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SITE LOCATION DETERMINATION USING 
CROWD SOURCED PROPAGATON DELAY 

AND LOCATION DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a continuation of, and claims 
priority to each of U.S. patent application Ser. No. 15/074, 
622, filed on Mar. 18, 2016, and entitled “SITE LOCATION 
DETERMINATIONUSING CROWD SOURCED PROPA 
GATION DELAY AND LOCATION DATA, which is a 
continuation of U.S. patent application Ser. No. 13/495,756, 
filed on Jun. 13, 2012, now issued as U.S. Pat. No. 9,326, 
263, and entitled “SITE LOCATION DETERMINATION 
USING CROWD SOURCED PROPAGATION DELAY 
AND LOCATION DATA'. The entireties of the foregoing 
applications are hereby incorporated by reference herein. 

TECHNICAL FIELD 

The Subject disclosure relates to communication systems 
and, more particularly, to determining site locations using 
crowd sourced propagation delay and location data. 

BACKGROUND 

Advances in cellular phone and related network technol 
ogy (e.g., microprocessor speed, memory capacity, data 
transfer bandwidth, software functionality, and the like) 
have generally contributed to increased cellular application 
in various settings. For example, today’s cellular phones can 
perform many functions previously reserved for personal 
computers or other devices, such as web browsing, picture/ 
Video shooting, picture/video sharing, instant messaging, file 
sharing, and the like. As cellular phone capabilities increase, 
which can also increase demand for the capabilities, net 
works and protocols are developed to effectively support the 
capabilities. For example, while global system for mobile 
communications (GSM) was sufficient to handle function 
ality of cellular phones a few years ago, other technologies, 
Such as universal mobile telecommunications system 
(UMTS), which is based from the third generation (3G) 
standard, have been developed to accommodate larger trans 
fer rates between device and network. 
More recently, fourth generation (4G) technologies have 

been developed, such as third generation partnership project 
(3GPP) long term evolution (LTE), worldwide interoper 
ability for microwave access (WiMAX), and the like. These 
technologies provide even further increases in data through 
put between mobile device and network, which allows for a 
vast array of supported device functionalities. In order to 
Support the rapid growth and development of cellular phones 
and related network technologies, service providers main 
tain extensive infrastructures. For instance, the network 
infrastructure of large service providers can include tens of 
thousands cell site locations. 

Service providers may desire to employ a cell site location 
to facilitate network services, such as, locating a mobile 
device within a wireless network. Typically, the cell site 
location can be determined and/or recorded by a person 
associated with the service provider. For instance, a network 
engineer may record the location of the cell site in a database 
during installation. If the person inaccurately records or 
determines the location of a cell site, then the service 
provider may be unable to rely on the recorded location of 
the cell site to facilitate the network services. 
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2 
The above-described deficiencies are merely intended to 

provide an overview of some of the problems of conven 
tional systems and techniques, and are not intended to be 
exhaustive. Other problems with conventional systems and 
techniques, and corresponding benefits of the various non 
limiting embodiments described herein may become further 
apparent upon review of the following description. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates an example communications network in 
accordance with various aspects described in this disclosure. 

FIG. 2 illustrates an example system for site location 
determination using crowd sourced propagation delay and 
location data in accordance with various aspects described in 
this disclosure. 

FIG. 3 illustrates an example propagation delay compo 
nent in accordance with various aspects described in this 
disclosure. 

FIG. 4 illustrates an example access point location com 
ponent in accordance with various aspects described in this 
disclosure. 

FIG. 5 illustrates a non-limiting example of a user equip 
ment location in accordance with various aspects described 
in this disclosure. 

FIG. 6 illustrates a non-limiting example of a system for 
locating an access point in accordance with various aspects 
described in this disclosure. 

FIGS. 7-9 are flow diagrams of respective methods for 
site location determination using crowd sourced propagation 
delay and location data in accordance with various aspects 
described in this disclosure. 

FIGS. 10-11 illustrate example systems that can be 
employed with various aspects described in this disclosure. 

DETAILED DESCRIPTION 

The subject disclosure is now described with reference to 
the drawings, wherein like reference numerals are used to 
refer to like elements throughout. In the following descrip 
tion, for purposes of explanation, numerous specific details 
are set forth in order to provide a thorough understanding of 
the various embodiments. It may be evident, however, that 
the various embodiments may be practiced without these 
specific details. In other instances, well-known structures 
and devices are shown in block diagram form in order to 
facilitate describing the various embodiments. 
As used in this application, the terms “component.” 

“system,” “platform,” “service,” “framework,” “interface.” 
“node,” and the like are intended to refer to a computer 
related entity or an entity related to an operational machine 
with one or more specific functionalities. The entities dis 
closed herein can be either hardware, a combination of 
hardware and Software, Software, or software in execution. 
For example, a component may be, but is not limited to 
being, a process running on a processor, a processor, an 
object, an executable, a thread of execution, computer 
executable instructions, a program, and/or a computer. By 
way of illustration, both an application running on a server 
and the server can be a component. One or more components 
may reside within a process and/or thread of execution and 
a component may be localized on one computer and/or 
distributed between two or more computers. Also, these 
components can execute from various computer readable 
media having various data structures stored thereon. The 
components may communicate via local and/or remote 
processes such as in accordance with a signal having one or 
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more data packets (e.g., data from one component interact 
ing with another component in a local system, distributed 
system, and/or across a network Such as the Internet with 
other systems via the signal). 

In addition, the term 'or' can be intended to mean an 
inclusive 'or' rather than an exclusive “or.” That is, unless 
specified otherwise, or clear from context, “X employs A or 
B can be intended to mean any of the natural inclusive 
permutations. That is, if X employs A: X employs B; or X 
employs both A and B, then “X employs A or B can be 
satisfied under any of the foregoing instances. Moreover, 
articles “a” and “an as used in the subject specification and 
annexed drawings should generally be construed to mean 
“one or more unless specified otherwise or clear from 
context to be directed to a singular form. 

Moreover, terms like “user equipment,” “mobile station.” 
“mobile, subscriber station,” “mobile device,” “wireless 
device,” “access terminal,” “terminal,” “mobile handset,” 
“handset,” and similar terminology, refer to a wireless 
device utilized by a subscriber or user of a wireless com 
munication service to receive or convey data, control, Voice, 
Video, Sound, gaming, or Substantially any data-stream or 
signaling-stream. The foregoing terms are utilized inter 
changeably in the Subject specification and related drawings. 
Likewise, the terms “access point,” “base station.” “Node 
B,” “evolved Node B,” “home Node B (HNB),” and the like, 
are utilized interchangeably in the Subject application, and 
refer to a wireless network component or appliance that 
serves and receives data, control, Voice, video, Sound, gam 
ing data, or Substantially any data-stream or signaling 
stream from a set of Subscriber stations. Data (e.g., content 
or directives) and signaling streams can be packetized or 
frame-based flows. 

Furthermore, the terms “user,” “subscriber,” “customer.” 
“consumer,” “agent,” and the like are employed inter 
changeably throughout the Subject specification, unless con 
text warrants particular distinctions among the terms. It 
should be appreciated that such terms can refer to human 
entities or automated components Supported through artifi 
cial intelligence (e.g., a capacity to make inferences based 
on complex mathematical formalisms) which can provide 
simulated vision, Sound recognition, and so forth. 
The following presents a simplified summary of the 

disclosure in order to provide a basic understanding of some 
aspects of the various embodiments. This Summary is not an 
extensive overview of the various embodiments. It is 
intended to neither identify key or critical elements of the 
various embodiments nor delineate the scope of the various 
embodiments. Its sole purpose is to present some concepts 
of the various embodiments in a simplified form as a prelude 
to the more detailed description that is presented later. It will 
also be appreciated that the detailed description may include 
additional or alternative embodiments beyond those 
described in this Summary. 

Systems and methods are provided for site location deter 
mination using crowd sourced propagation delay and loca 
tion data. A propagation delay component receives a set of 
propagation delay measurements based on communication 
signals exchanged by a mobile device and an access point. 
A user equipment location component receives a location of 
the mobile device, and a combination component combines 
the set of propagation delay measurements and the location 
into a set of location data. An access point location compo 
nent determines a set of intersecting locations between the 
set of location data and additional sets of location data, and 
determines a location of the access point based on the set of 
intersecting locations. 
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In accordance with one aspect, a system is provided that 

includes at least one memory storing computer-executable 
instructions, and at least one processor, communicatively 
coupled to the at least one memory, which facilitates execu 
tion of the computer-executable instructions to at least 
receive propagation delay measurements based on commu 
nication signals exchanged by a mobile device and an access 
point, receive a location of the mobile device, and determine 
an estimated location of the access point based on the 
propagation delay measurements and the location of the 
mobile device. 

In accordance with another aspect, a method is provided 
that includes receiving, by a system including a processor, 
propagation delay measurements based on communication 
signals exchanged by a mobile device and an access point, 
receiving, by the system, a location of the mobile device, 
generating, by the system, a first set of location data based 
at least in part on the propagation delay measurements and 
the location of the mobile device, comparing, by the system, 
the first set of location data and additional sets of location 
data corresponding, respectively, to a set of disparate mobile 
devices. 

In accordance with yet another aspect, a computer read 
able storage medium is provided that includes computer 
executable instructions that, in response to execution, cause 
a computing system including at least one processor to 
perform operations, including receiving a location of a first 
mobile device and a first set of propagation delay measure 
ments for communication signals exchanged by the first 
mobile device and an access point, generating a first set of 
location data using the first set of propagation delay mea 
surements and the location of the first mobile device, receiv 
ing a location of a second mobile device and a second set of 
propagation delay measurements for communication signals 
exchanged by the second mobile device and the access point, 
generating a second set of location data using the second set 
of propagation delay measurements and the location of the 
second mobile device, determining a set of intersecting 
locations between the first set of location data and the second 
set of location data, and identifying an estimated location of 
the access point based at least in part on the set of inter 
secting locations. 
To the accomplishment of the foregoing and related ends, 

the various embodiments, then, comprise one or more of the 
features hereinafter fully described. The following descrip 
tion and the annexed drawings set forth in detail certain 
illustrative aspects of the various embodiments. However, 
these aspects are indicative of but a few of the various ways 
in which the principles of the various embodiments may be 
employed. Other aspects, advantages and novel features of 
the various embodiments will become apparent from the 
following detailed description of the various embodiments 
when considered in conjunction with the drawings. 

FIG. 1 illustrates an example wireless communication 
system 100 in accordance with various aspects described in 
this disclosure. The wireless communication system 100 
(e.g., network) can Support a plurality of Subscribers (e.g., 
mobile devices, etc.). By way of example, the system 100 
provides communication for multiple cells 102A-102C, with 
each cell being serviced by a corresponding access point 
(AP) 104 (such as APs 104A-104C). Each cell may be 
further divided into one or more sectors (e.g. to serve one or 
more frequencies). Various access terminals (ATs) 106, 
including ATS 106A-106C, also known interchangeably as 
user equipment (UE) or mobile devices, are dispersed 
throughout the system. 
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It can to be appreciated that the wireless communication 
system 100 can provide service over a geographic region. 
For example, the cells 102A-102C may cover a few blocks, 
square acres, or square miles. In addition, it can be appre 
ciated that a virtually infinite number of cells 102 can be 
employed to cover a large geographic region, such as a state, 
country, continent, etc. In this way, a single service provider 
can enable virtually uninterrupted wireless communication 
service across a large geographic region. The service pro 
vider may desire to determine and/or employ a location of an 
AP (e.g., a cell site location) for a set of network services. 
The set of network services can include but are not limited 
to network locating, network optimizing, and/or network 
modeling. For example, the location of a UE 106B can be 
determined by identifying one or more APs (e.g., AP 104B) 
serving (or near) the UE 106B. However, if the location of 
the AP 104B is not accurately known to the service provider, 
then the location of the UE 106B cannot be accurately 
determined based on the location of the AP 104B. The 
location of the AP 104B may not be accurately known to the 
service provider, for example, if the location of the AP 104B 
is determined and/or recorded incorrectly at a time of 
installation, or if the AP 104B has been relocated. 

In one implementation, the system 100 determines a 
location of an AP (e.g., AP 104B) based on a set of location 
data for a UE (e.g., UE 106B). The set of location data for 
the UE (location data) can include but is not limited to a 
location of a UE (UE location), and a set of propagation 
delay measurements for communications between the UE 
and the AP (propagation delay measurements). For example, 
a UE location can be determined using a global positioning 
system (GPS) and/or an assisted GPS (AGPS), and the 
system 100 can obtain or determine propagation delay 
measurements for communications from the UE 106B to the 
AP 104B. Based in part on the UE location and the propa 
gation delay measurements, the system 100 can calculate, 
identify, or otherwise determine an estimated location for the 
AP 104B (discussed in greater detail with reference to FIG. 
5). In addition, the system 100 can analyze or compare 
additional sets of location data for different UEs (e.g., UE 
106A) against the location data for the UE 106B to enhance 
the accuracy of the determined estimated location for the AP 
104B (discussed in greater detail with reference to FIG. 6). 
For example, the system 100 can crowd source, using a 
plurality of UEs, a set of sets of location data, and based on 
intersecting locations or overlaps of locations in the respec 
tive sets of location data determine a location of the AP 
104B. 

Turning now to FIG. 2, illustrated is a system 200 for site 
location determination using crowd sourced propagation 
delay and location data in accordance with various aspects 
described in this disclosure. The system 200 includes a 
network 202 (e.g., system 100) and a cell site component 
204. The cell site component 204 determines a location of an 
access point 214 (AP 214) associated with the network 202 
using crowd sourced propagation delay and location data. 
The cell site component 204 includes a propagation delay 
component 206, a user equipment (UE) location component 
208, a combination component 209, and an access point 
(AP) location component 210. 
The propagation delay component 206 obtains, acquires, 

or otherwise receives a set of measurements of propagation 
delay between a mobile device (UE) and an AP (propagation 
delay measurements). For example, the network 202 can 
determine propagation delay measurements for a UE 212A 
and an AP 214 during radio link establishment, and the 
propagation delay component 206 can receive the propaga 
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6 
tion delay measurement, e.g., via the network 202. The 
propagation delay measurements include measurements of 
lengths of time required for a signal to travel from a sender 
(e.g., UE) to a receiver (e.g., AP), and can be employed to 
determine a distance (e.g., maximum distance or minimum 
distance) between the sender and the receiver (discussed in 
greater detail with reference to FIG. 5). For example, the 
propagation delay measurements can include a minimum 
propagation delay and a maximum propagation delay. 
The UE location component 208 acquires, determines, or 

otherwise receives a location of a UE (UE location). For 
example, a set of location based services (LBS) can be 
employed to determine a UE location for a UE 212A. The set 
of LBS can include but are not limited to global positioning 
systems (GPS), and/or assisted global positing systems 
(AGPS). For instance, the network 202 can request the UE 
212A to employ an AGPS associated with the UE 212A to 
determine a location of the UE 212A. In response to the 
request, the UE 212A provides a set of AGPS measurements, 
and the UE location component 208 receives the set of 
AGPS measurements, e.g., via the network 202. The AGPS 
measurements can provide a fixed reference point (e.g., 
latitude and longitude) that can be used to facilitate a 
determination of a location of an access point (AP). 
The combination component 209 combines, joins, or 

otherwise includes the propagation delay measurements and 
the UE location in a set of location data. In addition, the 
combination component 209 appends, attaches, or otherwise 
associates a time stamp and/or UE identifier to the set of 
location data. For example, propagation delay measure 
ments and a UE location received at a first time (e.g., 6:00 
AM on 4/4/2013) and associated with a first UE can be 
included in a first set of location data, and a time stamp 
corresponding to the first time and/or an identifier of the first 
UE can be associated with the first set of location data. It can 
be appreciated that although the sets of location data 216 are 
illustrated as being maintained in a data store 218. Such 
implementation is not so limited. For example, the sets of 
location data 216 can be maintained in a different location, 
and the cell site component 204 can access the sets of 
location data 216, for example, via a network connection. 
The AP location component 210 calculates, identifies, or 

otherwise determines a location of an AP based in part on 
sets of location data 216 corresponding to the AP. For 
example, in one implementation, the AP location component 
210 determines a location of an AP by determining over 
lapping or intersecting locations included in respective sets 
of location data 216 associated with the AP. For instance, if 
a first set of location data and a second set of location data 
include an overlapping (intersecting) location, then the AP 
location component 210 can determine that the overlapping 
location is an estimated location of the AP. It can be 
appreciated that the more sets of location data corresponding 
to an AP that include an overlapping location, the greater the 
probability that the overlapping location includes the AP. 

In addition, it can be appreciated that although the cell site 
component 204 is illustrated as being a stand-alone compo 
nent, Such implementation is not so limited. For example, 
the cell site component 204 can be included in the network 
202. As an additional or alternative example, the cell site 
component 204 can be included a probe network. For 
instance, if the network 202 is a third generation partnership 
project (3GPP) network, then the cell site component 204 
can be included in a probe network that captures or receives 
control plane level data, including encoded 3GPP messages, 
radio access network application part (RANAP) messages, 
and/or node B application part (NBAP) messages including 
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propagation delay measurements and/or UE locations, and 
decodes the messages (e.g., 3GPP RANAP, NBAP). 

FIG. 3 illustrates an example propagation delay compo 
nent 206 in accordance with various aspects described in this 
disclosure. As discussed, the propagation delay component 
206 receives a set of measurements of propagation delay 
between a mobile device 212 (UE 212) and an AP 214 
(propagation delay measurements). For example, the net 
work 202 can determine propagation delay measurements 
for the UE 212 and the AP 214 during radio link establish 
ment, and the propagation delay component 206 can receive 
the propagation delay measurements, e.g., via the network 
202. The propagation delay component 206 in FIG. 3 
includes a minimum delay component 302 (min delay 
component 302), a maximum delay component 304 (max 
delay component 304), and a compensation component 306. 
The min delay component 302 determines or receives a 

minimum propagation delay between the UE 212 and the AP 
214. For example, the minimum propagation delay mea 
Surement can be included in an encoded message, and the 
min delay component 302 can decode the message and 
extract the minimum propagation delay measurement. As an 
additional or alternative example, the min delay component 
302 can determine a minimum propagation delay measure 
ment included in a message based on a set of minimum 
propagation delay criteria. The minimum propagation delay 
criteria can include but are not limited to having a value that 
is less than other propagation delay measurements included 
in a message. 
The max delay component 304 determines or receives a 

maximum propagation delay between the UE 212 and the 
AP 214. For example, the maximum propagation delay 
measurement can be included in an encoded message, and 
the max delay component 304 can decode the message and 
extract the maximum propagation delay measurement. As an 
additional or alternative example, the max delay component 
304 can determine a maximum propagation delay measure 
ment included in a message based on a set of maximum 
propagation delay criteria. The maximum propagation delay 
criteria can include but are not limited to having a value that 
is greater than other propagation delay measurements 
included in a message. 
The propagation delay measurements include measure 

ments of lengths of time required for signals to travel from 
a sender (e.g., UE 212) to a receiver (e.g., AP214), and can 
be employed to determine a distance (e.g., maximum dis 
tance or minimum distance) between the sender and the 
receiver, when the speed of the signal is known. For 
example, the network 202 can measure the propagation 
delay based on a predetermined propagation delay measure 
ment unit (e.g., chips), and each unit can correspond to a 
predetermined distance (e.g., 78 meters). For instance, if the 
minimum propagation delay between the UE 212 and the AP 
214 is six chips, then the minimum distance between the UE 
212 and AP 214 is 234 meters (e.g., 6 chipsx78 meters). 
The compensation component 306 determines if the 

propagation delay measurements include a compensation 
factor. For example, a propagation delay measurement may 
be determined using base equipment 308 communicatively 
coupled to an antenna 310 by a connection 312 (e.g., wire, 
cable, etc.) having a length, L, where L can be a positive real 
number. If the length of the connection 312, L, from the 
antenna 310 to the base equipment 308 (e.g., height of the 
AP tower) is 100 meters, and a propagation delay measure 
ment is determined based on a length of 234 meters without 
accounting for L, then the determined propagation delay 
measurement may be incorrect. The compensation compo 
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8 
nent 306 can determine a set of vendor information (e.g., 
vendor identifier, part number, etc.) for AP 214, the antenna 
310, and/or base equipment 308, and, based on the vendor 
information, determine if the propagation delay measure 
ments include a compensation factor. If the propagation 
delay measurements do not include a compensation factor, 
then the compensation component 306 alters, modifies, or 
otherwise corrects the propagation delay measurements 
based on L. 

Referring to FIG. 4, illustrated is an example access point 
location component 210 in accordance with various aspects 
described in this disclosure. As discussed, the access point 
(AP) location component 210 determines a location of the 
AP based on sets of location data 216 associated with the AP. 
The AP location component 210 in FIG. 4 includes a UE 
area component 402, a comparison component 404, and a 
flagging component 406. The UE area component 402 
generates, calculates, or otherwise determines UE location 
areas based on respective sets of location data included in 
the sets of location data 216 (e.g., propagation delay mea 
surements and UE locations). For example, the UE area 
component 402 can generate a circle based on a first set of 
location data. The circle can have a minimum radius corre 
sponding to a minimum propagation delay measurement, a 
maximum radius corresponding to a maximum propagation 
delay measurement, and a center at a location corresponding 
to a UE location. 
The comparison component 404 determines estimated 

locations of an AP (estimated AP locations) based on inter 
secting locations of UE location areas (e.g., circles) corre 
sponding to respective sets of location data. For instance, 
estimated AP locations can be determined at a set of loca 
tions where a first circle and a second circle intersect. The 
estimated AP locations may have some error based at least 
in part on the difference between the minimum radius and 
maximum radius of the first circle and second circle, and/or 
multiple intersecting locations of the first circle and second 
circle. The comparison component 404 can compare the 
intersecting locations with a set of additional information to 
reduce the error. The set of additional information can 
include but is not limited to a recorded location of an AP, 
and/or a set of geographical/topographical data. For 
instance, if a previously recorded location of an AP corre 
sponds to a first estimated AP location, then the comparison 
component 404 can bias (e.g., weight, rank, flag, etc.) the 
first estimated AP location as likely corresponding to an 
actual AP location. As an additional or alternative example, 
if a set of geographical data indicates that a second estimated 
AP location is in an undesirable location (e.g., a lake), then 
the comparison component 404 can bias (e.g., weight, rank, 
flag, etc.) the second estimated AP location as not likely 
corresponding to an actual AP location. 
The comparison component 404 determines whether an 

estimated AP location satisfies an error threshold. For 
example, the error threshold can include a size (e.g., meters, 
square meters, etc.) of the estimated AP location. For 
instance, the error threshold can be Y square meters, where 
Y is a real number. If the estimated AP location satisfies the 
error threshold, then the comparison component 404 flags, 
sets, or otherwise determines the estimated AP location as an 
actual AP location. The cell site component 204 can provide 
the actual AP location to a network (e.g., network 202) for 
a set of network services. The set of network services can 
include but are not limited to network locating, network 
optimizing, and/or network modeling. If none of the esti 
mated AP locations satisfy the error threshold, then the 
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comparison component 404 can instruct the cell site com 
ponent 204 to increase the sample size (e.g., sets of location 
data 216). 

If the comparison component 404 determines an actual 
AP location for an AP, then the cell site component 204 can 
stop, Suspend, or otherwise reduce acquisition of location 
data for the AP. The flagging component 406 randomly 
and/or at predetermined intervals obtains, acquires, or oth 
erwise receives additional sets of location data, and com 
pares the additional sets of location data to the determined 
actual AP location. Based on the comparison, the flagging 
component 406 determines if respective sets of location data 
in the additional sets of location data satisfy an accuracy 
threshold. For example, the accuracy threshold can include 
a predetermined distance from the determined actual AP 
location. For instance, if an additional set of location data 
indicates a location of the AP as being 600 meters away from 
the determined actual AP location, then the additional set of 
location data may not satisfy the accuracy threshold. If a 
quantity of sets of location data in the additional sets of 
location data not satisfying the accuracy threshold satisfies 
a flagging threshold, then the flagging component 406 can 
flag the determined actual AP location as being potentially 
inaccurate, and/or set the determined actual AP location as 
an estimated AP location. The flagging threshold can 
include, for example, a predetermined quantity of sets of 
location data not satisfying the accuracy threshold, and/or a 
predetermined quantity of sets of location data not satisfying 
the accuracy threshold determined within a predetermined 
period of time. For instance, a location of an AP may have 
been moved during an upgrade of the network, and the 
flagging component 406 can flag a previously determined 
actual AP location for the AP as being potentially inaccurate. 

FIG. 5 illustrates a non-limiting example of a system 500 
for a user equipment location in accordance with various 
aspects described in this described in this disclosure. The 
system 500 includes a mobile device 212 (UE 212). As 
discussed, propagation delay measurements for communi 
cations between the UE 212 and an access point (AP) can be 
received (e.g., using the propagation delay component 206). 
For example, a network can determine propagation delay 
measurements for the UE 212 during radio link establish 
ment. The propagation delay measurements can include a 
minimum propagation delay measurement 502, and a maxi 
mum propagation delay measurement 504. The propagation 
delay measurements are measurements of lengths of time 
required for a signal to travel from a sender (e.g., AP) to a 
receiver (e.g., UE), and a distance (e.g., maximum distance 
or minimum distance) between the sender and the receiver 
can be determined based on the propagation delay measure 
ments. For instance, if the signal travels at a speed of X 
meters/second, and the propagation delay measurement is Y 
seconds, then it can be determined that the sender and 
receiver are XY meters apart, where X and Y are positive 
real numbers. 

In addition, a location of the UE 212 (UE location) can be 
received (e.g., using the UE location component 208). For 
example, a set of location based services (LBS) included in 
a network can be used to determine the UE location for the 
UE 212. The set of LBS can include but are not limited to 
global positioning systems (GPS), and/or assisted global 
positing systems (AGPS). The GPS and/or AGPS measure 
ment can provide a fixed reference point (e.g., latitude and 
longitude) to determine the location of the AP. A circle 510 
having a minimum radius 506 corresponding to a minimum 
propagation delay measurement 502, a maximum radius 508 
corresponding to a maximum propagation delay measure 
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10 
ment 504, and a center at a location corresponding to the UE 
location for the UE 212 can be generated (e.g., using the AP 
location component 210). The AP can be potentially located 
between the minimum radius 506 and maximum radius 508 
of the circle 510 (e.g., estimated AP location). 

FIG. 6 illustrates a non-limiting example of a system 600 
for locating an access point in accordance with various 
aspects described in this disclosure. The system 600 includes 
a circle corresponding to a first set of location data 602 
(circle 602), a circle corresponding to a second set of 
location data 604 (circle 604), and a circle corresponding to 
a third set of location data 606 (circle 606). The circles 
602-606 are associated with a first access point (AP). An 
estimated location of the first AP (estimated AP location) can 
be determined based on overlapping locations or intersecting 
locations of the circles 602-606. As discussed, the estimated 
AP location may have some error based at least in part on the 
difference between the minimum radius and maximum 
radius of circles 602-606, and/or multiple intersecting loca 
tions of the circles 602-606. For example, the first circle 602 
and second circle 604 intersect at a first location 608 and a 
second location 610. In addition, the size of the intersecting 
locations (e.g., error) can be based in part on the minimum 
radius and maximum radius of the circles 602 and 604. The 
intersecting locations can be compared against a set of 
additional information to reduce the error. The set of addi 
tional information can include but is not limited to a 
recorded location of an AP, and/or geographical/topographi 
cal data. For instance, if the recorded location of the AP 
corresponds to the second location 610, then the second 
location 610 can be biased (e.g., weighted, ranked, etc.) as 
more likely corresponding to the actual AP location than the 
first location 608. 
A greater quantity of circles (e.g., sets of location data) 

can enable greater accuracy in determining an estimated AP 
location. For example, the third circle 606 intersects the first 
circle 602 and second circle 604 at the second location 610, 
and does not intersect the first circle 602 and second circle 
604 at the first location 608. In addition, a size or area of the 
intersection (e.g., overlap) of the third circle 606 with the 
first circle 602 and second circle 604 at the second location 
610 is less than a size or area of the intersection of the first 
circle 602 and second circle 604 at the second location 610. 
If the estimated AP location satisfies a predetermined error 
threshold, then the estimated AP location can be determined 
as an actual location of the AP (AP) (e.g., using the com 
parison component 404), and made available for network 
locating, optimizing, and/or modeling. If the estimated AP 
location does not satisfy the predetermined error threshold, 
then the sample size can be increased. For example, addi 
tional sets of location data can be received or determined and 
compared against the circles 602-606. 

In view of the example systems described Supra, methods 
that may be implemented in accordance with the disclosed 
subject matter may be better appreciated with reference to 
the flow charts of FIGS. 7-9. While for purposes of sim 
plicity of explanation, the methods are shown and described 
as a series of blocks, it can be understood and appreciated 
that the claimed subject matter is not limited by the order of 
the blocks, as some blocks may occur in different orders 
and/or concurrently with other blocks from what is depicted 
and described herein. Moreover, not all illustrated blocks 
may be required to implement the methods described here 
inafter. 

Turning now to FIG. 7, is an example methodology 700 
for site location determination using crowd sourced propa 
gation delay and location data in accordance with various 



US 9,723,446 B2 
11 

aspects described in this disclosure. At 702, a set of propa 
gation delay measurements between a UE and an AP can be 
received (e.g., using the propagation delay component 206). 
For example, a network can determine propagation delay 
measurements for a UE and an AP during radio link estab 
lishment. The propagation delay measurements include 
measurements of lengths of time required for a signal to 
travel from a sender (e.g., UE) to a receiver (e.g., AP), and 
can be employed to determine a distance (e.g., maximum 
distance or minimum distance) between the sender and the 
receiver (discussed in greater detail with reference to FIG. 
5). For example, the propagation delay measurements can 
include a minimum propagation delay, and/or a maximum 
propagation delay. 

At 704, a location of a UE (UE location) can be received 
(e.g., using the UE location component 208). For example, 
a set of network location based services (LBS) can be 
employed to determine a UE location. The set of LBS can 
include but are not limited to global positioning systems 
(GPS), and/or assisted global positing systems (AGPS). The 
GPS and/or AGPS measurements provide a fixed reference 
point (e.g., a latitude and a longitude) to determine the 
location of an access point (AP). 

At 706, a first set of location data can be generated using 
the set of propagation delay measurements and the UE 
location (e.g., using the combination component 209). For 
example, the set of propagation delay measurements and the 
UE location can be included in a set of location data, and a 
time stamp and/or UE identifier can be associated with the 
set of location data. For instance, if the propagation delay 
measurements and the UE locations were received at a first 
time (e.g., 6:00 AM on 4/4/2013) and are associated with a 
first UE, then the propagation delay measurements and the 
UE locations can be included in the first set of location data, 
and a time stamp corresponding to the first time and/or an 
identifier of the first UE can be associated with the first set 
of location data. 

At 708, a set of intersecting locations between the first set 
location data and additional sets of location data are deter 
mined (e.g., using the comparison component 404). For 
example, circles corresponding to the first set of location 
data and the additional sets of location data can be com 
pared, and a set of intersecting locations (e.g., overlaps) 
between the circles can be determined based on the com 
parison. The circles can have a minimum radius correspond 
ing to a minimum propagation delay measurement, a maxi 
mum radius corresponding to a maximum propagation delay 
measurement, and a center location corresponding to a UE 
location. 

At 710, an estimated location of an AP can be determined 
based on the set of intersecting locations (e.g., using the 
comparison 404). For example, an intersection included in 
the set of intersecting locations that has a greatest quantity 
of overlapping sets of location data can be determined as the 
estimated location of the AP. At 712, a determination can be 
made whether the estimated location of the AP satisfies an 
error threshold (e.g., using the comparison component 404). 
At 714, if it is determined that the estimated location of the 
AP satisfies the error threshold (Yat 712), then the estimated 
location can be set as a determined actual location of the AP 
(e.g., using the AP location component 210). The determined 
actual location of the AP can be made available for a set of 
network services, including but not limited to network 
locating, network optimizing, and/or network modeling. 
Returning to 712, if it is determined that the estimated 
location of the AP does not satisfy the error threshold (Nat 
712), then the methodology returns to 708, and intersecting 
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12 
locations between the first set of intersecting locations and 
other additional sets of location are determined. Comparing 
an estimated AP location against a greater quantity of sets of 
location data (e.g., sample size) may increase the accuracy 
of the estimated AP location determination. 

Turning now to FIG. 8, is an example methodology 800 
for site location determination using crowd sourced propa 
gation delay and location data in accordance with various 
aspects described in this disclosure. At 802, a determined 
actual location can be compared against sets of additional 
location data (e.g., using the flagging component 406). For 
example, the determined actual location can be compared 
against sets of additional location data randomly and/or at 
predetermined intervals, (e.g., monthly, quarterly, etc.). 
At 804, a determination can be made whether a quantity 

of location data not satisfying an accuracy threshold satisfies 
a flagging threshold (e.g., using the flagging component 
406). For example, if a set of location data included the 
additional sets of location data indicates an estimated loca 
tion of the AP as being 600 meters away from the determined 
actual AP location, then the location data may not satisfy the 
accuracy threshold. 
At 806, if it is determined that the quantity of location data 

not satisfying the accuracy threshold satisfies the flagging 
threshold (Yat 804), then the determined actual location of 
the AP can be flagged as being potentially inaccurate (e.g., 
using the flagging component 406). For instance, a location 
of an AP may have been moved during an upgrade of a 
network, and a previously determined actual location for the 
AP can be flagged as being potentially inaccurate. Returning 
to 804, if it is determined that the quantity of location data 
not satisfying the accuracy threshold does not satisfy the 
flagging threshold (Nat 804), then the methodology returns 
to 802. 

FIG. 9 is an example methodology 900 for site location 
determination using crowd sourced propagation delay and 
location data in accordance with various aspects described in 
this disclosure. At 902, a set of propagation delay measure 
ments for communications between a UE and an AP are 
received (e.g., using the propagation delay component 206). 
For example, a network can determine propagation delay 
measurements for a UE and an AP during radio link estab 
lishment. The propagation delay measurements include 
measurements of lengths of time required for a signal to 
travel from a sender (e.g., UE) to a receiver (e.g., AP), and 
can be employed to determine a distance (e.g., maximum 
distance or minimum distance) between the sender and the 
receiver (discussed in greater detail with reference to FIG. 
5). For example, the propagation delay measurements can 
include a minimum propagation delay, and a maximum 
propagation delay. 
At 904, a determination can be made whether the set of 

propagation delay measurements include a compensation 
factor (e.g., using the compensation component 306). For 
example, a propagation delay measurement may be deter 
mined using base equipment communicatively coupled to an 
antenna of an AP by a connection (e.g., wire, cable, etc.) 
having a length, L, where L is a positive real number. If the 
length of the connection, L, from the antenna to the base 
equipment (e.g., height of the AP tower) is 100 meters, and 
the propagation delay measurement is determined based on 
a distance of 234 meters (e.g., from the UE to the base 
equipment) without accounting for L, then the determined 
propagation delay measurement may be incorrect. In one 
implementation, a set of vendor information (e.g., vendor 
identifier, part number, etc.) for an AP, the antenna, and/or 
base equipment, can be determined and, based on the vendor 
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information, a determination can be made whether the set of 
propagation delay measurements include a compensation 
factor. 

At 906, if it is determined that the set of propagation delay 
measurements do not include a compensation factor (N at 
904), then the set of propagation delay measurements are 
corrected based on L (e.g., using the compensation compo 
nent 306). Returning to 904, if it is determined that the set 
of propagation delay measurements include a compensation 
factor (Y at 904), then the methodology terminates. 

To provide further context for various aspects described 
herein, FIG. 10 illustrates a non-limiting example block 
diagram of a system 1000 of a mobile 1005 that can deliver 
content(s) or signaling directed to a device in accordance 
with aspects described herein. Additionally, FIG. 11 illus 
trates a non-limiting example block diagram of a system 
1100 of a mobile network platform 1110 which can provide 
Subscriber data in accordance with aspects described herein. 

In the mobile 1005 of FIG. 10, which can be a multimode 
access terminal, a set of antennas 1009-1009 (Q is a 
positive integer) can receive and transmit signal(s) from and 
to wireless devices like access points, access terminals, 
wireless ports and routers, and so forth that operate in a radio 
access network. It should be appreciated that antennas 
1009-1009 are a part of communication platform 1010, 
which comprises electronic components and associated cir 
cuitry that provide for processing and manipulation of 
received signal(s) and signal(s) to be transmitted; e.g., 
receivers and transmitters 1012, muX/demux component 
1014, and mod/demod component 1016. 

In the system 1000, multimode operation chipset(s) 1020 
allows mobile 1005 to operate in multiple communication 
modes in accordance with disparate technical specification 
for wireless technologies. In an aspect, multimode operation 
chipset(s) 1020 utilizes communication platform 1010 in 
accordance with a specific mode of operation (e.g., voice, 
Global Positioning System (GPS)). In another aspect, mul 
timode operation chipset(s) 1020 can be scheduled to oper 
ate concurrently (e.g., when Q1) in various modes or 
within a multitask paradigm. 

Mobile 1005 includes data analysis component 1022 and 
can convey content(s) or signaling in accordance with 
aspects described herein. It should be appreciated that data 
analysis component 1022, can include a display interface 
that renders content in accordance with aspects of an user 
prompt component (not shown) that resides within data 
analysis component 1022. 

Mobile 1005 also includes a processor 1035 configured to 
confer functionality, at least in part, to Substantially any 
electronic component within mobile 1005, in accordance 
with aspects described herein. As an example, processor 
1035 can be configured to execute, at least in part, instruc 
tions in multimode operation chipset(s) that afford multi 
mode communication through mobile 1005 such as concur 
rent or multitask operations of two or more chipset(s). As 
another example, processor 1035 can facilitate mobile 1005 
to receive and convey signaling and content(s) (e.g., various 
data flows) that are part of an active management act 
initiated by a subscriber that operates mobile 1005, or an 
approval cycle associated with auxiliary Subscribers (e.g., 
secondary subscriber, tertiary subscriber . . . ). Moreover, 
processor 1035 facilitates mobile 1005 to process data (e.g., 
symbols, bits, or chips) for multiplexing/demultiplexing, 
modulation/demodulation, such as implementing direct and 
inverse fast Fourier transforms, selection of modulation 
rates, selection of data packet formats, inter-packet times, 
etc. Memory 1055 can store data structures (e.g., metadata): 
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14 
code structure(s) (e.g., modules, objects, classes, proce 
dures) or instructions; network or device information like 
policies and specifications, attachment protocols; code 
sequences for Scrambling, spreading and pilot (e.g., refer 
ence signal(s)) transmission; frequency offsets, cell IDs, and 
SO. O. 

In the system 1000, processor 1035 is functionally 
coupled (e.g., through a memory bus) to memory 1055 in 
order to store and retrieve information necessary to operate 
and/or confer functionality, at least in part, to communica 
tion platform 1010, multimode operation chipset(s) 1020, 
data analysis component 1022, and Substantially any other 
operational aspects of multimode mobile 1005. 

FIG. 11 illustrates a block diagram 1100 of a mobile 
network platform 1110 which can provide data analysis in 
accordance with aspects described herein. Generally, mobile 
network platform 1110 can include components, e.g., nodes, 
gateways, interfaces, servers, or platforms, that facilitate 
both packet-switched (PS) (e.g., internet protocol (IP), frame 
relay, asynchronous transfer mode (ATM)) and circuit 
Switched (CS) traffic (e.g., voice and data) and control 
generation for networked wireless communication. In an 
aspect, as described above, component within PS domain of 
network platform 1110 can be employed to effect commu 
nication in accordance with aspects described herein. 

With respect to CS communication, mobile network plat 
form 1110 includes CS gateway node(s) 1112 which can 
interface CS traffic received from legacy networks such as 
telephony network(s) 1114 (e.g., public switched telephone 
network (PSTN), or public land mobile network (PLMN)) or 
a SS7 network 1116. Circuit switched gateway node(s) 1112 
can authorize and authenticate traffic (e.g., voice) arising 
from such networks. Additionally, CS gateway node(s) 1112 
can access mobility, or roaming, data generated through SS7 
network 1116; for instance, mobility data stored in a visita 
tion location register (VLR), which can reside in memory 
1120. Moreover, CS gateway node(s) 1112 interfaces CS 
based traffic and signaling and gateway node(s) 1122. As an 
example, in a 3GPP UMTS network, CS gateway node(s) 
1112 can be embodied, at least in part, in gateway GPRS 
support node(s) (GGSN). 

In addition to receiving and processing CS-Switched 
traffic (e.g., content(s) that can be part of a content(s) 
transmitted by a service provider) and signaling, PS gateway 
node(s) 1122 can authorize and authenticate PS-based data 
sessions with served mobile devices, non-mobile devices, 
and access points. Data sessions can include traffic, or 
content(s), exchange with networks external to the mobile 
network platform 1110, such as wide area network(s) 
(WANs) 1130 or service network(s) 1140; it should be 
appreciated that local area network(s) (LANs) 1150 can also 
be interfaced with mobile network platform 1110 through PS 
gateway node(s) 1122. Packet-switched gateway node(s) 
1122 generates packet data contexts when a data session is 
established. To that end, in an aspect, PS gateway node(s) 
1122 can include a tunnel interface (e.g., tunnel termination 
gateway (TTG) in 3GPP UMTS network(s) (not shown)) 
which can facilitate packetized communication with dispa 
rate wireless network(s). Such as network platform and 
associated radio access network, Wi-Fi networks. It should 
be further appreciated that the packetized communication 
can include multiple flows that can be generated through 
service (e.g., provisioning) and application server(s) 1160. It 
is to be noted that in 3GPP UMTS network(s), PS gateway 
node(s) 1122 (e.g., GGSN) and tunnel interface (e.g., TTG) 
comprise a packet data gateway (PDG). 
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The mobile network platform 1110 also includes serving 
node(s) 1170 that convey the various packetized flows of 
data streams (e.g., content(s) or signaling directed to a 
subscribed data), received through PS gateway node(s) 
1122. As an example, in a 3GPP UMTS network, serving 
node(s) 1170 can be embodied in serving GPRS support 
node(s) (SGSN). 

Server(s) 1160 in mobile network platform 1110 can 
execute numerous applications (e.g., location services, 
online gaming, wireless banking, wireless device manage 
ment . . . ) that can generate multiple disparate packetized 
data streams or flows, and manage (e.g., schedule, queue, 
format...) Such flows. Such application(s), for example can 
include add-on features to standard services provided by 
mobile network platform 1110. Data streams (e.g., content(s) 
or signaling directed to a file) can be conveyed to PS 
gateway node(s) 1122 for authorization/authentication and 
initiation of a data session, and to serving node(s) 1170 for 
communication thereafter. 

Server(s) 1160 can also effect security (e.g., implement 
one or more firewalls) of mobile network platform 1110 to 
ensure network's operation and data integrity in addition to 
authorization and authentication procedures that CS gate 
way node(s) 1112 and PS gateway node(s) 1122 can enact. 
Moreover, server(s) 1160 can provision services from exter 
nal network(s), e.g., WAN 1130, or Global Positioning 
System (GPS) network(s) (not shown). It is to be noted that 
server(s) 1160 can include one or more processors config 
ured to confer at least in part the functionality of macro 
network platform 1110. To that end, the one or more 
processor can execute code instructions stored in memory 
1120, for example. 

Furthermore, the claimed subject matter can be imple 
mented as a method, apparatus, or article of manufacture 
using standard programming and/or engineering techniques 
to produce Software, firmware, hardware, or any combina 
tion thereof to control a computer to implement the dis 
closed subject matter. The term “article of manufacture' as 
used herein is intended to encompass a computer program 
accessible from any computer-readable device, carrier, or 
media. For example, computer readable media can include 
but are not limited to magnetic storage devices (e.g., hard 
disk, floppy disk, magnetic strips, et cetera), optical disks 
(e.g., compact disk (CD), digital versatile disk (DVD), et 
cetera), Smart cards, and flash memory devices (e.g., card, 
stick, key drive, etcetera). Additionally it should be appre 
ciated that a carrier wave can be employed to carry com 
puter-readable electronic data such as those used in trans 
mitting and receiving electronic mail or in accessing a 
network such as the Internet or a local area network (LAN). 
Of course, those skilled in the art will recognize many 
modifications can be made to this configuration without 
departing from the scope or spirit of the claimed subject 
matter. 

As used herein, the term “identifying information' is 
intended to be contact information known at the time a 
communication is connected relating to a party of the 
communication and can include (but is not limited to) 
telephone numbers, aliases, messenger names and identifi 
ers, e-mail addresses, extensions, device personal identifi 
cation numbers (PINs), distribution lists, network addresses, 
component addresses (e.g., medium access control (MAC) 
addresses, machine addresses, etcetera) or other component 
identifiers, user names, nicknames, domains, signatures 
(electronic, physical, and otherwise), references, forwarding 
configurations, and network addresses. The term “commu 
nication” as used when two or more devices correspond is 
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intended to expansively capture all means of transmission or 
reception available to state-of-the-art devices and can 
include (but is not limited to) cellular, satellite transmission, 
VOIP and SIP voice connections, short message service 
(SMS) exchanges, broadcast data, network sessions, 
e-mails, instant messages, other network-based messaging, 
PIN or other device-based messaging, Voicemail, picture 
mail, video mail, mixed-content correspondence, Unified 
Messaging (UM), and other digital and analog information 
transmitted between parties in any local and/or distant, 
physical and/or logical region. 

Similarly, the concept of “data transmission' herein is 
intended to broadly represent known means of information 
exchange with digital or analog systems, including but not 
limited to hard-wired and direct connections (e.g., local 
media, universal serial bus (USB) cable, integrated drive 
electronics (IDE) cable, category 5 cable, coaxial cable, fiber 
optic cable and telephone cable), shared connections (e.g., 
remote and/or distributed resources) wireless connections 
(e.g., Wi-Fi, Bluetooth, infrared wireless, Zigbee, other 
802.XX wireless technologies, and personal area network 
connections), messaging Systems (e.g., short message Ser 
Vice (SMS), instant messaging, and other network-enabled 
other messaging), mobile or cellular transmissions and com 
binations thereof (e.g., personal communication system 
(PCS) and integrated networks), Unified Messaging, and 
other means of techniques of communication employed by 
telephones, personal digital assistants (PDAs), computers 
and network devices. “Mixed-content message, as used 
herein, is intended to represent communications employing 
one or more means of data transmission to present one or 
more varieties of device-capable content, including (but not 
limited to) picture messages, audio or video messages, and 
messages where text or other media types accompany one 
another. A “user device' can include, but is not limited to, 
data-enabled telephones (cellular telephones, Smartphones, 
soft phones, VOIP and SIP phones, satellite phones, tele 
phones coupled to computer systems, etcetera), communi 
cations receivers, personal digital assistants, pagers, portable 
e-mail devices, portable web browsers, media devices 
capable of receiving data, portable computers, and other 
electronics that allow a user to receive communications from 
other parties. 
As it employed in the Subject specification, the term 

“processor can refer to Substantially any computing pro 
cessing unit or device comprising, but not limited to com 
prising, single-core processors; single-processors with Soft 
ware multithread execution capability; multi-core 
processors; multi-core processors with Software multithread 
execution capability; multi-core processors with hardware 
multithread technology; parallel platforms; and parallel plat 
forms with distributed shared memory. Additionally, a pro 
cessor can refer to an integrated circuit, an application 
specific integrated circuit (ASIC), a digital signal processor 
(DSP), a field programmable gate array (FPGA), a program 
mable logic controller (PLC), a complex programmable 
logic device (CPLD), a discrete gate or transistor logic, 
discrete hardware components, or any combination thereof 
designed to perform the functions described herein. Proces 
sors can exploit nano-scale architectures such as, but not 
limited to, molecular and quantum-dot based transistors, 
Switches and gates, in order to optimize space usage or 
enhance performance of user equipment. A processor can 
also be implemented as a combination of computing pro 
cessing units. 

In the Subject specification, terms such as "data store.” 
data storage.” “database.” and Substantially any other infor 
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mation storage component relevant to operation and func 
tionality of a component, refer to “memory components,” or 
entities embodied in a “memory or components comprising 
the memory. For example, information relevant to operation 
of various components described in the disclosed subject 
matter, and that can be stored in a memory, can comprise 
historic data on previously served queries; communication 
party information from various sources; files and applica 
tions; and so forth. It is to be appreciated that the memory 
components described herein can be either volatile memory 
or nonvolatile memory, or can include both volatile and 
nonvolatile memory. 
By way of illustration, and not limitation, nonvolatile 

memory can include read only memory (ROM), program 
mable ROM (PROM), electrically programmable ROM 
(EPROM), electrically erasable ROM (EEPROM), or flash 
memory. Volatile memory can include random access 
memory (RAM), which acts as external cache memory. By 
way of illustration and not limitation, RAM is available in 
many forms such as synchronous RAM (SRAM), dynamic 
RAM (DRAM), synchronous DRAM (SDRAM), double 
data rate SDRAM (DDR SDRAM), enhanced SDRAM 
(ESDRAM), Synchlink DRAM (SLDRAM), and direct 
Rambus RAM (DRRAM). Additionally, the disclosed 
memory components of systems or methods herein are 
intended to comprise, without being limited to comprising, 
these and any other Suitable types of memory. 
What has been described above includes examples of 

aspects of the claimed Subject matter. It is, of course, not 
possible to describe every conceivable combination of com 
ponents or methods for purposes of describing the claimed 
subject matter, but one of ordinary skill in the art can 
recognize that many further combinations and permutations 
of the disclosed Subject matter are possible. Accordingly, the 
disclosed subject matter is intended to embrace all such 
alterations, modifications and variations that fall within the 
spirit and scope of the appended claims. While various 
components have been illustrated as separate components, it 
will be appreciated that multiple components can be imple 
mented as a single component, or a single component can be 
implemented as multiple components, without departing 
from example embodiments. Furthermore, to the extent that 
the terms “includes.” “has or “having are used in either the 
detailed description or the claims, such terms are intended to 
be inclusive in a manner similar to the term "comprising as 
“comprising is interpreted when employed as a transitional 
word in a claim. Embodiments and examples provided in the 
foregoing are non-exhaustive and understood to capture 
similar functionality known as of the disclosures herein. 
What is claimed is: 
1. A system, comprising: 
a processor; and 
a memory that stores executable instructions that, when 

executed by the processor, facilitate performance of 
operations, comprising: 
receiving, from a network device of a wireless network, 

propagation delay measurements based on signals 
exchanged by a mobile device and an access point 
device; 

receiving, from the network device, first location data 
related to a first location of the mobile device; 

generating second location databased on the propaga 
tion delay measurements and the first location data; 

based on the second location data, determining an 
estimated location of the access point device result 
ing in third location data related to the estimated 
location; 
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generating first flag data associated with a first flagging 
of the estimated location as not corresponding to an 
actual location of the access point device; 

comparing the third location data to geographical data 
related to a topology of the estimated location; 

based on the comparing, determining that the estimated 
location is an improbable location of the access point 
device; and 

generating second flag data associated with a second 
flagging of the estimated location as an undesirable 
location. 

2. The system of claim 1, wherein the operations further 
comprise: 

determining the estimated location of the access point 
device is the improbable location according to an 
improbability criterion. 

3. The system of claim 2, wherein the determining the 
estimated location of the access point device is the improb 
able location according to the improbability criterion is 
based on a result of a comparison of the first location data 
and the third location data. 

4. The system of claim 3, wherein the determining the 
estimated location of the access point device is the improb 
able location according to the improbability criterion com 
prises determining intersecting locations related to mobile 
devices. 

5. The system of claim 3, wherein the determining the 
estimated location of the access point device is the improb 
able location according to the improbability criterion com 
prises determining that the estimated location satisfies an 
error threshold. 

6. The system of claim 5, wherein the error threshold is a 
difference between a minimum propagation delay and a 
maximum propagation delay of the signals between the 
mobile device and the access point device. 

7. The system of claim 3, wherein the determining the 
estimated location of the access point device is the improb 
able location according to the improbability criterion com 
prises determining that the estimated location does not 
satisfy an error threshold. 

8. The system of claim 1, wherein the operations further 
comprise: 

in response to the first flag data and the second flag data 
being generated, instructing a cell site device to 
increase a sample size associated with the estimated 
location. 

9. The system of claim 1, wherein the operations further 
comprise: 

sending, to the network device, improbable location data, 
representative of the improbable location, to facilitate 
modeling of network devices of the wireless network 
comprising the access point device. 

10. The system of claim 1, wherein the operations further 
comprise: 

determining that a propagation delay measurement does 
not comprise a compensation factor for a length of a 
connection between an antenna of the access point 
device and base station equipment for the access point 
device. 

11. A method, comprising: 
determining, by a system comprising a processor, propa 

gation delay measurements by receiving signals 
exchanged by a mobile device, of mobile devices, and 
an access point device; 

receiving, by the system, first location data representing a 
location of the mobile device; 
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generating, by the system, second location databased on 
the propagation delay measurements and the first loca 
tion data; 

comparing, by the system, the second location data and 
first additional location data corresponding to the 
mobile device, wherein the comparing comprises com 
paring intersecting locations of the mobile devices, 
resulting in quantity data; 

based on the quantity data, determining, by the system, an 
estimated location of the access point device, resulting 
in estimated location data; 

marking, by the system, the estimated location as not 
corresponding to an actual location of the access point 
device; 

comparing, by the system, the estimated location data to 
topographical data related to a topography of the loca 
tion of the mobile device; 

in response to the comparing the estimated location data 
to topographical data, marking, by the system, the 
estimated location as an undesirable location; and 

in response to the comparing, determining, by the system, 
that the estimated location is not a probable location of 
the access point device based on satisfaction of a 
probability criterion. 

12. The method of claim 11, wherein the intersecting 
locations comprise overlapping locations of the mobile 
devices, resulting in overlapping data representative of the 
overlapping locations. 

13. The method of claim 12, wherein the overlapping data 
is based on a condition related to an error threshold being 
determined to have been satisfied. 

14. The method of claim 13, wherein the error threshold 
is representative of a difference between a minimum propa 
gation delay and a maximum propagation delay of the 
signals. 

15. The method of claim 14, wherein the intersecting 
locations of the mobile devices are first intersecting loca 
tions of the mobile devices, and further comprising: 

comparing, by the system at a defined time interval, the 
second location data and second additional location 
data corresponding to the mobile devices. 

16. The method of claim 15, wherein the comparing the 
second location data and the second additional location data 
comprises comparing second intersecting locations of the 
mobile devices. 

17. A non-transitory machine-readable storage medium 
comprising executable instructions that, when executed by a 
processor, facilitate performance of operations, comprising: 
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20 
receiving a first location of a first mobile device and first 

propagation delay measurements for first signals that 
were exchanged by the first mobile device and an 
access point device; 

generating first location data using the first propagation 
delay measurements and the first location of the first 
mobile device; 

receiving a second location of a second mobile device and 
second propagation delay measurements for second 
signals exchanged by the second mobile device and the 
access point device; 

generating second location data using the second propa 
gation delay measurements and the second location of 
the second mobile device; 

determining an intersecting location between the first 
location data and the second location data; 

based on the intersecting location, identifying an esti 
mated location of the access point device resulting in 
estimated location data; and 

in response to comparing the estimated location data to 
geographical data related to a geography associated 
with the estimated location, generating metadata indi 
cating the estimated location does not correspond to an 
actual location of the access point device, wherein the 
metadata comprises data associated with the estimated 
location being an undesirable location. 

18. The non-transitory machine-readable storage medium 
of claim 17, wherein the operations further comprise: 

determining that the estimated location of the access point 
device satisfies an error threshold, and wherein the 
error threshold is a difference between a minimum 
propagation delay and a maximum propagation delay 
of the first signals. 

19. The non-transitory machine-readable storage medium 
of claim 17, wherein the operations further comprise: 

in response to determining that the estimated location of 
the access point device does not satisfy an error thresh 
old, generating instruction data representative of 
instructions to increase a sample size of the first loca 
tion data. 

20. The non-transitory machine-readable storage medium 
of claim 17, wherein the operations further comprise: 

in response to determining that the estimated location of 
the access point device satisfies an error threshold, 
Suspending acquisition of the first location data. 
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