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LOCATION SUPPORT FOR EMERGENCY 
CALLS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 62/107,973, filed Jan. 26, 2015, the 
entire contents of which is incorporated herein by reference. 

TECHNICAL FIELD 

0002 This disclosure relates generally to location-based 
services. 

BACKGROUND 

0003. An emergency call service, e.g., E911 as used in 
North America, links a mobile device with resources provid 
ing emergency services. When a mobile device places an 
emergency call, e.g., by dialing 9-1-1, a location of the mobile 
device can be associated with the emergency call and Submit 
ted to a public safety answering point (PSAP). A dispatcher 
can then provide the location to a police department, a fire 
department, emergency medical services or other public Ser 
vices. The location can be geographic coordinates determined 
by a satellite positioning system, e.g., GPS. Under certain 
circumstances, the geographic coordinates may be absent or 
inaccurate. For example, satellite signals may be too weak or 
absent for location determination when the mobile device is 
indoors. Location functions of the mobile device may be 
disabled. In such situations, the location of the mobile device 
may not be immediately and automatically available to a 
PSAP 

SUMMARY 

0004 Techniques for submitting a location of a mobile 
device to a public Service for providing emergency assistance 
are described. A mobile device can determine that a user is 
making an emergency call from the mobile device. The 
mobile device can then enable a location determination func 
tion of the mobile device and determine a location of the 
mobile device. The mobile device can determine the location 
in multiple attempts, including, in a first time window, 
attempting to determine a location with lower uncertainty 
and, if the attempt fails, determining a location with higher 
uncertainty in a second time window. The mobile device can 
then Submit the location and a value representing the uncer 
tainty to a dispatcher through a mobile network operator. 
0005. The features described in this specification can 
achieve one or more advantages. For example, a mobile 
device implementing these features can provide a location of 
the mobile device to an emergency call service even when 
conventional location determination is not feasible, for 
example, when the mobile device is located indoors where 
satellite signals for positioning are poor. Accordingly, fea 
tures described in this specification can increase the chance 
that a mobile device can Successfully Submit an accurate 
location to a PSAP. 
0006. The techniques described in this specification pro 

tect privacy of users who do not wish to enable location 
features of their mobile devices. Location functions can be 
enabled only temporarily before or during an emergency call, 
when acquiring emergence assistance at the right location is a 
goal of utmost importance. The mobile device can then turn 
off those functions immediately after submitting the location 
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to an emergency call service, so as not to infringe on the 
privacy of users who do not use location functions. 
0007. The details of one or more implementations of the 
Subject matter are set forthin the accompanying drawings and 
the description below. Other features, aspects and advantages 
of the subject matter will become apparent from the descrip 
tion, the drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a diagram illustrating an exemplary mobile 
device making an emergency call. 
0009 FIGS. 2A and 2B are flowcharts illustrating an 
exemplary process of providing location Support for an emer 
gency call. 
0010 FIG. 3 is a flowchart illustrating exemplary process 
of determining a location of a mobile device. 
0011 FIG. 4 illustrates an exemplary timeline of an emer 
gency call in some implementations. 
0012 FIG. 5 illustrates an exemplary timeline of an emer 
gency call in some implementations. 
0013 FIG. 6 is a block diagram illustrating components of 
an exemplary mobile device for providing location Support to 
emergency calls. 
0014 FIG. 7 is a flowchart of an exemplary process of 
providing location Support for emergency calls. 
0015 FIG. 8 is a flowchart of an exemplary process of 
providing location Support for emergency calls. 
0016 FIG. 9 is a block diagram illustrating an exemplary 
device architecture of a mobile device implementing the fea 
tures and operations described in reference to FIGS. 1-8. 
0017 FIG. 10 is a block diagram of an exemplary network 
operating environment for the mobile devices of FIGS. 1-8. 
0018. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

Exemplary Emergency Call 
0019 FIG. 1 is a diagram illustrating an exemplary mobile 
device making an emergency call. Mobile device 102 can 
receive a user input making an emergency call on mobile 
device 102. The emergency call can be a telephone call 
through a cell tower, through a wireless access point, or a 
wired connection, to a public service providing emergency 
assistance. At time of receiving the user input, mobile device 
102 can be located inside of structure 104. Structure 104 can 
completely or partially block (106) signals of a satellite posi 
tioning system 108 from reaching mobile device 102. Struc 
ture 104 can be, for example, a building, a tunnel or an 
airplane fuselage. 
0020. In response to the user input, mobile device 102 can 
determine a location of mobile device 102 for submitting to a 
PSAP Determining the location can include multi-stage 
operations where, in a first stage, mobile device 102 attempts 
to determine a high-precision location using various tech 
niques. If a threshold amount of time, e.g., four seconds, for 
determining the high-precision location has passed and 
mobile device 102 still cannot determine a high-precision 
location, mobile device 102 can attempt to determine a low 
precision location in a second threshold amount of time, e.g., 
two seconds. The two thresholds are configured to balance the 
Sometimes conflicting requirements of (1) giving mobile 
device 102 sufficient amount of time to determine a location 
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as accurately as possible and (2) starting the call and Submit 
ting the location as quickly as possible due to the emergency 
nature of the call. Mobile device 102 can determine the loca 
tion using signals of wireless access points 110 and 112 and a 
location database that stores locations of wireless access 
points 110 and 112. More details of the multi-stage operations 
of determining a location are described below in reference to 
FIG 2. 
0021. Upon determining the location, mobile device 102 
can submit the location to mobile network operator 114 for 
processing. In some implementations, mobile device 102 can 
Submit the location using session initiation protocol (SIP). 
Mobile device 102 can encode the location, as well as uncer 
tainty information on the location, e.g., uncertainty as mea 
sured in meters, in header 116 of a SIP request, e.g., a header 
of a SIP invite request or a SIP update request. 
0022. Mobile network operator 114 can parse SIP header 
116 to determine the location and uncertainty of the location. 
Mobile network operator 114 can submit the location 118 to 
PSAP 120. PSAP 120 can submit the location 118 to public 
service 122, e.g., an ambulance service, which can dispatch 
emergency assistance, e.g., an ambulance, to the location. 
0023 FIGS. 2A and 2B are flowcharts illustrating an 
exemplary process 200 of providing location Support for an 
emergency call. Process 200 can be performed by a mobile 
device, e.g., mobile device 102 of FIG. 1. 
0024. The mobile device can start (202) an emergency 
session. The mobile device can start the emergency session in 
response to a user input dialing an emergency number, e.g., 
9-1-1. The mobile device can enable (204) a location function 
of the mobile device upon starting the emergency session. 
Enabling the location function can occur when the location 
function is disabled, e.g., turned off, previously by a user. In 
Some implementations, the mobile device enables all avail 
able location functions of the mobile device in response to the 
user input, including, for example, passive Wi-FiTM Scanning, 
Wi-Fi received signal strength (RSS) measurements for com 
parison with on-device Wi-Fi location fingerprints, cell iden 
tifier based location lookup, and each global navigation sys 
tem (GNSS) function of the mobile device, e.g., GPS, 
GLONASS, Beilou, DORIS, and Galileo. 
0025. After the location function is enabled, the mobile 
device can send (206) a notification to a location subsystem of 
the mobile device. The location subsystem can determine 
(210) the location of the mobile device using various 
approaches, e.g., by using satellite signals, cellular triangu 
lation, and signals from wireless access points of a wireless 
local area network (WLAN). For convenience, the locations 
determined by these methods will be referred to as satellite 
locations, cellular locations, and wireless locations, respec 
tively. The location Subsystem can take these approaches to 
determine a location in various orders. For example, the loca 
tion Subsystem can first attempt to determine a satellite loca 
tion using GPS signals, and then, if GPS signals are unavail 
able or insufficient, attempt to determine a wireless location 
using signals from wireless access points. 
0026. The location subsystem can determine an uncer 
tainty value of the location and a degree of reliability of the 
location. The uncertainty value can be represented as a radius 
of a circle or sphere, or an average of axes of an ellipse or 
ellipsoid, in which the mobile device is located with a given 
certainty (e.g., 95 percent). The degree of reliability can be a 
value indicating how likely that location is correct. For 
example, in some implementations, the degree of reliability 
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can correspond to how many wireless access points are 
detected by the mobile device and used to determine the 
location. More wireless access points can correspond to a 
higher degree of reliability. In some implementations, the 
degree of reliability can correspond to how much of the loca 
tion determination is based on GPS signals. For example, if 
the location determination is partially based on GPS signals, 
the degree of reliability can be higher than the degree of 
reliability of a location determination that is completely 
based on wireless signals. Example implementations of deter 
mining the location and the uncertainty are described below 
in reference to FIG. 3 

0027. The location subsystem can generate (212) location 
output. The location output can include the location, esti 
mated uncertainty of the location, and information on the 
degree of reliability of the location. 
0028. Upon starting (202) the emergency session, and 
before, during, or after the mobile device enables (204) the 
location functions and sends (206) the notification to the 
location subsystem, the mobile device can start (214) a first 
timer. The first timer can be set to determine a first time 
window, e.g., X Seconds, in which the mobile device can 
determine a location. The location can be a satellite location, 
a cell location, or a wireless location. In some implementa 
tions, the mobile device can Submit the location during ini 
tiation stage of an emergency call. The mobile device can 
specify the time window to be four seconds. In some imple 
mentations, the mobile device can submit a location after the 
emergency call already started. The mobile device can 
specify a time window that is longer than four seconds. 
0029. During the time window, the mobile device can 
evaluate whether the location output of stage 212 is suitable 
for submission to a mobile network operator. To evaluate, the 
mobile device can determine (216) whether uncertainty of the 
location satisfies a first uncertainty threshold, and whether a 
degree of reliability of the location satisfies a first reliability 
threshold. For example, the mobile device can determine that 
the uncertainty satisfies the first uncertainty threshold upon 
determining that the uncertainty, as provided in the location 
output, is less than a pre-specified number of meters, e.g., 65 
meters. 

0030. The mobile device can determine whether the 
degree of reliability of the location satisfies a first reliability 
threshold in various ways. For example, in some implemen 
tations, the mobile device can determine that the degree of 
reliability of the location satisfies a first reliability threshold 
upon determining that the number of wireless access points 
that are (1) detected by the mobile device, (2) each associated 
with a location, and (3) used to estimate a location of the 
mobile device exceeds a pre-specified number, e.g., five. 
0031. In some implementations, the mobile device can 
determine that the degree of reliability of the location satisfies 
a first reliability threshold upon determining that a previous 
location determined based on satellite signals can confirm a 
wireless location. For example, the mobile device can deter 
mine the last time the mobile device determined a location 
using satellite signals was N minutes before determining a 
wireless location. The “N minutes' can be a duration that is 
shorter than a threshold time in which the mobile device can 
travel a distance that is longer than a threshold number of 
meters. Although the mobile device determined the wireless 
location using fewer than the pre-specified number of wire 
less access points, the mobile device can confirm that the 
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wireless location is reliable using the previously determined 
satellite location by increasing a value representing the 
degree of reliability. 
0032. In some implementations, the mobile device can 
determine that the degree of reliability of the location satisfies 
a first reliability threshold upon first determining a wireless 
location that, in itself, does not satisfy the first reliability 
threshold. The mobile device can use this wireless location as 
a coarse estimate to help a satellite positioning Subsystem to 
search for satellites and to compliment the wireless location 
to derive a reliable location of the mobile device. 

0033. Upon determining that the uncertainty of the loca 
tion satisfies the first uncertainty threshold, and that the 
degree of reliability of the location satisfies the first reliability 
threshold, the mobile device can initiate (218 of FIG. 2B) an 
emergency call. Initiating the emergency call can include 
Submitting aheader of a request of a communication protocol, 
e.g., a SIP invite request, to a mobile network operator for 
parsing. 
0034. Upon determining that the uncertainty of the loca 
tion does not satisfy the first uncertainty threshold, or that the 
degree of reliability of the location does not satisfy the first 
reliability threshold, the mobile device can continue waiting 
for the location output of stage 212. The mobile device can 
determine (220) whether the first timer has expired, indicat 
ing that the first time window is closed. If the first time 
window is still open, the mobile device continues to wait for 
the location output, or to evaluate a location output that is last 
provided by the location Subsystem, including determining 
whether the uncertainty of the location satisfies the first 
uncertainty threshold, and whether the degree of reliability of 
the location satisfies the first reliability threshold. 
0035) If, at stage 220, the mobile device determines that 
the first time window has closed, and that the uncertainty of 
the location still does not satisfy the first uncertainty thresh 
old, or that the degree of reliability of the location still does 
not satisfy the first reliability threshold, the mobile device can 
start (222, of FIG. 2B) a second timer. The second timer can 
be set to determine a second time window, e.g., Y Seconds, in 
which the mobile device can determine a location of the 
mobile device. In the second time window, the mobile device 
can wait for a location output from stage 212 and determine 
(224) whether uncertainty of the location satisfies a second 
uncertainty threshold, and whether a degree of reliability of 
the location satisfies a second reliability threshold. The 
mobile device can reduce the chance of failure to get a loca 
tion by relaxing the first uncertainty threshold and relaxing 
the first reliability threshold. The failure can be failing to 
obtain a location or delaying the emergency call for too long. 
0036. For example, the mobile device can determine that 
the uncertainty satisfies the second uncertainty threshold 
upon determining that the uncertainty, as provided in the 
location output, is less thana pre-specified uncertainty thresh 
old (e.g., 150 meters) that is greater than the first uncertainty 
threshold (e.g., 65 meters) as used in stage 216. Likewise, the 
mobile device can lower the reliability threshold. For 
example, the mobile device can determine that the second 
reliability threshold is satisfied upon determining that the 
number of wireless access points that are (1) detected by the 
mobile device, (2) each associated with a location, and (3) 
used to estimate a location of the mobile device exceeds a 
pre-specified number that is smaller than the number used in 
stage 216, e.g., three instead of five. 
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0037 Upon determining, in stage 224, that the uncertainty 
of the location satisfies the second uncertainty threshold, and 
that the degree of reliability of the location satisfies the sec 
ond reliability threshold, the mobile device can initiate (218) 
an emergency call and Submit the location to a mobile net 
work operator during initiation of the emergency call. Upon 
submission of the location, the mobile device can disable 
(226) the location function. Disabling the location function 
can be conditioned upon a state of the location function before 
starting (202) the emergency session. For example, the 
mobile device can disable the location function when the 
location function was in a disabled State before the emergency 
call. 
0038. The mobile device can end (228) the emergency 
session, for example, after a user hangs up. 
0039. Upon determining, in stage 224, that the uncertainty 
of the location does not satisfy the second uncertainty thresh 
old, or that the degree of reliability of the location does not 
satisfy the second reliability threshold, the mobile device can 
continue waiting for the location output of stage 212 and 
evaluating the output. Meanwhile, the mobile device can 
determine (230) whether the second timer has expired, indi 
cating that the second time window has closed. If the second 
time window is still open, the mobile device can continue to 
wait for the location output, or to evaluate a location output 
that is last provided by the location Subsystem, including 
determining whether the uncertainty of the location satisfies 
the second uncertainty threshold, and second the degree of 
reliability of the location satisfies the second reliability 
threshold. 
0040. If the mobile device determines, in stage 230, that 
the second time window has closed, the mobile device can 
determine (232) whether a last location output from stage 212 
satisfies the first or second uncertainty threshold, and whether 
the last location output from stage 212 satisfies the first or 
second reliability threshold. If the uncertainty of the location 
still does not satisfy any uncertainty threshold, or that the 
degree of reliability of the location still does not satisfy any 
reliability threshold, the mobile device can initiate (234) the 
emergency call without Submitting a location, for example, 
by submitting a SIP invite without encoding location coordi 
nates. The mobile device can then perform the operations of 
stages 226 and 228, as described above. 
0041 FIG. 3 is a flowchart illustrating exemplary process 
210 of determining a location of a mobile device. A location 
subsystem of a mobile device, e.g., mobile device 102, can 
attempt to determine (302) a satellite location of the mobile 
device. In parallel with determining the satellite location, or 
after the location subsystem fails to determine the satellite 
location, the location subsystem can determine (304) a wire 
less location of the mobile device 
0042 Operations of determining the wireless location can 
be different from conventional techniques of determining a 
location of a mobile device using WLAN signals, to accom 
modate time limit required in emergency situations. To deter 
mine a wireless location, the mobile device can scan the 
wireless communication channels for a pre-specified amount 
of time. For example, the mobile device can scan channels 
1-13 of an IEEE 802.11 wireless local area network, where 
each channel is scanned a pre-specified number of millisec 
onds, e.g., 100 ms. 
0043. The mobile device can determine identifiers, e.g., 
media access control (MAC) addresses, of wireless access 
points detected in the scan. The mobile device can perform a 
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lookup in a local location database using the identifiers. The 
local location database can store a mapping between identi 
fiers of wireless access points and known locations of the 
wireless access points. The local location database can be 
populated by various application programs before the emer 
gency session starts. 
0044) If the location subsystem finds more than a thresh 
old number (e.g., five) of detected wireless access points the 
known location of which are consistent with one another, the 
location Subsystem can determine the wireless location using 
the known locations, e.g., by averaging the known locations. 
If the known locations of some of the detected wireless access 
points are inconsistent with one another, the location Sub 
system can determine whether one or more wireless access 
points are outliers to be excluded from the calculation, or data 
stored the local location database lacks integrity, based on 
how many wireless points are inconsistent. For example, if 
fewer than X percent of the wireless access points are incon 
sistent, the location Subsystem can exclude the inconsistent 
wireless access points from location calculation as outliers; 
otherwise, the location Subsystem can designate data stored in 
the local location database as lacking integrity. 
0045. If the location subsystem does not find a threshold 
number of detected wireless access points with consistent 
known locations, or the location Subsystem determines that 
the local location database lacks integrity, the location Sub 
system can Submit (306) a query to a remote location database 
for additional access point location data. The remote location 
database can be hosted on a server of a location service. The 
query can include identifiers of the detected wireless access 
points, or an estimated location calculated based on the 
detected wireless access points. The server may responds to 
the query by providing the locations of the detected wireless 
access points as identified in the query. In addition, the server 
may be configured to provide known location information of 
wireless access points located neighboring the estimated 
location or to the detected wireless points. A flag in the query 
can control whether to provide the additional location infor 
mation. To reduce time associated with data transmission 
between the mobile device and the server, the mobile device 
can include the flag in the query specifying that no neighbor 
ing wireless access point information shall be included in the 
response to the query. 
0046. The location subsystem can receive a result of the 
query from the server, populate the local location database 
using the result, and determine (308) a wireless location of the 
mobile device using the result. The location Subsystem can 
determine an estimated uncertainty of the wireless location 
according to the detected signals, e.g., based on signal 
strength of the detected signals. The location Subsystem can 
determine a degree of reliability of the wireless location. For 
example, a wireless location that is corroborated by a satellite 
location determined in stage 202 may be assigned a higher 
degree of reliability than a wireless location that is calculated 
by excluding multiple outliers. 

Exemplary Timelines 

0047 FIG. 4 illustrates exemplary timeline 400 of an 
emergency call in Some implementations. At time T0, a 
mobile device, e.g., mobile device 102, can receive a user 
input for an emergency call. At time T1, a location Subsystem 
of the mobile device determines a satisfactory location, which 
is location that satisfies an uncertainty threshold and a reli 
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ability threshold. Time T1 can be within the first time window 
or the second time window as described above in reference to 
FIG 2. 
0048. At time T2 that is after the location subsystem deter 
mined the satisfactory location and before Tx, the mobile 
device can initiate emergency communication between the 
mobile device and a mobile network operator. The time 
period Tx-T0 is a maximum amount of time that the mobile 
device is permitted to delay the emergency communication in 
order to determine a location first. The time period Tx-T0 can 
be pre-set to six seconds. Initiating the emergency communi 
cation can include encoding location parameters, including 
geographic coordinates, in a SIP invite header, for example, 
between a <gml:pos> tag and a </gml:pos> tag in an XML 
document according to the protocol published in IETF RFC 
(Internet Engineering Task Force Request for Comments) 
5491. 
0049. If, by time Tx, the location subsystem of the mobile 
device has not determined a satisfactory location, the mobile 
device can submit a SIP invite without encoding location 
information in the SIP invite. Accordingly, the mobile device 
can submit the SIP invite in time period 402, which is between 
T1 and Tx. 
0050 FIG. 5 illustrates exemplary timeline 500 of an 
emergency call in Some implementations. At time T0, a 
mobile device, e.g., mobile device 102, can receive a user 
input for an emergency call. Upon receiving the user input, a 
location subsystem of the mobile device can attempt to deter 
mine a location of the mobile device. 

0051. At time Tx, the mobile device initiates an emer 
gency session by sending a SIP invite to a mobile network 
operator. In some implementations, time TX can correspond 
to end of a time period that the mobile device is allowed to 
delay to determine a location to send to the mobile operator. 
In some implementations, time TX can be immediately after 
TO. 

0052. After Tx, and after an emergency call has estab 
lished, a user of the mobile device can engage a conversation 
with an emergency call service. During the emergency call, at 
time T1, the location Subsystem can determine a satisfactory 
location. Then, at time Tu, the mobile device can submit the 
location to the mobile network carrier in a header of a SIP 
update request. 
0053. The implementations described in FIG. 5 can be 
advantageous when the mobile device is located within range 
of few wireless access points and when satellite signals are 
weak. For example, the mobile device may be located indoors 
in a remote venue where only a single wireless access point is 
available and satellite signals are weak. Initially, the mobile 
device was unable to determine a satellite location suffi 
ciently accurately from the satellite signals. The mobile 
device can determine a wireless location using signals from 
the wireless access point. The mobile device may be unable to 
determine a wireless location with a degree of reliability that 
satisfies the reliability threshold because too few wireless 
access points are available, in this example, only one is. The 
mobile device can use the wireless location to refine satellite 
search. Subsequently, with the help of the wireless location, 
the mobile device can determine a satellite location that is 
Sufficiently accurate and reliable, e.g., a location that satisfies 
the first or second uncertainty and reliability thresholds as 
described above in reference to FIG. 2. 
0054 Due to the switching back and forth between satel 

lite location determination and wireless location determina 
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tion, the total time of determining a satisfactory location may 
be longer than permissible, if the emergence call proceeds 
only after the satisfactory location is determined. Accord 
ingly, the mobile device can initiate an emergency call at time 
Tx., before the location is determined, and submit the location 
to a mobile network operator later, at time Tu. The mobile 
device thus masks the time to determine the location by the 
on-going emergency call. 

Exemplary Device Components 
0055 FIG. 6 is a block diagram illustrating components of 
exemplary mobile device 102 for providing location support 
to emergency calls. Each component of exemplary mobile 
device 102 can include hardware and software, firmware, or 
cloudware components. 
0056 Mobile device 102 can include emergency call con 

trol subsystem 602. Emergency call control subsystem 602 is 
a component of mobile device 102 configured to manage 
location Support for emergency calls. Emergency call control 
subsystem 602 can receive a user input from user interface 
604 for an emergency call. User interface 604 can include a 
virtual or physical keyboard, or a speech recognition compo 
nent, for receiving the user input, e.g., dialing 9-1-1. 
0057. Upon receiving the input, emergency call control 
subsystem 602 can enable location subsystem 606, if location 
subsystem 606 was previously disabled. Emergency call con 
trol subsystem can notify location subsystem 606 to deter 
mine a location. Meanwhile, emergency control Subsystem 
can start the first timeras described in reference to FIG. 2. 
0058 Location subsystem 606 can include satellite posi 
tioning Subsystem 608, e.g., a GPS component, configured to 
determine a satellite location. Location subsystem 606 can 
include wireless positioning Subsystem 610 configured to 
determine a wireless location. 
0059 Wireless positioning subsystem 606 is a component 
of location subsystem 606 configured to scan wireless chan 
nels, detect wireless access points, query local location data 
base 612 for locations of detected wireless access points, and 
determine a wireless location based on locations of the wire 
less access points. 
0060. Location subsystem 606 can include location query 
module 614. Location query module 614 is a component of 
location Subsystem 606 configured to generate a query upon 
determining that information stored in local location database 
612 is insufficient for determining a satisfactory wireless 
location. Location query module 614 can associate a flag with 
the query to indicate that mobile device 102 does not request 
location information on neighboring wireless access points. 
Location query module 614 can Submit the query to server 
communication module 616 of mobile device 102. Server 
communication module 616 is a component of mobile device 
102 configured to communicate with a server of a location 
service through a wired or wireless connection of a commu 
nications network. Upon receiving results of the query from 
the server through server communication module 616, loca 
tion query module 614 can provide the results to wireless 
positioning Subsystem 610 for determining a wireless loca 
tion. Optionally, location query module 614 can store the 
results in local location database 612. 
0061 Mobile device 102 can include telephony subsystem 
618. Telephony subsystem 618 is a component of mobile 
device 102 configured to communicate with a mobile network 
carrier using a protocol that is capable of Submitting location 
information, e.g., SIP. Emergency call control Subsystem 
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602, upon determining that a location from location Sub 
system 606 satisfies the uncertainty and reliability thresholds, 
can provide the location, as well as the uncertainty informa 
tion, to telephony subsystem 618 for encoding into a header 
of the communication protocol for Submission. 

Exemplary Procedures 

0062 FIG. 7 is a flowchart of exemplary process 700 of 
providing location Support for emergency calls. A mobile 
device, e.g., mobile device 102 of FIG. 1 can perform process 
700. 

0063. The mobile device can receive (702) a user input for 
requesting emergency assistance from a public service. The 
mobile device can connect to the public service through an 
emergency call service, e.g., an E911 system, a T911 system, 
a 112 system, or a 119 system, as used in various countries or 
regions. 
0064. The mobile device can start (704) a first timer that 
defines a first time window. In the first time window, the 
mobile device attempts to determine a location of the mobile 
device that satisfies a first uncertainty threshold and a first 
reliability threshold. In the first time window, and before 
attempting to determine the location, the mobile device can 
determine that a location function of the mobile device is in a 
disabled state. In response, the mobile device can enable the 
location function. The location function can be a feature of 
determining a location using satellite signals or signals from 
a wireless local area network. 

0065. The mobile device can determine the location of the 
mobile device using signals from one or more wireless access 
points. The first reliability threshold can be defined at least in 
part by a first number of wireless access points that are 
observed by the mobile device, that are used by the mobile 
device to determine the location, and that are consistent with 
the determined location. 

0066. Upon failure to determine the location in the first 
time window that satisfies both the first uncertainty threshold 
and the first reliability threshold, the mobile device can start 
(706) a second timer that defines a second time window. In the 
second time window, the mobile device can attempt to deter 
mine a location of the mobile device that satisfies a second 
uncertainty threshold that is easier to satisfy, e.g., that has a 
value that is greater, than the first uncertainty threshold and a 
second reliability threshold that is easier to satisfy, e.g., that 
has a value that is greater, than the first reliability threshold. 
The second reliability threshold can be defined at least in part 
by a second number of wireless points that are observed by 
the mobile device, that are used by the mobile device to 
determine the location, and that are consistent with the deter 
mined location. The second number can be lower than the first 
number. 

0067. Upon successful determination of the location in the 
second time window, the mobile device can provide (708) the 
location (e.g., geographic coordinates), and a value represent 
ing uncertainty of the location (e.g., in meters), to a mobile 
network operator for submitting to the public service. In some 
implementations, the mobile device allows the first time win 
dow and the second time window that follows the first time 
window to close before providing the location to the network 
operator. Providing the location to the mobile network opera 
tor can include sending a SIP request, e.g., a SIP invite, that 
includes a header in which the location and an estimated 
uncertainty of the location. 
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0068. In some implementations, providing the location to 
the mobile network operator can include sending a SIP 
request, e.g., a SIP update, that includes aheader in which the 
location and an estimated uncertainty of the location. The 
mobile device can submit the SIP update after an emergency 
call has already started, e.g., after the mobile device already 
submitted a SIP invite request and received a response from 
the mobile network operator. 
0069. In some implementations, after both the first time 
window and the second time window close, the mobile device 
can disable a location function of the mobile device upon 
determining that, prior to receiving the user input for connect 
ing the mobile device to a public service, the location function 
of the mobile device was in a disabled state. In some imple 
mentations, the mobile device can determine a direction of 
movement and a velocity of movement of the mobile device at 
time the mobile device receives the user input. The mobile 
device can then provide the direction and velocity to the 
mobile network operator for submission to the public service. 
0070. In some implementations, determining a location of 
the mobile device that satisfies the first reliability threshold or 
the second reliability threshold can include performing the 
following options. The mobile device can determine a satel 
lite location of the mobile device using a satellite positioning 
subsystem. The mobile device can determine a wireless loca 
tion of the mobile device using a wireless positioning Sub 
system. The mobile device can determine that the location of 
the mobile device is the wireless location, including deter 
mining that the wireless location is accurate upon determin 
ing that the wireless location is consistent with the satellite 
location. Determining that the wireless location is consistent 
with the satellite location can include determining that, 
although the satellite location is unavailable when the wire 
less location is determined, the wireless location is located 
within a threshold distance from the satellite location that is 
determined at an earlier time, e.g., X minutes ago. 
0071. Determining that the wireless location is accurate 
can include determining increasing a reliability value of the 
wireless location to a value that satisfies the first or second 
reliability threshold upon determining that the wireless loca 
tion is consistent with the satellite location. 

0072 FIG. 8 is a flowchart of an exemplary process 800 of 
providing location Support in an emergency call. A mobile 
device, e.g., mobile device 102 of FIG.1, can perform process 
8OO. 

0073. The mobile device can receive (802) a user input for 
requesting emergency assistance from a public service. The 
user input can be dialing an emergency number on a keyboard 
of the mobile device. 

0.074. After the mobile device started communication with 
a mobile network operator through a telephony Subsystem to 
request the emergency assistance, the mobile device can 
obtain (804) an estimated location of the mobile device using 
a location subsystem of the mobile device. 
0075. Obtaining the estimated location can include trig 
gering one or more available location functions of the mobile 
device. The one or more available location functions can 
include at least one of a passive wireless Scanning (e.g., 
passive Wi-FiTM scanning), wireless received signal strength 
(RSS) measurements for comparison with on-device wireless 
signal fingerprints, global navigation satellite system (GNSS) 
location determination (e.g., GPS or GLONASS location 
determination), or cellular identifier based location lookup. 
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0076) Obtaining the estimated location can include deter 
mining a wireless location using a wireless positioning Sub 
system of the mobile device and determining the estimated 
location using a satellite positioning Subsystem assisted by 
the wireless location. 

0077. Determining the wireless location can include scan 
ning each of one or more wireless channels for a pre-specified 
period of time that is limited by a maximum permissible delay 
for making an emergency call. Determining a wireless loca 
tion can also include the following operations. The mobile 
device can determine a candidate wireless location using 
wireless access points detected in the scanning and a local 
location database storing association of locations and the 
detected wireless points. The mobile device can determine 
that a degree of reliability of the candidate wireless location 
does not satisfy a reliability threshold. In response, the mobile 
device can Submit a location query to a location server for 
additional location information on wireless access points. In 
the location query, a flag for requesting locations of wireless 
access points neighboring the detected wireless points is set 
to off. After receiving the additional location information, the 
mobile device can determine the wireless location using the 
additional location information. 

0078 While the mobile device is in communication with 
the mobile network operator, and without responding to a 
request for location from the mobile network operator, the 
mobile device can push (806) the estimated location to the 
mobile network operator. Pushing the estimated location can 
include encoding geographic coordinates of the location in a 
header in a session initiation protocol (SIP) update operation. 
The mobile device can initiate and control pushing the esti 
mated location. For example, if the mobile device receives a 
request for location, the mobile device can ignore the received 
request. 

Exemplary Mobile Device Architecture 

007.9 FIG. 9 is a block diagram of an exemplary architec 
ture 900 for the mobile devices of FIGS. 1-8. A mobile device 
(e.g., mobile device 102) can include memory interface 902, 
one or more data processors, image processors and/or proces 
sors 904, and peripherals interface 906. Memory interface 
902, one or more processors 904 and/or peripherals interface 
906 can be separate components or can be integrated in one or 
more integrated circuits. Processors 904 can include applica 
tion processors, baseband processors, and wireless proces 
sors. The various components in mobile device 102, for 
example, can be coupled by one or more communication 
buses or signal lines. 
0080 Sensors, devices and subsystems can be coupled to 
peripherals interface 906 to facilitate multiple functionalities. 
For example, motion sensor 910, light sensor 912 and prox 
imity sensor 914 can be coupled to peripherals interface 906 
to facilitate orientation, lighting and proximity functions of 
the mobile device. Location processor 915 (e.g., GPS 
receiver) can be connected to peripherals interface 906 to 
provide geopositioning. Electronic magnetometer 916 (e.g., 
an integrated circuit chip) can also be connected to peripher 
als interface 906 to provide data that can be used to determine 
the direction of magnetic North. Thus, electronic magnetom 
eter 916 can be used as an electronic compass. Motion sensor 
910 can include one or more accelerometers configured to 
determine change of speed and direction of movement of the 
mobile device. Barometer 917 can include one or more 
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devices connected to peripherals interface 906 and config 
ured to measure pressure of atmosphere around the mobile 
device. 
0081 Camera subsystem 920 and an optical sensor 922, 

e.g., a charged coupled device (CCD) or a complementary 
metal-oxide semiconductor (CMOS) optical sensor, can be 
utilized to facilitate camera functions, such as recording pho 
tographs and video clips. 
0082 Communication functions can be facilitated 
through one or more wireless communication Subsystems 
924, which can include radio frequency receivers and trans 
mitters and/or optical (e.g., infrared) receivers and transmit 
ters. The specific design and implementation of the commu 
nication Subsystem 924 can depend on the communication 
network(s) over which a mobile device is intended to operate. 
For example, a mobile device can include communication 
subsystems 924 designed to operate over a GSM network, a 
GPRS network, an EDGE network, a Wi-FiTM or WiMaxTM 
network, and a Bluetooth'TM network. In particular, the wire 
less communication Subsystems 924 can include hosting pro 
tocols such that the mobile device can be configured as a base 
station for other wireless devices. 
0083) Audio subsystem 926 can be coupled to a speaker 
928 and a microphone 930 to facilitate voice-enabled func 
tions, such as Voice recognition, Voice replication, digital 
recording, and telephony functions. Audio Subsystem 926 can 
be configured to receive Voice commands from the user. 
0084 I/O subsystem 940 can include touch surface con 
troller942 and/or other input controller(s)944. Touch surface 
controller 942 can be coupled to a touch surface 946 or pad. 
Touch surface 946 and touch surface controller 942 can, for 
example, detect contact and movement or break thereofusing 
any of a plurality of touch sensitivity technologies, including 
but not limited to capacitive, resistive, infrared, and Surface 
acoustic wave technologies, as well as other proximity sensor 
arrays or other elements for determining one or more points of 
contact with touch surface 946. Touch surface 946 can 
include, for example, a touch screen. 
I0085. Other input controller(s)944 can be coupled to other 
input/control devices 948, such as one or more buttons, rocker 
switches, thumb-wheel, infrared port, USB port, and/or a 
pointer device Such as a stylus. The one or more buttons (not 
shown) can include an up/down button for volume control of 
speaker 928 and/or microphone 930. 
I0086. In one implementation, a pressing of the button for a 
first duration may disengage a lock of the touch surface 946; 
and a pressing of the button for a second duration that is 
longer than the first duration may turn power to mobile device 
102 on or off. The user may be able to customize a function 
ality of one or more of the buttons. The touch surface 946 can, 
for example, also be used to implement virtual or soft buttons 
and/or a keyboard. 
0087. In some implementations, mobile device 102 can 
present recorded audio and/or video files, such as MP3, AAC, 
and MPEG files. In some implementations, mobile device 
102 can include the functionality of an MP3 player. Other 
input/output and control devices can also be used. 
0088 Memory interface 902 can be coupled to memory 
950. Memory 950 can include high-speed random access 
memory and/or non-volatile memory, such as one or more 
magnetic disk storage devices, one or more optical storage 
devices, and/or flash memory (e.g., NAND, NOR). Memory 
950 can store operating system 952, such as iOS, Darwin, 
RTXC, LINUX, UNIX, OS X, WINDOWS, or an embedded 
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operating system such as VxWorks. Operating system 952 
may include instructions for handling basic system services 
and for performing hardware dependent tasks. In some imple 
mentations, operating system 952 can include a kernel (e.g., 
UNIX kernel). 
I0089 Memory 950 may also store communication 
instructions 954 to facilitate communicating with one or more 
additional devices, one or more computers and/or one or more 
servers. Memory 950 may include graphical user interface 
instructions 956 to facilitate graphic user interface process 
ing; sensor processing instructions 958 to facilitate sensor 
related processing and functions; phone instructions 960 to 
facilitate phone-related processes and functions; electronic 
messaging instructions 962 to facilitate electronic-messaging 
related processes and functions; web browsing instructions 
964 to facilitate web browsing-related processes and func 
tions; media processing instructions 966 to facilitate media 
processing-related processes and functions; GPS/Navigation 
instructions 968 to facilitate GPS and navigation-related pro 
cesses and instructions; camera instructions 970 to facilitate 
camera-related processes and functions; magnetometer data 
972 and calibration instructions 974 to facilitate magnetom 
eter calibration. The memory 950 may also store other soft 
ware instructions (not shown). Such as security instructions, 
web video instructions to facilitate web video-related pro 
cesses and functions, and/or web shopping instructions to 
facilitate web shopping-related processes and functions. In 
Some implementations, the media processing instructions 
966 are divided into audio processing instructions and video 
processing instructions to facilitate audio processing-related 
processes and functions and video processing-related pro 
cesses and functions, respectively. An activation record and 
International Mobile Equipment Identity (IMEI) or similar 
hardware identifier can also be stored in memory 950. 
Memory 950 can store emergency support instructions 976 
that, when executed, can cause processor 904 to perform 
operations of providing location Support to an emergency 
call, including the operations described in FIGS. 1-8. 
0090. Each of the above identified instructions and appli 
cations can correspond to a set of instructions for performing 
one or more functions described above. These instructions 
need not be implemented as separate Software programs, 
procedures, or modules. Memory 950 can include additional 
instructions or fewer instructions. Furthermore, various func 
tions of the mobile device may be implemented in hardware 
and/or in Software, including in one or more signal processing 
and/or application specific integrated circuits. 

Exemplary Operating Environment 
0091 FIG. 10 is a block diagram of an exemplary network 
operating environment 1000 for the mobile devices of FIGS. 
1-8. Mobile devices 1002a and 1002b can, for example, com 
municate over one or more wired and/or wireless networks 
1010 in data communication. For example, a wireless net 
work 1012, e.g., a cellular network, can communicate with a 
wide area network (WAN) 1014, such as the Internet, by use 
of a gateway 1016. Likewise, an access device 1018, such as 
an 802.11g or 802.11 n wireless access point, can provide 
communication access to the wide area network 1014. Each 
of mobile devices 1002a and 1002b can be mobile device 102 
as described above in reference to FIGS. 1-8. 
0092. In some implementations, both voice and data com 
munications can be established over wireless network 1012 
and the access device 1018. For example, mobile device 
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1002a can place and receive phone calls (e.g., using Voice 
over Internet Protocol (VoIP) protocols), send and receive 
e-mail messages (e.g., using Post Office Protocol 3 (POP3)), 
and retrieve electronic documents and/or streams, such as 
web pages, photographs, and videos, over wireless network 
1012, gateway 1016, and wide area network 1014 (e.g., using 
Transmission Control Protocol/Internet Protocol (TCP/IP) or 
User Datagram Protocol (UDP)). Likewise, in some imple 
mentations, the mobile device 1002b can place and receive 
phone calls, send and receive e-mail messages, and retrieve 
electronic documents over the access device 1018 and the 
wide area network 1014. In some implementations, mobile 
device 1002a or 1002b can be physically connected to the 
access device 1018 using one or more cables and the access 
device 1018 can be apersonal computer. In this configuration, 
mobile device 1002a or 1002b can be referred to as a “teth 
ered device. 
0093 Mobile devices 1002a and 1002b can also establish 
communications by other means. For example, wireless 
device 1002a can communicate with other wireless devices, 
e.g., other mobile devices, cellphones, etc., over the wireless 
network 1012. Likewise, mobile devices 1002a and 1002b 
can establish peer-to-peer communications 1020, e.g., a per 
Sonal area network, by use of one or more communication 
subsystems, such as the BluetoothTM communication devices. 
Other communication protocols and topologies can also be 
implemented. 
0094. The mobile device 1002a or 1002b can, for 
example, communicate with one or more services 1030 and 
1040 over the one or more wired and/or wireless networks. 
For example, one or more E911 services 1030 can provide 
Support for emergency assistance when request by mobile 
devices 1002a and 1002b. Location service 1040 can provide 
the location data of wireless access points to mobile devices 
1002a and 1002b for determining locations of the mobile 
devices 1002a and 1002b. 
0095 Mobile device 1002a or 1002b can also access other 
data and content over the one or more wired and/or wireless 
networks. For example, content publishers, such as news 
sites, Really Simple Syndication (RSS) feeds, web sites, 
blogs, social networking sites, developer networks, etc., can 
be accessed by mobile device 1002a or 1002b. Such access 
can be provided by invocation of a web browsing function or 
application (e.g., a browser) in response to a user touching, 
for example, a Web object. 
0096. A number of implementations of the invention have 
been described. Nevertheless, it will be understood that vari 
ous modifications can be made without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A method comprising: 
receiving, by a mobile device, a user input for requesting 

emergency assistance from a public service; 
starting a first timer that defines a first time window, 

wherein, in the first time window, the mobile device 
attempts to determine a location of the mobile device 
that satisfies a first uncertainty threshold and a first reli 
ability threshold; 

upon failure to determine the location in the first time 
window that satisfies both the first uncertainty threshold 
and the first reliability threshold, starting a second timer 
that defines a second time window, wherein, in the sec 
ond time window, the mobile device attempts to deter 
mine a location of the mobile device that satisfies a 
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second uncertainty threshold that is easier to satisfy than 
the first uncertainty threshold and a second reliability 
threshold that is easier to satisfy than the first reliability 
threshold; and 

upon Successful determination of the location in the second 
time window, providing, by the mobile device, the loca 
tion and a value representing the uncertainty of the loca 
tion to a mobile network operator for submitting to the 
public service. 

2. The method of claim 1, wherein the mobile device is 
connected to the public service through an E911 system, a 
T911 system, a 112 system, or a 119 system. 

3. The method of claim 1, comprising, before the mobile 
device attempts to determine the location, and in the first time 
window: 

determining that each location function of the mobile 
device is in a disabled State; and 

in response, enabling each location determination func 
tion. 

4. The method of claim 1, wherein: 
the location of the mobile device is determined by the 

mobile device using signals from one or more wireless 
access points; 

the first reliability threshold is defined at least in part by a 
first number of wireless points that are observed by the 
mobile device, that are used by the mobile device to 
determine the location, and that are consistent with the 
determined location; and 

the second reliability threshold is defined at least in part by 
a second number of wireless points that are observed by 
the mobile device, that are used by the mobile device to 
determine the location, and that are consistent with the 
determined location, the first number being greater than 
the second number. 

5. The method of claim 1, wherein: 
the first time window and the second time window are 

closed before the mobile device submits a request for the 
emergency assistance to the mobile network operator, 
and 

providing the location to the mobile network operator 
includes sending a session initiation protocol (SIP) 
invite request that includes a header in which the loca 
tion and an estimated uncertainty of the location. 

6. The method of claim 1, wherein: 
providing the location to a mobile network operator 

includes sending a session initiation protocol (SIP) 
update request that includes a header in which the loca 
tion and an estimated uncertainty of the location is 
encoded. 

7. The method of claim 1, comprising, after both the first 
time window and the second time window close, disabling a 
location function of the mobile device upon determining that, 
prior to receiving the user input for connecting the mobile 
device to a public service, the location function of the mobile 
device was in a disabled state. 

8. The method of claim 1, comprising: 
determining a direction of movement and a Velocity of 

movement of the mobile device at time the mobile 
device receives the user input; and 

providing the direction and velocity to the mobile network 
operator for submission to the public service. 

9. The method of claim 1, wherein determining a location 
of the mobile device that satisfies the first reliability threshold 
or the second reliability threshold comprises: 
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determining a satellite location of the mobile device using 
a satellite positioning Subsystem; 

determining a wireless location of the mobile device using 
a wireless positioning Subsystem; and 

determining that the location of the mobile device is the 
wireless location, including determining that the wire 
less location is accurate upon determining that the wire 
less location is consistent with the satellite location. 

10. The method of claim 9, wherein determining that the 
wireless location is accurate comprises determining increas 
ing a reliability value of the wireless location to a value that 
satisfies the first or second reliability threshold upon deter 
mining that the wireless location is consistent with the satel 
lite location. 

11. A method comprising: 
receiving, by a mobile device, a user input for requesting 

emergency assistance from a public service; 
after the mobile device started communication with a 

mobile network operator through a telephony Subsystem 
to request the emergency assistance, obtaining an esti 
mated location of the mobile device using a location 
subsystem of the mobile device, wherein obtaining an 
estimated location comprises: 
determining a wireless location, including scanning 

each of one or more wireless channels for a pre 
specified period of time that is limited by a permis 
sible delay for making an emergency call; 

and determining the estimated location using a satellite 
positioning subsystem assisted by the wireless loca 
tion; and 

while the mobile device is in communication with the 
mobile network operator, and without responding to a 
request for location from the mobile network operator, 
pushing the estimated location to the mobile network 
operator, wherein pushing the estimated location com 
prises encoding geographic coordinates of the location 
in a header in a session initiation protocol (SIP) update 
operation. 

12. The method of claim 11, wherein obtaining the esti 
mated location comprises triggering one or more available 
location functions of the mobile device, the one or more 
available location functions including at least one of a passive 
wireless Scanning, wireless received signal strength measure 
ments for comparison with on-device wireless signal finger 
prints, global navigation satellite system location determina 
tion, or cellular identifier based location lookup. 

13. (canceled) 
14. (canceled) 
15. The method of claim 11, wherein determining a wire 

less location comprises: 
determining a candidate wireless location using wireless 

access points detected in the scanning and a local loca 
tion database storing association of locations and the 
detected wireless points; 

determining that a degree of reliability of the candidate 
wireless location does not satisfy a reliability threshold; 

Submitting a location query to a location server for addi 
tional location information on wireless access points, 
wherein, in the location query, a flag for requesting 
locations of wireless access points neighboring the 
detected wireless points is set to off; and 

determining the wireless location using the additional loca 
tion. 
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16. The method of claim 11, wherein pushing the estimated 
location comprises receiving the request and ignoring the 
received request. 

17. A system, comprising: 
one or more processors; and 
a non-transitory computer-readable medium storing 

instructions that, when executed by the one or more 
processors, cause the one or more processors to perform 
operations comprising: 
receiving, by a mobile device, a user input for requesting 

emergency assistance from a public service; 
starting a first timer that defines a first time window, 

wherein, in the first time window, the mobile device 
attempts to determine a location of the mobile device 
that satisfies a first uncertainty threshold and a first 
reliability threshold; 

upon failure to determine the location in the first time 
window that satisfies both the first uncertainty thresh 
old and the first reliability threshold, starting a second 
timer that defines a second time window, wherein, in 
the second time window, the mobile device attempts 
to determine a location of the mobile device that sat 
isfies a second uncertainty threshold that is easier to 
satisfy than the first uncertainty threshold and a sec 
ond reliability threshold that is easier to satisfy than 
the first reliability threshold; and 

upon Successful determination of the location in the 
second time window, providing, by the mobile device, 
the location and a value representing the uncertainty 
of the location to a mobile network operator for sub 
mitting to the public service. 

18. The system of claim 17, the operations comprising, 
before the mobile device attempts to determine the location, 
and in the first time window: 

determining that each location function of the mobile 
device is in a disabled State; and 

in response, enabling each location determination func 
tion. 

19. The system of claim 17, wherein: 
the location of the mobile device is determined by the 

mobile device using signals from one or more wireless 
access points; 

the first reliability threshold is defined at least in part by a 
first number of wireless points that are observed by the 
mobile device, that are used by the mobile device to 
determine the location, and that are consistent with the 
determined location; and 

the second reliability threshold is defined at least in part by 
a second number of wireless points that are observed by 
the mobile device, that are used by the mobile device to 
determine the location, and that are consistent with the 
determined location, the first number being greater than 
the second number. 

20. The system of claim 17, wherein: 
the first time window and the second time window are 

closed before the mobile device submits a request for the 
emergency assistance to the mobile network operator, 
and 

providing the location to the mobile network operator 
includes sending a session initiation protocol (SIP) 
invite request that includes a header in which the loca 
tion and an estimated uncertainty of the location. 
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21. A system, comprising: 
one or more processors; and 
a non-transitory computer-readable medium storing 

instructions that, when executed by the one or more 
processors, cause the one or more processors to perform 
operations comprising: 
receiving, by a mobile device, a user input for requesting 

emergency assistance from a public service; 
after the mobile device started communication with a 

mobile network operator through a telephony Subsystem 
to request the emergency assistance, obtaining an esti 
mated location of the mobile device using a location 
subsystem of the mobile device, wherein obtaining an 
estimated location comprises: 
determining a wireless location, including scanning 

each of one or more wireless channels for a pre 
specified period of time that is limited by a maximum 
permissible delay for making an emergency call; 

and determining the estimated location using a satellite 
positioning Subsystem assisted by the wireless loca 
tion; and 

while the mobile device is in communication with the 
mobile network operator, and without responding to a 
request for location from the mobile network opera 
tor, pushing the estimated location to the mobile net 
work operator, wherein pushing the estimated loca 
tion comprises encoding geographic coordinates of 
the location in a header in a session initiation protocol 
(SIP) update operation. 
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22. The system of claim 21, wherein obtaining the esti 
mated location comprises triggering one or more available 
location functions of the mobile device, the one or more 
available location functions including at least one of a passive 
wireless Scanning, wireless received signal strength measure 
ments for comparison with on-device wireless signal finger 
prints, global navigation satellite system location determina 
tion, or cellular identifier based location lookup. 

23. The system of claim 21, wherein determining a wireless 
location comprises: 

determining a candidate wireless location using wireless 
access points detected in the Scanning and a local loca 
tion database storing association of locations and the 
detected wireless points; 

determining that a degree of reliability of the candidate 
wireless location does not satisfy a reliability threshold; 

Submitting a location query to a location server for addi 
tional location information on wireless access points, 
wherein, in the location query, a flag for requesting 
locations of wireless access points neighboring the 
detected wireless points is set to off; and 

determining the wireless location using the additional loca 
tion. 

24. The system of claim 21, wherein pushing the estimated 
location comprises receiving the request and ignoring the 
received request. 


