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METHOD AND APPARATUS FOR DETERMINING LOCATION OF A BASE
STATION USING A PLURALITY OF MOBILE STATIONS IN A WIRELESS
MOBILE NETWORK

BACKGROUND

Related Applications
{001] This applications claims prierity to U.S. Provisional Application No.
60/580,929, filed on June 18, 2004.
Field
1002] The present invention generally relates to wireless communications systems in
which a base station commujcates with a number of mobile stations that have position
Yocation capabilities, and more particularly to the determination of the position of a base
station n a mobile communication network.
Description of Related Art
[003] In wireless communication networks, cne or more base stations communicate
wirelessly with 2 number of mobsle stations {e.g., wireless devices such as cell phones)
Mobile stations usually provide standard voice andfor data communjcation; as an
additional feature, some mobile stations have positioning capabilities, which allow the
user of the mobile station to determine his or her position. Such position determination
capabilities are becoming increasingly useful and mportant; for example, the 1egulatory
requirements of a jurisdiction may require a network operator to seport the location of a
Tocbile station whea the mobile station places a calf to an emergency service, such as a
911 call in the United States. Or a user may simply want to krow his ox her position for
purposes of locating 4 nearby restaurant or movie theater.
[004)  One well-known type of position location system utilizes satellites in earth orbit
to trilaterate a position of the mobile station. One example of such a system is the
Global Positioning Satellite (GPS) system cumently in operation. Another type of
position location system utilizes radio signals from base stations whose locations are
Jmown. For example, in one communication network—a Code Division Multiple Access
(CDMA) digitel ceftular network-the position Jocation capability can be provided by
Advanced Forward Link Trilateration (AFLT), a technique that computes the location of

the mobile stasion (MS) from the mobile station’s measured time 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 radic signals from the base stations with which
it is corpmunjcating, and eses these measutements to determine the mobile station's
position. A more advanced technique is hyorid pesition location, where the mobile
station also employs a GPS receiver and the position is computed based on both AFLT
and GPS measurements.

[00S] Message protocals and formats for CDMA position location employing AFLT,
GPS, and hybrid receivers, applicable to both the MS-based and MS-assisted cases, have
been published in TIAEIA standard 1S-801-1 2001, Position Detenmination Service
Standard for Dual-Mode Spread Spectrum Systems - Addendurm. Pages 4-41 through 4-
44 of this standard specify that each base station shall ransmit a base station almanac
message among other elements contzining the locations of the base station aniennae
transmitting the CDMA pilot pseudorandom (PN) sequence.

{006} Thus, in wireless communication systems with AFLT capabilities, the wireless
base stations can be used as referonce points to assist in fixing the location of a mobile
station. However, cne prerequisite to using a base station as a reference is precise
knowledge of the position of the base station anteonae. Timing information regarding
the base station is also important. Once known, the base staticn's antenna position and
timing information may be recorded in a base station almanac (BSA) database for use by
a position delermining entity (PDE). However, acquiring the base station's anlenna
precise Jocation and timing information can be tedious and expensive.

[007) To further elaborate on the position determination system, data concerning
calibration or re-calibration. of a base station time offset, base station antenna location
and other parameters are typically stored in what is called a "base station almanac.” The
base station almanac database provides information for determining an initial position
estimnate of the mobile station to seed GPS psevdorange searching. Due to PN reuse, the

£

base station almansc database provides i for resolving iguities about

which observed pseudorandom moise sequences {PNs) correspond to which physical
sectors of a CDMA network base station. The base station almanac database provides
the celfular base station seclor antenna position fom which signals emerge. AFLT range
measements are wwade to these antenna positions.

{008] 11 some instances the position of a base station antenna may change slightly or

by a larger distance, and in that instance the corresponding almanac information must be

08701 '07 MON 17:29 [TX/RX NO 5838]
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updated. For example a base station antemna may be relocated, or a base station
transceiver may be repaired or replaced, a new cable may be placed between a
mansceiver and an antenna causing 3 change in the hase station antenna position or
timing information. I another example, a base station can be logically (but not

physically) moved, when, for example, two physical base stations swap their

PR by

and in such a cir , the two stations would appear to
have swapped locations although neither base station physically moves.

{009} In such sitoatious, if not updated, the conespouding information in the database
can become erroneous; therefore the almanac database must be updated before resuming
service fiom the base station. However, updativg the almapac database vsing

1 tect

can be fti mg and expensive: for example
conventionally the antenna location may be determined by 2 survey or with reference to
coordinates read from a map, and if the antenna coordinates are entered manually into
the database then the possibility of human error arises. The base station timing
informaton is alse subject to human error {n cases where custom hardware is used fo
measure the timing information, and timing offsets are entered manually ima the
database.

[018] In Local Area Networks the sjgnificant numnber of base stations (several million),
the deploymeni practices and the ease of moving the portable base station from cne
physical location to another make it impossible to locate and maintain the base station
almanac using conventional surveying techniques.

1011] In swomary, deployment of base station time difference of arrival ranging
sojutions such as AFLT or hvbrid-AFLT requires accurate base station almanac (BSA)
information including base station antennae locations and forward link cabbration
parameters such as time corrections, which are key components of the BSA information.
Today, population of the BSA parameters is dope individually for each base station,
which is a manual, laborious and expensive process, and therefore hinders the
deployment and proliferation of LBS services. It would be an advantage to provide a
practical system that can wpdate the BSA parameters in tea} time usiog data from mobile
devices that are in the area to compute base station locations and forward link

¢alibration parameiers.
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SUMMARY

According to a first 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, a method of determining a position of a base station, including:

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(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 a second aspect of the present invention, there is provided a wireless
communication network including;

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 stations and said BTS
calibration server; 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 said base
station, and calibrating the position of said base station responsive thereto.

A method and apparatus for determining a position of a base station in a wireless

communication network that includes a plurality of mobile stations in communication with one or
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more base stations is disclosed. The method comprises programming a group of mobile stations with a
BTS calibration program, thereby providing a plurality of calibration-enabled mobile stations, and
providing a BTS calibration server networked with the base station. Calibration information is
requested from at least one of the calibration-enabled mobile stations in 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 to measure the time of
travel of the signal from the base station to the mobile station, for example it may measure path delays
of the signals transmitted between the base station and the mobile stations to determine distances
between the base station and the mobile stations, and may include measuring a relative time of arrival
in a TDOA system, or a round trip delay in an RTD system. If authorized, calibration information
indicative of the position is transmitted from the mobile station(s) to the BTS calibration server. In the
BTS calibration server, the calibration information is compared with base station almanac information
associated with the base station, and the position and timing of the base station may be calibrated
responsive thereto.

In order to provide the user of the mobile station a way to prevent it from being used for base
station location, the mobile station calibration software may determine if it is authorized to
communicate calibration information. If there is no authorization then operation is exited any time
before transmitting calibration information, otherwise operation is completed. For example, the users
of the calibration-enabled mobile phones may utilize the BTS calibration program to create privacy
settings to indicate authorization to provide calibration information, and the step of determining if the
mobile station is authorized to communicate calibration information further comprises checking the
privacy settings to verify that the mobile station is authorized to provide calibration information.

Calibration information may be requested by the BTS calibration server, or by the mobile

station, triggered upon a particular event. For example, the calibration request may be initiated by the

BTS calibration software when in communication with

-10-
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the target base station. As another example, the BTSCé may select a target base station,
and the BTS calibration server reguests calibration information from at least one of the
software-enabled mobile stations in comsmunication with the target base statjon, In yet
another example, the BTSCS may provide the identity of 2 target base station to the
mobile stations for the BTS calibration software processing.

[015) The position of the mobile stationt is determined by any svitable method. For
example if the mobile stations have global satellite receivers, the positions of the mobile
statons may be determined flom signals received by the miobile stations from global
satellites. Alternatively, or in addtion 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 knows posidons. The mobile stations may
comprise hybrid telephone handsets ncluding global satellite recejvers, the positions of
the mobile stations may be determined from signals received by the mobile stations
from global satetlites. and the position of the base station may be determined from the
positions of the mobile stations using time difference of anval, time of amval or round
tnip 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 determined from signals received by the mobile stations fiom
global sateflites, and/or the base stations comprise at leas! one Wireless LAN base
station, and/or the position of the Wireless LAN base station {such as a WiFi access
point) may be detormined from the positions of the mobile stations in communication

with the Wireless LAN base station, using Wireless LAN signals.

BRIEF DESCRIPTION OF THE DRAWINGS

1017] For a mote complete understanding, reference is now made to the following
deteiled description of the embodi as il d in the ying drawing,

wherein:

{018] Fig. 1 is a pesspective view of a plurality of ceflular base stations, GPS satellites,
and a user holding a wireless mobile device such 2s 3 cell phone;

{0197 Fig 2 is a block diagram of one example of the stationary components that

reside in the rellular network shown in Fig. 1;

08/01 '07 HON 17:29 ITX/RX No 58381
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1020} Fig. 3 is a block diagram of one embodiment of the wobile device that
incorporates communication and position Jocation systems;

{021} Fig 4 is a diagram of BTS calibration program, illustrating featwres of one
epvodiment;

[022] Fig. 5is 2 flow chart of operations to calibrate a base station location;

[023] Fig. 6 is 2 flow chart of an example of 2 mobile-onginaied calibration process;
and

{024) Fig. 71is a flow chart of an example of a mobile-terminated calibration process,
which differs from Fig. 6 in that the request originates in the BTSCS.

DETAILED DESCRIPTION

{025] Inthe drawing, like mumbers are used to denote like or similar efements.
Glossary of Terms and Acropyms

1026) The following terms and acronyws dare used in the detailed description:

{027) AFLT (Advanced Forward Link Trilateration): 2 techuique, implemented in

CDMA. svsteras, that computes the Jocation of 2 raobile station (MS) from the mobile

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

{028] BSA (Base Station Almavac): An almanac that includes location information

and time correction information, among other information, for one or more base

stations.

[#297 BSA message: The BSA message (e.g., the Provide Base Station Almanac

message of the 18-801-1 protocol) includes Gelds that descnbe a BTS including its

location and time correction vajues, among other information. The BSA message is

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 2 transmitter and receiver (wansceiver) for

communicating with mobile stations. Includes antennas for transmitting and receiving

wireless communication signals fom mobile stations.

{031] BTSCS (BTS Calibration Server) A server comnected to the network of base

stations (BTS's). The BTSCS provides services related to calibration of base station

Tocation and timisg using one or more mobile phones in communicaticn with the base

station.

08/01 '07 MON 17:29 [TX/RY NO 5838)
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[032) CDMA (Code Division Multiple Access): a high-capacity digital wireless
technology that was pioneered and commercially developed by QUALCOMM™
Incorporated.

1033) Calibration-enabled Mobile Station: a mobile station that has an installed,
operating BTS calibration program,

[034] Celiular: A type of communication service in which an MS cornmunicates with
ane or mote base stations in z cellular network, each in a different Wireless Wide Area
Network or Wireless Local Area Network “cell” that covers a relatively smal] area. As
the MS moves from one cell to another, there is @ "bandof” from cell to cell. "Ceilular”
is used berein in its broadest sense to include at least digital and/or analog systetns.

1035] GPS fix: the end result of a process of satellite measurements and subsequent
computations by which the location of the MS (GPS user) is detesmined.

{036] GPS (Global Positioning System): Although the term GPS is often used to refer
to the U.S. Global Positioning System, the wmeaning of this term includes other satellite-
based gabal positioning systerns, such as the Russian Glonass System and the planned
European Galifeo System.

[037) GSM (Global System for Mobife): a widely-used digital wirelzss communication
technology.

{038] MS (Mobile Station) a portable electronic device such as a cell phone, PDA ora
laptop that bas & means {such as a modem) for communicating with one or more base
stations, Sometimes yeferred as a mobile bandheld unit, portables, mobiles, handhields,
personal stations, wireless devices, subscriber units, mobile terminals, or user terminals,
for example. MS's referenced in this disclosure have position detenmining capabilities.
[039] MTSO (Mobile Telephone Switching Office): Provides contro) and commands
{o the mobile stations. Also provides comnectivity to the PSTN.

[040] PDE (Position Determination Entity): A system resoutce {e.g., a server) typically
within the CDMA network, working in conjusction with one or more GPS reference
receivers, which is capable of exchanging focation information with an MS. For
example, in an MS-Assisted A-GPS session, the PDE can send GPS and/or cellular
assistance data fo the MS to enhance the satellite and base station pseudorange signal
acquisition process. The MS returns pseudorange measurements back to the PDE, which
is then capable of computing the position of the MS. Alfernatively, in an MS-Based
A-GPS session, the MS sends back computed position results to the PDE. The PDE can

NJ.959  pm1s
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also provide assistance data regarding other networked entities, such as the identiiying
information, position information and type of Wireless base stations (access points) that
‘may be i the vicinity of the MS.
(041) PSTN (Public Switched Telephene Netwark): Provides connection to wireline
telephones in homes and businesses, for example.
042} RSSI (Received Signal Strength Indicator): A parameter indicating strength of 2
wireless signal between 3 base station and a mobile station.
[043] RTD (Round Trip Delay): A method of measuring distance by measuring a
two-way trave} time (distance) between a base station and 2 mobile station, e.g., a base
station sends a signal to a mobsle station, which is returned to the base station, and the
base station then measures the time between transmitting the signal and receiving the
returm signal, which can then be divided by two to provide an indication of the distance
between the base siation and the mobjle station. Alternatively, the RTD can be measured
by the mobile station.
{044) QoS (Quality of Service): A measure of 2 desied sexvice parameter such as the
accuracy of position focation mformation.
[045] SV (Satellite Vehicle): One major element of the Global Positioning System s
the set of SV orbiting the Earth, broadcasting uniquely identifiable signals.
{046] TDOA (Time Difference of Amival): A system that measures distance by
measuting the relative times of airival of radia signals from the base stations; e.g, for
example, in CDMA networks AFLT systems use TDOA to provide PPM measurements,
the time difference of amval is judicated by a pilot pliase measurement that is relative to
the reference pilot used to se1 the mobile station’s time base, Another example of 2
TDOA system-js an Uplink TDOA system, which uces the time difference between
wansiission of 2 mobile station signal and reception by base stations.
{047 TOA (Time of Amival): A. system which measures the time of arrival of a one-
way signal; e.g, for example, a GPS system which measures the time of arrival of a
satellite sigual.
048] WLAN (Wireless Local Area Network): a imited-range wireless comumunication
network; examples include WiFi, WiMAX, Blustocth, etc.

Use of Mobile Stations to Determine Base Station Location
[049] U.S. Patent Publication US2003/0325046 A1 published July 3, 2003, entitled
"Use of Mabile Stations for Determination of Base Station Location Parameters in &

NO.953  pote
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‘Wireless Mobile Communication System”, discloses a system in which a network uses
known positions of one or more mobile stations to verify, update, and/or determine the
position of a bage station, and is assigned to the same assignee as the present
application. For example, the publication discloses a method for AFLT-enabled wireless
handsets 1o provide pilot phase measurements (FPMs) to a network, which can be used
to determine the base station locations and associated forward link calibration
parameters. As an example, to solve for a base station location an algorithm would
sequire a PPM to said base statioys measured by at Teast three distinct geographically
separated mobiles each one at a known location; the kuowledge of the mobile station
Iocation can be ascertained via GPS. One altermative is to menually survey base station
antennae and use GPS fix to compute eryors to the PPM measurements by collecting
messurements with 2 dedicated base station calibration handset in the ficld o close
proximity to the base station.

[050) Particularly, the system disclosed in Publication US2003/0125046 Al describes
methods that use the mobile stations in comumunication with a base station tv detetmine
the location parametess of that base station. For example, the positions of the mobile
stations are determitied, and then the posttion of the base station is detenmined from the
positions of the mobile stations and from signals transitted between the base staton
and the mobile stations. Despite eroneous base station location parameters for at least
one of the base stations, it is often possible to accurately deteymine the positions of the
mobile stations from the base statjon location parameters of other base stations, ot from
globat satellite signals received by the mobile stations if the mobile stations are
equipped with global satellite receivers.

{051] In addition, the base station location information ia the database can be checked
duging nommal position location sessions whenever the position of a mobile station is
determined independent of the location of a base station in communication with the
mobile station, This is done by detenmining the distance between the base station and
+he mobile station from signals transmitted between the base station and the mobile
station. When this distance is inconsistent with the base station location information in
the database, the database may be modified o include corrected base station lacation
information. In this fashion, it is possible to find eroneous base station information and
discontinue its use for position location sexvices before the conect location of the base

station becomes known.
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[052] Erroneous base station Jocation information can be corrected automatically once

a sufficient number of indep distances are d ined between the base station
and mobile stations having known positions. With a sufficient number of :ndependent
distance measurements, it is possible to de(erfmne the base station Jocatior with a
degree of certainty comparable to the position of a single mobile station. In this fashion,
1o is possible to aviomatically maintain and improve the base Station location
information in the database. This can be done while providing regular position Iocation
services, without any change i the communication protacols between the base statjons
apd the mobile stations.
1053] What is peeded is a practica) system and apparatus that would bring these base
station jocation copcepts into wide use while at the same time making the solution
economically viable.

Qverview
{054] The position location system described herein wtilizes information from
calibration-enabled mobile stations to determine the position of a base station, and
update the base station almanac on an ongoing basis. This system is useful for 2 number
of reasops: for example handset-based information can be utilized to shorten time to
commercial service of new base stations and provide ongoing improvement in Jocation
performance. Advantageously, the system can be implemented with no hardware
modification, and very §ittle modification to the basic subscriber service elements; ths
very little cost is required to provide this network preparation and improvement ability.
[055] Each handset that is part of the systern wiilizes 2 calibration program to
communicate with, and respond to a calibration sesver. The calibration prograt can for
example, be BREW-, Java- or similar technology-based, and can be downloaded or
embedded in the handset.
[056) In one example, in 2 CDMA system, in arder to calibrate or re-calibrate the base
station, GPS and AFLT position measurement data is obtajned from mobile stations
during regular pesition location sessions for example when mobile station users
normally engage in telephone calls, or when field service personnel drive around to
selested Jocations and place calls for the purpose of obtaining position measurement
data not otherwise obtained from the regular position location sessions, and ther seqt to
the BTSCS. In this fashion, the BYSCS may then use this information to compute the

calibration data irtermally and store the calibration cata in the base station almanac
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database on a continuous basis. In addition, to alleviate any privacy coscems, the regular
position location sessions may occur only when the user of the locatjon-enabled mobile
station places or answers a wireless telephone call. In this case, the CDMA system does
ot determine the user’s position without the user’s knowlsdge and consent. In another
example, the user of the mobile station (cellular phone) authorizes the use of the mobile
station as a calibration device, allowing the BISCS to request calibration information
from such device.

Description
{057) Fig. 1 is 2 pesspective view of 3 wireless communication petwork 10 that
includes a plurelity of wide area network base stations 10 including first, second, and
third base stations 10a, 10b, and 10c respectively, a plurality of local area network base
stations (access points) 20 inchuding first and second base stations 20a 20b respectively,
GPS satellites shown collectively at 11, and a plurality of mobile statops 14 including
first, second, third, and fourth mobile stations 14a, 14b, 14¢, and 14d respectively. Fig. 1
1s provided for Mlustrative purposcs; 1 should be clear that in an actual implementation
additional (or fewe) base stations and MS's may be in operation at any one time.
[058] T one embodiment, the satellites (SV's) 11 comprise any group of satellites
utifized for positioning a satellite recejver. In the GPS system, the satellites send out
wireless GPS signals 12 synchron:zed 1o GPS system time, generated at 2 predetermined
frequency, and {0 a predetermined format. A GPS reference receiver may be physically
[ocated in any of the base stations 10, which can communicate with the PDE 18 to
provide useful mformation in determining position using the satellites, such as a GPS
satellite navigation datz, differential corrections and GPS system tune.
[059) The MS may be in the form of an electronic device held by a user (not shown);
for example the user may be on foot as shown, or mgy be traveling in a car or on public
transportation. Each MS 14 (as described in more detal with reference to Fig. 3)
includes a position location system 27. The position Jocation system may include a GPS
system that utilizes the GPS signals to determine the position of the MS and/or it may
include an AFLT system. The MS also includes a two-way communication systeny 32
such as a cell phone receiver that utilizes two-way communication signals 13 to
commuricate with the ceflular base stations 10, As an altemnative, or in addition to the
cellular ication system, the ¢ ication system in the MS may include
another wireless commumnication systen, such as WiFi, WiMAX, or Bluetooth, that
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utilizes cation signals to jcate with the access points 20 of the
Wireless Local Area Network such as an 802.1} vetwork.
[060) Generally, the ceftulax base stations 10 comprise any group of cellular base

stations utilized as part of 2 wireless jcation network that jcates with

the MS's using wireless signals 13. In the example of Fig. 1, the cellular base stations
are networked o a cellular infrastmcture network 15a, which is in turn networked to
other communication networks and netwosk entities by any suitable network protocol,
such as TCP/IP over the mtemet as shown optionally, or SS7 as shown in a direct
connection, for example. Thus, the ceilulax infrastructure network 152 provides
communication services between the base stations and a phmality of other
comumunication networks such as a public phone system 16, computer networks 17, and

any of a variety of other entities and communication systems. The networks and network

entities way be d by i i or by any other suitable
conmections for trapsferming data.

[061} The gound-based cellwlar infrastructure network 15 typically provides
communication services that allow the user of a cell phonc to 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
internet connection With a handheld personal digital assistant (PDA) or a laptop
computer. In one embodiment, the ceflular base stations 10 are part of a CDMA
communication network; however in other embodiments the cellular base statjons may
utilize other types of access technologies (e 8., GSM, WCDMA, TDMA, OFDM, ete.).
[062) In addition to the cellular base stations 10a, 10b, and 10c, other types of base
stations such as wireless access points may be implemented using any suitable protocof,
for example WiFi, WIMAX, and Bluetooth. As shown in Fig. 1, access points 20a and
20b (xeferenced collectively as 20) are networked with 3 network 15b suitable for the
particular tplementation of wireless access points. Analogous with the cellular
infrastructure network 15a, the wireless access point network 15b 1s networked to other
communication networks and entities by any suitable network protocol, such TCP/IP
over fho intomct as shown optionally, or SS7 as shown in a direct connection, for
example. Thus, the wireless access poist network 15b provides communication services
between the wireless access pomnts and a plarality of other communication networks

such as a pubiic phone system 16, computer netwoxks 17, and any of & variety of other
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entities and communication systems. The networks and network enuties may be

d by hardwired x or by any other suitable connections for

trznsferring data.

[063] The network also includes a position determination entity (PDE) 18, shown
connested 10 the cellular infrastructure network 15. For example, for A-GPS methods
the PDE comprises 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 information 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 pseudorange measurements back to the: PDE,
which is then capable of computing the position of the MS. Altematively, n an
MS Based A-GPS session, the MS sends back computed position sesults to the PDE. In
‘yet another example, in an autonomous maede, the MS can determine its position without
any assistance from the server. In another example, the PDE can be cormected to the
wireless access point network 20

[064] Also part of the cellular network is a BTS Calibration Server 19 (BTSCS). The
BTSCS is a system resource that is connected to the celjular infrastrycture netwaork, and
‘may work in conjunction with the PDE 18, as described herein, or in some embodiments
may be implemented pastially or wholly within the PDE. The BTSCS provides setvices
related to calibration of base station using ome or more mobile stations in
communication with one or more base stations, as desctibed herein. In one embodiment,
the BTSCS is a dedicated server used for BTS calibration purposes, and s not
associated with E-911 services. Similarly, the BTSCS can be part of or connected to the
wireless access point network. In such case, the BTSCS suppots the calibration of the
base stations (access points) of the Jocal area network, In another example, one BTSCS
can serve both the celluler and the wireless access points network.

[065] Fig. 2 is a block diagram of one example of the stationary components that
reside in the cellular network shown in Fig. 1. A mobile switching center (MSC) 21
performs switching functions .e., routing of circuit-switch voice and data) fox mobile
stations within its coverage area. The mobile switching center (MSC) 21 interfaces
voice signals and telecommunication datz between base station 10 and a number of
telephone lines 22, such as copper wires or optical fibers A mobile positioning center
(MPC) 23 js connecied to the mobile switching center (MSC) 21. A packet data serving
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node (PDSN) 24 andior interworking function (TWF), connected to the MSC 21, is

ble for the estebli h , and termivation of packet-switch data
sessions for mobile stations in the cellular network. The MPC 23 manages position.
Jocation applications and intexfaces location data to external location services clients or
external data networks through a 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 to mobile stations and perfoms position computations m
MS-assisted mode. The BTSCS 19 provides services Yelated to calibration of base
station location using one or more mobile phones in communication with one or mose
base stations, as described in more detail herein. The PDE 18 and the BTSCS 19 are
connected to the MPC 23 and the MSC 21, 2nd also to the IWF/PDSN 24. In the
example of a packet-switched mode, the PDE 18 and the BTSCS 19 are conected to the
TWE/PDSN 24 through an IP network 28. The PDE 18 and the BTSCS 19 access a base
station almanac database 27 that is managed by a base station almanac data base sesver
26. The PDE 18, the BTSCS 19, and the base station almapac data base server 26 are
implemented, for example, using conventional digital computers or work stations. The
base station almanac 27 is stored in any suitable location, such as the hard disk of the
computer for the base station almanac data base server 26.

Mobile Station

(066] Fig. 3 is a block diagram of ope embodiment of the mobile station 14
meorporating. communication and position focation systems. The main units o this
cmbodiment include ofic or more two-way communication system(s) 32, position
location system(s) 34, an MS contro] system 35, and a user nterface 36. For ease of
description, the communication systen: 32 may be discussed as a single system in the
cellular context as an example; it should be apparent that the basic structwe would be
epeated as appropriate for any other wireless communication system (e.g, WiFi,
WiMAX, Bluetooth) that may be implemented in the mobile station. The example
shown also does pot preciude implementation of muitiple wireless communication
systzos with varying degrees of intogration whereby the microprocessors, base-band
processors and RF front ends can be shared or integrated on a single chip.
067) The celluar communication system 32 is connected 1o a celjular antenna 31 that
communjcates with the base stations using the two-way wireless signals 13. It is

important to note that the wireless signals 13 do not have to be two-way to support
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positioning. The cellular communication system 32 comprises any suitable devices, such
as 2 modem 33, and other hardware and software for communicating with and/or
Jetectinig signals 13 from base stations. The cellular communication system 32 also
includes appropriate hardware and software for processing transmitted and received
information.

{068] The position location system 34 (Fig. 3) includes any suitable position location
system; for example it may include 2 WAN TDOA system such as AFLT, a satellite
position system such a5 a GPS receiver, or a hybrid GPS/AFLT system. In the hybrid
system emsbodimert shown in Fig- 3, (i position location systern 34 comprises
antennae 31 and 38 to receive cellular signals 13 and GPS signals 12 respectively, a
GPS receiver 39, a LAN Positioning system 40a, 2 WAN TDOA system 40b and any
stitable hardware and software for receiving and processing GPS, cellular and wireless
LAN signals and for performing any calculations necessary or usefu) to determine
position using any suitable position location algorithm.

[069) GPS Positioning: The mobile station, with the assistance of system resources
such as the PDE 18, is also capable of locating the posjtion of the mobile stations using
the well-known GPS tectmique. For example, ix a COMA system each base station 10
may have a GPS receiver receiving the carrier and a pseudorandom cade sequence of st
Teastone of the GPS satellites, which provides a system time base referenced to the GPS
system time. When a mobile station participates in 2 position location session with the
CDMA network, the serving base station may provide the accurate GPS time reference
and send GPS acquisition data to the hybrid mobile station. The mobile 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 base
station. The PDE 113y be used to assist the MS to compute the geographic location of
the mobile station from three or more of the pseudorarge measurements. Alternatively,
in the cese of an MS-based solution, the geographic location of the mobile station may
be calonlated by the mobile station itself.

[070] AFLT Positioning: The CDMA network js capable of Jocating the position of
the mobile station 14 using the wefl-known TDOA (AFLT) technique of the mabile
station measuting the refative times of arrival of so-called pilot radio signals from the

base statons. The time difference of arrival is indicated by a pilot phase measurement
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that is relative to the reference pilot used to set the mobile station’s time base. In most
cases, each difference locates the mobile staton on a particular hyperbola. The
intersection of the hyperbolas provides the estimate of the location of the mobie station.
[071) Particularly, in one embodiment of an AFLT system, duning a position fix, pilot
phase measurements are calculated to 2l base station that can be heard by the handset.
Depending on the environmient, this is usnally at least three or more base stations, and

often as many as twenty or more in dense urban envi Thus each p

event can result m mavy relative distance estimates, at least some of which may be
useable in the calibration process deseribed herein

{072] Positionting operations: In order to determine position of the mobile station
with assistance form the PDE, the PDE may use any of several methods sequentially or
in parelie] to caleulate the final position, and the approach most likely to achieve the
least position error is selected, In one embodiment, a GPS fix is attexupted first, because
accuracy js expected to be superior to any other method. Jf the GPS-only fix fails (in ane
example, GPS fix does 1ot mee: the selected QoS), the PDE sefects from among several
other approaches, ard the result with the smallest associated error estimate is used.
These other approactes incinde for example: AFLT-only; an enhanced cell-ID where the
position is determined by knowing the sector crientation, received signal strengh and
the approximate range using an RTD measurement (where available); 2 “mixed cell
sector” fix determined using knowledge of the sectors seen by the mobile, and each
sectors’ position and orientation; a curent serving sector coverage area centroid position
deterrpination (or if it was not pessible to determine the current serving sector, the
original serving sector); the centroid position of the cument Network ID/System D
coverage region; and finally a defanlt position stored in the PDE’s configuration file. [n
the example of Wireless Local Area Networks, similar techniques are applicable,
wheicby the relative and absolute distance measurements, the signal travel times, the
signal strength measurements, identification and/or adéress of the access points and
their coverage information can alt be used to determine the estimate of the mobile
station’s position.

[073] Calibratjon of base station: In TDOA and TOA systems, the base station time
base s20uld be calibrated when the base station is installed or modified, or periodicalty.
Tna CDMA system, each base station has a respective time offset between the GPS
systern time and the CDMA system time transipitted with CDMA signals, due to
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variations in propagation delay or phase shift from the GPS antenna to the GPS recejvey.
from the GPS receiver to the CDMA transceiver, and from the CDMA transceiver to the
CDMA antenna. Therefore, to reduce wireless ranging errors, every base station should
be calibrated after the base station installation is complete, for example, by storing a
time offset for the base station in the base station almanac data base 27 for use by the
PDE 18. It 15 desirable to re-valibrate the base station and update the database for any
subsequent hardware change. Moreover, since the base stations can be moved physically
or assigned a different identifier, it can be importamt to re-calibrate the Jocation
information associated with each base station, periodically or even continuously.

[074] Mobile Device Control System: A mobile device control system 35 is
connected to both the two-way comuunication system 32 and the position location
system 34. The mobile device contyol system 35 includes any appropnate structure, such
as a microprocessor, memory, other hardware, firnware, and software to provide
appropriate contro} functions for the systems to which it is connected. It should be
apparent that the processing steps described herein are implemented in any suitable
manner using one or mose of hardware, software, and fiunware, subject to control by the
microprocessor.

[075) The control system 35 is also connected to a user interface 36, which includes
any suitable components to interfece with the user, such as a keypad, 2

P P for voice i services, and a display such as a backlit

LCD display. The mobile device coptrol system 35 and user interface 36, connected to
the position location system 34 and the two-way communication system 32, provide
operational fimctions such as controiling user uput/output and displaying results.

[076] The MS 14 may include one or more external interfaces 41 for comnection with
other devices. For example USB or IEEE 1394 ports may be provided, or wireless ports
(e.g., Bluetooth, USB, infrared) may be included for interface and communication with
other electronic devices.

[077} Software Applications; A number of software applications may be stored in the
MS 14, and connected to the MS eontrol system 25 to be run using the microprocessor
and code found thexein. The software applications are based upon any suitable platform
such as BREW, Java or other technology. The software apglications are stored in any
suitable memary, for example disk drives, SIM cards, flash memory, RAM, firmware, or

read-only wemory (ROM).
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{078] BTS calibration program 37: A BTS calibration program 37 js included in the
software applications. The BTS calibration program includes coce suitable to perform
the operations described herein (such as with reference to Figs. 4 and 5), to allow 2
group of mobile stations to be used for calibration purposes it a controlled fashion. For
exaprple, the catibration progrem 37 may be rum in the backgronnd without achive
participabon by the user, and without identifying the user. The BTS calibration program
Tesides in any Jocation accessible by the microprocessor; for example, the program may
be embedded. into firmware or eoftware stored in memory, or may be downloadable
from a remote application server connected to the base station, for exzmple. It could
also be implemented, a least partially, in hardware such as a computer chip.

{079 Fig. 4 1s a conceptual diagmm of the BTS calibration program, illustrating
features that may be implemented futo the program. Geneially ove purpose of the BTS
calibration program described herein i to provide a mechanism that ufilizes the position
measurements made at the mobile station used as a calibration too] to determine and
calibrate the positon and time teference of ope or more base stations. The BTS
calibration program is installed in the mobile station, and performs the opesations
described heremn.

1080} Installed into MS (42): Particulady, as shown at 42, the BTS calibration
program js installed in the mobile station, typically as software. The BTS calibration
program can be a downloadable software program, and/er it may include firmware
embedded or programmed in the handset or any other suitable system for storing
instructions. Although the BTS calibration program typically uses pre-existing systems
in the handset such as the position location system, iz some embodiments additional
hardware features may be usefu] or necessary for effective operation.

{081] Ongoing operstion, can operate in background (43): As shown at 43, once
installed, the BTS calibration program can operate on an ongoing basis, subject to
control by the user as discussed belew. Furthermore, subject to privacy considerations
such as discussed below, the calibration program may operate in the background
whenever the mobile station. is powered on, and therefore in such embodiments the user
is not aware of its operation. For example, the user may be able to make calls and
<download other information while the calibration js being performed.

1082} Incentive Plan(s) (44): In one cmbodiment the user may be enyolled in an

incentive plan as shown at 44. For example 8 user who authorizes the BTSCS or 2
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mobile services manager such as an MPC to utilize the mobile station for base station
calibration may be entitled to financis] credits or other financial compensation, credits
for future services, or additional services in exchange for allowing the BISCS to use the
location-related information provided by the mobile station. Any svitable basis for
compensation can be aranged: for example 2 user can be compensated on a per-use
basis, per-session. basis, or o a flat rate.

[083] Privacy Concerns (45, 46, 47): It 1s intended (although not required) that the
BTS calibration program prevents worestricted access by the BTSCS; particularly,
access 108y be testricted as shown at 45. Features may be jmplemented that allow the
handset to be used for calibration purposes only int a controlled, secure fashion as shown
at 46, and with consent of the usex as shown at 47. This consent can be obtained in any
appropriate matter; for example it may be pre-authorized, and ance authorized, position
determination may be done in the background without active participatior: of the handset
user. Pre-authorization may be obtained, for example over a particular period of time
(e-g., 10 days or 30 days) or just for 8 particular session or sessions ot when the user
subscribes to the service.

[084]  Authorization may be implemented in any of a variety of ways: generally, there
will be some privacy information (settings) stored in the mobile station and/or privacy
proxy server Jesiding in the service provider's petwork that jpdicate the user's
willingness to allow use of the mobile station as a calibration device by the vetwork.
This information may also indicate the nules which apply to the disclosure of the user’s
identity and location information. For example, the user may want 10 be notified every
mstance location-related information is being requested by the BTSCS or any other
entily, For example a privacy flag may be set in software 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 authorization is provided. In another example, the
privacy information may indicate the allowable frequency, the duration, and/or time of
Gay when the mobile device can be used s a calibration tool.

(085) To meet privacy concerns, the calibration program may 1un in a secure
fashion in the backaround, to prevent unauthorized interception. Ome objective of secure
cperation a5 shown at 46 is to 2void disclosing the identity of the handset user, and
particulasly to avoid associating the user with the location while the handset is being

used for calibration purposes. For such pusposes, the calibration prograni miay prohibit
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transtnission of the jdentity of the handset vser, electronic identity of the mobile station,
and prohibut transnussion of any other identiiying information (other than position
location information}, to the BTSCS. Altematively, the information may be encrypted
vsing any suitzble encryption system.

(086} Communications with BTSCS (48): As shown at 48, the BTS cafibration
program also communicates with the BTSCS 19. For example, a calibration-enabled

mobile station (a mobile station that has an operating BTS calibration program is termed

ealik

bled") may be in ication with a base station that is networked
with the BISCS; therefore the calibration program communicates with the networked
BTSCS via the mobile station’s cellular communication system. For example, the
calibration program can initiate a Mobile-Originated call flow as discussed in more
detail with reference tc Fig. 6, to report the required information to the BYSCS for BTS
calibration. Alternatively, as discussed in more detail with referepce to Fig. 7, the
calibration program can respond to a network initiated (Mobrle-Terminated) call flow
fiom the BTSCS and report the tequested calibration information back to the network.
The BTSCS then can store the calibration measurements (in 2 CDMA network these
would include base sta:ion PN codes and pilot phase residuals) associated with locations
for post-processing.

[087) Interface with position location systems (49): The BTS calibration program
19, as shown at 49, can interface with the position location. system 34 via the mobile
device control system 35 (Fig. 3). For example, the BTS calibration program in the
obile station can request calibration information (e.g., PPMs and other position-related
measuremenits) from the position location System, and then provide it to the BTSCS for
post-processing. If the requested calibration information is mot available or not
acceptable (for reasons such as poor Quality of Service (QoS})), the BTS calibration
program can request the position location system to determine the mobile station’s
position, and can also request it to take the pilot phase measurements (PPMs) (residuals)
zssociated with at least one base station. For economy of time, the BTS cahbration
program could request only PPM measurements from one or more targst base stations
specified by the BTSCS, rather than PPM measurements from all base stations in range
of the mobile station. In selecting PPM measurements, the calibration program may
select only stong (direct) PPMs, which are better suited for accurate base station
positioning and calibration. To select elite desirable FPMs, the QoS can be set to the

NO.359  pazz

08701 '07 MON 17:29 [TX/RX NU 58381

-26-




83/01/ 2487

16:35 MADDERNS + B262853%929

030273
21

desired accuracy threshold (e.g., a few meters) or in terms of ather parameters such as
signal strength, power, SNR, SIR, and so forth.

[088] Fig. 3 is a flow chart of operations to calibrate a base station location.

[089) At 50, a group of mobile stations ace programmed with the BTS caljbratior
program. Each of these mobile stations is termed a "calibration-enabled” mobile station.

{090} At 51, copymunication js established between 3 target base station, such as may
De chosen by the BTSCS, and at Jeast one of the calibration-enabled mobile stations, It
may ¢ noted that, ai any one time, there may be more than onc calibration-enabled
mobile station within the coverage area of the target base station, and the operations of
Fig. 5 may be repeated jn each of these calibration-ensbled mobile stations.
Furthermote, it may be noticed that the exact time at which calibration information js
provided s not relevant to the position of the base station; therefore a moving mobile
station can be utilized multiple times at different locations to provide calibration
information at each of the multiple locations. The information from multiple
geographically-diverse locations is useful in determining base station location.

[091) At 52, calibratien infornation is requested. The request may be generated in any
of a number of ways; for example the calibration information may be requested by the
BTSCS 19, or it may be requested by the BTS calibrztion program. For example, the
BTS calibration program may be prograramed to transmit calibration information upon
occurrence of a particnlar event. For example, onte such particular event may be related
to the mobile station sommunicating with a target base station or responding to an
unrelated positioning event while in comnumication with a target base station. The
calibration infenmation may relate to a particular target base station that may be chosen
(provided to the mobile stztion) by the BTSCS, it may refate to one or more target base
stations, o jt may relate to all mobile stations within range of the particular base station,
or it may relate to the mobile stations that meet & particalar coteria such as may be
predetermined or established by the BTSCS.

[092] At 53, privacy information is checked to determine if the mobile station is

to

information. This step may take a vanety of
forms; for example a privacy flag may be checked by the calibration program before
beginning communication with the BTSCS. In one example a ptivacy flag may be set in

software or hardware, and the user would change the flag via any suitable interface (e.g.,

NO. 959
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selection Via a pull-down memt) depending vpon whether or not authorization is
provided

{093} At 53a, if authorization has 5ot been given, then as shownt at 53b, the operation
is exited and no communication of calibration information js aljowed with the BTSCS
or the network. However, if authorization has been given, then operation moves to the
Bext step 54

[094] At 54, the position of the mobile station is detenmined. This information may
already be available if a position measurement has recently been made; if not then the :
BTS calibration program tequests the mobile station to determine its position by any
suitable means, such as by soteliite, cellujar network, local area network or a
combination of whereof,

{095] At 55, in a CDMA network the PPM from at Jeast one base station to the mobile
station is determined. This phase shift information may already be available if a position
measurement bas recently been wuade with PPM measurements; if nol then the BIS
calibration program requests the mobile station to determine this information. For

economy of time, the BTS calibration program could request only PPM measuremernts

from one o more target base stations specified by the BYSCS, rather that PPM
measurements from, all base stations ia yange of the mobile station. In selecting 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 PPMs,
the QoS can be set to the desired accuracy threshald {e.g., a few meters) or in temns of
other parameters such as signal strength, power, SNR, SIR, and so forth. In order to
ensure the position information corresponds precisely with the PPM mieasurernents, the
PPM rucasuwrements should be taken a5 close in time if not simultaneously with the
positior. fix. In the MS-assisted mode, the position information may be detesmined by
the PDE.

(096} At 56, calit i jont is d form the mobile station to the
BTSCS. In 2 CDMA network, this calibation information includes at least position

information of the mobile station, PN codes and PPM measurements frora one or more
hase stations, which are useful to determine the distance fror the target base station(s)
10 the mobile stalion. In an MS-assisted mode, the calibration information may be
transmitted from the PDE to the BTSCS.
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[097} At 57, responsive 10 the calibration information, the distance from the mobile
siation to the base stetion(s) s calowlated. If multiple mobile stations are providing
calibration jnformation, and/or if multiple positions have beep reported by single mobile
station, the position of the target base station(s) may lso be calculated. Generally, the
position and/ar the timing information of the base station(s) can be determined once a
sofficient number of measurements have been received or aggregated over time and
devices.

[098] At 38, the base station almanac is consulted for positicn information on the bage
station(s) whose distance from the mobile station and/or position has been calcolated in

the previous step 57. The almanac information is then examined for consistency with the

Ieulated i ion. The check can be p d for the particular target
base station.
(099] At 59, responsive io the consistency between the almanac and calculated
information, the position of the base station in tae base station almanac may be updated.
Whether or not 1t is actually upated depends upon a number of factors, and typically
the almanac information would not be updated without a high level of assurance of the

seeuracy of the lated base station to cali abled mobile station distances

end/or position, such as by multiple consistent measurements over a period of time,
and/or from a number of different mobile stations.

10100] Fipally, it should be noted that BTS positioning and calibration can be an on-
foing process as long as there are handsets reporting calibration measwrements. It should
aJso be appreciated that the steps 56 and 57 can be pexformed in the calibration-enabled
mobile station whereby the calibration information transmitted to the BTSCS may also
include the errors in the distance measurements from the mobile station to the target
base station.

(0161} Fig. 6 is a flow chart of an example of a mobile-originated MS-based (or
autonomous) calibration process. In one example, the mobile station may initiate
mobile-onginsted calibration process, onice the calibration program determines that the
farget base station is in the base station neighbor list. At 61, the mobile station initiates
comsnunication, aud then two-way communication is established as shown at 62, At 62,
the MS quenies the BTSCS if a calibration information can be provided, and if the
BTSCS signals its readiness, at 64 the position of the MS is determined and calibration
{PPM) measurements are made. At 65, the MS position information is transmitted to the
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BTSCS, and at 66, the calibration (PPM) measurements are transmitted to the BTSCS. At 68, the
communication between the MS and the base station 10 is closed down, which is particularly useful in
the instance where a dedicated base station calibration session was established for the purpose of
sending calibration information, and that purpose has now been met.

Fig. 7 is a flow chart of an example of a mobile-terminated MS-based (or autonomous)
calibration process, which differs from Fig. 6 in that the calibration request originates in the BTSCS.
At 71, two-way communication has been established. At 72, the BTSCS 19 requests calibration
information from the MS 14. At 73, the position of the MS is determined and PPM measurements are
made. At 74, the MS position information is transmitted to the BTSCS, and at 75, the PPM
measurements are transmitted to the BTSCS. In one example, steps 74 and 75 maybe combined. At 76,
the communication between the MS and the base station 10 is closed down, which can be useful for
example if a dedicated connection was established for the calibration purpose.

A detailed description of one or more preferred embodiments of the invention is provided
above along with accompanying figures that illustrate by way of example the principles of the
invention. While the invention is described in connection with such embodiments, it should be
understood that the invention is not limited to any embodiment. On the contrary, the scope of the
invention is limited only by the appended claims and the invention €NCOMPAsses numerous
alternatives, modifications, and equivalents. For the purpose of example, numerous specific details are
set forth in the description above in order to provide a thorough understanding of the present
invention. The present invention may be practiced according to the claims without some or all of these
specific details, For the purpose of clarity, technical material that is known in the technical fields
related to the invention has not been described in detail so that the present invention is not
unnecessarily obscured.

Throughout this specification and the claims that follow unless the context requires otherwise,
the Words ‘comprise’ and 'include’ and variations such as ‘comprising' and ‘including’ will be
understood to imply the inclusion of a stated integer or group of integers but not the exclusion of any
other integer or group of integers.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that such prior art forms part of the common general

knowledge of the technical field.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In a wireless communication network that includes a plurality of mobile stations in
communication with one or more base stations, a method of determining a position of a base station,
including:

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;

¢. 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(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.

2. The method of ¢laim 1 and further including a step of determining if the mobile station is
authorized to communicate calibration information, if there is no authorization then exiting operation

before transmitting calibration information, otherwise completing operation.

3. The method of claim 2, wherein each mobile station has an user, and wherein said users of

said calibration-enabled mobilc stations utilize the BTS calibration program to create privacy settings
to indicate authorization to provide calibration information, and said step of determining if the mobile
station is authorized to communicate calibration information further comprises checking said privacy

settings to verify that the mobile station is authorized to provide calibration information.

4. The method of claim | wherein each mobile station has an user, and wherein
said step of programming a group of mobile stations with a calibration program comprises obtaining
consent of the users of said group of mobile stations and then downloading the BTS calibration

program into said group of mobile stations.

S. The method of claim 4 wherein said step of obtaining consent of the users further includes

creating privacy settings to indicate authorization to provide calibration information.
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6. The method of claim 1 wherein said step of requesting calibration information is initiated by

said BTS calibration program when in communication with said base station.

7. The method of claim | wherein said step of requesting calibration information includes
communicating from said BTS calibration server to at least one of the software-enabled mobile

stations.

8. The method of claim 1 wherein said BTSCS selects a target base station, said step of
requesting calibration information includes communicating from said BTS calibration server to at least

one of the calibration-enabled mobile stations in communication with the target base station.

9. The method as claimed in claim 1, wherein the mobile stations have global satellite receivers,
and the positions of the mobile stations are determined from signals received 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 Trilateration (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 including global satellite receivers, the positions of the mobile stations are determined from
signals received by the mobile stations from global satellites, and the position of the base station is

determined from the positions of the mobile stations using time difference of arrival.

12. The method as claimed in claim 1] wherein 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 include hybrid telephone
handsets including global satellite receivers, the positions of the mobile stations are determined from
signals received by the mobile stations from global satellites, said base stations comprise at least one
Wireless LAN base station, and the position of said Wireless LAN base station is determined from the
positions of the mobile stations in communication with said Wireless LAN base station, using

Wireless LAN signals.

14, The method of claim 13 wherein the Wireless LAN base station comprises a WiFi access

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

stations.

16. The method of claim 15 wherein said step of receiving a signal includes measuring the time

difference of arrival of said signal using TDOA system.

17. The method as claimed in claim 16 wherein said step of measuring the time difference of

arrival includes measuring a phase shift using an AFLT system.

18. The method of claim 15 wherein said step of receiving a signal includes measuring the time of

arrival of said signal using a TOA system,

19. The method of claim 15 wherein said step of receiving a signal includes measuring the round

trip delay of said signal between said base station and said mobile station.

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

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

21, The method of claim 1 wherein said step of comparing said calibration information includes

determining an error in the distance from said mobile station(s) to said base station.

22 The method of claim 1 wherein said step of calibrating the position of said base station

includes updating almanac information associated with said base station.

23. The method as claimed in claim 1, wherein the position of the base station antenna determined
from the positions of the mobile stations is compared to a position for the base station contained in a
base station almanac in order to verify the position for the base station contained in the base station

almanac.

24, A wireless communication network including:
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
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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 stations and said BTS
calibration server; and

2. 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 said base

station, and calibrating the position of said base station responsive thereto.

25. The network of claim 24, further including means for determining if the mobile station is

authorized to communicate calibration information;

26. The network of claim 24, wherein said BTS calibration program provides privacy settings
stored in said mobile station to indicate authorization to provide calibration information, and said
means for determining if the mobile station is authorized to communicate calibration information
further including checking said privacy settings to verify that the mobile station is authorized to

provide calibration information.

27. The network as claimed in claim 24, wherein the position location system includes a TDOA

system for measuring distance.

28. The network as claimed in claim 24, wherein the position location system includes a RTD

system for measuring distance.

29. The network as claimed in claim 24, wherein the position location system includes a TOA

system for measuring distance.

30. The network as claimed in claim 24, wherein the position location system in said mobile
stations include global satellite receivers, so that the positions of the mobile stations can be determined

from signals received by the mobile stations from global satellites.
31. The network as claimed in claim 24, wherein the position location system in said mobile

stations include an Advanced Forward Link Trilateration (AFLT) system that

determines the positions of the mobile stations from base stations having known positions.
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32.  The network as claimed in claim 24, wherein the mobile stations include hybrid telephone

handsets including global satellite receivers and AFLT systems.

33 The network of claim 24, wherein the means for calibrating the position of said base station

includes means for updating almanac information associated with said base station.

34, A method as claimed in claim 1, substantially as herein described with reference to the

accompanying drawings.

3S. A wireless communication network as claimed in claim 24, substantially as herein described

with reference to the accompanying drawings.

36. A method substantially as herein described with reference to any one of the embodiments of

the invention illustrated in the accompanying drawings.

37. A wireless communication network substantially as herein described with reference to any one

of the embodiments of the invention illustrated in the accompanying drawings.
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