireless network based positioning
measurements; and program code 1o use the WWAN based positioning measirements
and the local area wireless network based positioning measarements that are aligned

time for crowdsourcing or to determine a posttion fix for the mobile device.

[0018] Non-limiting and non-exhausiive aspects are deseribed with reference to the
following fgures, wherein like reference numerals refer to like parts throughout the

vartous Hgures noless otherwise specified.

{0011} Fig 1 illustrates mobile device capable of synchronously scanning different
terrestrial networks for positioning measurements fo be used in crowdsourcing or for

determining a position fix.

10012] Fig. 2 15 a flow chart illustrating a method of synchronousty scanning different
terrestrial networks for posttioning measurements to be used in crowdsourcing or for

determinng a position fix.

{8013} Fig. 3 ilustrates an example of synchronizing WWAN scans and ocal area

wirgless network scans having the same scanning cycles.

{0014] Fig, 4 illustrates an example of synchronizing WW AN scans and local aren

wireless netwaork scans having the different scanning cvcles.

{0015] Fig. § dlustrates an example of syachronizmg WWAN scans and local area

wireless network scans when the local area wireless network scans are opportunistic.

{0016] Fig. 6 1s a flow chart illnstrating a method of synchronizing scans on a software

level

{0017} Fig. 7 illostrates an example of synchronizing WWAN scans and local area

foed

wireless network scans on g software level
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{0018] Fig. 8 13 a flow chart illustrating a method of crowdsourcing the synchronized
WWAN based positioning measurements and local area wireless network based
positioning measurements using a position fix determined from the WWAN based

positioning measurements.

{0019] Fig. 9 15 a flow chart illustrating a method of crowdsourcing the svnclwonized
WWAN based positioning measurements and local area wireless network based
positioning measurements using a position fix determined from the local area wireless

network based posiioning measarements.

{0020} Fig. 10 is a Bow chart illustrating another method of crowdsourcing when
position fixes may be obtained from the syachronized WWAN based positioning
measurements and the focal area wireless network based positioning measurements and

used to verify WWAN and local area wireless network databases.

{0021] Fig. 11 tllustrates a phurality of base stations and access points and associated
posiioning measurements to determine position fixes with which the WWAN and local

area wireless network databases may be verified.

{0022} Fig. 12 is a flow chart ilustrating another method of crowdsoarcing when a
position fix may be obfained from the local arer wireless network based positioning

measurements and used to venify the WWAN database.

{0023} Fig. 13 iHustrates a plurality of base stations and access pomts and associated
positioning measurements to determine a position fix with the local area wireless
network based positioning measarements with which the WWAN database may be

verified.

[0024] Fig. 14 is a block diagram of a mobile device capable of performing
synchronous scans for WWAN based posttioning measurements and for local area

wireless network based positioning measurements.

{0025] Fig. 15 is a block diagram of a server capable of crowdsowrcing based on the
WWAN positioning measurements and the local area wireless network based

posttioning measurements from synchronous scans by the mobile device.
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DETAILED DESCRIPTION

{0026] Fig. 1 ilustrates mobile device 100 capable of wireless commuication with
terrestrial networks, including a wireless wide area network (WWAN) transmiiters,
ilustrated as base stations 120a, 120b, and 120¢ {collectively referred 1o as base stations
1203}, as well as local area wireless network transmitters, Hustrated as access potnis
130a and 130b {collectively referred to as access points 130), The local area wireless
network as used herein includes wireless local area networks {WELANs) and wireless
personal area network (WPANSs) but does not inclade cellular networks or satellite
networks. The mobile device 100 is capable of synchronously scanning for WWAN
based positioning measurements, £.g., from base stations 120 and for local area wireless
network based positioning measurements, e.g., from access points 130, As used herein,
svirchronous scanning indicates that the scans occur af substantially the same time, so
that the scans are aligned in time.  The synchronous scans by the mobile device 100
may be performed at a hardware level, e.g., by scheduling the scans to ocour
substantially simaltancously, e.g., the scans occur within 100us of each other. In
another embodiment, the synchronous scans by the mobile device 100 may be
performed at @ software level, e.g., where scans that are not within a time difference
threshold may be discarded. The time difference threshold may be dependent on the

speed of the mobile device 100.

{0027] The mobile device 100 may communicate with one or more servers 13 via a
wireless network 142 throagh the WWAN transmitiers (base station 120} or a local area
wireless network transmitter (access point 130}, The server 140 is llustrated as being
coupled to 8 WWAN database 144 and & local area wireless network database 146, but
it should be understood that a single database that contains information for the WWAN
network and the local arca wireless network may be used. Data from the WWAN
database 144 andfor the local area wireless network database 146 may be used along
with the one or more of the measurements from the synchronous scans by the mobile
device 100 to determine an estimated position of the mobile device 100, The position
estimnation may be performed by the mobile device 180, e.g, after receiving the data
from the WWAN database 144 andior the local area wireless network database 146 via
the server 150, Alternatively, the position estimation may be performed by the server

150, after recetving the measurements from the synchronous scans from the mobile
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device 100, Additionally, the mobile device 100 may provide the measurements from
the synchronous scans andfor one or more position estimations deternyined using the

measurements from the svachronous scans to the server 150 for crowdsourcing.

[0028] Wireless communication technigues described berein may be in connection with
vartous wireless commmunications networks such as the WWAN network or the local
area wireless network, which includes wireless local area networks (WLANs} and
wireless personal area network (WPANs), but does not inctude cellular networks or
satellite networks. The term "network” and "system™ may be used mterchangeably

herein.

[8029] The WWAN networks, includes e g, cellular networks, and may be referred to
herein sometimes as a cellplar network. The WWAN networks, however, as used
herein, do not include a satellite network or any of the local area wiveless networks. A
WWAN may be a Code Division Multiple Access ("CDMA"™) network, a Time Division
Multiple Access {("TDMA") network, a Frequency Division Multiple Access ("FDMA™)
network, an Orthogonal Frequency Division Multiple Access {("OFDMA™) network, a
Single-Carrier Frequency Division Multiple Access ("SC-FDMA") network, or any
combination of the above networks, and so on. A CDMA network may implement one
or more radio access technologies ("RATs™) such as cdma2000, Wideband-CDMA
{("W-CDMA™), to name just a few radio technologies. Here, cdma2000 may mclude
technologies implersented according to 15-95, 18-2000, and 1S-856 standards. A
TDMA petwork may implement Global System for Mobile Communications {"GSM"),
Digital Advanced Mobile Phone System ("D-AMPS"), or some other RAT, GSM and
W-CDIMA are described in documenis from a consortiom named "3rd Generation
Partnership Project™ ("3GPP"). Cdma2000 1z described in documents from a
consortium named "3rd Generation Partnership Project 2" ("3GPP27). 3GPP and
3GPP2 documents are publicly available. 4G Long Term Evolotion ("LTE™
commumcations networks may also be implemented 1 accordance with clanmed subject
matter, in an aspect. The wansmitters for the WWAN network may be sometimes

referred to herem, as e g, base stations or cellular towers, baot are not limited thereto.

{0038] The local area wireless network, may include a WLAN such as an [EEE 802.11x

network, sometimes referred to as WiFi™, and a WPAN, which as a Bluetooth network,
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an IEEE 802.15x, or radio-frequency identification (RFID) networks, and visual Hght
conununcation (VLC) networks. The transmitters for the local area wireless network
may be sometimes referred to herein as access points, but it should be vnderstood that
focal area wireless network transmitters may include, e.g., access poiats, routers,
bridges, fenmtocells, Bluetooth transmitters, pico cells, small cells, RFID transmitters

and VLC transnitters, and any other WLAN or WPAN transmitiers.

{0031] The mobile device 100 may further be capable of receiving signals roma
satellite positioning system (SP5) {not shown). However, the use of an SPS system s

not relevant to the synchronons scanning of the WWAN networks and local ares

wireless networks for positioning measurements.

{032} In particolar hnplementations, and as discussed below, mobile device 100 may
have cireuitry and processing resources capable of synchronously scanning for location
related megsurenments from base stations 120 and access points 130 and possibly
computing a position fix or estimated location of mobile device 100 based on these
focation related measwements. In some implementations, location related
measuremenis obtained by mobile device 100 may be transferred to the location server
130, which may be, e.g., an enhanced serving mwobile location eenter {(E-SMLC) or
SUPL location platform (SLP), after which the server 150 may estimate or determine a
focation for mobile device 100 based on the measurements. In the presently illustrated
example, location related measurersents obtained by mobile device 100 may include
measurements of signals received from the terrestrial wansmitters fixed at known
locations {e.g., such as base stations 120 and access points 130). Mobile device 100 or
the separate server 130 may obtain a location estimate for mobile device 100 based on
these location related measurements using any ong of several position methods such as,
for example, Advanced Forward Link Trilateration (AFLT), Observed Tine Difference
Of Arrival (OTDOA) or Enhanced Cell ID (E-CID) or combinations thereof. In some

2. AFLT and OTDXOA), pseadoran

of these techmiques (e.g ges of fiming differences may
be measured at mobile device 100 relative to three or more tesvestrial transimitiers fixed
at known locations, based at least in part, on pilots, positioning reference signals (PRS)
or other positioning related signals ransmitted by the transmitters and received at
maobile device 100, Here, server 150 may be capable of providing positioning

assistance data to mobile device 100, via petwork 142, including, for example,
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mformation regarding signals o be measured {e.g., signal timing), locations and
identities of terresirial transmitters to facilitate positioning techniques such as AFLT,
OTDOA and E-CID. For example, server 130 may access the WWAN database 144
andfor the local ares wireless network database 146, which indicates locations and
identities of transmitters in a particular region or regions, sach as 8 particslar venue, and
may provide information descriptive of signals transmiited by a base station 120 or
access point 130, such as transmission power and signal timing. In the case of EXCID, a
mobile device 100 may obtain measuremenis of received signal strength indicators

RESH for signals recetved from base stations 120 andfor access points 130 andfor mav
‘ & I 3

obtain a round trip signal propagation time (RTT) between mobile device 100 and base
stations 120 andf/or access points 130, A mobile device 100 may use these
measurements together with assistance data received from a server 150 to determine a
focation for mobile device 100 or may transfer the measurements to the server 1530 to

perform the same determination.

{B033] As the scans of the WWAN network and the local area wireless network are
performed by the mobile device 100 simultaneously, 1., the scans are aligned in time,
the positioning measurements from the base stations 120 and the access points 130 are
made while the mobile device 100 1s at the same position. As used herein, simultaneous
mdicates that the events ocowr from 0 to 0.5s from cach other, In general, how
sipmiltaneous the scans of the WWAN network and the local area wireless network
should be performed is dependent on the user motion/speed. For example, for a
stationary or nearly stationary user, scans performed 0.5s apart are at the same position.
If the user ts moving quickly, a shorter time difference should be used 1o ensure that the
scans are performed from the same position. Scans may be characterized as
simultaneous if the resulting distance between scans 1s within a desired threshold, In
one example, a target for positioning accuracy may be 10 m {i.e., “same position” 18
considered to be within 10m), then 0.5 second may be used as a max hmit for
“stmultaneous scan” op to a user speed of 20m/s (0.5s ¥ 20m/s = 10m). If higher
positioning/crowdsourcing accuracy is targeted {e.g. 1 m accuracy) (e, “same
position™ is considered to be within 1m), 0.05 second may be used as a max it for
“simultanecns scan’ up to a user speed of 20ns (0.05: * 20my's = Im). In general, the

user’s speed may not be known and accordingly, it is desirable to keep the time
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difference requirement small. By syachronized scans o be aligned in time at the
hardware level, the scans will oceur, e.g., within 100us of each other, which ensures that
the scans are performed at the same position regardless of user speed. The scans may
alternatively be aligned in time at a software level, in which case simultaneous may be

considered 1o be 0 to 0.55 from each other, and may be dependent on the user’s speed.

{034] Accordingly, the positioning measurements from the base stations 120 and the
access points 130 may be used together to generate an accurate estimate of the location
of the mobile device 100. In comparison, with a conventional device that does not
perform simultancous scans, the measurements frony a WWAN petwork and the
measarements from a local area wireless network may be made from significantly
different locations, because the user may have moved s position from one time to a
different location at another different time. Accordingly, with a conventional device, an
estimated position of the device 18 typically not based on positioning measurements
from both a WWAN network and g ocal grea wireless network without signtficant

SITOrs or uncertainty.

{(135] Additionally, for tervestrial based positioning, geographical information, such as
the locations of the base stations 120 and access pomts 130, as well as signal
mformation, from databases 144, 146 is used. For example, the locations of the
transmitters, for example, is used along with the determined distances from the
transmitters (deternuned by the position measurements) to deternmine an estimate of the
position of the mobile device through trilateration. The mformation in the databases

144, 146, is typreally acquired throagh crowdsourcing.

{0036] Crowdsourcing is 2 well-known technigue for growimg and maintaming
databases for tervestrial ransmitters. With crowdsourcing, for example, multiple mobile
devices may report thelr current positions along with the signal information received
from base stations 120 and/or access points 130 1o the server 130, From multiple
reports, the server 150 may grow or maintain the databases 144, 146, e.p. by
determining or refining the location of base stations 120 or access points 130,

Typically, the crowdsourced positions of the mobile devices that are reported 1o a server
are obtained using an SPS system, Unforiunately, SPS svsterns are offen unavailable or

are inacourate at locations where the WWAN and local area wireless network
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positioning are particularly seful. Consequently, the crowdsourced positions of the
mebile devices tend to be inaccurate, thereby comprising the database growth and
maintenance. Moreover, the crowdsourced positions of the mobile devices tend to
biased to outdoor locations where SPS signals are available, thereby incorrectly blasing
the local area wireless network transmitters, e.g., access pomts, routers, elc., to optdoor

locations,

{0037} The mobile device 100 s capable of synchronously scanning for WWAN based
positioning measwements, e.g.. from base stations 120 and for local ares wireless
network based positioning measurements, e.x., front access points 130, so that the scans
are aligned in ime. The synchronous scanning with the scans aligned 1 time 18
advantageous as the positioning measurements from the base stations 120 and the access
points 130 are made while the mobile device 100 13 at the same posttion. Accordingly,
position errors are munimized so that the scans from the WWAN and the local area
wirgless network may be used for erowdsonrcing. Moreover, the scans of the WWAN
and the local area wireless network have a coordinated schedule. Accordingly, if the
nmobile device 100 1s asleep, the mobile device 100 will only awake one time to perform
both scans, in contrast to a device that does not perform synchronous scans, which is
required to wake for each of the separately performed WWAN scan and the local area
wirgless network scan. Accordingly, the wake up power conspmption of the mobile

device 1 18 veduced.

{(0138] Fig. 2 is a flow chart tHustrating a method of synchronousty scanning different
terrestrial networks for posttioning measorements to be wsed in crowdsourcing or for
determining a posttion fix for a mobile device. As illustrated, the mobile device
synchronizes scans by a mobile device for WWAN based positioning measurements and
scans for local area wireless network based positioning measurements to be aligned in
time (202). The local area wireless network includes wireless local area networks
{WLANs} and wireless personal area network {(WPANY) and does not melude cellular
networks or satellite networks, The mobile device scans for the WWAN based
positioning measurements (204} and scans for the local area wireless network based
positioning measurements {206}, The WWAN based positioning measurements and the
ocal area wireless network based positioning measurements that are svachronized to be

aligned in time are used for crowdsowrcing or to determine a position fix for the mobile
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device (208). I desired, the mobile device may synchronously scan more than two
networks. For example, the mobile device may svnchronously scan one or more
WWAN networks and one or more local ares wireless networks, such as a WiFi

aetwork and a Blustooth network,

{0039] The scans may be synchronized 10 be aligned in time, e.g., by hardware
scheduling of the scans for the WW AN based positioning measurements and the scans
for the local area wireless network based positioning measurements to occur
substantially simultaneously, e.g., within 100gs of each other. Scheduling the scans to
be aligned in tine may be advantageous when the mobile device is in sleep mode. For
example, the scans may be scheduled to be aligned in time after a processor in the
mobile device wakes-up from a sleep mode, which reduces the wake up power
necessary to perform scans, compared to a devices that wakes the processor for each

unsynchronized WWAN scan and local area wireless network scan.

[0048] Fig 3 Hlustrates an exanmple of synchronizing the WWAN scans and local area
wireless network scans. Fig. 3 shows timelines 302 and 304 respectively ilustrating the
WWAN scans with squares and the local area wireless network scans with circles. The
timetimes 302 and 304 Hustrate the WWAN scans and the local area wireless network
scans if the scan were not simultaneous. As can be seen, the WWAN scans in timehine
302 and the local area wireless network scans in timeline 304 each have scanning cycles
with the same interval, but the local area wireless network scans in timeline 304 arve
delayed with respect to the WWAN scans in timeline 302, A third thmeline 306
ithastrates synchronized WWAN scans {with squares) and local area wiveless network
scans (with circles) that arve aligned in time, which are scheduled by a common
scheduler in the mobile device 100 to ocowr substantially simulianeously. The common
scheduler in the mobile device 100, for example, may receive the schedule for the
WWAN scans and the local area wireless network scans, and schedules them to occur
substantially simultancously, e.g., by moving the local area wireless petwork scans o
occuy eavhier {or later} in time, as illustrated by the arrow 303, so as to comcide with the

WWAN scans, as tllustrated in timeline 306,

{0041] The WWAN scans and the local area wireless network scans, in other

embodiments, may have different intervals in their respective scannming cycles. Fig. 4,
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by way of example, shows timelines 402 and 404 respectively illustrating the WWAN
scans with squares and the local ares wireless petwork scans with circles, where the
scans are not synchronized to be aligned in time and intervals in their respective
scanning cveles differ. Additionally, as can be seen, the focal area wireless network
scans in timeline 404 are delayed with respect to the WWAN scans in timeline 402, A
third thmeline 406 tlustrates synchronoas WWAN scans (with squares) and local area
wireless network scans (with circles) that are aligned i tnse, which are scheduled by a
common scheduler in the mobile device 100 to ocour substantially simultaneously,
Similar to Fig. 3, the common scheduler in the mobile device 100, for example, may
receive the schedule for the WWAN scans and the local area wireless network scans,
and schedules them to ocowr substantially simubtaneously, e.¢.. by moving the local area
wireless network scans to occur earlier in time, as iHustrated by the arvow 405, so as o
cotncide with the WWAN scans, as illustrated 1n timeline 406, Additionally, as the
WWAN scans and the local area wireless network scans bave different intervals, only
the positioning measurements that result from the WWAN scans and the local area
wireless network scans that are aligned, e.g., at times 408, 4180, and 412, are used for
crowdsourcing ot ave used together for positioning. Thus, the common scheduler
schedules scans from a least commaon interval that are aligned in time to be used for

crowdsourcing or o be used together for positioning.

{042] In another embodiment, one or more of the scans, e.g., the local area wireless
network scans or the WWAN scans, may not have a scan cycle, but instead may be
opportunistic. For example, Fig. 5 shows a timeline 502 illustrating WWAN scans
{with squares) having a scanning oycle, and timeline 504 iHustrating the local ares
wireless network scans {with circles) without a scanning cycle, but instead the local area
wireless network scans occur opportunistically. A third timeline 506 illustrates
synchronous WWAN scans (with squares) and local area wireless network scans {with
circles) that are aligned in time, which are scheduled by a common scheduler i the
mobile device 100 to occur substantially simultancously. The common scheduler 1 the
mobile device 160, for example, may receive the schedule for the WWAN scans and

may the trigger the local area wireless network scans based on the WWAN scan, so

Poctae

that when the opportunistic local area wireless network scans arise, they are delayed to
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512, Similarly, if the WWAN scans are opportunistic and the local area wireless
network scans have a scan oyele, the WWAN scans may be riggered based on the local

area wireless network scans.

[0043] The scans may also be synchronized 10 be aligned in time, g, at a sofiware
fevel, e.g., by discarding any scans that do not occur within a time difference threshold.
Fig. 6, by way of example, is a flow chart tHustrating a method of synchronizing scans
at a software level. A time difference is determined between a first time of the scanning
with the mobile device for the WWAN based posttioning measuremenis and a second
time of the scanning with the mobile device for the local area wireless network based
positioning measurements (602}, The tume difference is compared to a time difference
threshold {604} and the WWAN based positioning measurements and the local area
wireless network based positioning measurements are used together for crowdsourcing
or to determine the postiion fix when the time difference is less than the time difference

threshold (606).

[0044] Fig. 7, by way of example, shows timelines 702 and 704 iHlustrating WWAN
scans with squares and the local area wireless network scans with cireles. Fig 7,

area wireless network scan 708 and a time difference M2 between the times of the
WWAN scan 710 and the local area wireless network scan 712, By comparing the time
differences 8t and the time ditference 3t2 10 a time difference threshold, it can be
determined whether to use the WWAN based positioning measurement and the local
area wireless network based positioning measurements for crowdsourcing or to
determine the position fix. By way of example, the time difference 81 may be less than
the time difference threshold, and so the positioning measurements from WWAN scan
706 and the local area wireless network scan 708 may be used together for
crowdsourcing or to be used together to determine g posttion fix, Oun the other hand, the
time difference 32 may be greater than the time difference threshold, and thus, the
positioning measurements from WWAN scan 710 and the local area wireless network
scan 712 may not be used together for crowdsourcing or used together to determine a

position fix.
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{0043] The time difference threshold may be speed dependent. To minimize
differences in the positions of the mobile device when the scans are performed, the time
difference threshold may be reduced as the mobile device travels faster. For example, if
the mobile device is moving quickly, a small time difference threshold may be
desirable. Consequently, if the mobile device has a large speed, the time difference 8ti
may be greater than the time difference threshold and the positioning measurements
from WWAN scan 706 and the local area wireless network scan 708 may not be used
together for crowdsowcing or used together to deterniine a position fix. On the other
hand, if the mobile device is moving slowly or is stationary, a larger time difference
threshold may be desirable so that additional scans may be used for crowdsourcing or
positioning without causing errors due to the mobile device traveling a large distance
beiween scans. Conseguently, if the mobile device is moving slowly or is stationary,
the time difference 812 may be smaller than the time difference threshold, and thus, the
positioning measurements from WWAN scan 710 and the local area wireless network
scan 712 may be used together for crowdsourcing or used together {o determine a

position fix.

{0046] The WWAN based positioning measurements and the local area wireless
network based positioning measnrements that are synchrounized to be aligned in time
may be used for crowdsourcing, e.g., by transmitting synchronized WWAN based
positioning measurements and local area wireless network based positioning
measurements to a crowdsourcing server with or without an associated position fix. The
crowdsourcing server, e.g., server 150 m Fig. 1, may update the databases 144 and 146
accordingty. It should be anderstood that if more than two networks are synchronously
scanped by the mobile device, the measurement positions from all of the synchronously

scanned nebworks may be used for crowdsowrcing.

[0047] Fig. 8, by way of example, is a flow chart illustrating a method of
cronvdsourcing the synchronized WWAN based positioning measurements and the local
area wireless network based positioning measurements using a position fix determined
from the WWAN based positioning measwrements. As shown, a position fix for the
mobile device may be obtained with the WWAN based positioning measurements (802)

and the position fix may be assigned 1o the local area wireless network based
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positioning measurements (804). By way of example, the mobile device 100, shown in
Fig. 1, may obiain the position fix, e.g., by determiniay the position fix #tself or by
obtaining the position fix from the server 150, The mobile device 100 may associate the
position fix with the local area wireless network based positioning measurements and
transmit the local area wireless petwork based positioning measurerments with
associated position fix to the server 150, Alternatively, the server 150 may obtaimn the
position fix, e.g., by determining the position fix from the WWAN based positioning
meastrements transnntied from the mobile device 100 or by obtaining the position fix
from the mobile device 100, The server 130 may associate the position fix with the
local area wireless network based positioning measurements and may update one or

both databases 144, 146 accordingly.

[0048] Fig 9, by way of example, is a flow chart ithustrating a method of
crowdsonrcing the synchromized WWAN based posiioning measurements and focal
area wireless network based positioning measurernents using & position fix determined
from the local area wireless network based positioning measwrements. As shown, a
position fix for the mobile device may be obtained with the local area wireless network
based positioning measarements {902) and the postion fix may be assigned to the
WWAN positioning measurements {904}, By way of example, the mobile device 100,
shown in Fig: 1, may obtain the position fix, e.g., by determining the position fix itself
ar by obtaining the position fix from the server 150 The mobile device 100 may
associate the position fix with the WWAN positioning measurements and transmit the
WWAN positioning measurements with associated position fix to the server 150,
Alternatively, the server 150 may obtain the position fix, e.g., by determining the
position fix from the local area wireless network based positioning measurements
transmuitted from the mobile device 100 or by oltaining the position fix from the mobile
device 100, The server 150 may associate the position fix with the WWAN positioning

measurements and may update one or both databases 144, 146 accordingly.

{8049] When a position fix for the mobile device s not possible with either the WWAN
based positioning measurements or the local area wireless network based positioning
measurements, the WWAN based positioning measurements and the local area wireless
network based positioning measurements may be associated together for crowdsourcing.

By way of example, the mobile device 100 may associate the WWAN based positioning
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measuremenss and the local area wireless network based positioning measursments
together and transmit the data to the server 130, In one example, there may be an
adequate number of positioning measuwrements for a position fix, e.g., there may be
positioning measurements from three or more base stations 120 or access points 130,
but the mobile device 100 may have insufficient information for the base stations or
aceess points to generate the position fix (1.e., the location of one or more hase stations
120 or access pomnds 13018 unknown), The server 150, however, may have enough
information to generate a position fix. Thas, by associating the WWAN based
positioning measurements and the local area wireless network based positioning
measurements together and transmitting the data to the server 150, the server 150 may
generate the position fix, I the server 150 does not have enough information to
generate the position fix, the server 150 may store the associated measurements, e.g., in
databases 144, 146, for future use. For example, in the future, the server 150 may
obtamn information (e.g., the location of one or more base stations 120 or access points
130} with which & position fix may be generated using the stored WWAN based
positioning measurements or the local area wireless network based positioning
measurements. The position fix may then be associated with the WWAN based
positioning measurements ot the local area wircless network based postioning

meastements.

{0050] In another example, there may not be an adequate number of positioning

measurements obtained by the mobile device to generate a position fix, e.g

[

there may
be positioning measurements from less than three base stations 120 or access points
130. Even though a position fix cannot be obtained, the WWAN based positioning
measurements may be used to constrain the uncertainty associated with the local area
wireless network based positioning measurements.  For example, the uncertainty
associated with an access pomt 130 may be constrained using a WWAN based
positioning measurement from a single base station 120, which may be superior to
having no constraint on the pncertainty or constraining the vncertainty merely on the
base station wdentification alone. Further, with WWAN based positioning
measurements ffom two base stations 120, a Reference Nignal Time Difference
measurement {RSTD may be used to constrain the unceriainty associated with the

access point 130 sufficiently to be used as a position estimate.
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{0031] Fig. 10 15 a flow chart tustrating another method of crowdsourcing when
position fixes may be obtamed using the svachronized WWAN based positioning
measurements and the local area wireless network based positioning measurements. As
tHustrated, a first position fix 1s obtained for the mobile device with the local area
wireless network based positioning measurements using a local area wireless network
database (1002). A second position fix for the mobile device is obtained with the
WWAN based positioning measwements using a WWAN database (1004). The first
position is compared to the second position 1o verify the local area wireless network
database and the WWAN database (1006). The position fixes may be obtained by the
mobile device 100, e.g., by generating the position fixes using mformation from the
databases 144, 146 transmitted by the server 150, Alternatively, the server 150 may
generate the position fixes using the information from the databases 144, 146, The
server 150 may transmit the position fixes to the mobile device 100 to verify the
databases or the server 150 itself may compare the position fixes and verify the
databases. It should be understood that if more than two networks are synchronously
scanned by the mobile device, position fixes from the additional networks may also be

used to verify the databases.

{8052] Fig. 11, by way of example, llustrates a phurality of base stations 11204,
11208, 11200 and access pomts 11304, 1130B, 1130C and associated radius rings,
which may be deternuned from positioning measurements, e.g., TOA, RTT, TDOA,
RSS], etc., from the associated transmitters. A first position fix 1102 1s generated based
on the Jocal area wireless network based positioning measurements front access points
1130A, 1130B, and 1130C using the local area wircless network database that provides
the locations of the access points. A second position fix 1104 is generated based on the
WWAN positioning measurements from base stations 11204, 11208, and 1120C using
the WWAN database that provides the locations of the base stations. If the distance
1106 between the first position 8x 1102 and the second position fix 1104 is greater than
a distance threshold, the first position fix 1102 and the second position fix 1106 may be

considered to not match, indicating that there is an ervor in one or both databases.

{0053 The first position fix 1102, based on the local area wireless network based
posioning measurements, may be used as a reference location with which one or more

errors in the WWAN database may be determined. For example, an outlying base
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station in the WWAN database may be identified by comparing the distance derved
from the WWAN based positioning measwement {e.g., TOA, RTT, TDOA, RSS], ete))
for a base station 1o the distance between the location of the base station as provided by
the WWAN database and the reference location. Thus, as ilustrated in Fig. 11, for base
station 11208, the distance dertved from the WWAN based positioning measurement
{e.g., the radtus 1108 of radius ring around base station 11208} s compared to the
distance 1110 between the location of the base station 11208 as provided by the
WWAN database and the reference location 1102, The difference in distances is
determined for each base station, and the base station with the largest difference may be
flagged in the WWAN database as suspicious, or if the difference is greater than a

threshold, may be flagged as incorrect.

{0034} Sinntlarly, the second position fix 1104, based on the WWAN positioning
neasurements, may be used as a reference location with which one or more errors in the
focal area wireless network database may be determined. For exaraple, an outlying
access point in the local area wireless network database may be wdentified by comparing
the distance derived from the local area wireless network based positioning
measurement {e.g., TOA, RTT, TDOA, RSSI ete)) for an access point to the distance
between the location of the access point as provided by the local area wireless network
database 146 and the reference location. Thus, as iHustrated in Fig. 11, for access point
1130C, the distance derived from the local area wireless network positioning
measurement {e.g., the radius 1112 of radius ring around access point 1130C) 1s
compared to the distance 1114 between the location of the access point 1130C as
provided by the local area wireless network database and the reference location 1104,
taking into account, if necessary, the tarnaround calibration factor, which is an
additional processing delay on access points. The difference in distances is determined
for each access pownt, and the access point with the largest difference may be flagged n
the local area wireless network database as suspicious, or if the difference is larger than

a threshold, may be flagged as mcorrect.

£t

{0055] Fig. 12 is a flow chart lustrating another method of crowdsourcing when a
position fix may be obtained only with the local area wireless network positioning
measurement. As shown, a first position fix for the mobile device is obtained with the

focal area wireless network based positioning measurements using a local area wireless
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network database (1202} A second position fix for the mobile device is not possible
with the WWAN based positioning measwements and a WWAN database. The first
position fix and the WWAN based positioning measwrements are used to verify the
focal area wireless network database and the WWAN database (1204). For example, as
discussed forther in reference to Fig. 13, the first position fix, based on the local area
wirgless network based positioning meastrements, may be nsed as a reference location
to wdentity base stations with locations in the WWAN database that are spspicions or
tncorrect by way of consistency checks, That is, the WWAN measurement ysed along
with the WWAN database should result in a position region which is consistent with the
reference location derived from the local area wireless network positioning
measurements and the local area wireless network database. The first position fix may
be obtained by the mobile device 100, e.g., by generating the position fix using
information from the local area wireless network databases 146 transmitted by the
server 150, Alternatively, the server 130 may generate the position fixes vsing the
information from local area wireless network databases 146, The server 150 may
transmit the position fix to the mobile device 100 to verify the databases or the server

150 iself may verify the databases.

{8056} Fig 13, simalar to Fig 11, illusteates a plurality of base stations 13204, 13208,
and access pownts 1330A, 13308, 1330C and associated radins sings, which may be
determined from positioning measurements, e, TOA, RTT, TDOA, RSS], ete., from
the associated transmitters. A first position fix 1302 is generated based on the local ares
wireless network based posttioning measuwrements from access points 13304, 13308,
and 1330C using the local area wireless network database that provides the locations of
the access points. A second position fix based on the WWAN positioning
measurernents, however, is not possible as there are only two base stations 1320A and
13208, The first position fix 1302, based on the local area wireless network based
positioning measurements, may be used as a reference location to identify mismatching
base stations. For example, a mismatched base station in the WWAN database may be
identified by comparing the distance derived from the WWAN based posttioning
measurement {e.g, TOA, RTT, TDOA, RESI, ete)) for a base station to the distance
between the location of the base station as provided by the WWAN database and the

3

reference location. Thus, as tllustrated 1 Fig. 13, for base station 13208, the distance
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derived from the WWAN based positioning measurement {e.y., the radius 1304 of
radius ring around base station 1320B) is compared to the distance 1306 bevween the
focation of the base station 13208 as provided by the WWAN database and the
reference location 1302, If the difference in distances is greater than an error threshold,
the location of the base station 13208 in the WWAN database may be flagged as
suspicious or incorrect. Alternatively, the wncertainty of any base station identified as
nismatching may be ncreased i proportion to the discrepancy with the first posihon

fix 1302,

{8057} Fig. 14 is a block diagram of a mobile device 100 capable of perfonming
synchronous scans for WWAN based positioning measorements and for local area
wireless network based positioning measurements, so that the scans are aligned in time.
The mobile device 100 melodes a WWAN fransceiver 1410 to wirelessly communicate
with WWAN transmitters, such as base stations 120 (shown in Fig. 1), a local area
wireless network (LAWN) trassceiver 1420 to wirelessly communicate with LAWN
transmitters, such as access points 130 shown i Fig. 1), and one or more apntennasg
1430 that may be used with the WWAN transceiver 1410 and LAWN transceiver 1420,
The mobile device 100 may include other sensor{s) 1440, such as accelerometers,
gyroscopes, electronic compass, magnetometer, barometey, etc., as well as an §SPS
receiver 14530, The mobile device 100 may further include a user inferface 1450 that
may include e.g., a display, a kevpad or other input device, such as virtual keypad on

the display, through which the user may interface with the mobile device 100,

{6058] The mobile device 100 further inclides a memory 1470 and one or more
processors 1480, which may be conpled together with bus 1472, The processor 1430
and other components of the mobile device 100 may similarly be coupled together with
bus 1472, a separate bus, or may be directly connected together or a combmnation of the
foregoing. The memory 1470 may contain executable code or software instructions that
when executed by the one or more processors 1480 canse the one or more processors to
operate as a special purpose computer programmed to perform the alyorithms disclosed

herein.

{0059] As illustrated 1n Fig. 14, the one or more processors 1480 may include one or

more processing units or components that implement the methodologies as described



WO 2018/022241 PCT/US2017/039716

3

i

heremn. For example, the one or more processors 1480 may mclude a common
scheduler 1482, which may be configured to receive the schedule for the WWAN scans
from the WWAN controlier 1484 and the schedule for the LAWN scans from the
LAWN controller 1486, and to schedule the WWAN scan and the LAWN scan to ocour
substantially stmultaneously, as discussed heretn. By way of example, the scans may be
scheduled to ocowr substantially simultancously by aligning the scan cycles in firge,
Muoreover, if the WWAN scan and LAWN scans do not have the same intervals in thenr
respective scanning cyeles, the conumon scheduler 1482 may schedule the scans froma
feast common interval that are aligned in time 1o be used for crowdsourcing or to be
used together for positioning. Moreover, if one of the scans, e, the LAWN scan, is
opportunistic, the common scheduler 1482 may time trigger the opportuntstic scan
based on the cvclic scan. As discussed above, the common scheduler 1482 may be a
hardware component that schedules the scans at a hardware level. By syachronously
scheduling the scans at & hardware level, tight syonchronization with near-zero firoe
difference in the scans is possible, e.g, the scans occur within 1us or less of each other.
In apother mmplementation, the commeon schedoler 1482 may operate at a software level,
e, instructions and data are stored on non-transitory computer readable media, e.g.,
memaory 1470, and are configared to cause the one or more processors 1480 to
implement the function common scheduoler 1482, As discussed above, the common
scheduler 1482, when operating at a software level, may be configured to prevent scans
that are not within a time difference threshold, e.g., Sms, from being used for
crowdsowrcing or from being used together to determine the position fix. The time
difference threshold may be variable, e g, based on speed, e g., as determuned from the
WWAN position determination processing wnit 1488 or LAWN position determination
processing unit 1490, or from any other source including data from the SPS recerver

1460 (if available) or other sensors 1440, such as inertial sensors.

{0068] The one or more processors 1480 may further include the WWAN position
deternination processing unit 1488, which is configured {o generate the WWAN
positioning measurements from scans performed by the WWAN transceiver 1410, The
WWAN position determination processing wait 148% yay be further configured to
determine a postiion fix from the mobile device 100 based on WWAN position

meastrements or 1o cause the WWAN posifion measurements to be transnutied to the
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server 150 so that server 150 may determine a position fix for the mobile device 104,
which may be transmitted back to the mobile device 100, The one or more processors
{480 may further inclade the LAWN position determination processing umit 1490,
which 1s configured to generate the local area wireless network based positioning
measurements from scans performed by the LAWN transceiver 1420, The LAWN
position determination processing untt 1499 may be further configured to determine a
position fix from the mobile device 100 based on local area wireless network based
positioning measurenments or 1o cause the local area wireless network based positioning
measurements 1o be transmified to the server 150 so that server 150 may detormine a
position fix for the mobile device 100, which may be transmitted back 1o the mobile
device 100, The WWAN position determination processing unit 1488 and the LAWN
position determination proceeding unit 1490 may operate together so that svachronous
scans resulting i the WWAN positioning measurements and the LAWN positioning
measurements may be used together to determine a position fix for the mobile device

100,

{0061} The one or more processors 1480 may further include a crowdsourcing
processing anit 1492 that is configured to crowdsource based on the WWAN
positioning measurements and the local area wireless network based positioning
measyrements from synchronous scans. The crowdsourcing processing unit 1492 may
be configured to associate together the WWAN positioning measurements and the local
area wireless network based positioning measurements resalting from synchronous
SCANS, O MAy associate a position fix from the WWAN position determination
processing unit 1488 and/or the LAWN position determination processing unif 1490
with the WWAN positioning measarements and/or the local area wireless network
based positioning measurements resulting from syuchronous scans. The crowdsouwrcing
processing unit 1492 may be further configured to venify the WWAN database and the
local area wireless network database. For example, 3 position comparson processing
unit 1494 may be configured to compare position fixes from both networks or to
compare a reference position fix from one network to the position measuremments from
the other network, as discussed above. The crowdsowrcing processing unit 1492 may be
configured to flag suspect data andfor alter uncertainties associated with fransmission

sources based on the comparison from the position comparison processing unit 1494, as
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discussed above. The crowdsourcing processing unit 1492 may be funther configured ©
transauit the crowdsonrcing data, .g., the associated measurements andfor position
fixes, identification of suspect database entries, and change in uncertainty, to the server
150, ez, via WWAN transcetver 1410 or LAWN transcetver 1420, or may be
configured 1o store the crowdsowrcing data on board the mobile device 100, g, in

memory 1470,

{0062] The methodologies described herein may be implemented by vanious means
depending upon the apphcation. For example, these methodologies may be
inplemented o hardware, firmware, soflware, or any combination thereof. Fora
hardware hmplementation, the one ot more processors may be implemented within one
or mote apphication specific integrated circuits (ASICs), digital signal processors
{(DSPs), digital signal processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAS), processors, controllers, micro-
controllers, microprocessors, electronic devices, other glectronic unifs designed ©©

perform the functions described berein, or a combination thereof

{(163] For an implementation involving firmware andfor software, the methodologies
may be implemented with modules {e.g., procedures, functions, and so on} that perform
the separate fanctions described herein. Any machine-readable medivan tangibly
embodying instructions may be used in implementing the methodologies described
herein, For example, software codes may be stored in a memory and executed by one or
OIS Processor units, causing the processor uaits to operate as a special purpose
computer programmed to perform the algorithms disclosed herein. Memory may be
implemented within the processor unit or external 1o the processor soii. As nsed herem
the term “memory” refers 1o any type of long term, short term, volatile, nonvolatile, or
other memeory and is not to be limited to any particular tvpe of memory or number of

memories, or type of media upon which memory is stored,

{0064] If implemented in fiomware andfor software, the functions may be stored as one
or more nstructions or code on a non~transitory computer-readable storage medium.
Examples nclude computer-readable media encoded with a data structure and
computer-readable media encoded with a computer program. Computer-readable media

meludes physical computer storage media. A storage mediam may be any available
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medivm that can be accessed by a computer. By way of example, and not limitation,
such computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage, semiconductor storage, or other
storage devices, or any other medium that can be used to store desired program code in
the form of mstractions or data structures and that can be accessed by a computer; disk
and disc, as used herein, inchades compaet dise {CD), laser disc, optical disc, digital
versatite dise {DVD), floppy disk and bla-ray dise where disks vsually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the

above should also be included within the scope of computer-readable media.

{0065] In addition to storage on computer-readable storage medium, mstructions andfor
data may be provided as signals on ransmission media mchuded in a communication
apparatus, For example, a communication apparatus may include a transceiver having
signals indicative of instructions and data. The nstructions and data are stored on non-
transitory computer readable media, g, memory 1470, and are configared to cause the
O QF IIOTE PLOCessors 1o operate as a special pupose computer programmed to
perform the algonithms disclosed herein, That 1s, the communication apparatus includes
transmussion media with signals indicative of information to perform disclosed
functions. At a first time, the transmission media included i the communication
apparatus way inchude a first portion of the information to perform the disclosed
functions, while af a second tine the transnussion media mchaded i the communication
apparatus may inclade a second portion of the information to perform the disclosed

functions.

[0066] Thus, the mobile device 100 includes a means for synchronizing scans for

local area wireless network based positioning measurements to be aligned in time,
wherein the local area wireless network comprises wireless local area networks
{WLANs} and wireless personal area petwork {WPANs} and does not melude cellular
networks or satellite networks, which may mclude, e.g., one or more processors 1480,
including a common scheduler 1482, A means for scanning for the WWAN based
positioning measurements may include the WWAN transceiver 1410 and the WWAN
position determination processing unit 1488, A means for scanning for the local area

wireless network based posttioning measurernents may inchude the LAWN transceiver
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1420 and the LAWN position deternunation processing unit 1490, A means for nsing
the WWAN based positioning mieasuremnents and the local avea wireless network based
positioning measwrements that are aligned in time for crowdsourcing or to determine a
position fix for the mobile device may include the crowdsourcing processing unit 1492
and the WWAN position determination processing unit 1488 and the LAWN position

determination processing wat 1490,

{0067 The means for synchronizing scans i the mebile device may be a hardware
schedaling means that schedales the scans for the WWAN based positioning
measurements and the scans for the local arga wirelsss network based positioning
measarements 1o oceur substantally stmultanecunsly, which may include the common
scheduler 1482 implemented in hardware. The means for synchronizing scans may
nclude a means for determining a time difference between a first time of the scanning
with the mobile device for the WWAN based positioning measurements and a second
time of the scanning with the mobile device for the local grea wireless network based
positioning measurements; means for comparing the time difference to a time difference
threshold; and means for using the WWAN based positioning measurements and the
local area wireless network based positioning measyrements together for crowdsourcing
or to determiine the posttion fix when the time difference is less than the time difference

threshold, which may imclude the common scheduler buplemented in software.

{0068] The means for using the WWAN based positioning measurements and the local
area wireless petwork based positioning measurements that are aligned n time for
crowdsonrcing may include means for transmitting the WWAN based positioning
measurements and the local area wireless network based positioning measvrements that
arg aligned in time 1o a crowdsourcing server with or without an associated position fix,
which may include the crowdsourcing processing unit 1492 and the WWAN {ranscejver

14180 or the LAWN transceiver 1420

{0069] The means for using the WWAN based positioning measurements and the focal
area wireless network based positioning measurements that are aligned 1o time for
crowdsourcing may include means for obtaining a position fix for the mobile device
with the WWAN based positioning measurements, which may include the WWAN

position determination processing unit 1488; and a means for assigning the position fix
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to the local area wireless network based positioning measurements, which may include

the crowdsourcing processing unit 1492,

[0078] The means for using the WWAN based positioning measurements and the local
area wireless network based posttioning measurements that are aligned in time for
crowdsourcing may include means for associating the WWAN based positioning
measuremments and the local area wireless network based positioning measurements
based positioning measurements and the local area wireless network based positioning
measurements, which may include the crowdsourcing processing it 1492,
Additionally, a means for constraining an uncertainty associated with the local area
wireless network based positioning measurements using the WWAN based positioning

measurements may melude the crowdsourcing processing umit 1492,

{0071] The means for using the WWAN based posttioning measurements and the focal
area wireless network based positioning measurements that are aligned in time for
crowdsourcing may include means for obtaining a position fix for the mobile device
with the local area wireless network based positioning measurements, which may
melude the LAWN position determination processing umit 1490, A means for assigning
the position fix to the WWAN based positioning measurements may include the

crowdsourcing processing unit 1492,

[0072] The means for using the WWAN based positioning measurements and the local
area wireless network based positioning measurements that are aligned in time for
crowdsourcing may include means for obtaining a first position fix for the mobile
device with the local area wireless network based positioning measurements using a
focal area wireless network database, which may mclude the LAWN paosition
determination processing unit 1490 and the WWAN transceiver 1410 or LAWN
transceiver 1420. A means for oblaining a second position fix for the mobile device
with the WWAN based positioning measurements using a WWAN database may
include the WWAN position determination processing unit 1488 and the WWAN
transceiver 1410 or LAWN transceiver 1420, A means for comparing the first position
to the second position to verify the local area wireless network database and the

WWAN database may include, e.g., the position comparison processing unit 1494
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{0073] The means for using the WWAN based positioning measurements and the local
area wirgless network based positioning measuremens that are aligned m thme for
crowdsourcing may include means for obtaining a first position fix for the mobile
device with the local area wireless network based positioning measurements using
focal area wireless network database, wherem a second position fix for the mobile
device 1s not possible with the WWAN based positioning measurements gnd a WWAN
database, which may inclode the LAWN position determimation processing wut 1490
and the WWAN transceiver 1410 or LAWN transceiver 1420, A means for using the
first position and the WWAN based posttioning measurements to verify the local area

comparison processing unit 1494,

10074} Fig 15 15 a block diagram of a server 150 capable of crowdsourcing based on
the WWAN positioning measurements and the local avea wireless netwaork based
positioning measurements resulting from synchronous scans by the mobile device 1040,
The server 130 includes an external interface 1510 that is capable of communicating
with the mobile device 100, e.g., throngh the wireless network 142 shown ia Fig. 1.
The server 130, for example, may use the external interface 1310 {o obtain the position
measurements from the mobile device 100, Additionally, the server 150 may use the
external interface 1510 to receive one or more position fixes determined by the mobile
device 100, The external mierface 1310 pray also be used to provide position fixes to
the mobile device 100, e.g., determined by one or both of the WAN positioning
measurements and the local area wireless network based positioning measurements
from the mobile device 100, The external interface 1510 may also be capable of
transmitting data to the mobile device 100, such as assistance daia obtained from the
databases 144 and 146, shown in Fig, 1, via the database interface 1520, The external
mterface 1510 may inclode one or more separate mterface devices. For example, the
external interface 1510 may include a wired miterface that is coupled to a router (not
shown} and/or a wireless interface that may support wireless communication such as
using GSM, WCDMA, LTE, COMA, HRPD, Wik, BT, WiMax, etc., or wireless
conmmuication using 8 wireless LAN {WLAN), IISL or packet cable, for example. The

server 130 may forther include a user interface 1530 that may include e.g ., a display, as

o
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well as a keypad or other input device through which the user can input information into

the server 150,

[0073] The server 150 further includes a memory 1540 and one or more processors
1556, which may be coupled together with bus 1341, The processor 1350 and other
components of the server 130 may simtlarly be coupled together with bus 1541, a
separate bus, or may be directly connected together or a combination of the foregoing.
The memory 1540 may contain executable code or software instructions that when
executed by the one or more processors 1350 cause the one or more Processors 1
operate as 8 special purpose computer programed 1o perform the algonithms disclosed

heretn.

{076] The one or more processors 1350 may further include a WWAN position
determination processing unit 1588, which is configured to determine a position fix
based on WWAN position measurements from the mobile device 100, The one or more
processors 1350 may further include the LAWN position determination processing unit
1590, which is configured to determine a position fix based on local area wireless
network based positioning measurements from the mobile device 100, The WWAN
position determination processing unit 1388 and the LAWN position determination
proceeding unit 1590 may operate together so that synchronouns scans resulting in the
WWAN positioning measurements and the LAWN positioning measurements from the
mobile device 100 may be used together to determuine a position fix for the mobile

device 100,

{0077] The one or more processors 1550 may further include a crowdsourcing
processing unit 1592 that is configured to crowdsource based on the WWAN
positioning measurements and the local area wirgless network based posittonmg
meastrements resulting from synchronous scans transnitted by the mobile device 100,

gether the

&

The crowdsourcing processing unit 1592 may be configured to associate to
WWAN positioning measurements and the local area wireless network based
positioning measurements resalting from syachronons scans. If @ position fix is not
possible, e.g., due to lack of mformation in the database, the crowdsourcing processing
vt 1592 may store the associated WWAN positioning measurements and local area

wiveless network based positioning measurements and may recall the measurements o
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determing a position fix when the necessary information is available in the database.
The crowdsonrcing processing unit 1592 may associate a position fix from the WWAN
position determination processing unit 1388 and/or the LAWN position determunation
processing unit 1590 with the WWAN positioning measurements and/or the local area
wireless network based positioning measurements resulting from synchronous scans.
The crowdsowrcing processing antt 1592 may be Ruther configured to verify the
WWAN database and the local area wireless network database. For example, a position
conmparison processing unit 1594 may be configured to compare position fixes from
both networks or to compare a reference position fix from one network to the position
measurements from the other network, as discussed above. The crowdsourcing
processing unit 1592 may be configured to Hlag suspect data andfor alter uncertainties
associated with transmission sources based on the comparison from the position
comparison processing unit 1594, as discussed above. The crowdsourcing processing
unit 1592 may be further configured to apdate the WWAN database and the Jocal area

wireless network database via the database interface 1520,

-y

{0078] The methodologies described herein may be implemented by various means
depending upon the application, For example, these methodologies may be
implemented in hardware, firmware, software, or any combination thereof. Fora
hardware implementation, the one or more processors may be implemented within one
ar motre apphication specific integrated civenits (ASICy), digital signal processors
{(DSPs), digital signal processing devices (DSPDs), programmable logic devices
{(PLDy), field programmable gate arrays (FPGAs), processors, controllers, micro-
controllers, microprocessors, electronic devices, other electronic units designed to

perfora the functions deseribed herein, or a combination thereofl

{{179] For an implementation involving firmware andVor software, the methodologies
may be mplemented with modules {e.g., procedures, funciions, and so on) that perform
the separate functions described berein. Any machine-readable medium tangibly
embodying instructions may be used in implementing the methodologies described
herein. For example, software codes may be stored in a memory and executed by
PrOCEsSOr URILS 10 operate as a special purpose computer programmed to perform the
algorithms disclosed herein. Memory may be implemented within the processor unit or

external to the processor unit. As used herein the term “memory” refers to any type of
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fong term, short term, volatile, nonvolatile, or other memory and is not to be lunited
any particular type of memory or number of memories, or tvpe of media upon which

memory i3 stored.

[0080] If implemented in Brmware and/or software, the functions may be stored as one
of more instructions ot code on a non-transitory computer-readable storage mediunm.
Examples include computer-readable media encoded with a data structure and
computer-readable media encoded with a computer program. Computer-readable media
mcludes physical computer storage media. A storage medium may be any available
maediuny that can be accessed by a computer. By way of example, and not limitation,
such computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage, semiconductor stovage, or other
storage devices, or any other medinum that can be used to store desired program code in
the form of instructions or data structures and that can be accessed by a compater; disk
and disc, as used herein, includes compact dise (CD), laser dise, optical dise, digital
versatile dise {DVD), floppy disk and blu-ray disc where disks usnally reproduce data
magnetically, while discs reproduce data optically with lasers, Combinations of the

above should also be incladed within the scope of computer-readable media.

{0081} In addition to storage on computer-readable storage medium, instructions and/or
data may be provided as signals on transmission media included in & communication
apparatus. For example, a communication apparatus roay include a transceiver baving
signals indicative of mstructions and data. The instractions and data are stored on non-
transitory computer readable media, e, memory 15340, and are configured to cause the
ORE OF MOTe Processors to operate as a special perpose compater programmed to
pertorm the algorithms disclosed herein. That is, the communication apparatus includes
transmiission media with signals indicative of information to perform disclosed
functions. At a first time, the transmission media included in the communication
apparatus may inckade a fivgt portion of the mformation to perform the disclosed
functions, while at a second time the transmission media included in the communication
apparatus may inchude a second portion of the information to perform the disclosed

functions.
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{0082] Thus, the server 150 meludes means for receiving from a mobile device wireless
wide area network {WWAN) based positioning measurements and Iocal ares wireless
network based positioning measarements that are aligned in time, wherein the local area
wireless network comprises wireless focal area networks (WLANs) and wireless
personal area network {WPANSs) and does not inclode cellular networks or satellie
networks, which may include, e.g., the extoroal interface 1510, The server 150 mayv
forther inchude means for using the WWAN based positioning measurements and the
focal area wireless network based positioning measurements that are aligned in time for

crowdsourcing, which may include, e.g., the crowdsourcing processing wmit 1592

{0083 The means for using the WWAN based positioning measurements and the local
area wireless network based positioning measurements that are aligned m time for
crowdsounrcing may include means for obtaining a position fix for the mobile device
with the WWAN based positioning measurements, which may include the WWAN
position detetmination processing unit 1588; and g means for gssigaing the position fix
to the local aren wiveless network based positioning measarements, which may include

the crowdsourcing processing unit 1592,

{0084] The means for using the WWAN based positionimg measurenients and the local
area wireless network based positioning measurements that are aligned in time for
crowdsourcing may include means for associating the WWAN based positioning
measurements and the local area wireless network based positioning measurements
together when a position fix for the mobile device is not possible with the WWAN
based positioning measarements and the local area wireless network based positioning
measurements, which may include the crowdsourcing processing nnit 15392
Additionallyv, a means for constraining an uncertainty associated with the local area
wireless network based positioning measurements using the WWAN based positioning

measurements may include the crowdsourcing processing wmt 1592,

{0085] The means for using the WWAN based positioning measurements and the local
area wireless network based positioning measurements that are aligned 1o time for
crowdsourcing may include means for obtaining a position fix for the mobile device
with the local area wireless network based positioning measurements, which may

melude the LAWN position determunation processing unit 15390, A means for assigning
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the position fix © the WWAN based positioning measurements may include the

crowdsourcing processing unit 1392,

[0086] The means for using the WWAN based positioning measurements and the local
area wireless network based posttioning measurements that are aligned in time for
crowdsowrcing may include means for obtatning g first position fix for the mobile
device with the local area wireless network based positioning measurements using a
local area wireless network database, which may include the LAWN paosition
determination processing wnt 1590 and the WWAN transceiver 15310 or LAWN
fransceiver 15200 A means for obiaining 3 second position fix for the mobile devics
with the WWAN based posttioning measurements using a WWAN database may
include the WWAN position determination processing unit 1588 and the WWAN
transceiver 1510 or LAWN transceiver 1520, A means for comparing the first position
to the second position to verily the local area wireless network database and the

WWAN database may include, ¢ g, the position comparison processing unit 15394,

{0087 The means for usinyg the WWAN based positioning measurements and the local
area wireless network based positionmng measurements that are aligned i time for
crowdsourcing may include means for obtaiung a first position fix for the mobile
device with the local area wireless network based positioning measurements using a
focal area wireless network database, wherein a second position fix for the mobile
device 15 not possible with the WWAN based posttioning measurements and a8 WWAN
database, which may include the LAWN position determination processing unit 1590
and the WWAN transceiver 1510 or LAWN transcetver 1320, A means for using the
first position and the WWAN based positioning measurements 1o verify the local area
wireless network database and the WWAN datagbase may include, e.¢., the position

COIMPATISON processing unit 1394,

LRNN

{0088] Reference thronghout this specification to "one example”, "an example”,

“certain examples”, or “exemplary implementation” means that a particular feature,

structure, or characteristic described in connection with the feature and/or example may

be meluded m at least one feature andfor example of claimed subject matter. Thas, the
- 0

appearances of the phrase "in one example”, "an example”, “in cortain examples” or “in

certamn implementations” or other hike phrases in various places throughout this
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spectfication arg not necessarily all referring to the same fearure, example, andfor
finitation. Furthermore, the particular features, structures, or characteristics may be

combined in one or more examples and/or features.

[0089] Some portions of the detarted description included herem are presented i terms
of algorithins or symbolic representations of operations on binary digital signals stored
within a memory of a specific apparatus or special purpose computing device or
platform. In the context of this particular specification, the term specific apparatus or
the like includes a general purpose computer once it 1s programmed to perform
particular eperations pursuant to instructions frony program software, Algorithmic
descriptions or symbolic representations are examples of technignes used by those of
ordinary skill in the signal processmy or related arts to convey the substance of their
work 1o others skilled in the art. An algorithm is here, and generally, is considered to be
a self-consistent sequence of operations or similar signal processing leading to a destred
result. In this context, operations or processing involve physical mamipulation of
physical quantities. Typically, although not necessarily, such guantities may take the
form of electrical or magnetic signals capable of being stored, transferred, combined,
compared or otherwise mantpulated. It has proven conventent at times, principally for
reasons of common usage, to refer to such signals as bits, data, values, elements,
syrabols, characters, terms, numbers, maverals, or the like. It should be undersiood,
however, that all of these or similar terins are to be associated with appropriate physical
guantities and are merely convenient labels. Unless specifically stated otherwise, as

apparent from the discussion herein, it is appreciated that throughout this specification

7o 0o

discussions utilizing terms such as "processing,

g "computing,” "calculating,”
"determining” or the ke refer to actions or processes of a specific apparatus, such as a
special purpose computer, special purpose computing apparatus or a stmilar special
purpose electronic computing device. In the context of this specification, therefore, a
special purpose computer or a simitlar special purpose electronic computing devige is
capable of manipulating or transforming signals, typically represented as physical
electronic or magnetic quantities within memories, registers, or other information
storage devices, transmission devices, or display devices of the special purpose

computer or similar special purpose electronic compating device.
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{00990] In the preceding detailed description, numerous specific details have been set
forth to provide a thorough ninderstanding of claimed subject matter. However, it will
be understood by those skilled i the ant that claimed subject matter may be practiced
without these specific details. In other instances, methods and apparatuses that would
be known by one of ordiary skl have not been deseribed 1n detatl so as not to obscure

claimed subject matter.

{0091] The terms, “and”, “or”, and “and/or™ as used herein may include a variety of
meanings that also are expected to depend at least in part upon the context in which
suchs ternss are used, Typieally, “or™ iused to associate a list, suchas A, Bor €, 1s
intended to mean A, B, and C, here ysed in the nchusive sense, as wellas A, Bor €,
here used in the exclusive sense. In addition, the term “one or more’ as used herein
may be used to describe any feature, structure, or characteristic in the singalar or may be
used to describe a plurality or some other combination of features, structores or
chargeteristics. Though, it should be noted that ths 1 merely an tHlustrative example and

claimed sabject matter is not limited {o this example.

{092] While there has been illustrated and described what are presently considered to
be example features, i will be understood by those skilled m the art that various othey
modifications may be made, and equivalents may be sabstituted, withoot departing from
claimed subject matter. Additionally, many modifications may be made to adapt a
particular sttuation to the teachings of claimed subject matter without departing frora the

central concept described herein.

{0093] Therefore, 1t is intended that claimed subject matter not be limited to the
particnlar examples disclosed, but that such claimed subjeet matier may also include all

aspects falling within the scope of appended claims, and equivalents thereofl
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CLAIMS
What is claimed is:
1. A method for scanning terrestrial networks for positioning measurements

comprising

svachronizing scans by a mobile device for wireless wide area network
{WWAN) based positioning measurements and scans for local area wireless network
based posiioning measurements 1o be aligned in time, wheretn the local ares wireless
network comprises wireless local area networks (WLANs) and wireless personal area
network (WPANs) and does not include cellolar networks or satellite networks;

scanning with the mobile device for the WWAN based positioning
TICASUTENEnts;

scanning with the mobile device for the local area wireless network based
positioning measurements; and

asing the WWAN based posiioning measurements and the local area wireless
network based positioning measurements that ace aligned in tiree for crowdsourcing or

to determine a position fix for the mobile device.

2. The method of claim 1, wherein synchronizing scans comprises hardware
scheduling of the scans for the WWAN based positioning measurements and the scans
for the local area wireless network based positioning measurements to occur within
100us of each other.

3. The method of claim 2, wherem a scanning cycle for the WWAN based
positioning measurements has a same interval as g scanning ovele for the local area
wireless network based positioning measurement and wherein the hardware scheduling
comprises aligning the WWAN based posttioning measurements and the local area

wireless network based positioning measurements in time.

4, The method of claim 2, wherein g scanning cycle for the WWAN based
positioning measuraments has a different interval than a scanning cyele for the local
area wireless network based positioning measurement and wherein the hardware
scheduling comprises aligning the scanning cycle for the WWAN based positioning

measurements and the scanning cycle for the ocal area wireless network based
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positioning measwrements m time and wherein only the WWAN based positioning
measurements and the local area wireless network based positioning measurenents
from scans from a least commaon interval that are aligned in time ave used for

crowdsourcing or used together to determine the position fix for the mobile device,

5. The method of claim 2, wherein one of the WWAN based positioning
measurements and the local area wireless network based positioning measurements have
a scanmning cycle and a remaining one of the WWAN based positioning measurements
and the local area wireless network based positioning measurements does not have a
scanning cycle, and wherem the hardware scheduling comprises time triggering the
remaining one of the WWAN based positioning measurements and the local area

wireless network based positioning measurements based on the scanning cvele.

6. The method of claim 1, wherein synchromizing scans comprises:

determining a time difference between a first time of the scanning with the
mobile device for the WWAN based positioning neasurements and a second time of the
scanning with the mobile device for the local area wireless network based positioning
MOABULSMETS |

comparing the time difference to a time difference threshold; and

using the WWAN based positioning measurements and the local arca wireless
network based postioning measurements together for crowdsourcing or to determine

the posttion fix when the tune difference is less than the time difference threshold,

7. The method of clatny 6, further compristng
determining a speed of the mobile device; and

changing the time difference threshold based on the speed of the mobile device.

8. The method of claim 1, wherein synchronizing scans comprises scheduling
scans by the mobile device for WWAN based posiioning measurements and scans for
local area wireless network based positioning measurements to occur aligned m time

after a processor tn the mobile device wakes-up from a sleep mode.
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9. The method of claim 1, wheremn the WWAN based positioning measarements
are at least one of time of arrival, tme difference of artival, or received signal strength
ndicator (RSST) measwrements from one or more cellular base stations and the local
arca wireless network based positioning measurements are at least one of RSS! and
round trip time (RTT) from one or more of an access point, a router, bridge, a femtocell,
Bluetooth Transmitter, pico cell, small cell, radio-frequency identification (RFIDY, and

visual light communication (VLC)

10, The method of claim 1, wherein using the WWAN based positioning
measurements and the local area wireless network based positioning measurements that
are aligned in time for crowdsourcing comprises:

transmitting the WWAN based positioning measurements and the local area
wireless network based positioning measurements that are aligned intime to a

crowdsourcing server with or without an associated posttion fix.

11. The method of claim 1, wherem using the WWAN based positioning
measurements and the local area wireless network based positioning measurements that
are aligned in time for crowdsourcing comprises;

obtaining a position fix for the mobile device with the WW AN based positioning
measurements; and

assigning the position fix to the local area wireless network based positioning
MEASHISMENTS,

12, The method of clatmy 1, wherein nsing the WWAN based positioning
measurenrents and the local area wireless network based positioning measurements that
are aligned in time for crowdsourcing comprises associating the WWAN based
positioning measurements and the local area wireless network based posttioning
measwements together when a position fix for the mobile device is not possible with the
WWAN based posittoning measurements and the local area wireless network based

POSHIORING MEASUrements .
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13. The method of claim 12, further comprising constraining an uagertainty
associated with the local area wireless network based positioning measurements using

the WWAN based positioning measurements.

14, The method of claim 1, wherein using the WWAN based positioning
measurements and the local area wireless network based posttioning measurements that
are aligned m time for crowdsourcing comprises:

obtaining a position fix for the mobile device with the local area wireless
network based positioning measurements; and

assigning the position fix to the WWAN based positioning measwements.

15, The method of claim 1, wherein using the WWAN based positioning
measurements and the local area wireless network based positioning measwements that
are aligned in time for crowdsourcing comprises:

obtaining a first position fix for the mobile device with the local area wireless
network based positioning measurements using a local area wireless network database;

obtatng a second position fix for the mobile device with the WWAN based
positioning measurements using 8 WWAN database; and

comparing the first position to the second position to verifv the local area

wireless network database and the WWAN database.

16, The method of claim 1, wherein using the WWAN based positioning
measurements and the local area wireless network based positioning measurements that
are aligned in time for crowdsourcing comprises:

obtaining a first position fix for the mobile device with the local area wireless
network based positioning measurements using a local area wireless network database,
wherein a second position fix for the mobile device 15 not possible with the WWAN
based positioning measurenents and 3 WWAN database; and

using the first posttion and the WWAN based positioning measureraents to

verify the local area wireless netwaork database and the WWAN database.

17. A mobile device for scanning terrestrial networks for positioning measerements

coTaprising:
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a wirgless wide area network (WWAN) transcetver to scan for WWAN based
POSHIORIDG MEasurements;

a local area wireless network transcetver to scan for local area wireless network
based positioning measurements, wherein the local area wireless network comprises
wireless local area networks (WLANS) and wireless personal area network {(WPANg)
and does not include cellular networks or satellite networks; and

at least one processor coupled 10 the WWAN transcerver and the local area
wircless network transcetver, the at least one processor configured to svnchronize scans
for the WWAN based positioning measurements and scans for local area wireless
network based positioning measurements to be aligned in time and 1o use the WWAN
based positioning measarements and the local area wireless network based positioning
measurements that are aligned i time for crowdsowrcing or 1o determine a position fix

for the mobile device.

18, The mobile device of claimn 17, wherein the at least one processor comprises a
hardware common scheduler coupled 1o 8 WWAN controller that schedules WWAN
scans and @ local area wireless network controller that schedules local area wireless
network scaos, the hardware comumon scheduler scheduldes the WWAN scans for the
WIWAN based positioning measurements and the local area wireless network scans for
the local area wireless network based postlioning measurements to occur within 100us

of each other.

19, The mobile device of claim 18, wherein a scanning cycle for the WWAN scans
has a same interval as a scanning ovele for the local area wireless network scans and
wherein the hardware common scheduler aligns the WWAN scans and the local area

wireless network scans in time.

20. The mobile device of claim 18, wherein & scanning cvcle for the WWAN scans
has a different interval than g scanming cyele for the local area wireless network scans
and wherein the bardware common scheduler aligns the WWAN scans and the local
area wireless network scans in time and wherein only the WWAN based positioning
measurements from the WWAN scans and the local area wireless network based

posttioning measarements from the local area wireless network scans having a least
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cominon interval that are alipned i time are used for crowdsourcing or used together to

determine the position fix for the mobile device.

21, The mobile device of claimy 18, wherein the WWAN scang have a scanning cyele
and the local area wireless network scans do not have a scanaing cycle, and wherein the
hardware common scheduler time friggers the local area wireless network scans based

on the WWAN scans,

22, The mobile device of claim 17, wherein the at least one processor is configured

to svnchronizing scans by being configured to:

determine g time difference between a first time of the scanning for the WWAN
based positioning measurements and a second time of the scanning for the local area
wireless network based positioning measurements |

compare the time difference to a time difference threshold; and

use the WWAN based positioning measurements and the local area wireless
network based positioning measurements together for crowdsourcing or to deternuine

the position Ox when the time difference is less than the time difference threshold,

23. The mobile device of claim 22, wherein the time difference threshold is variable

based on a speed of the mobile device.

24, The mobile device of claim 17, wherein the at least one processor is configured
to synchromzing scans by being configured to schedule WWAN seans and loeal area
wirgless network scans to occur aligned in time after the at least one processor wakes-up

from a sleep mode.

25, The mobile device of claim 17, wherein the WWAN hased positioning
measurements are at least one of time of arrival, time difference of arrival, or recetved
signal strength indicator (RSSI) measurements from one or more cellular base stations
and the local area wireless network based positioning measurenents are at least one of
RSS1 and round trip time {RTT) from one or more of an access point, a router, bridge, a
femtocell, Bluetooth Transmitter, pico cell, small cell, radio-frequency identification

{RF1D}, and visual light communication (VLC),
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26. A mobile device for scanning tervestrial networks for positioning measuwements

comprising:

means for synchronizing scans by the mobile device for wireless wide area
network (WWAN) based positioning measurements and scans for local area wireless
network based positioning measurements to be aligned in time, wherein the local area
wireless network comprises wireless local avea networks {WLANg) and wireless
personal area network (WPANSs) and does not mclude celtular networks or satellite
networks;

means for scanning with the mobile device for the WWAN based positioning
TICASUTENEnts;

means for scannimg with the mobile device for the local area wireless network
based positioning measurements; and

means for using the WWAN based posttioning measurements and the local area
wireless network based positioning measurements that are aligned 1 time for

crowdsonrcing or {0 determine a position fix for the mobile device,

27, The mobile device of clatm 26, wherein the means for synchronizing scans
comprises a hardware scheduling means that schedules the scans for the WWAN based
positioning measwrements and the scans for the local area wireless network based

positioning measurements to occnr within 100ps of each other.

28. The mobile device of claim 26, wherein the means for synchronizing scans

comprises a software scheduling means comprising

means for determining a time difference between a first time of the scanming
with the mobile device for the WWAN based positioning measurements and a second
time of the scanntng with the mobile device for the local area wireless network based
positioning measurements,

means for comparing the time difference to a time difference threshold; and

means for using the WWAN based positioning measurements and the local area
wireless network based positioning measurements together for crowdsourcing or o
determine the position fix when the time difference is less than the time difference

threshold.



WO 2018/022241 PCT/US2017/039716

29, A non-trapsitory computer-readable medium for scanning terrestrial networks
for positioning measurements, the non-transitory computer-readable medium including
program code stored thereon, comprising

program code to synchronize scans by a mobile device for wireless wide area
network (WWAN) based positioning measurements and scans for local arca wireless
network based postionimg measarements to be aligned i fime, wheremn the local area
wircless network comprises wireless local area networks (WLANs) and wireless
personal area network {WPANSs) and does not inclade cellular networks or satellite
networks;

program code to scan with the mobile device for the WWAN based positioning
Measurenens;

program code to scan with the mobile device for the local area wireless network
based positioning measurements; and

program code to use the WWAN based positioning measurements and the local
area wireless network based positioning measurements that are aligned i time for

crowdsourcing or to determine a position fix for the mobile device.

30. The non-transitory computer-readable medium of clain 29, wherein the program

code to synchronize scans comprises:

program code to determine a time difference between a first time of the scanning
with the mobile device for the WWAN based positioning measuraments and a second
time of the scanning with the mobile device for the local area wireless network based
POSIIONING measurements ;

program code to compare the time difference to a time difference threshold; and

program code to use the WWAN based positioning measurements and the local
area wireless network based positioning measurerments together for crowdsourcing or to
determine the position fix when the time difference is less than the time difference

threshold.
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