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(57) ABSTRACT 

A mobile device in a cellular communication network col 
lects round-trip time (RTT) measurements for a single active 
cell. The collected RTT measurements are transmitted to a 
location server. The location server uses the transmitted RTT 
measurements to calculate a GNSS position of the single 
active cell. One or more of the transmitted RTT measure 
ments are taken by the mobile device, and/or are collected 
from other mobile devices in the single active cell. The trans 
mitted RTT measurements are collected at different GNSS 
?xes in the same single active cell. The mobile device location 
stamps the collected RTT measurements using corresponding 
GNSS ?xes, and transmits to the location server using a 
NML. The location server calculates the GNSS position of 
the single active cell using location stamped RTT measure 
ments in the received NMLR to re?ne an associated reference 
database periodically or aperiodically. 

, 130 V 

w‘? V‘ a" ‘1, Communéaca’rmn 

Satellite 8,1516% 
2; Reference W 
‘a; Network (SRN) / 

M 
\ 

"a 120 

Locatlon Sewer 



Patent Application Publication Nov. 8, 2012 Sheet 1 0f 4 US 2012/0280858 A1 

$223 .. ., 82) 

a 2:23 \ Azmwv x6362 . wmzw m 

a? mocmcmwmm w EEQEEE +5 , in? 2%? 956E mwzw 
O2 Q: 



Nov. 8, 2012 Sheet 2 of4 US 2012/0280858 Al 

N @E 

Patent Application Publication 

830.0 259.2 







US 2012/0280858 A1 

METHOD AND SYSTEM FOR ENHANCING A 
LOCATION SERVER REFERENCE 

DATABASE THROUGH ROUND-TRIP TIME 
(RTT) MEASUREMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This patent application is a continuation of US. 
patent application Ser. No. 12/607,266, ?led Oct. 28, 2009, 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF TUE INVENTION 

[0002] 1. Field of the Invention 
[0003] Certain embodiments of the invention relate to sig 
nal processing for communication systems. More speci? 
cally, certain embodiments of the invention relate to a method 
and system for enhancing Location server reference database 
through round-trip time (RTT) measurements. 
[0004] 2. Background ofthe Art 
[0005] Location based services (LBS) are emerging as a 
value-added service provided by a mobile communication 
netWork. LBS are mobile services in Which the user location 
information is used in order to enable various LBS applica 
tions such as, for example, enhanced 91 1 (E-91 1) services. A 
position of a mobile device is determined in different Ways 
such as, for example, using netWork-based technology, using 
terminal -based technology, and/ or hybrid technology (a com 
bination of the former technologies). Many positioning tech 
nologies such as, for example, Cell of Origin (COO), Time of 
Arrival (TOA), Observed Time Difference of Arrival (OT 
DOA), Enhanced Observed Time Difference (E-OTD) as 
Well as the satellite-based systems such as the global posi 
tioning system (GPS), orAssisted-GPS (A-GPS), are in place 
to estimate the location of the mobile device and convert it 
into a meaningful X, Y coordinate for LBS applications. 
[0006] Further limitations and disadvantages of conven 
tional and traditional approaches Will become apparent to one 
of skill in the art, through comparison of such systems With 
some aspects of the present invention as set forth in the 
remainder of the present application With reference to the 
draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0007] A method and/or system for enhancing a location 
server reference database through round-trip time (RTT) 
measurements, substantially as shoWn in and/or described in 
connection With at least one of the ?gures, as set forth more 
completely in the claims. 
[0008] These and other advantages, aspects and novel fea 
tures of the present invention, as Well as details of an illus 
trated embodiment thereof, Will be more fully understood 
from the folloWing description and draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0009] FIG. 1 is a diagram illustrating an exemplary com 
munication system that is operable to enhance a reference 
database of a location server through RTT measurements, in 
accordance With an embodiment of the invention. 
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[0010] FIG. 2 is a diagram illustrating an exemplary mobile 
device that is operable to provide location stamped RTT mea 
surements to a location server, in accordance With an embodi 
ment of the invention. 
[0011] FIG. 3 is a diagram illustrating an exemplary loca 
tion server that is operable to calculate cell GNSS ?xes using 
corresponding location stamped RTT measurements, in 
accordance With an embodiment of the invention. 
[0012] FIG. 4 is a How chart illustrating an exemplary pro 
cess utiliZed by a location server to re?ne a reference database 
through location stamped RTT measurements, in accordance 
With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Certain embodiments of the invention may be found 
in a method and system for enhancing a location server ref 
erence database through round-trip time (RTT) measure 
ments. In accordance With various exemplary embodiments 
of the invention, a mobile device in a cellular communication 
netWork is operable to collect, for example, three or more 
RTT measurements in a single active cell associated With the 
mobile device. A RTT measurement at a GNSS ?x in the 
single active cell is the transmission time betWeen a data 
transmission from the GNSS ?x to an associated base station 
of the active cell and an acknowledgement reception at the 
GNSS ?x from the associated base station of the active cell. 
The collected RTT measurements in the single active cell are 
communicated or transmitted to a location server. The loca 
tion server is operable to use the transmitted RTT measure 
ments to calculate a GNSS position of the single active cell. 
One or more of the transmitted RTT measurements may be 
taken by the mobile device, and/ or may be collected from one 
or more other mobile devices associated With the single active 
cell. The transmitted RTT measurements are collected at dif 
ferent GNSS ?xes (longitude, latitude) in the same single 
active cell. The mobile device may be operable to location 
stamp the collected RTT measurements using corresponding 
GNSS ?xes, and transmit to the location server, for example, 
over a NetWork Management Layer (N ML). The location 
server may be operable to calculate the GNSS position of the 
single active cell using RTT measurements and correspond 
ing GNSS ?xes, Which are received over the NML. The cal 
culated GNSS position of the single active cell may be used to 
re?ne an associated reference database, Which may be re?ned 
or updated periodically or aperiodically. 
[0014] FIG. 1 is a diagram illustrating an exemplary com 
munication system that is operable to enhance a reference 
database of a location server through RTT measurements, in 
accordance With an embodiment of the invention. Referring 
to FIG. 1, there is shoWn a communication system 100. The 
communication system 100 comprises cells 110a-110b, a 
location server 120, a satellite reference netWork (SRN) 130 
and a GNSS satellite infrastructure 140. The cell 110a com 
prises a base station (BS) 101a and a plurality of associated 
mobile devices, of Which the GNSS enabled mobile devices 
102-106 and a mobile device 108 are illustrated. The cell 
110!) comprises a BS 1011) and a plurality of associated 
mobile devices, of Which GNSS enabled mobile devices 112 
116 and a mobile device 118 are illustrated. The GNSS sat 
ellite infrastructure 140 comprises a plurality of visible 
GNSS satellites, of Which GNSS satellites 140a-140c are 
displayed. 
[0015] The cells 110a-110b comprises geographical areas 
covered by the BS 101a and the BS 101b, respectively. Each 
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cell may be identi?ed by a unique cell identi?er (Cell-ID). For 
each mobile device such as the GNSS enabled mobile device 
102 in the communication system 100, a cell such as the cell 
101a may be associated with an active cell set, a candidate 
cell set or a neighbor cell set of the GNSS enabled mobile 
device 102. The active cell set comprises a list of cells that are 
currently connected to the GNSS enabled mobile device 102. 
The candidate cell set comprises a list of cells that are not 
currently connected to the GNSS enabled mobile device 102, 
but with associated pilot or reference signals strong enough to 
be added to the active cell set. The neighbor cell set comprises 
a list of cells that are continuously measured by the GNSS 
enabled mobile device 102 and corresponding pilot or refer 
ence signals are not strong enough to be added to the active 
cell set. 

[0016] A mobile device such as the GNSS enabled mobile 
device 102 may comprise suitable logic, circuitry and/or code 
that may be operable to communicate with a wireless com 
munication network such as a WCDMA network via the BS 
10111. The GNSS enabled mobile device 102 may be operable 
to communicate radio signals that are compatible with vari 
ous telecommunication standards such as, for example, 
3GPP, with the BS 110a. With GNSS enabled, the GNSS 
enabled mobile device 102 may be operable to receive GNSS 
signals from a plurality of visible GNSS satellites such as the 
GNSS satellites 14011 through 1400. The received GNSS sig 
nals may be utiliZed to determine a GNSS ?x associated with 
the GNSS enabled mobile device 102. A quick GNSS ?x of 
the GNSS enabled mobile device 102 may be determined 
using reference position information, which may be provided 
by the location server 120. In this regard, the GNSS enabled 
mobile device 102 may be operable to select one or more cells 
from the associated active cell set. For each selected cell such 
as the cell 101b, the GNSS enabled mobile device 102 may be 
operable to take or collect Round Trip Time (RTT) measure 
ments at, for example, three or more different GNSS ?xes in 
the cell 1011). A RTT measurement at a GNSS ?x in an active 
cell is the transmission time between a data transmission from 
the GNSS ?x to the active cell and an acknowledgement 
reception at the GNSS ?x from the active cell. A RTT mea 
surement at a GNSS ?x in an active cell may be directly 
related to a distance between the GNSS ?x and an associated 
BS of the active cell. The collected RTT measurements at 
different GNSS ?xes in the cell 1011) may be location 
stamped using corresponding GNSS ?xes. In an exemplary 
embodiment of the invention, three or more location stamped 
RTT measurements may be collected. The collected location 
stamped RTT measurements may be measured by the GNSS 
enabled mobile device 102 alone or may be collected from 
other mobile devices such as the GNSS enabled mobile 
device 104 associated with the same active cell. The GNSS 
enabled mobile device 102 may be operable to send the col 
lected location stamped RTT measurements via a serving BS 
such as the BS 101a over a NML to the location server 120. 
The collected location stamped RTT measurements may be 
utiliZed for accurately positioning the corresponding active 
cell such as the cell 1101). 

[0017] The location server 120 may comprise suitable 
logic, circuitry and/ or code that may be operable to access the 
satellite reference network (SRN) 130 to collect GNSS sat 
ellite data by tracking GNSS constellations through the SRN 
130. The location server 120 may be operable to utiliZe the 
collected GNSS satellite data to build a reference database, 
which may be utiliZed to provide GNSS assistance data to 
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support LBS services. In this regard, the location server 120 
may be operable to receive NMLs from a plurality of associ 
ated mobile devices. The received NMLs may comprise loca 
tion stamped RTT measurements. The location server 120 
may be operable to utiliZe the received location stamped RTT 
measurements to compute GNSS positions of one or more 
cells of interest. In an exemplary embodiment of the inven 
tion, three or more location stamped RTT measurements in a 
particular cell may be required to calculate a corresponding 
GNSS position of the particular cell. Associated GNSS ?xes 
of the location stamped RTT measurements are different 
GNSS positions in the particular cell. The location server 120 
may be operable to utiliZe the calculated GNSS positions of 
corresponding cells of interest to re?ne or update reference 
database. The location server 120 may be operable to message 
in exemplary formats compatible with telecommunication 
networks such as WCDMA. For example, the location server 
120 may be WCDMA standard compliant by supporting mes 
saging in RRLP format, PCAP interface and/ or OMA 
SUPLvl.0. The location server 120 may be con?gured to 
communicate with a mobile device such as the GNSS enabled 
mobile device 102 in either a user-plane or a control-plane. 

[0018] The SRN 130 may comprise suitable logic, circuitry 
and/ or code that may be operable to collect and distribute data 
for GNSS satellites on a continuous basis. The SRN 130 may 
comprise a plurality of GNSS reference tracking stations 
located around the world to provide A-GNSS coverage all the 
time in both a home network and/or any visited network. This 
allows users of the GNSS enabled devices such as the GNSS 
enabled mobile device 102 to roam with associated LBS 
anywhere in the world. The SRN 130 may be operable to 
ensure high levels of availability and reliability for LBS per 
formance. 

[0019] The GNSS satellites 14011 through 1400 may com 
prise suitable logic, circuitry and/or code that may be oper 
able to generate and broadcast satellite navigational informa 
tion in suitable radio-frequency (RF) signals to various GNSS 
capable devices such as, the GNSS enabled device 102. The 
broadcast satellite navigational information may be utiliZed 
to support LBS services. The GNSS satellites 14011 through 
1400 may be GPS, Galilee, and/or GLONASS satellites. 
[0020] In an exemplary operation, a mobile device such as 
the GNSS enabled mobile device 102 may be operable to 
select a cell from an associated active cell set. The GNSS 
enabled mobile device 102 may be operable to take or collect 
RT measurements at, for example, three or more different 
GNSS ?xes in the selected cell. The collected RTT measure 
ments may be location stamped using the corresponding 
GNSS ?xes, where the RTT measurements are performed. 
The GNSS enabled mobile device 102 may be operable to 
communicate with an associated serving BS such as the BS 
10111 to send the location stamped RTT measurements over a 
NML to the location server 120. The location server 120 may 
be operable to utiliZe the location stamped RTT measure 
ments in the received NML to compute the GNSS position of 
the cell 1101). The location server 120 may be operable to 
utiliZe the computed GNSS position of the cell 1101) to re?ne 
reference database. 

[0021] FIG. 2 is a diagram illustrating an exemplary mobile 
device that is operable to provide location stamped RTT mea 
surements to a location server, in accordance with an embodi 
ment of the invention. Referring to FIG. 2, there is shown a 
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GNSS enabled mobile device 200 comprising a processor 
202, a cellular radio 204, a GNSS radio 205 and a memory 
206. 
[0022] The processor 202 may comprise suitable logic, cir 
cuitry, interfaces and/ or code that may be operable to manage 
and/ or control operations of associated component units such 
as, for example, the cellular radio 204 and the GNSS radio 
205. For example, the processor 202 may be operable to 
activate the cellular radio 204 to take or collect RTT measure 
ments at three or more different GNSS ?xes in a cell of 
interest. The cell of interest may be selected from an associ 
ated active cell set of the mobile device 200. The collected 
RTT measurements may be taken by the cellular radio 204 or 
may be collected from other mobile devices that are associ 
ated With the cell of interest. The processor 202 may be 
operable to transmit the location stamped RTT measurement 
of the cell of interest to the location server 120 via a serving 
BS such as the BS 10111. The transmitted location stamped 
RTT measurements may be utiliZed for computing the GNSS 
position of the cell of interest. 
[0023] The cellular radio 204 may comprise suitable logic, 
circuitry, interfaces and/ or code that may be operable to trans 
mit and/or receive radio signals in cellular spectrum. The 
radio signals transmitted and/or received may be processed 
via the processor 202. In this regard, the cellular radio 204 
may be operable to perform RTT measurements at particular 
GNSS ?xes Within an active cell of interest. The RTT mea 
surements may be location stamped and transmitted over a 
NML to the location server 120. 

[0024] The GNSS radio 205 may comprise suitable logic, 
circuitry, interfaces and/or code that may be operable to 
receive GNSS satellite broadcast signals. The received GNSS 
satellite broadcast signals may be processed to provide a 
navigation solution such as a GNSS ?x of the mobile device 
200. In this regard, RTT measurements may be performed or 
collected for three or more different GNSS ?xes Within an 
active cell of interest. The resulting RTT measurements may 
be location stamped using corresponding GNSS ?xes and 
communicated to the location server 120 for cell positioning. 

[0025] The memory 206 may comprise suitable logic, cir 
cuitry, interfaces and/or code that may be operable to store 
information such as executable instructions and data that may 
be utiliZed by the processor 202 and/or other associated com 
ponent units such as, for example, the cellular radio 204. The 
memory 206 may comprise RAM, ROM, loW latency non 
volatile memory such as ?ash memory and/or other suitable 
electronic data storage. 
[0026] In an exemplary operation, the mobile device 200 
may be operable to receive broadcast satellite signals via the 
GNSS radio 205. The received satellite signals may be used to 
calculate a navigational solution such as a GNSS ?x of the 
mobile device 200. For a particular GNSS ?x, the processor 
202 may be operable to activate the cellular radio 204 to take 
or collect RTT measurements for an active cell of interest. 
The RTT measurements may be taken by the cellular radio 
204 or may be collected from other mobile devices that are 
associated With the active cell of interest. The RTT measure 
ments may be generated from, for example, three or more 
different GNSS positions in the same active cell of interest. 
The RTT measurements may be location stamped using cor 
responding GNSS ?xes. The location stamped RTT measure 
ments may be transmitted over a NML to the location server 
120. The transmitted location stamped RTT measurements 
may be utiliZed to enhance cell positioning. 
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[0027] FIG. 3 is a diagram illustrating an exemplary loca 
tion server that is operable to calculate cell GNSS ?xes using 
corresponding location stamped RTT measurements, in 
accordance With an embodiment of the invention. Referring 
to FIG. 3, there is shoWn a location server 300. The location 
server 300 comprises a processor 302, a reference database 
304 and a memory 306. 
[0028] The processor 302 may comprise suitable logic, cir 
cuitry, interfaces and/or code that may be operable to access 
the SRN 130 to collect GNSS satellite data by tracking GNSS 
constellations through the SRN 130. The processor 302 may 
be operable to utiliZe the collected GNSS satellite data to 
build the reference database 304, Which may provide GNSS 
assistance data to support LBS services. In this regard, the 
processor 302 may be operable to receive NMLs from a 
plurality of mobile devices via a communication netWork 
such as a WCDMA netWork. The received NMLs may com 
prise location stamped RTT measurements, Which comprise 
RTT measurements and corresponding GNSS ?xes Where the 
RTT measurements are performed. 
[0029] The processor 302 may be operable to utiliZe the 
received location stamped RTT measurements to compute 
GNSS locations of one or more associated cells of interest. 
For example, for a particular cell, the processor 302 may be 
operable to extract location stamped RTT measurements cor 
responding to the particular cell from the received NMLs. The 
extracted location stamped RTT measurements comprise 
RTT measurements and corresponding GNSS ?xes in the 
particular cell. An extracted location stamped RTT measure 
ment is directly related to a distance betWeen an associated 
GNSS ?x and the particular cell, for example, in steps of 50 m 
as perthe folloWing series of{25, 75, 125, 175, 225, 275, 325, 
375, 425, 475}. In an exemplary embodiment of the inven 
tion, three or more location stamped RTT measurements in 
the same particular cell may be required so as to compute the 
GLASS location of the particular cell. 
[0030] The processor 302 may be operable to approximate 
the distance betWeen tWo points on the surface of the earth 
using a corresponding distance in a ?at surface. In this regard, 
in instances Where parameter Loc_Cell is the location of a cell 
of interest and parameter GNSS_RTT is a GNSS ?x Where the 
corresponding RTT measurement is performed, the distance 
betWeen the GNSS ?x of the corresponding RTT measure 
ment (GNSS_RTT) and the location of the cell of interest 
(Loc_Cell), namely, Distance_Cell_RTT, may be approxi 
mated utiliZing the folloWing relationship: 

DistanceiBSSiRT T :lGNSSiRT T —L0ciBS I 

that is a corresponding distance in a ?at surface. The param 
eter Distance_Cell_RTT is directly related to a corresponding 
RTT measurement in steps of 50 m. The location of the cell of 
interest may be calculated or solved using the folloWing 
exemplary relationship: 

GNSSiBS = rninZ lDistanceiB SiRTTii - IGNSSiRTTii - LOCiB s|| 

Where i is an integer and is greater than 2. The calculated 
location of the cell of interest may be utiliZed to re?ne the 
reference database 304. The processor 302 may be operable 
to communicate message in exemplary formats that are com 
patible With telecommunication netWorks such as WCDMA. 
For example, the processor 302 may be operable to support 
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messaging in RRLP format, PCAP interface and/or OMA 
SUPLvl .0. The processor 302 may be con?gured to commu 
nicate With a mobile device such as the GNSS enabled mobile 
device 1 02 in either a user-plane or a control-plane for a NML 
periodically or aperiodically. 
[0031] The reference database 304 may comprise suitable 
logic, circuitry, interfaces and/ or code that may be operable to 
manage and/or store data comprising reference positions and/ 
or location information that is captured, determined and/or 
learned from a plurality of associated mobile devices. In this 
regard, the reference database 304 may be re?ned or updated 
using cell GNSS locations that are derived or calculated using 
corresponding location stamped RTT measurements. The 
contents in the reference database 304 may be updated as 
needed or periodically. 

[0032] The memory 306 may comprise suitable logic, cir 
cuitry, interfaces and/or code that may be operable to store 
information comprising executable instructions that may be 
utiliZed by the processor 302. The executable instructions 
may comprise algorithms that may be utiliZed to calculate 
GNSS locations of one or more cells of interest according to 
corresponding location stamped RTT measurements. The 
memory 306 may comprise RAM, ROM, loW latency non 
volatile memory such as ?ash memory and/or other suitable 
electronic data storage. 
[0033] In operation, the processor 302 may be operable to 
learn and re?ne location information for one or more cell of 
interest according to corresponding location stamped RTT 
measurements. The processor 302 may be operable to receive 
NMLs from a plurality of associated mobile devices such as, 
the GNSS enabled mobile device 102. The received NMLs 
may comprise location stamped RTT measurements. A loca 
tion stamped RTT measurement comprises a RTT measure 
ment and an association GNSS ?x Where the RTT measure 
ment is performed. GNSS locations of one or more associated 
cells of interest may be calculated using the received location 
stamped RTT measurements. In various exemplary embodi 
ments of the invention, three or more location stamped RTT 
measurements that are taken at different GNSS ?xes in a cell 
of interest may be required to compute a corresponding loca 
tion of the cell of interest. The calculated cell GNSS locations 
may be utiliZed to re?ne the reference database 304 to 
enhance LBS service performance such as speed and/ or accu 
racy. The reference database 304 may be updated periodically 
or on an as needed basis. 

[0034] FIG. 4 is a How chart illustrating an exemplary pro 
cess utiliZed by a location server to re?ne a reference database 

through location stamped RTT measurements, in accordance 
With an embodiment of the invention. Referring to FIG. 4, the 
exemplary steps start With step 402, Where a mobile device 
such as the mobile device 200 may be operable to select a cell 
of interest from an associated active cell set. In step 404, the 
mobile device 200 may be operable to take or collect from 
other mobile device RTT measurements at, for example, three 
or more different GNSS positions in the selected cell of 
interest. In step 406, the mobile device 200 may be operable 
to location stamp the collected RTT measurements With cor 
responding GNSS ?xes. In step 408, the mobile device 200 
may be operable to upload the location stamped RTT mea 
surements over a NML to the location server 300. In step 410, 
the location server 300 may be operable to calculate a GNSS 
location of the selected cell using the RTT measurements and 
corresponding GNSS positions received over a NML. In step 
412, the location server 300 may be operable to utiliZe the 
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calculated GNSS location of the selected cell to update the 
reference database 304. The exemplary steps may be ended in 
step 414. 

[0035] In step 416, it may be determined Whether the RTT 
measurement process may continue for next active cell. In 
instances Where the RTT measurement process may continue 
for the next active cell, the exemplary steps may return to step 
402. 

[0036] In step 416, in instances Where the RTT measure 
ment process may not continue for the next active cell, the 
exemplary steps may end at step 414. 

[0037] Aspects of a method and system for enhancing a 
location server reference database through RTT measure 
ments are provided. In accordance With various exemplary 
embodiments of the invention, as described With respect to 
FIG. 1 through FIG. 4, a mobile communication device such 
as the mobile device 200 may be operable to collect, for 
example, three or more RTT measurements in a single active 
cell such as the cell 1101) associated With the mobile device 
200. The collected RTT measurements in the single active cell 
may be transmitted to the location server 300. The location 
server 300 may be operable to use the transmitted RTT mea 
surements to calculate a GNSS position as a position estimate 
of the active cell. For example, the location server 300 may be 
operable to apply various algorithms such as, for example, 
server-based triangulation algorithms to calculate the posi 
tion estimate of the active cell using the received RTT mea 
surement transmissions. One or more of the transmitted RTT 
measurements may be taken by the mobile device 200, and/or 
may be collected from one or more other mobile devices in 
the single active cell. The transmitted RTT measurements are 
collected at different GNSS ?xes in the same single active 
cell. The collected RTT measurements may be location 
stamped using corresponding GNSS ?xes. The mobile device 
200 may be operable to transmit the location stamped RTT 
measurements to the location server 300, for example, using 
a NML. The location server 300 may be operable to calculate 
the GNSS position of the single active cell using RTT mea 
surements and corresponding GNSS ?xes in the received 
NML. The calculated GNSS position of the single active cell 
may be used to re?ne the reference database 304. The refer 
ence database 304 may be re?ned or updated periodically or 
aperiodically. 
[0038] Another embodiment of the invention may provide a 
machine and/or computer readable storage and/or medium, 
having stored thereon, a machine code and/or a computer 
program having at least one code section executable by a 
machine and/or a computer, thereby causing the machine 
and/or computer to perform the steps as described herein for 
a method and system for enhancing a location server refer 
ence database through RTT measurements. 

[0039] Accordingly, the present invention may be realiZed 
in hardWare, softWare, or a combination of hardWare and 
softWare. The present invention may be realiZed in a central 
iZed fashion in at least one computer system, or in a distrib 
uted fashion Where different elements are spread across sev 
eral interconnected computer systems. Any kind of computer 
system or other apparatus adapted for carrying out the meth 
ods described herein is suited. A typical combination of hard 
Ware and softWare may be a general-purpose computer sys 
tem With a computer program that, When being loaded and 
executed, controls the computer system such that it carries out 
the methods described herein. 
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[0040] The present invention may also be embedded in a 
computer program product, Which comprises all the features 
enabling the implementation of the methods described 
herein, and Which When loaded in a computer system is able 
to carry out these methods. Computer program in the present 
context means any expression, in any language, code or nota 
tion, of a set of instructions intended to cause a system having 
an information processing capability to perform a particular 
function either directly or after either or both of the folloWing: 
a) conversion to another language, code or notation; b) repro 
duction in a different material form. 
[0041] While the present invention has been described With 
reference to certain embodiments, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted Without departing from the 
scope of the present invention. In addition, many modi?ca 
tions may be made to adapt a particular situation or material 
to the teachings of the present invention Without departing 
from its scope. Therefore, it is intended that the present inven 
tion not be limited to the particular embodiment disclosed, 
but that the present invention Will include all embodiments 
falling Within the scope of the appended claims. 

1. A method of processing signals, the method comprising: 
performing by a mobile communication device: 

collecting round trip time (RTT) measurements for an 
active cell associated With the mobile communication 
device; and 

transmitting the collected RTT measurements to a loca 
tion server, Wherein the RTT measurements collected 
for the active cell are used by the location server to 
calculate a GNSS location of the active cell. 

2. The method according to claim 1, Wherein the step of 
collecting comprises: 

collecting three or more RTT measurements taken by one 
or more other mobile communication devices in the 
active cell. 

3. The method according to claim 2, Wherein the step of 
collecting the three or more RTT measurements comprises: 

collecting the one or more of the three or more RTT mea 

surements from the one or more other mobile devices 
associated With the active cell. 

4. The method according to claim 1, Wherein the step of 
collecting comprises: 

collecting each of the RTT measurements at a different 
GNSS ?x in the active cell. 

5. The method according to claim 4, further comprising: 
location stamping each of the collected RTT measurements 

using a corresponding GNSS ?x in the active cell asso 
ciated With the mobile communication device. 

6. The method according to claim 5, further comprising: 
transmitting the location stamped RTT measurements to 

the location server. 
7. The method according to claim 1, further comprising: 
selecting the active cell from a set of active cells associated 

With the mobile communication device. 
8. A mobile communication device, comprising: 
a cellular radio module con?gured to collect round trip 

time (RTT) measurements for an active cell associated 
With the mobile communication device, Wherein the 
RTT measurements comprise RTT measurements for 
one or more other mobile devices; and 
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a processor con?gured to direct the cellular radio module 
to collect the RTT measurements and transmit the col 
lected RTT measurements to a location server for use in 
calculating a GNSS location of the active cell. 

9. The mobile communication device of claim 8, further 
comprising: 

a GNSS radio module con?gured to receive GNSS satellite 
broadcast signals and calculate a GNSS ?x of the mobile 
communication device corresponding to one of the RTT 
measurements. 

10. The mobile communication device of claim 9, Wherein 
the processor is further con?gured to location stamp each of 
the RTT measurements using the corresponding GNSS ?x 
and transmit the location stamped RTT measurements to the 
location server. 

11. The mobile communication device of claim 9, Wherein 
the processor is further con?gured to direct the GNSS radio 
module to collect each of the RTT measurements at a different 
GNSS ?x in the associated active cell. 

12. The mobile communication device of claim 8, Wherein 
the RTT measurements comprise three or more RTT mea 
surements. 

13. The mobile communication device of claim 12, 
Wherein the processor is further con?gured to direct the cel 
lular radio module collect at least one of the three or more 
RTT measurements from at least one other mobile commu 
nication device in the active cell. 

14. The mobile communication device of claim 12, 
Wherein the processor is further con?gured to direct the cel 
lular radio module to collect the at least one of the three or 
more RTT measurements from the at least one other mobile 
communication device associated With the active cell. 

15. A method comprising: 
receiving at a location server round trip time (RTT) mea 

surements collected by at least one mobile communica 
tion device for an active cell associated With the mobile 
communication device; 

calculating at the location server a GNSS position of the 
active cell using the received RTT measurements; and 

updating location information for the active cell in an asso 
ciated reference database using the calculated GNSS 
position of the active cell. 

16. The method of claim 15, Wherein the step of updating 
further comprises re?ning the reference database associated 
With the location server. 

17. The method of claim 15, Wherein the step of receiving 
further comprises receiving three or more RTT measurements 
from the at least one mobile communication device. 

18. The method of claim 15, Wherein the step of receiving 
further comprises receiving location stamped RTT measure 
ments from the at least one mobile communication device. 

19. The method of claim 18, Wherein the step of receiving 
further comprises receiving the location stamped RTT mea 
surements from the at least one mobile communication device 
in the active cell. 

20. The method of claim 18, Wherein the step of receiving 
further comprises receiving the location stamped RTT mea 
surements from the at least one mobile communication device 
associated With the active cell. 

* * * * * 


