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(57) Abrege(suite)/Abstract(continued):

program Is programmed into a group of mobile stations that have position location capabilities. Using the BTS calibration program,
calibration information may be requested by the BTS calibration server, or a session may be Initiated by the mobile station. The
BTS calibration program also provides privacy features that allow user of the mobile station to prevent it from being used for base
station location. If authorized, the BTS calibration program determines the position of the mobile station, and provides calibration
Information, such as position and base station phase measurements, to the server. The calibration information may be used to

calibrate the base station almanac.
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METHOD AND APPARATUS FOR DETERMINING LOCATION OF A BASE
STATION USING A PLLURALITY OF MOBILE STATTIONS IN A WIRELESS
MOBILE NETWORK

ABSTRACT OF THE DISCL.LOSURE

[0104] A method and apparatus for determining a position of a base station in a wireless
communication network that includes a mobile station in communication with base
staions. A BTS calibration server 18 networked with the base stations. A BTS
calibration program 13 programmed into a group of mobil¢ stations that have position
location capabilities. Using the BTS calibration program, calibration information may be
requested by the BTS calibration server, or a session may be initiated by the mobile
station. The BTS calibration program also provides privacy featurcs that allow user of
the mobile station to prevent it from being used for base station location. If iwuthonzed,
the BTS calibration program dctermines the position of the mobile station, ard provides
calibration information, such as position and base stalion phase measurements, 1o the

server. The calibration informarion may be used to cahbrate the hase station aimanac.
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METHOD AND APPARATUS FOR DETERMINING LLOCATION OF A BASE
STATION USTNG A PLURALITY OF MOBILE STATIONS IN A WIRELESS
MOBILE NETWORK

BACKGROUND

Related Applications
|001) This applhications claims priority to U.S. Provisional Application No.
60/580,929, Giled on June 18, 2004.
Field
[002] The present invention generally relates to wireless commumications systems in
which a basc station communicates with a number of mobile stations that have position
location capabilities, and more particularly to the determination of the positian of a base
statzon in a mobile communication network.
Description of Related Art
[003] In wireless communication networks, one or more base stations communicate
wirelessly with a number of mobile stations (¢.g., wireless devices such as cell phones).
Mobile stattons usually provide standard veoice and/or data communicalion; as an
additional feature, some mobile stations have positioning capabilities, which allow the
user of the mobile station lo detenmne his or her position. Such position determination
capabilities ar¢ becoming increasingly useful and important; for example, the regulatory
requirements of a jurisdiction may require a network operator to reporl the localion of a
mobile station when the mobile station places a call to an emergency servica, such as a
911 call m the Umted States. Or a user may simply want 10 know his or her position for
purposes of localing a nearby restaurant or movie theater.
[004] One well-known Lype of position location system utilizcs satellites in earth orbit
lo trilaterate a position of the mobile station. One example of such a system is the
(ilobal Positioning Satellite (GPPS) system currently in operalion. Another type of
position locaton system utilizes radio signals from base stations whose Incations are
known. For example, in one communication network—a Code Division Muldple Access
(CDMA) digital cellular network-the position location capability can be provided by
Advanced Forward Link Trilateration (AFLT), a technique that computes th: location of

the mobile stanon (MS) from the mobile station's measured lime of arrival of radio
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signals from the cellular base stations. An AFLT-enabled wireless mobile station makes
pilot phase measurements (PPMs) of the radio signals from the base stations v/ith which
it 1s commmunicating, and uses these measurements 1o detcrmine the mobile station's
position. A more advanced techmque is hybnd pesition location, where the mobile
station also employs a GPS recewver and the position 1s computed based on toth AFLT
and GPS measurements,

[005) Message protocols and formats for CDMA position location employing AFLT,
GPS, and hybrid receivers, applicable 10 both the MS-based and MS-assisted cascs, have
been published 1 TIA/ETA standard IS-801-1 2001, Position Determination Service
Standard tor Dual-Mode Spread Spectrum Systems - Addendum. Pages 4-41 through 4-
44 of this standard specify that each base station shall transmit a base staticn almanac
message among other elements containing the locations of the base stanon antennae
transmutling the CDMA pilot pseudorandom (PN) sequence.

[006] Thus, in wircless communication sysiems with AFLT capabilitics, the wireless
base stations can be used as reference pomts to assist in fixing the location of a mobile
station. However, one prerequisile 10 using a base¢ station as a reference is precise
knowledge of the posiion of the base stahion antcnnae. Timing information regarding
the base station 18 also important. Once known, the base stauon's antenna position and
Ltming information may be recorded 1n a base station almanac (BSA) database for use by
a posinon determining entity (PDE). However, acquiring the base slation's antenna
precise location and timing information can be tedious and expensive.

[007] To further elaborate on the position determinauon system, data conceming
calibration or re-calibration of a base station ume offset, base station anterina location
and other parameters are typically stored 1 whal 13 called a "basc station almanac.” The
base stanon almanac database provides information for determining an initial posilion
estimate of the mobile station to seed GPS pseudorange searching. Due to PN reuse, the
base station almanac database provides information for resolving ambiguities about
which observed pseudorandom noise sequences (PNs) correspond to which physical
sectors of a CDMA network base station. The base station almanac database ‘provides
the cellular base station sector antenna position from which signals emerge. AFLT range
measuréments are made to these antenna positions.

[008] In some instances the position of a base station antenna may changz slightly or

by a larger distance, and in that instance the corresponding almanac informadon must be
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updated. For cxample a base stauon antenna may be relocated, or a basc station
transceiver may be repaircd or replaced, a new cable may be placed hetween a
transcelvér and an antenna causing a change in the base stalion antenna position or
timing mformation. In another example, a base station can be logically (but not
physically) moved, when, for example, two physical base stations swap their
identification information, and in such a circumstance, the two stations would appear o

have swapped locations although neither base station physically moves.

[009] In such situations, 1f nol updated, the corresponding information in the database
can become erroneous; theretore the alimanac database must be updated befor: resuming
scrvice from the base station. Fowever, updating the almanac databasc using

conventional techniques can be ume-consuming and expensive: for example

conventionally the antenna location may be determined by a survey or with reference to
coordinates read from a map, and if the antenna coordinates are entered manaoally into
the database then the possibility of human emor anses. The base station uming
informauon 1s also subject 10 human error in cases where custom hardware is used to

measure the timing informauon, and tuming offsets are entered manually inio the
database.

{010} In Local Area Networks the significant number of base stations (several million),
the deployment practices and the ease of moving the portable base stationr from one
physical location 10 another make 1t 1mpossible 10 locate and maintain the hase station
almanac using conventional surveying techniques.

[011] In summary, deployment of base station time difference of arrival ranging
solutions such as AFLT or hybrid-AFLT requires accurate base station almanac (BSA)
information including base station antennae locations and forward link calibration
parameters such as time corrections, which are key components of the BSA mformation.
Today, population of the BSA parameters 15 done individually for each base station,
which is a manual, labonous and expensive process, and therefore hinders the
deployment and proliferation of LBS services. [t would be an advantage 10 provide &
practical system that ¢an update the BSA parameters in real time using data trom mobile

devices that are n the area to compuic base station locations and forward link

calibration parameiers.

-
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SUMMARY

(012} A method and apparatus for determining a position of 2 base station in a wireless
communication network that includes a plurality of mobile stanons in cominunication
with one or mare base stations 15 disclosed, The method comprises programming a
group of mobile stations with a BTS calibration program, thereby providing a plurahty
of calibration-enabled mabile stations, and providing a BTS cahbration server
networked with the base station. Calibration information is requesicd from :it least one
ol the calibration-enabled mobile stations 11 communication with a base station, and the
position of the calibration-enabled mobile station(s) is determined. A signal from the
base station is received at the mobile station(s), and this signal may be used 10 measure
the uime of travel of the signal from the base station 10 the mobaile station, for example it
may measure path delays of the signals transmitted between the basc station and the
mobile stations to detennine distances between the base station and the mob\ile stations,
and may include mcasuring a relanve time of arnval 1m a TDOA system, or a round tnip
delay in an RTD system. If authorized, calibration information mdicative of the position
is transmitted from the mobile station(s) 10 the BTS calbration server. In the BTS
calibration scrver, the calibration information is compared with base station almanac
information associated with the base station, and the posituon and timing of the basc
station may be calibrated respansive therelo.

[013] In order to provide the user of the mobile station o way to prevent v from being
used for base station location, the mobile station calibration software may determine if it
1s authorized lo comnumicate calibration information, If there 18 no authornzation then
operation is exited amy time before transmitting calibration information, otherwise
operation is completed. For example, the users of the calibration-enablcd mobile phones
may ulilize the BTS cahbration program to crealc privacy seltings lo indicate
authonzation to provide calibranon information, and the siep of determumng if the
mobile station is authorized to communicate calibrahon information further compnses
checking the privacy settings to vernify that the mobile station is authornized to provide
calibration 1nformation,

[014] Calibration information may be requested by the BTS calibration server, or by
the mobile station, triggered upon a particular event. FFor example, the calibrabion

request may be inutiated by the BTS calibration soflware when m communication with
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the target base station. As another example, the BTSCS may select a farget base station,
and the BTS calibration server requests calibration information from at least one of the
software-enabled mobile stations in communication with the target base station. In yet
another example, the BTSCS may provide the identity of a target base station to the
mobile stations for the BTS calibration software processing.
[015] The position of the mobile stations i1s determined by any suitable method. For
example if the mobile stations have global satellite receivers, the positions of the mobile
" stations may be determined from signals received by the mobile stations from global
satellites. Alternatively, or in addition to GPS, the positions of the mobile stations may
be determined by Advanced Forward Link Trilateration (AFLT) of each mobile station
from base stations having accurately known positions. The mobile stations may
comprise hybrid telephone handsets including global satellite receivers, the positions of
the mobile stations may be determined from signals received by the mobile stations
from global satellites, and the position of the base station may be determined from the
posttions of the mobile stations using time difference of arrival, time of arrival or round
trip delay systems.

[016] A variety of embodiments are disclosed. The mobile stations may comprise

hybrid telephone handsets including global satellite receivers. The positions of the - -

mobile stations may be determmned from signals received by the mobile stations from
global satellites, and/or the base stations comprise at least one Wireless LLAN base
station, and/or the position of the Wireless LAN base station (such as a WiFi access
point) may be determined from the positions of the mobile stations in communication
with the Wireless LAN base station, using Wireless LAN signals.
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According to one aspect of the present invention, there Is provided in
a wireless communication network that includes a plurality of mobile stations In
communication with one or more base stations, an method of determining a
position of a base station, comprising: a. programming a group of mobile stations
with a BTS calibration program, thereby providing a plurality of calibration-enabled
mobile stations; b. providing a BTS calibration server networked with said base
station; c. requesting calibration information from at least one of said calibration-
enabled mobile stations in communication with a base station; d. determining a
position of said calibration-enabled mobile station(s) in communication with said
base station; e. receiving a signal from said base station to said mobile station to
said mobile station(s) in communication with said base station; f. transmitting
calibration information indicative of said position and said signal from said mobile
station(s) to the BTS calibration server; and g. in said BTS calibration server,
comparing the calibration information with base station almanac information

associated with said base station, and calibrating the position of said base station

responsive thereto.

According to another aspect of the present invention, there is
provided a wireless communication network comprising: a. a plurality of base
stations, each having a unique location; b. a BTS calibration server networked
with said plurality of base stations; c. a plurality of calibration-enabled mobile
stations wirelessly communicating with at least one of said base stations, each of
said calibration-enabled mobile stations having a BTS calibration program and a
position location system for determining its position, and a means for receiving a
signal from said base station to said mobile station: d. means for requesting
calibration information from at least one of said calibration-enabled mobile stations
In communication with a base station; e. means for transmitting calibration
information indicative of said position and said signal from said mobile station(s) to
the BTS calibration server; f. a base station almanac networked with said plurality
of base station and said BTS calibration serve; and g. means, in said BTS
calibration server, for calculating a distance from said mobile station(s) to said
base station, comparing it with base station almanac information associated with
sald base station, and calibrating the position of said base station responsive

thereto.
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According to still another aspect of the present invention, there is
provided a method of maintaining accurate base station location information in a
wireless communications system, comprising: receiving, at a mobile station, a
request to report location calibration information related to at least one base
station to a base station location calibration server, the requested location
calibration information including at least a location estimate of the mobile station
and information indicative of the mobile station’s distance to the at least one base
station; determining position information sufficient to calculate the location
estimate of the mobile station; determining the information indicative of the mobile
station’s distance to the at least one base station; and sending the requested

location calibration information to the base station location calibration server.

According to yet another aspect of the present invention there is
provided a method of maintaining accurate base station location information in a
wireless communications system, comprising: receiving, at a base station location
calibration server, location calibration information from related to at least one base
station, the location calibration information including at least a location estimate of
one or more mobile stations and information indicative of the one or more mobile
stations’ distance to at least one base station; determining a location of the at
least one base station based at least in part on the received location calibration
iInformation; selectively updating a record of the at least one base station’s
location within a base station almanac based on the determined location of the at
least one base station, the base station almanac configured to store locations of

base stations of a wireless communication system.

According to a further aspect of the present invention, there is
provided a mobile station in a wireless communications system, comprising:
means for receiving a request to report location calibration information of at least
one base station to a base station location calibration server, the requested
location calibration information including at least a location estimate of the mobile
station and information indicative of the mobile station’s distance to the at least
one base station; means for determining position information sufficient to calculate
the location estimate of the mobile station; and means for determining the

iInformation indicative of the mobile station’s distance to the at least one base
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station; and means for sending the requested location calibration information to

the base station location calibration server.

According to yet a further aspect of the present invention, there is
provided a base station location calibration server configured to maintain accurate
base station location information in a wireless communications system,
comprising: means for receiving location calibration information related to at least
one base station, the location calibration information including at least a location
estimate of one or more mobile stations and information indicative of the one or
more mobile stations’ distance to at least one base station; means for determining
a location of the at least one base station based at least in part on the received
location calibration information; means for selectively updating a record of the at
least one base station's location within a base station almanac based on the
determined location of the at least one base station, the base station almanac

configured to store locations of base stations of a wireless communication system.

According to still a further aspect of the present invention, there is
provided a mobile station in a wireless communications system, comprising: logic
configured to receive a request to report location calibration information of at least
one base station to a base station location calibration server, the requested
location calibration information including at least a location estimate of the mobile
station and information indicative of the mobile station’s distance to the at least
one base station; logic configured to determine position information sufficient to
calculate the location estimate of the mobile station; and logic configured to
determine the information indicative of the mobile station’s distance to the at least
one base station; and logic configured to send the requested location calibration

information to the base station location calibration server.

According to another aspect of the present invention, there is
provided a base station location calibration server configured to maintain accurate
base station location information in a wireless communications system,
comprising: logic configured to receive location calibration information related to
at least one base station, the location calibration information including at least a

location estimate of one or more mobile stations and information indicative of the

one or more mobile stations’ distance to at least one base station; logic configured
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to determine a location of the at least one base station based at least in part on
the received location calibration information; logic configured to selectively update
a record of the at least one base station’s location within a base station almanac
based on the determined location of the at least one base station, the base station

almanac configured to store locations of base stations of a wireless

communication system.

According to yet another aspect of the present invention, there is
provided a computer-readable storage medium comprising instructions, which,
when executed by a mobile station in a wireless communications system, cause
the mobile station to perform operations, the instructions comprising: program
code to receive a request to report location calibration information of at least one
base station to a base station location calibration server, the requested location
calibration information including at least a location estimate of the mobile station
and information indicative of the mobile station’s distance to the at least one base
station; program code to determine position information sufficient to calculate the
location estimate of the mobile station; and program code to determine the
Information indicative of the mobile station’s distance to the at least one base
station; and program code to send the requested location calibration information to

the base station location calibration server.

According to a further aspect of the present invention, there is
provided a computer-readable storage medium comprising instructions, which,
when executed by a base station location calibration server configured to maintain
accurate base station location information in a wireless communications system,
cause the base station location calibration server to perform operations, the
Instructions comprising: program code to receive location calibration information
related to at least one base station, the location calibration information including at
least a location estimate of one or more mobile stations and information indicative
of the one or more mobile stations’ distance to at least one base station; program
code to determine a location of the at least one base station based at least in part
on the received location calibration information; program code to selectively
update a record of the at least one base station’s location within a base station

almanac based on the determined location of the at least one base station, the
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base station almanac configured to store locations of base stations of a wireless

communication system.

BRIEF DESCRIPTION OF THE DRAWINGS

[017] For a more complete understanding, reference is now made to the
5 following detailed description of the embodiments as illustrated in the

accompanying drawing, wherein:

[018] Fig. 1 Is a perspective view of a plurality of cellular base stations,

GPS satellites, and a user holding a wireless mobile device such as a cell phone;

[019] Fig. 2 Is a block diagram of one example of the stationary

10 components that reside in the cellular network shown in Fig. 1;
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[020] Fig. 3 1s a block diagram of one embodiment of the mobile device that
incorporates communication and position location systems;

[021] Tig. 4 is a diagram of BTS calibration program, illustrating feamrces of onc
embodiment;

[022] Fig. S is a flow chart of operations to calibrate a base station location;

[023] Fig. 6 is a flow chart of an example of a mobile-onginated calibraton process;
and

[024]) Fig. 7 is a flow chart of an example of a mobile-terminated calibration process,
which differs from Fig. 6 in that the request onginates in the BTSCS.

DETAILED DESCRIPTION

[025] In the drawing, like numbers are used to denote ltke or stmilar elements.
Glossary of Terms and Acronyms

1026} The following terms and acronyms are used 1n the detailed description:

[027] AFLT (Advanced Forward Link Trlateration): a techmque, mmplemented m

CDMA systems, that computes the Jocation of a mobile station (MS) from the mobile

starion's measured time difference of arrival of radio signals from the base stations.

[028] BSA (Base¢ Station Almanac): An almanac that inclndes location informauon

and tme correction information, among other mformation, for one or more base

stations.

[029] BSA mcssage: The BSA message (e.g., the Provide Base Station Almanuc

message of the 1S-801-1 protocol) includes fields that describe a BTS including its

location and time cotrection values, among other imformation. The BSA message 1s

typically sent to an MS upon request by the MS.

[030] BTS (Base Station Transceiver Subsystem): (a/k/a base station or cell site): A

fixed-position station that includes a transmitter and receiver (transceiver) for

communicating with mobile stations. Includes antennas for wransmitting and receiving

wireless communication signals from mobile stations.
[031] BTSCS (BTS Calibration Server) A server comnected to the netwark of base

stations (BTS's). The BTSCS provides services related to calibration of hase station
location and timing using one or more mobile phones in communication with the base

station.
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1032) CDMA (Code Division Multiple Access): a high-capacity digital wireless
technology that was pioneered and commercially developed by QUALCOMM™
Incorporated.

[033) Calibration-enabled Mobile Station: 2 mobile station that has arn installed,
operating BTS calibration program,

[034] Cellular: A type of communication service in which an MS communicates with
one or morc base stations in a cellular network, each th a different Wireless Wide Area
Nerwork or Wireless Local Area Network "cell" that covers a relatively small area. As
the MS moves from one cell to another, there 13 a "handoff" from cell to cell "Cellular”
is used herein In its broadest sense to mclude at least digital and/or analog sysiCms.

10351 GPS fix: the end result of a process of satellite measurements and subscquent
computations by which the location of the MS (GPS user) is determined. '
[036] GPS (Global Positioning System): Although the term GPS 1s oflen used to refer
to the U.S., Global Positioning Systemn, the meaning of this term includes other satelhite-
based global positioming sysiems, such as the Russian Glonass System and the planned
European Galileo System.

[037] GSM (Global System for Mobile): a widely-used digital wireless communication
technology.

(038] MS (Mobile Starion) a portable electronic device such as a cell phone, PDA ora
Japtop that has a means (such as 2 modem) for communicating with one o1 more base
stations. Somenmes referred as a mobile handheld unit, portables, mobiles, handhelds,
personal stations, wireless devices, subscriber units, mobile terminals, or user terminals,
for example. MS's referenced in this disclosure have position detearmining capabilities.
[039] MTSO (Mobile Telephone Switching Office): Provides control and commands
to the mobile stations. Also provides connectivity 1o the PSTN.

[040] PDE (Position Determunation Entity): A system resource (e.g., a server) typically
within the CDMA network, working in conjunction with one or more GPS reference
receivers, which 13 capable of exchanging location information with an MS., For
example, in an MS-Assisted A-GPS session, the PDE can send GPS and/or cellular
assislance data to the MS to enhance the satellite and base station pscudorange signal
acquisition process. The MS returns pseudorange measurements. back to the PDE, which
is then capable of computing the position of the MS. Alternatively, in an MS-Based
A-GPS sessian, the MS sends back computed posilion results (0 the PDE. The PDE can
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also provide assistance data regarding other netwarked entitigs, such as the identitying
information, position information and type of wireless base stations (access points) that
may be n the vieinity of the MS.

{041} PSTN (Public Switched Telephone Nerwork): Provides connection (¢ wireline
telephones 1n homes and busimesses, for example. '

(042) RSSI (Received Signal Strength Indicator). A parameter indicating strength of a

wireless signal between a base station and a mobile station.

[043] RTD (Round Trnp Delay): A method of measunng distance by méasurning a
two-way travel time (distance) between a base station and a mobile station, ¢.g., 4 base
station sends a signal to a mobile station, which 18 returmed to the base staton, and the
base station then measurcs the iime between transnutiing the signal and receivang the
return signal, which can then be divided by two to provide an indication of the distance
between the basc station and the mobile station. Altermatively, the RTD ¢can be measured

by the mobule station.

[044) QoS (Quality of Service): A measurc of a desired service parameter such as the
accuracy of position location information.

[045] SV (Satellite Vehicle): One major element of the Global Positioming; System 1s
the set of SVs arbiting the Earth, broadcasting uniquely 1dentifiable signals.

1046] TDOA (Time Diflerence of Arrival): A syslem that measures distance by
measuring the relative times of arrival of radio signals from the base stations; e.g., for
example, in CDMA. networks AFLT systems use TDOA to provide PPM me; surements,
the time difference of amval 1s indicated by a pilot phase measurement that 15 relative to
the reference pilot used 10 sét the mobile station’s ume base. Another example of a

TDOA systern 15 an Uplink TDOA systemn, which uses the time difference between

transmission of a mobile station signal and reception by base slations.
(047 TOA (Time of Amival): A system which measures the ume of amvail ol a one-
way signal; e.g., for example, a GPS system which measures the ume of amval of a
satelhite signal. ‘
048] WLAN (Wireless Local Area Network): a limited-range wireless comumunication
network; examples mnclude Wik, WIMAX, Bluetooth, cic.

Use of Mobile Stations to Determine Base Station Location
[049] U.S. Patent Publication US2003/0125046 A1l published July 3, 2003, entitled

"Use of Mabile Stations lor Determination of Base Station Location Paramerers in a
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Wireless Mobile Communication System", discloses a sysicm i which a network uses
known positions of on¢ or more mobile stauons 10 venty, update, and/or determune the
position of a base slation, and is assigned to the same assignee as lhe present
application. For example, the publication discloses a method for AFLT-enabled wireless
handsets to provide pilot phase measurements (PPMs) to a network, which can be used
to determine the base slation locations and associated forward hnk calibration
paramelers. As an example, to solve for a base station location an algoriihm would
requirc a PPM to said basc stations measured by at Jeast three distinct geographically
separated maobiles each one at a known location; the knowledge of the mobile station
location can be ascertaimed via GPS. One¢ altemative is 10 manually survey hase station
antennae and use GPS fix to compute errors to the PPM measurements bv collecung ‘
measurements with a dedicated base station calibration handset in the fi¢ld in close
proximity to the base station.

[050] Particularly, the system disclosed in Publication US2003/0125046 Al describes
methods that use the maobile stations in communication with a base station ty determine
the localion parameters of that base station. For example, the positions of the mobile
stations are determined, and then the position of the basc station 1s delermined [rom the
positions of the mobile stahons and from signals transmitied between the base station
and the mobile stations. Despite erroneous base station location parameters {or at least
one of the base stalions, it 15 aften possible to accurately determine the positions of the
mobile stations from the base stauon location parameters of other base stations, or from
global salelhite signals recetved by the mobile stations 1f the mobile stations are
cquipped with global satellite receivers.

[051] In addition, the base station location information mn the database can be checked
dunng normal position location sessions whenever the position of a mobile staton is
determined independent of the location of a base stanon in communi¢anon with the
mobile station. This 1§ done by determining the distance between the base station and
the tmobile station from signals wansmiiled berween the base station and the mobile
station. When this distance is inconsistent with the base station location mJsormation in
the database, the database may be modified to include corrected Dase station location
information, In this fashion, it is possible to find erroneons base station information and
discontinue its use for position location services before the correct location of the base

station becomes known.
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[052] Ermoneous base station location information can be correcled automat.cally once
a sufficient number of independent distances are determined between the base slation
‘and mobile stauons having known posiuons. With a sufficient number of independent
dislance measurements, 1t 18 possible to determine the base station location with a
degree of certainty comparable to the position of a single mobile station. In this fashion,
it 15 possible 10 antomaltically mainiamn and improve the base stanon location
information in the database. This can be done while providing regular positinn location
services, without any change in the communication protocols between the buse slations
and the mobile stations,
[053] What is needed is a practical system and apparatus that would bring these base
slalion location concepls into wide use while at the same time making U solution
economically viable.

Overvicw
{054] The position locanon system described herein utibzes information from
calibration-enabled mobile stations 160 determine the posilion of a base station, and
update the base station almanac on an ongoing basis. This systesmn is useful for a number
of reasons: for example handset-based information can be utilized 10 shorien time to
commiercial service of new base statons and provide ongoing improvement in location
performance. Advantageously, the system can be implemented with no hardware
modification, and very little modification to the basic subscnber service elements; thus
very little cost is required to provide this network preparation and improvemeént abihity.
[055) Each handsct that is part of the system utilizes a calibration program to
communicate with, and respond to a calibration server. The calibration progeam can for
example, be BREW-, lava- or similar technology-based, and can be downloaded or
embedded 1n the handset.
[056]) In one example, in a CDMA system, in order 1o calibrate or re-calibrate the base
station, GPS and AFLT position measurement data is obtained from motile stanons
during regular position location sessions for example when mobile station users
normally engage in telephone calls, or when field service personnel dnive: around to
selected locations and place calls for the purpose of oblaining position measurement
data not otherwise obtained [rom the regular position location sessions, and then sent to
the BTSCS. In this fashion, the BTSCS may then use this information to compute the

calibration data intemally and store the calibration dala m the base station almanac
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database on a continuous basis. In addition, 10 alleviate any privacy concerns, the regular
position location scssions may occur only when the user ot the location-enabled mobile
station places or answers a wireless telephane call. In this case, the CDMA system does
not determine the user’s position without the nser’s knowledge and consent. In another
example, the user of the mobile station (cellular phone) authonzes the use of the mohie
station as a calibration device, allowing the BTSCS to request cahbration mformation

{from such device.

Description

[057) Fig. 1 1s a perspective view of a wireless commumcation network 10 that
includes a plurality of wide areca network base stations 10 including first, second, and
third base stations 10a, 10b, and 10c respectlively, a plurality of local arca network base
stations (access points) 20 including first and second base stations 20a 20b respectively,
CPS satellites shown collectively at 11, and a plurality of mobilc stations 1.1 including
firsi, second, third, and fourth mobile stanons 14a, 14b, 14c, and 14d respecuvely. Fig, 1
is provided for illustraiive purposes; 1t should be clear that in an actual impléemcenrauon
additional (or fewer) base stailons and MS's may be 1n operation at any one tune.

[058] In one embodiment, the satelhtes (SV's) 11 compnsc any group of satellites
utilized for positioning a satellite recetver. In the GPS system, the satellites send out
wireless GPS signals 12 synchronized to GPS system time, generated at a predetermimed
frequency, and in a predetcrmined format. A GPS reference receiver may be: physically
located in any of the base stations 10, which can commumcate with the PDE 1§ 1o
provide useful information m determiming position using the satellites, sach as a GPS
satellite navigation data, differential corrections and GPS syslem ume.

[059] The MS may be in the form of an electronic device held by a user (ot shown);
for example the user may be on foot as shown, or may be travcling in a car or on public
ransportation. Each MS 14 (as described in more dctail with reference to Fig. 3)
mncludes a position localion system 27. The position location system may include a GPS
system that unlizes the GPS signals to determine the pasition of the MS and/or il may
include an AFLT system. The MS also mclhudes a two-way communication system 32
such as a cell phone recerver that utilizes two-way communication signals 13 to
communtcate with the cellular base stations 10. As an alternative, or in adchtion 10 the
cellular communication system, the communicalion system in the MS niay include

another wireless communication system, such as WiFi, WiMAX, or Bluetooth, thal
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utdizes -commumecation signals to communicale with the access points 20 of the
Wireless Local Area Nelwork such as an 802,11 network.

[060) Generally, the cellular base stations 10 comprise any group of cellular base
stations utllized as part of a wireless communication network that communicates with
the MS's using wireless signals 13. In the example of Fig. 1, the cellular base stations
are networked to a cellular infrastructure network 15a, which 15 in turn networked to
other communication networks and network enutics by any sujtable network protocol,
such as TCP/IP over the internet as shown optionally, or SS7 as shown m a direct
connection, for example. Thus, the cellular infrastructure network 154 provides
communication services between the base stations and a plurality of other
communication networks such as a public phone system 16, computer networks 17, and
any of a vanely of other entifies and communication systems. The networks and network
entities may be connected by hardwired connecltions or by any other suitable
connections for ransferring data.

[061) The ground-based cellular infrastructure network 15 fypically provides
communication services that allow the user of a cell phone 1o connect to another phone
using the phone system 16; however the cellular base stations could also be utilized to
communicate with other devices and/or for other communication purposes, such as an
interner connection with a handheld personal digital assistant (PDA) cor a laptop
computer. In one embodiment, the cellular base siations 10 are parlt of a CDMA
communication network; however in other embodini¢nts the cellular base siations may
utilize other types of access technologies (e.g., GSM, WCDMA, TDMA, OFDM, etc)).
[062] In addition to the cellular base stations 10a, 10b, and 10c, ather types of base
stalions such as wireless access points may be implémented using any suilable protocol,
for example WiF1, WIMAX, and Bluetooth. As shown in Fig. 1, access points 20a and
20b (referenced colleclively as 20) are networked with a network 15b suitable for the
particular implementation of wircless access points. Analogous with the cellular
nfrastructure network 15a, the wireless access point network 15b 1s networl:ed to other
communication networks and entities by any suitable network protocol, such TCP/IP
over the intemet as shown optionally, or SS7 as shown 1n a direet connection, for
example. Thus, the wireless access pont network 15b provides communication services
between the wireless access points and a plurality of other communication networks

such as a public phone system 16, computer networks 17, and any of a variaty of other
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entittes and communication systems. The networks and network entitie; may be
connecled by hardwired connections or by any other sullable connections for
transterning data.

[063] The network also includes a position determination enuty (PDE) 18, shown
connected to the cellular in{rastructure network 15. Faor example, for A-GP)S methods
the PDE compmniscs a system resource (e.g., a server) typically within the network,
working in conjunction with one or more GPS reference receivers on the ground, which
is capable of exchanging GPS-related mformation with an MS. In an MS-Assisted
A-GPS session, the PDE can send GPS assistance data to the MS to enhance the satellite
signal acquisition process. The MS returns psendorange measurements back t the PDE,
which 15 then capable of computing the position of the MS. Altematively, m an
MS-Based A-GPS session, the MS sends back computed position results 10 the PDE. In
yet another example, 1 an autonomous mode, the MS can determing 1ts position without
any assistance from the server. In another example, the PDE can be connected to the
wireless access point network 20.

[064] Also part of the cellular network is a BTS Calibration Server 19 (BTSCS). The
BTSCS 15 a system resource that 1s connected 1o the cellular infrastructure network, and
may work 1n conjunction with the PDE 18, as descnbed herein, or in some enibodiments
may be ymplemented partially or wholly within the PDE. The BTSCS provides services
relaled 10 calibration ol base station using one or more mobile stations in
commumecation with one or more base stations, as described herein. In one ernbodiment,
the BTSCS 15 a dedicated server used for BTS calibration purposes, and is not
associated with E-911 services. Similarly, the BTSCS can be part of or connected 1o the
wircless access point network. In such case, the BTSCS supports the calibrition of the
base stations (access points) of the local area network. In another example, one BTSCS
can serve both the cellular and the wireless access pomnts network.

[065] Fig. 2 1s a block diagram of one example of the stationary components that
reside n the cellular network shown in Fig. 1. A mobile switching center (MSC) 21
performs switching functions (i.e., routing of circuit-switch voice and data) for mobile
staions within its coverage area. The mobile switching center (MSC) 21 interfaces
voice signals and tclecommunication data between base station 10 and a namber of
telephone lines 22, such as copper wires or optical [ibers. A mobile posituching ceater

(MPC) 23 15 connected 1o the mobile switching center (MSC) 21. A packet data SCIVIing
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node (PDSN) 24 and/or interworking function (TWF), connected lo the MSC 21, is
responsible for the establishment, mamnienance, and termination ot packet-3witch dala
sessions for mobile stations in the cellular network. The MPC 23 manages position
location applicatnons and nterfaces location data lo external locauon services clients or
extemal data networks through 2 data network link 25. In the simplest form, the position
determination entity (PDE) 18 collects and formats satellite reference data. The PDE 18
provides wireless assistance 10 mobile stations and performs position computations in
MS-assisted mode. The BTSCS 19 provides services related to calibration of base
station location using one or more mobile phones In communication with ¢ne or more
base stations, as described 1n more detail herein. The PDE 18 and the BTSCS 19 are
connected 10 the MPC 23 and the MSC 21, and also to the IWE/PDSN 24. In the
example of a packet-swilched mode, the PDE 18 and the BTSCS 19 are connected to the
IWF/PDSN 24 through an [I* network 28. The PDE 18 and the BTSCS 19 access a base
station almanac database 27 that 1s managed by a base station almanac data base server
26. The PDE 18, the BTSCS 19, and the base station almanac data base servet 26 are
1mplemented, for example, using conventional digntal computers or work stations. The
base station almanac 27 1s stored 1n any switable location, such as the hard disk of the
computer for the base station almanac data base server 26.
Mobhile Station

[066] IMg. 3 is a block diagram of one embodiment of the mobile station 14
incorporating comununication and position location systems. The main units in this
embodiment include one or more two-way conumunication system(s) 32, position
locatton system(s) 34, an MS control system 35, and a user interface 36. For ease of
description, the communication system 32 may be discussed as a single system in the
cellular context as an example; it should be apparent that the basic structuce would be
repeated as appropriate [or any other wireless communication system (e.g., WiFi,
WIMAX, Bluetooth) that may be implémented in the mobile station. The example
shown also does not preclude implementation of multiple wireless communjcation
systems with varying degrees of integrabion whereby the microprocessors, base-band
processors and RF front ends can be shared or integrated on a single chip.

[067] The cellular communication system 32 is connected to a cellular antenna 31 that
communicates with the base stations using the two-way wireless signals 13. It is

umportant 10 nol¢ that the wireless signals 13 do not have 10 be two-wav to support
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positiorung. The cellular conununicanon system 32 compriscs any suitable devices, such
as a modem 33, and other hardware and software for communtcating wath and/or
detecung signals 13 from base stations. The cellular communication system 32 also
includes appropnate hardware and sofiware {or processing transmilicd and received
Information,

[068] The posituon location system 34 (Fig. 3) includes any suitable position location
system; [or example 1t may include a WAN TDOA system such as AFLT. a satellite
position system such as a GPS receiver, or a hybnd GPS/AFLT system. In the hybrid
system embodiment! shown in Fig. 3, the position location systerm 34 comprises
antennae 31 and 38 to receive cellular signals 13 and GPS signals 12 respectively, a
GPS recerver 39, a LAN Positioning sysiem 40a, a WAN TDOA system 40b and any
suitable hardware and software for receiving and processing GPS, cellular and wircless
LAN signals and for performing any calculations necessary or useful to determine
position using any suitable position location algonithm.

[069] GPS Positioning: The mobile station, with the assistance of systera resources
such as the PDE 18§, 15 also capable of locating the position of the mabile stations using
the well-known GPS technique. For example, in a CDMA system each bas: station 10
may have a GPS recerver recelving the camer and a pseudorandom code sequence of at
least one of the GPS satellites, which provides a system tme base referenced (o the GPS
system time. When a mobile station participatcs in a position location session with the
CDMA netwark, the serving base station may provide the accurate GPS timie reference
and send GPS acquisition data to the hybnd meobile station. The maobile station may use
the GPS time and the GPS acquisition data to obtain a measurement of the pseudorange
between each GPS satellite and the mobile station. In the case of an MS-assisted
solution, the mobile station transmits the pseudorange measurements to the serving hase
station. The PDE may be used 1o assist the MS to compute the geographic location of
the mobile station from three or more of the pseudorange measurements. Alternatively,
in the case of an MS-based solution, the geographic location of the mobile station may
be calculated by the mobile station itself

[070] AFLT Positioning: The CDMA network is capable of locating the position of
the mobile station 14 using the well-known TDOA (AFLT) technique of the mobile
station measuring the relative times of amval of so-called pilot radio signuls from the

base stations. The nme difference of armval 1s indicated by a pilot phase nieasurement
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that is relarive to the reference pilot used 1o set the mobile station’s time base. In most
cases, each difference locates the mobile station on a particular hypeibola. The
intersection of the hyperbolas provides the estuimate of the location ol the maob.le station.
[071] Paruicularly, in one embodiment of an AFLT system, dunng a position fix, pilot
phase measurements are calculated to all base station that can be heard by the handset.
Depending on the environment, this 18 usually at least three or more base stitions, and
often as many as twenty or more \n dense urban environments. Thus each positioning
cvent can resull in many relative distance estimates, at least some of which may be
useable in the calibration process described herein.
[072) Positioning operations: In order to determine position of the molnle station
with assistance form the PDE, the PDE may use any of several methods sequentially or
in parallel to calculate the final position, and the approach most likely 10 achicve the
least posrtion error is selecled. In one embodiment, a GPS fix 1s attempted first, because
accuracy s expected to be supenor to any other method. If the GPS-only fix fails (in one
examiple, GPS fix does not meet the selected QoS), the PDE selects from among several
other approaches, and the result with the smallest associated error esuimaie 15 used.
These other approaches inchide for example: AFLT-only; an enhanced cell-ID) where the
position is determined by knowing the sector orientation, received signal sirength and
the approximate range using an RTD measurcment (where available); a “mixed cell
sector” fix determined using knowledge of the sectors seen by the mobile, and each
sectors’ position and onentation; a current serving sector caverage area centrald position
determiation (or if it was nat possible to determine the current serving sector, the
onigmal serving sector); the centroid position of the current Network ID,Sysiem ID
coverage region; and finally a default position stored in the PDE’s configuration file. In
the example of Wireless Local Area Networks, similar techmiques are applicable,
whereby the relative and absolute distance measurements, the signal travel times, the
signal sirength measurements, 1dentification and/or address of the access points and
their coverage information can all be used to determine the estimate of the mobile
station's position,
[073] Calibration of base station: In TDOA and TOA systems, the base :lation lime
base should be calibrated when the base station is installed or modified, or peniodically.
In a CDMA system, each base station has a respective time offset betwesn the GPS
system time¢ and the CDMA sysiem ume transmitted with CDMA sipnals, due to



CA 02572610 2007-01-18

030273
17

varjations m propagaton delay or phase shift trom the GPS anlenna 10 the GIPS recerver,
from the GPS receiver to the CDMA twransceiver, and from the CDMA transceiver to the
CDMA antenna. Therefore, 1o reduce wireless ranging errors, every base station should
be calibrated after the base station nstallation is complete, tor example, by stoning a
ume offset for the base station in the base station almanac data base 27 {or use by the
PDE 18. It 1s desirable to re-calibrate the base slalion and update the darabase for any
subsequent hardware change, Moreaver, since the base stations can be maved physically
or assigned a different identifier, 1t can be important to rve-calibraic the location
information associated with each base station, peniodically or even continuously.

{074] Mobile Device Control System: A mobile device control sysiem 35 is
connected 10 both the two-way communication system 32 and the position location
system 34. The mobile device control sysiem 35 includes any appropriate siructure, such
as a microprocessor, memory, other hardware, f{irmware, and software to provide
appropriale control fiinctions for the systems lo which it is connected. It should be
apparent that the processing steps described herein are mmplemented In aay suitable
manner using one or more of hardware, software, and firmware, subject to couatrol by the
MICTOProCessor.

[075] The control system 35 1s also connected 10 a user mterface 36, which mcludes
any sullable components to interface with the user, such as a keypad, a
microphone/speaker [or voice commumnication services, and a display such .1§ & backlit
LCD display. The mobile device control system 35 and user interface 36, connected to
the position location system 34 and the two-way communication system 32, provide
operational functions such as controlling user input/output and displaying results.

|076] The MS 14 may include one or more ¢xternal interfaces 41 for connection with
other devices. For example USB or IEEE 1394 poris may be provided, or wireless ports
(e.g., Bluetooth, USB, infrared) may be included for interface and commumecation with
other electronic devices.

[077] Soitware Applications: A number of software applications may be stored m the
MS 14, and connected to the MS control systemn 35 10 be run using the microprocessor
and code found therein. The sofiware applications are based upon any suitable platform
such as BREW, Java or other technology. The software applications are stored in any
suitable memory, for example disk drives, SIM cards, flash memory, RAM, Jirmware, -0r

read-only memory (ROM).
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[078] BTS calibration program 37: A BTS cahbration program 37 1s included in the
software applications, The BTS cahbration program includes code suitable (0 periorm
the operations described herein (such as with reference to Figs. 4 and 5), 10 allow 4
group of mobile stations 10 be used for calibration purposes in a controlied fishion. For
example, the calibration program 37 may be run in the background without active
participation by the user, and without idenufying the user. The BTS calibration program
resides in any location accessible by the microprocessor; for example, the program may
be embedded into firnware or software stored in memory, or may he downloadable
from a remotc application server comnectéd 10 the bage station, for example. [t could
also be implemented, at least partially, in hardware such as a computer chip. |
[079] Fig. 4 is a conceptual diagram of the BTS calibraiion program, tllustrating
features that may be implemented mto the program. Generally one purpose af the BTS
calibration program described herein is to provide a mechanism that ulilizes the position
measurements made at the mobile station used as a calibration tool to dete:rmine and
calibrate the position and time reference of one or more base statons. The BTS
calibration program 1s installed in the mobile stauion, and performs the operations
descnbed herein.

[080] Installed into MS (42): Particularly, as shown at 42, the BTS calibration
program 1s installed in the mobile station, typically as software. The BTS cahbrauon
prdgmm can be a downloadable softwarc program, and/or it may include [irmware
embedded or programmed in the handsel or any other suitable system f{or stonng
instructions. Although the BTS calibration program typically uses pre-existing systems
i the handset such as the position location system, in some embodiments. additional
hardware features may be useful or necessary for effective operation.

[081] Ongoing operation, can operate in background (43): As shown al 43, once
inslalled, the BTS calibration program can operalc on an ongoing basis, subject to
control by the user as discussed below. Furthermore, subject to privacy considerations
such as discussed below, the calibrauon program may operate in the background
whenever the mobile station 1s powered on, and therefore in such embodimeats the user
1s not aware of its operalton. For example, the user may be able 1o make calls and
download other information while the calibration is being performed.

[082] IYmcentive Plan(s) (44): In one embodiment the user may be enrolled in an

incentive plan as shown at 44, For example a user who authorizes the ETSCS or a
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mobilc services manager such as an MPC to utilize the mobile stanon for base station
calibration may be entitled to financial credits or other [inancial compensation, credils
for foture services, or additional services m exchange for allowing the BTSCS 1o use the
Jocanon-related informanon provided by the mobile station. Any suitable: basis for
compensanon can be arranged: for exampie a user can be compensaled on a per-use
basis, per-session basis, or on a flat rate.

[083] Privacy Concerns (45, 46, 47): It 1s intended (although not required) that the
BTS calibration program prevents unrestricled access by the BTSCS; particularly,
access may be restricted as shown at 45. Features may be implemented that allow the
handset to be used for calibration purposes only in a controlled, secure fashion as shown
at 46, and with consent of the user as shown at 47, This consent can be obtained in any
appropriate matter; for example it may be pre-authorized, and once authonzed, position
determination may be done 1n the background without active participatuion of the handset
user. Pre-authonzation may be obtained, for example over a particular pernod of line
(e.g., 10 days or 30 days) or just for a particular scssion Or sessions or when the user
subscribes to the service.

|084] Authorization may be implemented 1n any of a vanety of ways: generally, there
will be some privacy mformation (settings) stored in the mobile station and/or privacy
proxy server residing in the service provider's network that indicate the user's
willingness 10 allow use of the mobile station as a calibration device by the network.
This infermation may also 1ndicate the rules which apply to the disclosure of the user’s
identity and localion information. For example, the user may want to be nolified every
mstance location-related information is being requested by the BTSCS or any other
entity. For example a privacy flag may be set in sollware or hardware, and the user
would change the flag via any suitable interface (e.g., selection via a pull-down menu)
depending upon whether or not autheorization is provided. In another example, the
privacy information may indicate the allowable fequency, the duration, and/or time of
day when the mobile device can be used as a calibration tool.

[085] To meel privacy concems, the calibration program miay run in a secure
fashion 1n the background, to prevent unauthonzed mnterception. One objective of secure
operation as shown at 46 is 1o avoid disclosing the identity of the handsct user, and
parhicularly to avoid associating the user with the location while the handsel is being

used {or cahbration purposes. For such purposes, the calibration program may prohibit
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transmission of the identity of the handset user, electromic identity of the mobile station,
and prohbit transmission of any other wdentifying informalion (other than position
location information), to the BTSCS. Altematively, the information may be encrypled

using any suitable encryption system.
[086] Communications with BTSCS (48): As shown at 48, the BTS cahibration

program also communicates with the BTSCS 19. For example, a calibration-enabled
mobile station (2 mobile station that has an operating BTS calibration program is termed
"calibration-enabled") may be in communication with a base station that is networked
with the BTSCS; therefore the calibration program communicates with the nerworked
BTSCS via the mobile station's cellular conmumunication system. For example, the
calibration program can initiate a Mobile-Originaled call flow as discussed in more
detail with reference to Fig. 6, to report the required mnformation to the BTSCS for BTS
calibration. Alternatively, as discussed in more detail with reference to Fig. 7, the
calibration program can respond to a network mitiated (Mobile-Terminated) call flow
from the BTSCS and report the requested calibration information back to the network.

The BTSCS then can store the calibration measurements (in a CDMA network these
would include base station PN codes and pilot phase residuals) associated with locations
for post-processing.

[087] Interface with position location systems (49): The BTS calibratiun program
19, as shown at 49, can interface with the position location system 34 via the mobile
device contral system 35 (Fig. 3). For example, the BTS calibration program in the
mobile stalion can request calibration information (e.g., PPMs and other positon-related
measurements) from the position location system, and then provide it to the BTSCS for
post-processing. If the requested calibration mmformation is not available or not
acceptable (for reasons such as poor Quality of Service (QoS)), the BTS calibration
program can request the position location system to determinc the mobile station’s
position, and can also request it to take the pilor phase measurements (PPMs) (residuals)
associated with at least one base station. For economy of ume, the BTS calibration
program could request only PPM measurements from one or more target base stations
specified by the BTSCS, rather than PPM measurements trom all base staticns in range
of the mobile slauon. In selecung PPM measurements, the calibration program may
select only strong (direct) PPMs, which are better suited for accurate base station

positioning and calibration. To select elite desirable PPMs, the QoS can bz set 10 the
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desired accuracy threshold (e.g., a few meters) or 1in terms of other parameters such as
signal strength, power, SNR, SIR, and so forth.

[088] Fig. § is a flow chart of operations to calibrate a base station location.

[089] At 50, a group of mobile stations are programmed with the BTS calibration
program. Each of these mobile stations 15 termed a "calibration-enabled” mobile station.

[090] A1 51, communication is established berween a target base station, such as may
be chosen by the BTSCS, and at least one of the calibration-enabled mobile stations. It
may be noted that, at any one tume, there may bc more than one cahbration-enabled
mobile station within the coverage area of the larget base station, and the operations of
Fig. 5 may be repeated in cach of these calibration-enabled mobile stations.
Furthermore, it may be noticed that the exact time at which calibration information is
provided is not relevant to the position of the base staton; therefore a moving mobile
station can be wntilized mu]tiple nmes at different locations to provide calibralion
information at ecach of the muluple locations. The information from multiple
geographically-diverse localions is useful in determining base station location,

[091] At 52, calibration information 1s requested. The request may be generated in any
of a number of ways; for example the cahbration informauion may be requested by the
BTSCS 19, or 1t may be requested by the BTS calibration program. For example, the
BTS calibration program may be programmed to transmit calibration infornation upon
occurrence of a parlicular event. For example, one such particuiar event may be related
to the mobile station communicating with a target base station or responding to an
unrelated positioning event while 1In communjcation with a target base station. The
calibration informmation may relate to a particular target base station that may be chosen
(provided to the mobile station) by the BTSCS, it may relate to one or more target base
stations, or ir may relate to all mobile stations within range of the particular base station,
or 1t may r¢late to the mobile stations that meet a particular ¢rteria such as may be
predelermined or established by the BTSCS.

[092] At 53, privacy information 1S checked to deteymine if the mobile station 1s
authorized 10 communicate cahbration information. This step may take a variely of
forms; tor example a privacy flag may be checked by the caltbration proyram before
beginning comumunication with the BTSCS. in one example a pnivacy flag may be set in

software or hardware, and the user would change the flag via any suitable interface (e.g.,
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selection via a pull-down menu) depending upon whether or not authorzauon is
provided.

[093] At 53a, il authorizanon has not been given, then as shown at 33b, the operation
is exited and no communication of calibration information is allowed with the BTSCS
or the network. However, 1f authorization has been given, then operation maves 1o the
next siep 4.

[094] At 54, the position of the mobile station is determined. This mformation may
already be avajlable if a position measurement has recently been made; 1f not then the
BTS calibration program requests the mobile station to determine ils posit:on by any
suitable means, such as by saellite, cellular network, local area network or a
combination of whercof.

[095] At 55, in a COMA network the PPM from at least one base station to the mobile
station is determined. This phase shifl information may already be available 1t a position
measurement has recently been made with PPM measurements; if not then the BTS
calibration program requests the mobile station to determine this information. For
economy of ume, the BTS calibration program could request only PPM measurements
from one or more target base stations specified by the BTSCS, rather that PPM
measurements from all base slations in range of the mobile statton. In selecuung PPM
measurements, the calibration program may select only strong (direct) PPMs, which are
better suited for accurate base station positioning and calibration. To select ¢hte PPMs,
the QoS can be set to the desired accuracy threshold (e.p., a few meters) or in terms of
other parameters such as signal sirength, power, SNR, SIR, and so foerth. [n order to
ensure the position information corresponds precisely with the PPM measurements, the
PPM measurements should be taken as close mm time if not simultaneously with the
position fix. In the MS-assisted mode, the position information may be determined by
the PDE.

[096] At 506, calibration information is transmitted form the mobile siation to the
BTSCS. In a COMA network, this calibration information includes at least position
informaton of the mobile station, PN codes and PPM measurements from one or more
base stations, which are useful 10 determine the distance from the target base station(s)
to the mobile station. In an MS-assisted mode, the cabbration information may be
rransmitted from the PDE 1o the BT'SCS,
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[097] At 57, responsive to the calibration information, the distance rom the mobile
station o the base station(s) is calculated. If multiple mobile stations are providing
calibration mformation, and/or 1t multiple positions have been reported by single mobile
station, the position of the target base stanon(s) may also be calculated. Generally, the
position and/or the timung information of the base station(s) can be determined once a
sufficient number of measurements have been received or aggregated over time and
devices.

098] At 58, the base station almanac is consulied for position information nn the base
station(s) whose distance from the mobile station and/or position has been calculated in
the previous step 57. The almanac information 1s then examned for consistency with the
caiculated information. The consistency check can be performed for the particular target
base station.

[099) At 59, responsive to lhe consistency between the almanac and calculated
informanon, the position of the base station in the base stalion almanac may e updated.
Whether or not 1t 1s actually updated depends upon a number of factors, and typically
the almanac mformation would not be updated without a high level ot assurance of the
accuracy of the calcnlated base station 1o cahibraton-enabled mobile station distances
and/or position, such as by multiple consistent measurements over a penod of time,
and/or from a number o1 different mobile stations.

[0100] Finally, it should be noted that BTS positioning and calibration can be¢ an on-
going process as long as there are handsets reporting ¢alibration measurements. It should
also be appreciated that the steps 56 and 57 ¢an be pertormed 1n the calibration-¢nabled
mobile station whereby the calibration information ransmitied to the BTSCS may also

include the errors in the distance measurements from the mobile station to the larget

base station.

[0101) Fig. 6 1s a flow chart of an example of & mobile-originated Mfi-based (or
autonomous) calibration process. In one example, the mobile station may initiale
mobile-onginated calibration process, once the calibrauon program determines that the
larget base station 18 in the base station neighbor list. At 61, the mobile slation initiates
communication, and then two-way communication is established as shown at 62, At 63,
the MS queries the BTSCS if a calibration information can be provided, and if the

BTSCS signals its readiness, at 64 the position of the MS is delermined and calibration

(PPM) measurements are made. At 65, the MS position informution 1 transmutted to the
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BTSCS, and ar 66, the calibration (PPM) measurements are transmitted to the BTSCS.
At 68, the communicauon between the MS and the base station 10 1s clesed down,
which is particularly useful mn the instance where a dedicated base stauon calibration

session was established for the purpose of sending calibration informartion, and that

purmpose has now been met,

[0102) Fig. 7 1s a flow chart of an example of a mobile-terminated MS-based (or
antonomous) calibration process, which differs from Fig. 6 1n that the calibration request
originates n the BTSCS. At 71, two-way communication has been established. A1 72,
the BTSCS 19 requests calibration information from the MS 14. At 73, the position of
the MS 15 determined and PPM measurements are made. At 74, the MS position
information 1s transmitted to t.h‘c BTSCS, and at 75, the PPM measur:ments are
transmitted to the BTSCS. In one example, steps 74 and 75 may be combined. At 76, the
communication between the MS and the base station 10 is closed down, which can be
uscful for example if a dedicated connection was established for the cahbraticn purpose.

[0103] Although the 1mmvention has been described and 1llustrated with a cerlain degree
of particulanty, it should be understood that the present disclosure has been made by
way o[ example anly, and that numeérous changes in the combination and arrangement of

parts may be resorted to without departing from the spirit and scope of the mvention, as

hereinafter claimed.
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CLAIMS
1. In a wireless communicalton network that includes a plurality of mobile slations

in communication with one or more base stations, a method of determining a posinon of
a base station, comprising:
a. programmung a group of mobile stations with a BTS calibration
program, thereby providing a plurality of calibration-enabled mobile siations;
b. providing a BTS calibration server nerworked with said basé station;
c. requesung cahbration information from at least ons of said
calibration-enabled mobile stations in communicalion with a base station:
d. determining a position of said calibration-enabled mobile slation(s) in
communication with said base station;
e. receiving a signal {rom said base station to said mobile station(s) in
communication with said base station;
[, transmitting calibration information indicative of said position and said
sigmal [rom said mobile station(s) to the BTS calibrauon server; and
g. 1n said BTS calibration server, companng the calibrauon 1nformation
wilh base station almanac information associated with said base station, and

calibrating Lthe position of said basc station responsive thereto.

2. The method of claim 1 and further comprising a step of determining if the
mobile station is authonized 1o communicate calibration information, if there 1s no
authorization then exiting operation before ansmitting calhibrauon wiformation,

otherwis¢ completing operation,

3. The method of claim 2, wheremn each mobile station has an uvser, aad wheremn
sald users of said cahibration-enabled mobile phones utilize the BTS calibration program
10 creale privacy Settings- to Indicate anthonzation o provide calibration mformation,
and said step of determinming if the mobile station i1s authorized 10 cemmunicate
cahibrauon mmformation further comprises checking said privacy seitings to verify that

the mobile station 1s authonized to provide calibration information.

4, The methad of claim 1 wlherein each mobile station has an user, and wherein
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said step of programming a group of mobile stations with a calibration program
comprises obtaining consent of the users of said group of mobile phones and then

downloading the BTS calibration program mto said group of mobile phones.

5. The method of claim 4 wherein said step ol obtaining consent ol the users

further comprises crealing privacy setungs 10 indicate authonzauion 10 provide

calibration information,

0. The method of claim 1 wherein said step of requesting calibration information is

initiated by said BTS calibration sofiware when in communication with said base

station.

7. The method of claxm 1 wherein said step of requesting calibration information
comprises comununicating from said BTS calibration server to at least one of the

software-enabled mobile stalions.

g. The methed of claim | wherein said BTSCS selects a target base slation, said
step of requesting calibration information comprises communicating from said BTS
calibrauion scrver to at least one of the calibranion-enabled mobile stations in

comrnunication with the larget basc station.

9. The method as claimed m claim 1, wherem the mobile stations have global
satellite receivers, and the positions of the mobile stations ar¢ determined fiom signals

recelved by the mobile stations from global satellites.

10.  The method as claimed in claim 1, wherein the positions of the mobile stations

are determined by Advanced Forward Link Tnlateration (AFLT) of each mobile station

from base stations having known positions.

11.  The method as claimed in claim 1, wherein the mobile stations comprise hybrid
telephone handsets mcluding global satellite veceivers, the positions of the mobile

stations are determined from si1gnals recetved by the mobile stations from global



CA 02572610 2007-01-18

030273
27

satcllites, and Lhe posiuion of the base station 1s determined from the positions of the

mobile stations using time difference of arrival.

12. The method a4s claimed in claimi 11 whercin said time difference of arrival is
provided using Advanced Forward Link Trilateration (AFLT).

13.  The method as claimed In claim 1, wherein the mobile stations compnse hybnid
telephone handsets including global satellite receivers, the positions of the mobile
stations are derermined from signals received by the mobile stauons fiom global
satellites, said base stations comprise at least one Wireless ILAN base station, and the
position of said Wireless LAN base station 1s determined from the positons of the
mobile stations in communication with said Wireless LAN base station, using Wireless
LAN signals.

14, The method of claim 1 wheremn the Wireless LAN base station comprises 3 WiFi

access point.

15.  The method as claimed in claim 1, wherein the step of receiving a signal from
said base station 1o sajd mobile station includes measuring signal path delays of the
signals iransmitted between the base station and the mobile stations to determine

distances between the base station and the mobile stations.

16.  The mcthod of claim 15 wherein said step of receiving a signal comprises

measunng the time difference of arrival of said signal using TDOA system.

7. The method as claimed 1n claim 16 wherein said step ot measuring the time

difference of arnval comprises measuring a phase shift using an AFLT system.

18.  The method of claim 15 wherem said step of receiving a signal comprises

measunng the time of arrival of said signal using a TOA system.
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19.  The method of claim 15 wheremn said step of receiving a signal comprises
measuring the round (rip delay of said signal between said base station and said mobilc

station.

20.  The method of claim 1 wherein said step of comparing said calibration

informalion compnses calculating a distance from said mobile station(s) to said base

station.

21, The method of claim 1 wherein said step of companng said calibration

information comprises determining an error in the distance from said mobile station(s)

1o said base station.

22, The method of claim 1 wherein said step of calibrating the posihon cf said base

station compnses updating almanac information associated with said base staiton.

23.  The method as claimed in clam 1, wherein the position of the base station
antenna determined from the paositions of the mobile stations is compared 1o a position
for the base station contained 1n a base station almanac in order o venfy the posituon for

the base station contained in the base station almanac.

24. A wireless communication network comprising:

a. a plurality of base stations, ¢ach having a unique location;

b. a BTS cahbration server netiworked wath said plurality of base stations;

c. & plurality of cahbration-enabled mobile stations wirelessly
communicating with at least onc of said base stalions, each of said
calibrarion-enabled mobile stauons having a BTS calibraiion program and a
position location system for determining its position, and a means for receiving a
sigma) from said base station to said mobile siation;

d. means for requesting calibratton information from at least one of said
calibration-enabled mobile stations in communication with a basc station;

e. means for wransmuting calibrauon information indicative of said
posiion and sajd signal from said mobile station(s) to the BTS calibration

server:
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[. & base station almanac networked with said plurahity of basc stations

- and saxd BTS calibration server; and
¢ means, 1n sald BTS calibranon server, for caleulaung a distance from
said mobile station(s) to said basc station, comparing it with bise station
almanac nformation assoclalcd with said base staunon, and calibrating the

position of said base station responsive thereto.

25, The network of claim 24, further compnising means for deterrmmng if the mobile

station 18 authonzed to communicale ¢cahibration information:

26,  The network of claim 24, wherein said BTS calibration prograra provides
privacy settings stored in said mobile station to indicate authorization to provide
calibraion informalion, and said means for determiming if the mobile station 1s
authorized 10 communicate calibrauon information further comprising checking said
privacy settings to verily that the mobile station 1s authorized to provide culibration

miommation.

27.  The network as claimed in claim 24, whcerein the position location system

comprises a TDOA system [or measunng disiance.

28,  The network as claymed n claim 24, wherein the position locaiion system

compriseés 2 RTD system [or measuning distance.

29.  The nctwork as claimed in claiam 24, wherein the position localion system

comipnises a TOA system for measunng distance.

30.  Thenetwork as claimed in claim 24, wherein the position location system in said
mobile stations mnclude global satellite receivers, so that the positions of the mobile

stations can be determined from signals received by the mobile stations jfom global

salellites.

31.  The network as claimed 1n claim 24, wherein the position location sy;lem in said

mobile stations include an Advanced Forward Link Tnlatcration (AFLT) system that
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determines the positions of the mobile stations from base stations having known

positions.

32. The network as claimed in claim 24, wherein the mobile stations

comprise hybrid telephone handsets including global satellite receivers and AFLT

5 systems.

33. The network of claim 24, wherein the means for calibrating the
position of said base station comprises means for updating almanac information

associated with said base station.

34. A method of maintaining accurate base station location information

10 In a wireless communications system, comprising:

receiving, at a mobile station, a request to report location calibration information
related to at least one base station to a base station location calibration server, the
requested location calibration information including at least a location estimate of
the mobile station and information indicative of the mobile station’s distance to the

15 at least one base station;

determining position information sufficient to calculate the location estimate of the

mobile station;

determining the information indicative of the mobile station’s distance to the at

least one base station; and

20 sending the requested location calibration information to the base station location

calibration server.
35. The method of claim 34, further comprising:

determining whether the mobile station is authorized to send the requested

calibration information to the base station location calibration server,

25 wherein the sending step is performed if the mobile station is determined to be

authorized.
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36. The method of claim 34, wherein the receiving step receives the

request from a calibration program that is being executed on the mobile station.

37. The method of claim 36, wherein the calibration program generates

the request in response to a detected event.

38. The method of claim 37, wherein the detected event corresponds to

the mobile station being in communication with the at least one base station.

39. The method of claim 34, wherein the receiving step receives the

request from the base station location calibration server.

40. The method of claim 34, wherein the at least one base station

Includes a current serving base station of the mobile station.

41. The method of claim 34, wherein the at least one base station

Includes each base station detected at the mobile station.

42. The method of claim 34, wherein a position determination entity
(PDE) assists the mobile station in determining the location estimate.

43. The method of claim 34, wherein the mobile station determines the

location estimate without assistance from a position determination entity (PDE).

44 The method of claim 34, wherein the base station location calibration
server Is separate from a position determination entity (PDE) that is configured to

assist mobile stations determine their location.

45. The method of claim 34, wherein the determining the location
estimate of the mobile station is based on a wide area network (WAN) time
difference of arrival (TDOA) protocol, a satellite position system (SPS) protocol or
a hybrid system.

46. The method of claim 45, wherein the WAN TDOA protocol
corresponds to an Advance Forward Link Trilateration (AFLT) protocol, the SPS
protocol corresponds to a Global Positioning System (GPS) protocol and the
hybrid system corresponds to a hybrid GPS/AFLT protocol.
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47 . The method as claimed in claim 34, wherein the mobile station
comprises a hybrid telephone handset including a global satellite receiver, the
position of the mobile station is determined from signals received by the mobile
station from global satellites, said at least one base station comprises at least one
Wireless LAN base station, and the position of said Wireless LAN base station Is
determined from the position of the mobile station in communication with said

Wireless LAN base station, using Wireless LAN signals.

48. The method of claim 47, wherein the Wireless LAN base station

comprises a WiFiI access point.

49. The method of claim 34, wherein the information indicative of the
mobile station’s distance to the at least one base station corresponds is
determined based on (i) measuring a phase shift in one or more downlink pilot
signals from the at least one base station in accordance with an Advance Forward
Link Trilateration (AFLT) protocol, (i) measuring a time of arrival (TOA) of one or
more downlink signals in accordance with a TOA protocol, and/or (iil) measuring a
round-trip delay of one or more signals exchanged between the mobile station and

the at least one base station.
50. The method of claim 34, wherein the sending step includes:

establishing a dedicated base station calibration session with the
base station location calibration server for the primary purpose of sending the

requested calibration information.

51. A method of maintaining accurate base station location information

In a wireless communications system, comprising:

receiving, at a base station location calibration server, location
calibration information from related to at least one base station, the location
calibration information including at least a location estimate of one or more mobile
stations and information indicative of the one or more mobile stations’ distance to

at least one base station;
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determining a location of the at least one base station based at least in part on the

recelved location calibration information;

selectively updating a record of the at least one base station’s location within a
base station almanac based on the determined location of the at least one base
station, the base station almanac configured to store locations of base stations of

a wireless communication system.

52. The method of claim 51, wherein the location calibration information
IS sent from the one or more mobile stations responsive to a request initiated by a

calibration program that is being executed on the one or more mobile stations.
53. The method of claim 51, further comprising:

sending a request for the location calibration information to each of the one or

more mobile stations,

wherein the receiving step receives the location calibration information from the

one or more mobile stations in response to the request.

54 . The method of claim 51, wherein the at least one base station

Includes a current serving base station of one or more mobile stations.

55. The method of claim 54, wherein the at least one base station

Includes each base station detected by the one or more mobile stations.

56. The method of claim 51, wherein the location estimate of the mobile
station is based on a wide area network (WAN) time difference of arrival (TDOA)

protocol, a satellite position system (SPS) protocol or a hybrid system.

57. The method of claim 56, wherein the WAN TDOA protocol
corresponds to an Advance Forward Link Trilateration (AFLT) protocol, the SPS
protocol corresponds to a Global Positioning System (GPS) protocol and the

hybrid system corresponds to a hybrid GPS/AFLT protocol.
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58. The method of claim 51, wherein the information indicative of the
mobile station’s distance to the at least one base station corresponds iIs based on
(i) a phase shift in one or more downlink pilot signals from the at least one base
station as measured at the one or more mobile stations in accordance with an
Advance Forward Link Trilateration (AFLT) protocol, (ii) a time of arrival (TOA) of
one or more downlink signals as measured at the one or more mobile stations in
accordance with a TOA protocol, and/or (iii) a round-trip delay of one or more

signals exchanged between the mobile station and the at least one base station.
59. The method of claim 51, wherein the sending step includes:

establishing a dedicated base station calibration session with the one or more
mobile stations for the primary purpose of receiving the requested calibration

iInformation.

60. The method of claim 51, wherein the determining step determines
the location of the at least one base station based on multiple instances of the
location calibration information, such that the location estimate of the at least one
base station is triangulated from multiple indications of a given mobile station’s

distance to a given base station from a particular geographic location.

61. The method of claim 60, wherein the multiple instances of the
location calibration information are either (i) received from the same mobile station
at different locations, (ii) from different mobile stations at different locations, (iii) or

a combination thereof.

62. The method of claim 51, wherein the selectively updating step

Includes:

comparing the determined location of the at least one base station with a
previously stored location of the at least one base station in the base station

almanac; and

replacing the previously stored location of the record with the determined location

based at least in part on the comparing step.
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63. The method of claim 51, wherein the base station location calibration

server is separate from a position determination entity (PDE) that is configured to

assist mobile stations determine their location.

64. The method as claimed in claim 51, wherein the one or more mobile
stations comprise a hybrid telephone handset including a global satellite receiver,
the position of the one or more mobile stations are determined from signals
received by the one or more mobile stations from global satellites, said at least

one base station comprises at least one Wireless LAN base station, and the

position of said Wireless LAN base station is determined from the position of the
mobile station in communication with said Wireless LAN base station, using

Wireless LAN signals.

65. The method of claim 64, wherein the Wireless LAN base station

comprises a Wiki access point.
66. A mobile station in a wireless communications system, comprising:

means for receiving a request to report location calibration information of at least
one base station to a base station location calibration server, the requested
location calibration information including at least a location estimate of the mobile

station and information indicative of the mobile station’s distance to the at least

one base station:

means for determining position information sufficient to calculate the location

estimate of the mobile station; and

means for determining the information indicative of the mobile station’s distance to

the at least one base station: and

means for sending the requested location calibration information to the base

station location calibration server.

67. A base station location calibration server configured to maintain
accurate base station location information in a wireless communications system,

comprising:
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means for receiving location calibration information related to at least one base

station, the location calibration information including at least a location estimate of
one or more mobile stations and information indicative of the one or more mobile

stations’ distance to at least one base station;

means for determining a location of the at least one base station based at least In

part on the received location calibration information;

means for selectively updating a record of the at least one base station’s location
within a base station almanac based on the determined location of the at least one
base station, the base station almanac configured to store locations of base

stations of a wireless communication system.
68. A mobile station in a wireless communications system, comprising:

logic configured to receive a request to report location calibration information of at
least one base station to a base station location calibration server, the requested

location calibration information including at least a location estimate of the mobile
station and information indicative of the mobile station’s distance to the at least

one base station;

logic configured to determine position information sufficient to calculate the

location estimate of the mobile station: and

logic configured to determine the information indicative of the mobile station’s

distance to the at least one base station; and

logic configured to send the requested location calibration information to the base

station location calibration server.

69. A base station location calibration server configured to maintain
accurate base station location information in a wireless communications system,

comprising:

logic configured to receive location calibration information related to at least one

base station, the location calibration information including at least a location
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estimate of one or more mobile stations and information indicative of the one or

more mobiie stations’ distance to at least one base station;

logic configured to determine a location of the at least one base station based at

least in part on the received location calibration information;

logic configured to selectively update a record of the at least one base station’s
location within a base station almanac based on the determined location of the at
least one base station, the base station almanac configured to store locations of

base stations of a wireless communication system.

70. A computer-readable storage medium comprising instructions,
which, when executed by a mobile station in a wireless communications system,

cause the mobile station to perform operations, the instructions comprising:

program code to receive a request to report location calibration information of at
least one base station to a base station location calibration server, the requested
location calibration information inciuding at least a location estimate of the mobile
station and information indicative of the mobile station’s distance to the at least

one base station;

program code to determine position information sufficient to calculate the location

estimate of the mobile station;: and

program code to determine the information indicative of the mobile station’s

distance to the at least one base station: and

program code to send the requested location calibration information to the base

station location calibration server.

1. A computer-readable storage medium comprising instructions,
which, when executed by a base station location calibration server configured to
maintain accurate base station location information in a wireless communications
system, cause the base station location calibration server to perform operations,

the instructions comprising:
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program code to receive location calibration information related to at least one
base station, the location calibration information including at least a location
estimate of one or more mobile stations and information indicative of the one or

more mobile stations’ distance to at least one base station:

5 program code to determine a location of the at least one base station based at

least in part on the received location calibration information;

program code to selectively update a record of the at least one base station’s
location within a base station almanac based on the determined location of the at
least one base station, the base station almanac configured to store locations of

10 base stations of a wireless communication system.
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