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(57) Abstract: A system and method for determining the location of a re-deployable base station is disclosed. The disclosed system
and method allow for accurate determination of the location of a re-deployable base station, such as a femto base station (FBS),
& using position information obtained from a mobile station (MS) that is communicating with the FBS being located. The position
& information can include the location of the mobile device as estimated using one or more satellite positioning systems or cellular
network based positioning systems. The position information can also include data identifying pilots from base stations and/or other

FBS’s that the MS is receiving. A determination of the propagation loss between the MS and the FBS is used to estimate the distance
between the mobile device and the FBS. The location of the FBS is determined based on the received position information and the
determined distance between the MS and the FBS.
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METHODS AND APPARATUS FOR DETERMINING FEMTO BASE
STATION LOCATION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of provisional U.S. Application Serial No.
60/941,564 filed on June 1, 2007 which is incorporated herein by reference in its

entirety for all purposes.

BACKGROUND
Field
[0002] This disclosure relates generally to communication, and more specifically to a
system, method and apparatus for performing location determination of a re-deployable
base station using signals from one or more mobile devices and/or non-mobile network

equipment.

Related Art

[0003] Wireless networks provide coverage over wide areas through the positioning
of base stations. However, coverage inside buildings can be difficult, especially for
broadband wireless services such as high speed data and the like. Short range base
stations, which are referred to as Femto Base Stations (FBS) are one possible solution
for the coverage problem experienced within buildings. These FBS's can be deployed in
areas such as apartment buildings where each FBS can be connected to an individual
DSL (digital subscriber line) and/or a cable TV line providing for a broadband internet
connection. The FBS can be limited in range as well as limited to be able to provide
service to a limited number of mobile devices, ¢.g., only mobile devices registered to a

single customer or a group of affiliated customers such as a small business.

[0004] These FBS's are typically installed by the customer without intervention of the
cellular operator. Since these FBS units can be connected at numerous locations and
can be relocated by the customer at any time, FBS's are a member of a type of base
stations known as re-deployable base stations. Unless the FBS units are equipped with

a form of position location such as GPS, AGPS and/or a cellular network based
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trilateration method, the cellular operator would have difficulty managing densely
deployed FBS units. An accurate location of these FBS units can be used for purposes

of network configuration management, interference minimization and/or billing.

SUMMARY
[0005] A system, method and apparatus for determining locations of re-deployable
base stations is disclosed. The re-deployable base stations can be used for limited range
communication with a select number of wireless communication devices. The re-
deployable base stations can provide a link to broadband communications when one of
the select communication devices is within range of the re-deployable base station. The
re-deployable base station can provide service to non-selected communication devices,
¢.g. emergency calls. In some aspects, service can be provided to other devices such as,
for example, when a person is awarded discounts or benefit points if the person allows
other devices to access the re-deployable base station. A network entity can determine
the location of the re-deployable base station using a variety of methods described

herein.

[0006] In one aspect, the disclosure includes a method including communicating with
a re-deployable base station over a wireline network, the re-deployable base station
being configured to communicate wirelessly with a mobile station, the mobile station
being configured to communicate wirelessly with the re-deployable base station. The
method further includes obtaining information indicative of a position of the mobile
station, and estimating a position of the re-deployable base station based on the obtained

position information.

[0007] In another aspect, the disclosure includes a network controller including a
receiver configured to communicate with a re-deployable base station over a wireline
network, the re-deployable base station being configured to communicate wirelessly
with a mobile station, the mobile station being configured to communicate wirelessly
with the re-deployable base station. The network controller further includes a processor
coupled to the receiver and configured to obtain information indicative of a position of

the mobile station, and a position estimation module coupled to the processor, the
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position estimation module configured to estimate a position of the re-deployable base

station based on the obtained position information.

[0008] In still another aspect, the disclosure includes a network controller including
means for communicating with a re-deployable base station over a wireline network, the
re-deployable base station being configured to communicate wirelessly with a mobile
station, the mobile station being configured to communicate wirelessly with the re-
deployable base station. The network controller further includes means for obtaining
information indicative of a position of the mobile station, and means for estimating a

position of the re-deployable base station based on the obtained position information.

[0009] In still another aspect, the disclosure includes a computer readable medium
encoded with computer executable instructions for executing a method, the method
including communicating with a re-deployable base station over a wireline network, the
re-deployable base station being configured to communicate wirelessly with a mobile
station, the mobile station being configured to communicate wirelessly with the re-
deployable base station, obtaining information indicative of a position of the mobile
station and estimating a position of the re-deployable base station based on the obtained

position information.

[0010] In yet another aspect, the disclosure includes a method of locating a re-
deployable base station, the re-deployable base station being part of a wireless network
and being configured to provide service to a limited number of mobile stations. The
method of this aspect includes transmitting a position fix command to one of the mobile
stations and, subsequent to transmitting the position fix command, receiving
information indicative of the location of mobile station. The method further includes
determining an indication of an amount of propagation loss between the mobile station
and the re-deployable base station, and estimating the position of the re-deployable base

station based on the received information and the determined propagation loss.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The features, objects, and advantages of aspects of the disclosure will become
more apparent from the detailed description set forth below when taken in conjunction

with the drawings, in which like elements bear like reference numerals.

[0012] Figure 1 is a block diagram illustrating an example system in which re-
deployable base stations can be located using position information obtained from other

devices.

[0013] Figure 2 is a functional block diagram of an example of an apparatus for

locating the position of a re-deployable base station.

[0014] Figure 3 is a flowchart illustrating an example of a method for determining a

position of a re-deployable base station.

[0015] Figure 4 is an example set of curves showing theoretical relationships of
distance versus signal loss for a signal transmitted between a re-deployable base station

and a mobile device.

[0016] Figure 5 illustrates a simplified example of multiple position fixes and
multiple radii of uncertainty that can be used to determine the position of a re-

deployable base station.

[0017] Figure 6 is an illustration of a method of using multiple instances of mobile
device positions and signal loss measurements for estimating the location of a re-

deployable base station using error ellipses.

DETAILED DESCRIPTION
[0018] The word “exemplary” is used exclusively herein to mean “serving as an
example, instance, or illustration.” Any aspect described herein as “exemplary” is not

necessarily to be construed as preferred or advantageous over other aspects.

[0019] The method and apparatus described herein may be used with various satellite
positioning systems (SPS), such as the United States Global Positioning System (GPS),
the Russian Glonass system, the European Galileo system, any system that uses

satellites from a combination of satellite systems, or any satellite system developed in
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the future. Furthermore, the disclosed method and apparatus may be used with
positioning determination systems that utilize pseudolites or a combination of satellites
and pseudolites. Pseudolites are ground-based transmitters that broadcast a PN code or
other ranging code (similar to a GPS or CDMA cellular signal) modulated on an L-band
(or other frequency) carrier signal, which may be synchronized with GPS time. Each
such transmitter may be assigned a unique PN code so as to permit identification by a
remote receiver. Pseudolites are useful in situations where GPS signals from an orbiting
satellite might be unavailable, such as in tunnels, mines, buildings, urban canyons or
other enclosed areas. Another implementation of pseudolites is known as radio-
beacons. The term “satellite”, as used herein, is intended to include pseudolites,
equivalents of pseudolites, and possibly others. The term “SPS signals”, as used herein,

is intended to include SPS-like signals from pseudolites or equivalents of pseudolites.

[0020] Position determination techniques described herein may be used for various
wireless communication networks such as a wireless wide area network (WWAN), a
wireless local area network (WLAN), a wireless personal area network (WPAN), and so
on. The term “network” and “system” are often used interchangeably. A WWAN may
be a Code Division Multiple Access (CDMA) network, a Time Division Multiple
Access (TDMA) network, a Frequency Division Multiple Access (FDMA) network, an
Orthogonal Frequency Division Multiple Access (OFDMA) network, a Single-Carrier
Frequency Division Multiple Access (SC-FDMA) network, and so on. A CDMA
network may implement one or more radio access technologies (RATs) such as
c¢dma2000, Wideband-CDMA (W-CDMA), and so on. Cdma2000 includes IS-95, IS-
2000, and IS-856 standards. A TDMA network may implement Global System for
Mobile Communications (GSM), Digital Advanced Mobile Phone System (D-AMPS),
or some other RAT. GSM and W-CDMA are described in documents from a
consortium named “3rd Generation Partnership Project” (3GPP). Cdma2000 is
described in documents from a consortium named “3rd Generation Partnership Project
2” (3GPP2). 3GPP and 3GPP2 documents are publicly available. A WLAN may be an
IEEE 802.11x network, and a WPAN may be a Bluetooth network, an IEEE 802.15x, or
some other type of network. The techniques may also be used for any combination of

WWAN, WLAN and/or WPAN.
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[0021] As used herein, a mobile station (MS) and user equipment (UE) each refers to
a device such as a cellular or other wireless communication device, personal
communication system (PCS) device, personal navigation device, laptop or other
suitable mobile device capable of receiving and processing SPS signals. The term
“mobile station” is also intended to include devices which communicate with a personal
navigation device (PND), such as by short-range wireless, infrared, wireline connection,
or other connection — regardless of whether satellite signal reception, assistance data
reception, and/or position-related processing occurs at the device or at the PND. Also,
“mobile station” is intended to include all devices, including wireless communication
devices, computers, laptops, etc. which are capable of communication with a server,
such as via the Internet, WiF1i, or other network, and regardless of whether satellite
signal reception, assistance data reception, and/or position-related processing occurs at
the device, at a server, or at another device associated with the network. Any operable

combination of the above are also considered a “mobile station.”

[0022] FIG. 1 is a block diagram illustrating an example SPS Environment 100. SPS
environment 100 may comprise a Satellite Navigation System 105 and a Wireless
Communication System 107. An example of Satellite Navigation System 105 is the
Global Positioning System (GPS) developed by the Unites States Department of
Defense. Other types of satellite navigation systems 105 include the Wide Area
Augmentation System (WAAS), the Global Navigation Satellite System (GLONASS)
deployed by the Russian Federation, and the Galileo system planned by the European

Union.

[0023] In one aspect, the mobile station (MS) 104 employs techniques to compute a
position solution based on signals 110 and/or 112 received from the satellites 106 and
base stations 108, respectively. The MS 104 acquires signals 110 from satellites 106 in
view, and measures distance from each satellite by measuring the time required for each
signal to travel from the respective satellite to the MS 104. Similarly, the MS 104
receives signals 112 from the base stations 108 of the Wireless Communication System
107, and measures distances from the base stations 108 according to the time required
for cach wireless signal 112 to travel from the base stations 108 to the MS 104. The MS

104 resolves position and time variables based on the measurements or communicates
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the measurements to Position Determination Entity (PDE) 114, which then determines a
position solution for the MS 104. Multiple user applications, including navigation and
other value added applications, may be executed on the MS 104 or other entities (not
shown) of Wireless Communication System 107. In some aspects, the wireless
communication system 107 employs position determination methods to determine the
location of mobile stations without the mobile station performing any position

determination functions.

[0024] The Wireless Communication System 107 also includes Femto Base Stations
(FBS) 116, 116A and 116B. An exemplary three FBS units are illustrated in Figure 1,
but any number and type of re-deployable base stations can be utilized. FBS units can
be configured to transmit (and receive) over a limited coverage area such as within an
apartment, room, area of a building etc. FBS units can also be configured to provide
access to a backhaul network connection for a limited number of MS's 104. For
example, in Figure 1, FBS 116 can be configured to provide access to the backhaul
network only for MS 104, while FBS 116A can be configured to provide service only to
MS 104A and FBS 116B can be configured to provide service only to MS 104B.
Authentication and authorization techniques utilizing encryption with private and/or
public keys are examples of methods of limiting access to a limited number of MS's 104
for certain FBS units 116. In situations where an unauthorized MS 104 attempts to gain
access via an FBS 116, the FBS 116 can send a text message to the unauthorized MS

104, the message stating, for example, "you cannot get service via this FBS."

[0025] The FBS units 116 can communicate with the MS 104 utilizing the same
communication methods as the MS 104 uses to communicate with the base stations 108.
The MS 104 can utilize the same protocol when communicating with the FBS 116 or
the base station 108. Alternatively, the FBS units 116 can utilize a different wireless
protocol for communicating with the MS 104. For example, the MS 104 can utilized a
cellular protocol such as Cdma2000 for communicating with the base stations 108, and
can utilize a short range wireless protocol such as 802.11x or Bluetooth for

communicating with the FBS units 116.

[0026] The FBS units 116 can be configured to communicate with DSL (digital

subscriber line) servers 118, or alternatively with cable TV servers or any other type of
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server providing digital communications capabilities. The DSL servers 118 can be
configured to receive and forward communications from multiple FBS units 116 such as
the server 118 illustrated as communicating with FBS units 116 and 116B. As used
herein, the DSL servers 118 can utilize one or more technologies including, for
example, DSL, ADSL, VDSL, HDSL or other digital subscriber loop technologies.
These technologies may utilize copper lines between a house or office building and a
Central Office, e.g., the so called last mile links serving as a backhaul connection. In

addition, the term DSL can also include cable television lines.

[0027] The DSL servers 118 are connected to a radio network controller (RNC) 120.
The RNC 120 is used to control data being communicated to and from the DSL network
back to the Wireless Communication System 107. The RNC 120 can be the governing
element in, for example a WWAN responsible for control of the base stations 108 (or
Node Bs), that is to say the base stations 108 and FBS's 116 which are connected to the
RNC 120. The RNC 120 carries out radio resource management, and some of the
mobility management functions. The RNC 120 connects to the typically circuit switched
network, e.g., the DSL network, through a Media Gateway (MGW), not shown, and to a
base station controller in a packet switched WWAN.

[0028] The RNC 120, or other network entity such as the DSL server 118, or the FBS
116, can use methods disclosed herein for determining locations of the re-deployable
FBS units 116. When a number of FBS units 116 are installed in close proximity, as
may exist in an apartment building or office building, a small multi base-station cellular
system is created but without the normal consideration for the location of the base
stations. Individual MS's may try to place calls when located in places where the FBS
to which they are associated is not the best FBS 116 (or alternatively a base station 108)
for service. However, as a result of a lack of knowledge of the location of the FBS units
116, handover (HO) may not occur and the performance of the cellular network 107
could be disrupted, or the capacity of the system could be reduced due to creating an
unnecessary amount of interference and excess transmission power. Some calls which
could have been easily supported by the deployed network of the FBSs could be
dropped because of the lack of proper handover capability. Soft HO would also be

impossible under the above mentioned restrictions.
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[0029] The dense deployment of the FBS's 116 and the lack of deployment planning
can benefit from the use of efficient configuration and adjustments algorithms, by the
RNC 120, for example, to minimize the interferences and enable effective handoff
between the FBS 116 and the base stations 108 of the macro cellular network 107.
These algorithms can take advantage of the knowledge of the FBS locations afforded by
the methods and apparatus disclosed herein. In addition, the cellular operator can make

use of accurate FBS location for billing and pricing purposes.

[0030] The Wireless Communication System 107 and the backhaul system including
the DSL Servers 118 and the RNC 120 are simplified examples and are not meant to
portray actual system configurations. For example, all base stations 108 are typically
connected to an RNC such as the RNC 120. However, an RNC that is connected to an
FBS 116 would probably be different from an RNC connected with a base station 108.
In addition, RNC's are typically connected via a backhaul network to central servers.
Further, the PDE 114 is shown as being connected with a single base station 108 in
Figure 1. More typically the PDE 114 will be located in the wireless operator's core
network and be connected to several base stations 108 and/or FBS's 116. There can also
be more than one PDE 114 in a network which are connected to different base stations
108 and/or FBS's 116. A description of exact network topology is not needed to

understand the systems, apparatus and methods described herein.

[0031] Figure 2 is a functional block diagram of an example of a system for locating
the position of a re-deployable base station such as, for example, the FBS unit 116. The
system 200 includes a network controller subsystem 205. The network controller
subsystem 205 may be part of the RNC 120, the DSL server 118 and/or the FBS unit
116. The various modules of the network controller subsystem 205 can be distributed
among one or more of the RNC 120, the DSL server 118 and the FBS unit 116 as well

as other apparatus not shown.

[0032] The network controller 205 includes a receiver module 222 that is configured
to receive data over a network 220. The network 220 can include one or more wireline
and/or wireless networks. In one aspect, the network 220 is a wireline DSL network
and the data received over the network 220 is communicated by one or more of the FBS

116, the DSL server 118 and the RNC 120 as illustrated in the example system 100 of
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Figure 1. In another aspect the network 220 is a wireless network such as the wireless
network 107 and the data received over the network 220 is communicated by one or

more of the MS 104, or other wireless devices not shown.

[0033] The network controller 205 includes one or more processors 224. The
processor 224 can include one or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable gate arrays (FPGAs),
controllers, micro-controllers, microprocessors, electronic devices, other electronic
units, or a combination thereof. The processor 224 is configured to store data received
by the receiver 222 and process and store the data on a memory 226. The memory 226
can be implemented within the processor 224 or external to the processor 224. As used
herein, the term memory refers to any type of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to any particular type of memory

or number of memories or type of media upon which memory is stored.

[0034] The processor 224 is also configured to perform instructions for executing the
methods of a position estimation module 230 and a received signal strength indication
(RSSI) module 232. The modules 230 and 232 can include firmware and/or software
implementations of the methodologies discussed below in reference to Figure 3. In the
case of software implementations, the software code of the modules 230 and 232 can be

stored on the memory 226.

[0035] The position estimation module 230 is configured to determine, based on
various position information received over the network 220, the location of one or more
re-deployable base stations such as, for example, the FBS unit 116 of Figure 1. In one
aspect, the position information comprises position information derived by a MS 104 in
communication with the FBS unit 116, where the MS 104 utilizes one or more SPS or
cellular network based position determination systems. In these aspects, the location of
the FBS can be refined by receiving multiple position information signals from one or
more MS 104 in communication with the FBS 116. For example, a single MS 104 may
be polled multiple times for position information in order to combine the estimates,
possibly resulting in a more accurate position estimation. In addition, multiple MS 104

may be polled and their position information combined to improve accuracy.
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[0036] In another aspect, the position information received and utilized by the
position estimation module 230 comprises information identifying one or more base
stations 108, and/or other FBS units 116 that are within communication range of the
FBS unit 116 being located or within communication range of a MS 104 that is
communicating with the FBS unit 116 being located. In this aspect, a network database
containing locations of static base stations 108 and/or containing recent estimations of
the locations of the re-deployable FBS units 116 can be used to for position estimation
by the position estimation module 230. The base stations being identified need not be
resident to the wireless network 107 that is serving the MS 104 and/or the FBS 116. In
other words, if the MS 104 and/or the FBS 116 is capable of receiving pilot signals from
another wireless network, ¢.g., GSM, TDMA, or others, then the base station identifiers
and locations contained in the appropriate databases can be used for obtaining the

position information.

[0037] In some aspects, the position estimation module 230 can make use of
propagation loss measurements that are determined by the RSSI module 232. The RSSI
module 232 can receive information from the FBS unit 116 indicative of the signal
strength loss that one or more MS 104, base stations 108 or other FBS units 116 are
experiencing in communication with the FBS unit 116 being located. These
propagation loss measurements can be used by the position location module 230 to
further refine the location estimation. Details of methods of utilizing the propagation

loss measurements determined by the RSSI module 232 are discussed below.

[0038] In one aspect, the RSSI module 232 receives information indicative of a signal
power transmitted by the FBS 116 being located and also receives information
indicative of a signal power received at the MS 104 that is communicating with the FBS
116. In this aspect, the difference between the transmitted power and the received
power (less any significant antennae gains, for example) can be used to estimate a

distance between the transmitting and receiving devices.

[0039] The network controller 205 also contains a transmitter module 228 that is
configured to transmit data over a network 240. The network 240 can include one or
more wireline and/or wireless networks. In one aspect, the network 240 is a wireline

DSL network and the data transmitted over the network 240 is communicated by one or
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more of the FBS 116, the DSL server 118 and the RNC 120 as illustrated in the example
system 100 of Figure 1. In another aspect the network 240 is the a wireless network
such as the wireless network 107 and the data transmitted over the network 240 is
communicated to one or more of the MS 104, or other wireless devices not shown. In
one aspect, a request for a position fix of an FBS 116 and/or a MS 104 can be
transmitted over the network 240. Details of functions performed by the various

modules of the network controller 205 will now be discussed.

[0040] Figure 3 is a flowchart illustrating an example of a method for determining a
position of a re-deployable base station. The process 300 can be executed, for example,
on the system 100 or the system 200 of Figures 1 and 2, respectively. For example, the
process 300 can be executed on one or more of the FBS 116, the DSL server 118 and
the RCN 120, or on any other device that has access to the network(s) illustrated in

Figures 1 and 2 respectively.

[0041] In one aspect, the process 300 starts at optional block 310. At block 310, the
system can transmit a position fix command to one or more re-deployable base stations,
¢.g., the FBS units 116, for which a location estimation is desired. Alternatively, the
system can transmit a position fix command to one or more MS 104 that is in
communication with, or in the vicinity of, the FBS 116 for which the location estimation
is desired. For example, the RCN 120, or DSL server 118 can transmit a position fix
command to the FBS 116 which, in turn, can communicate a position fix command to
the MS 104. In another aspect, the FBS 116 and or the MS 104 can be configured to
automatically initiate the position fix process at a pre-determined time and/or interval.
In this aspect, no position fix command needs to be transmitted at the optional block
310. The transmitter 228 of the network controller 205 in Figure 2 can perform the
functions at the optional block 310.

[0042] Once the position fix process has been initiated, either because the position fix
command was transmitted at block 310 or because of predetermined schedule, the
process 300 proceeds to block 320. At block 320, the system receives information
indicative of a position of an MS in communication with the FBS 116. In one aspect,
the information can be the position of the MS 104 that is communicating with the FBS

for purposes of utilizing the backhaul network with which the FBS is connected. In
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another aspect, the information can be related to the identity of a base station 108,
and/or another FBS 116 that may not be directly communicating with the FBS 116, but
is transmitting a pilot signal that can be received by the FBS 116 or the MS 104. In
aspects where the position information received at block 320 identifies another FBS
116, a previous position estimated for that FBS 116, using the process 300, for example,
can be used as an estimate of the other FBS's position (assuming that the other FBS has

not recently been re-deployed).

[0043] In one aspect, the position information received at the block 320 is position
information received from a MS 104 that is configured to receive signals from an SPS
105 such as GPS, AGPS, Galileo and others. In another aspect, the position information
is position information received from a MS 104 that is part of a network based
positioning system. In either of these aspects, the position information obtained at
block 320 locates the MS 104 in a coordinate system of the SPS 105 or the cellular
network positioning system being utilized by the MS 104. In some aspects, the position
information can include error or uncertainty tolerances, also known as dilution of
precision parameters. The receiver 222 of the network controller 205 in Figure 2 can

perform the functions at the block 320.

[0044] Since the position information received at the block 320 is based on the
location of another wireless device other than the FBS 116 being located, a measure
indicative of the propagation loss of a signal between the MS 104 and the FBS 116 is
determined at block 325. The measure indicative of propagation loss can be an
indicator of the distance between the devices in certain situations. In one aspect, the
FBS 116 transmits a signal of a known power level to the MS 104. The MS 104 then
transmits a response to the FBS 116, the response signal containing a received signal
strength indicator (RSSI) measurement. The RSSI is subtracted from the known
transmitted power level to determine the propagation loss. In some aspects the antennae
gain of the FBS 116 and/or the MS 104 can also be subtracted from the transmitted
power level to improve accuracy. For example, if the FBS has an antennae gain of
about 2dB or greater, the antennae gain and RSSI can be subtracted from the transmitted

power level to determine the propagation loss.



WO 2009/017877 PCT/US2008/065160

14

[0045] The propagation loss can be used (see discussion in reference to decision block
335 and Figure 4 below) to determine an estimated distance that the FBS 116 is located
from the MS 104. The propagation loss or the resulting estimated distance between the
MS 104 and the FBS 116 can be used to determine the method used to estimate the
position of the FBS 116, as discussed below. The RSSI module 232 of the network

controller 205 in Figure 2 can perform the functions at the block 325.

[0046] The position of the FBS 116 can be estimated in different ways depending on
the type of position information received at the block 320, and depending on the level
of the propagation loss determined at the block 325. The process 300, for example, can
estimate the position of the FBS 116 using one of the three methods at blocks 340, 345
and 350. In some aspects, two or more of the estimates at the blocks 340, 345 and 350
can be combined to refine the position estimation of the FBS 116. Which estimation
method (or methods) is used, in this example, depends on whether the MS 104 that is in
communication with the FBS 116 has location capability (see decision block 330), and
on whether the propagation loss is greater than a threshold (see decision block 335).
Details of the functions performed to estimate the position of the FBS 116 at the blocks
340, 345 and 350, depending on the results of decision blocks 330 and 335, will now be

discussed.

[0047] At the decision block 330, it is determined whether the MS 104 in
communication with the FBS 116 has position location capability (e.g., based on the
type of position information received at the block 320, in one aspect). Location
capability can be an SPS such as GPS, AGPS and the like, or a cellular network based
system (which may include trilateration and/or SPS portions). If the MS 104 is
determined to have position location capability, the process 300 continues to decision
block 335. If the MS 104 is determined not to have position location capability, the

process 300 continues to block 345. The functions performed
at the block 345 are discussed below.

[0048] In one aspect, if the position information received at the block 320 contains an
estimate of the position of the MS 104, then the process continues to block 335. In

another aspect, the determination, at the decision block 330, of whether or not the MS
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has location capability can include determining the make and model of the MS 104.
This can be accomplished by performing a query of the International Mobile Equipment
Identity or IMEI number of the MS 104. Knowing the IMEI number, the FBS 116 can
look up the capabilities associated with the particular make and model of the MS 104.
In another aspect, a service discovery protocol can be performed between the MS 104
and the FBS 116. The determination block 330 can, in some aspects, be performed
prior to performing the functions at the blocks 310 and 320. In these aspects the
functions performed at the blocks 310 and 320 depend on the position capabilities that
the MS is determined to have.

[0049] Ifitis determined at decision block 330, that the MS 104 has location
capabilities, the process 300 continues to decision block 335. At decision block 335,
the propagation loss determined at the block 325 is compared to a threshold. If the
propagation loss is less than the threshold (an indication that the distance between the
MS 104 and the FBS 116 is small), than the process proceeds to block 340 to estimate
the position of the FBS 116. If the propagation loss is greater than or equal to the
threshold, the process continues to block 350 to estimate the position of the FBS 116.
The estimation functions performed at the block 340 can be simpler than the function

performed at the block 350 since the position of the FBS 116 and the MS 104 are closer.

[0050] The propagation loss threshold value used at the decision block 335 can be
based on one or more models of signal strength loss. Figure 4 is an example set of
curves showing theoretical relationships of distance versus signal loss for a signal
transmitted between a re-deployable base station and a mobile device. Curve 405

depicts an indoor propagation loss model of the form:

LOSS[dB]=50+1dB * R[meters] (D)

where R is the distance between the transmitting and receiving devices. Curve 410

depicts a free space model.

[0051] Since FBS's are typically used indoors, the curve 405 can be used in some

aspects for determining an acceptable propagation loss threshold to be used at decision
block 335. For example, if the threshold at block 335 were about 70 dB, then the curve
405 indicates that the distance between the MS 104 and the FBS 116 could be less than
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about 20 meters. This may be accurate enough for network management purposes.
More accuracy could be obtained by setting the threshold to values of about 60 dB (10
meters), 62 dB (12 meters), 64 dB (14 meters), 66 dB (16 meters), or 68 dB (18 meters).
The threshold could also be set to values equal to about +/- 1 dB of these threshold

values.

[0052] Ifthe FBS 116 to be located is in a free space environment, the curve 410
could be used to determine the threshold. For example, if it is desired that the threshold
correspond to a distance of 20 meters, the threshold could be chosen to be about 64 dB
using curve 410. If more accuracy is desired, the threshold value could be set to about
62 dB (about 16 meters), 60 dB (about 12 meters), or 58 dB (about 10 meters). The
threshold could also be set to values equal to about +/- 1 dB of these threshold values.
In some aspects, the propagation loss models can also be derived to take into account
antennae gains for the MS 104 and/or the FBS 116. In some aspects, the decision block
335 could compare the estimated distance from MS 104 to the FBS 116 to a threshold
and if the distance is less than the threshold, proceed to block 340, otherwise, proceed to

block 350.

[0053] In addition to curves 405 and 410, other path loss models could be used to
determine the threshold used at decision block 335. Path loss models such as Hata
models, for example, could be used for modeling urban settings. Other path loss models
could also be used for determining the propagation loss threshold used at decision block
335. The position estimation module 230 of the network controller 205 in Figure 2 can

perform the functions at t the decision blocks 330 and 335.

[0054] If the MS 104was determine to have location capabilities (at block 330) and if
the propagation loss was determined to be less than the threshold at block 335, the
position of the FBS 116 is determined at the block 340. In one aspect, the location
determined for the FBS at the block 340 is simply the location of the MS 104 that was
received at block 320. This may be adequate if the threshold value used at block 335
equates to transmit distances of about 5 meters, 10 meters, 20 meters, or any other

distance determined to be satisfactory.
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[0055] In one aspect, only one position estimation at block 340 is performed. In
another aspect, the process 300 returns to block 310 to obtain another position fix of the
MS 104 to improve the accuracy of the estimation at block 340. In this aspect, the
propagation losses can be used to determine a radius of uncertainty (equal to the
distance determined by one or more of the propagation models discussed above) that is
drawn around each of the MS positions obtained for each position fix. In this way, the
multiple regions can be used to average (or determine a most likely value) the estimated

positions and thereby improve the confidence in the position estimation of the FBS 116.

[0056] Figure 5 illustrates a simplified example of multiple position fixes and
multiple radii of uncertainty that can be used to determine the position of a re-
deployable base station. The simplified example of Figure 5 utilizes circles, but a more
general method, discussed below in reference to Figure 6, utilizes error ellipses. The
error ellipses can include uncertainties due to dilution of precision as well as an
estimated distance between the MS 104 and the FBS 116. The constellation 500 of
position locations includes three estimated locations 510, 520 and 530 corresponding to
three MS 104 locations. In other embodiments, discussed below, the locations 510, 520
and 530 could also be the locations of other wireless devices such as base stations 108,
FBS's 116 or any other wireless device with location information available to be
obtained (at the block 320 in the process 300). The three locations can be locations of
different MS's, or locations of the same MS obtained at different times, or a

combination thereof.

[0057] For cach of the locations 510, 520 and 530, a propagation loss estimate was
determined at the block 325. These propagation loss estimates can be used to estimate
the distance from the MS 104 to the FBS 116 at each of the positions. In this example,
radii 512, 522 and 532 were determine to be the estimated distances between the MS
104 and the FBS 116 for the positions 510, 520 and 530, respectively. The distances
can be calculated using path loss curves similar to curves 405 and 410 of Figure 4, or
using any other path loss curve deemed to be representative of the environment in which

the devices are located.

[0058] The radii 512, 522 and 532 can be used to draw circles 514, 524 and 534
around the positions 510, 512 and 522, respectively. The circles 514, 524 and 534, in
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this example, all overlap at an area 550 (shown as a cross-hashed) area. Using

trilateration methods, the location of the FBS can be estimated in the area 550.

[0059] The example shown in Figure 5 has a fairly small overlap area 550. However,
in some circumstances, erroneous positions and/or erroneous distance estimations can
result in rather large overlap areas, or even multiple overlap areas, making the position
estimation of the FBS 116, less reliable. In one aspect, additional position fixes can be
performed until a confidence level is reached (e.g., when the overlap area is smaller than
a threshold). Since FBS's are not expected to move frequently, there may be hours, days
or even weeks to calculate a reliable position. Other methods can also be employed to
improve the accuracy of the position estimation of the FBS 116 at the block 340. For
example, for cases where more than one overlap area exists, each overlap area may be
ranked according to the number of measurements that overlap it and the area with the
largest number can be chosen. Also, methods similar to those discussed below in
reference to Figure 6 may be used at the block 340 to include dilution of precision error

estimates (e.g., error ellipses) common to SPS systems.

[0060] For cases where the propagation loss is greater than the threshold at the
decision block 335, the position of the FBS 116 is estimated at the block 350. In
general, the position estimation at the block 350 is more complex than the position
estimation that was performed at the block 345. This is due to the larger uncertainty in
using the position of more distant MS's to estimate the position of the FBS. In one
aspect, the position of the FBS 116 is estimated using two or more positions for one or
more MS's that have been obtained at the block 320. In one aspect, the corresponding
propagation losses determined at the block 325 are used to estimate the distance
between the MS's and the FBS, and the FBS position is estimated using methods similar

to those discussed in reference to Figure 5.

[0061] In another aspect, error ellipses are used to model a position dilution of
precision for the MS positions obtained from SPS's such as GPS, AGPS, WAAS,
GLONASS, Galileo and others. An error ellipse defines a confidence region where the
MS 104 could be located, with the center of the ellipse being the estimated MS 104
position. Error ellipses can be increased in size to achieve a desired confidence level.

For example, a standard error ellipse (having semi-major and semi-minor axes based on
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a single standard deviation) have a 39% probability of containing the MS 104.
Multiplying the semi-major and semi-minor axes by 2.45 results in a 95% probability of

the MS 104 being contained in the error ellipse.

[0062] Figure 6 is an illustration of a method of using multiple instances of mobile
device positions and signal loss measurements for estimating the location of a re-
deployable base station using error ellipses. In the example illustrated in Figure 6, the
error ellipses representing the position dilution of precision is increased by a factor (or a
set of factors) to include the MS 104 to FBS 116 estimated distances between the MS(s)
104 and the FBS 116 being located. In this example, a constellation of 3 position fixes
and corresponding ellipses are illustrated, but the same method could apply using two

positions or more.

[0063] The constellation 600 of position locations includes three estimated locations
610, 620 and 630 corresponding to three MS 104 locations. In other embodiments,
discussed below, the locations 610, 620 and 630 could also be the locations of other
wireless devices for which error ellipses are available to be obtained (at the block 320 in
the process 300). The three locations can be locations of different MS's, or locations of

the same MS obtained at different times, or a combination thereof.

[0064] Each position 610, 620 and 630 is surrounded by an error ellipse 612, 622 and
632, respectively. The error ellipses 612, 622 and 632 represent the confidence regions,
taking into account dilution of precision, for the MS position estimation points 610, 620
and 630, respectively. These dilution of precision error ellipses 612, 622 and 632 are
cach modified based on the estimated distance between the corresponding MS and the
FBS 116 being located. The larger ellipses 614, 624 and 634 represent the addition of
these estimated distances to the dilution of precision error ellipses 612, 622 and 632,

respectively.

[0065] The ellipses 614, 624 and 634 overlap in an area 640. The arca 640 is
common to all the ellipses 614, 624 and 634 is the most likely areca where the FBS 116
is located. Trilateration methods can be used to estimate the FBS position 650 within
the area 640. In one aspect, additional position fixes can be performed until a certain

confidence level is reached (e.g., when the overlap area is smaller than a threshold).
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Since FBS's are not expected to move frequently, there may be hours, days or even
weeks to calculate a reliable position. Other methods can also be employed to improve
the accuracy of the position estimation of the FBS 116 at the block 350. For example,
for cases where more than one overlap area exists, each overlap area may be ranked
according to the number of measurements that overlap it and the area with the largest
number can be chosen. The position estimation module 230 of the network controller

205 in Figure 2 can perform the functions at t the block 350.

[0066] The examples illustrated in Figures 5 and 6 are depicted in two dimensions.
However, the position determination algorithms can be implemented to provide a three
dimensional location. This could be useful when the FBS 116 is located in a high-rise

building including many floors, for example.

[0067] For cases where it is determined at decision block 330 that the MS does not
have position capability (e.g., when a MS is not equipped with position capability, or
when the SPS or network based positioning system is not available), the process 300
proceeds to block 345. At block 345, the positions of standard base stations and/or
other FBS's are used to estimate the position of the FBS 116.

[0068] Cellular networks, such as WCDMA, and CDMA networks, for example,
utilize pilot channels for base stations, including FBS's 116. Pilot channels typically
contain information representing the identity of the base station. In one aspect, the
position information obtained at the block 320 is information identifying the pilot
channels of one or more base stations and/or FBS's being received by a MS 104 that is

in communication with the FBS 116 being located.

[0069] In one aspect, the identity of the base stations can be used to look up the
location of the base stations on a network database. The network database can also
include coverage areas for the base stations. In this aspect the location of the MS can be
estimated, at the block 345, using methods similar to the methods of identifying
overlapping circles and ellipses of Figures 5 and 6 respectively. For example, the points
520, 530 and 540 would be the locations of three base stations for with the MS can
receive pilots. The circle radii 512, 522 and 532 can be chosen to match a coverage arca

contained in the network database. Thus, trilateration methods can then be used to
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estimate the most likely position of the MS in the area 550 shown in Figure 5. In
another aspect, ellipses can be used to represent the coverage areas of the base stations
108. In yet another aspect, the wireless network database uses multiple geometries to
represent the coverage areas and these geometries can be used to estimate the most

likely position of the MS 104.

[0070] After the position of the MS 104 has been estimated, at the block 345, the
position of the FBS can be calculated using methods similar to those discussed above in
reference to the blocks 340 and 350. These methods can make use of the propagation

loss between the MS and the FBS 116 as determined at the block 325.

[0071] The base stations 108 that the MS is receiving pilot signals from, can be base
stations in the cellular network that the MS 104 is communicating in, or the base
stations 108 can be of another network (e.g., another carrier's network that uses a similar
cellular protocol as the MS's home network, or a network that uses a completely
different protocol). In aspects where multiple network's base stations 108 are used, the
network controller 205 that is performing the process 300 could use multiple databases
to determine the base station locations. In these aspects, the information received at the
block 320 would also include network information identifying the network to which the

base stations belong.

[0072] In another aspect, the MS 104 can be in communication with other FBS's 116
and the locations of the FBS's 116 can be used along with or instead of the normal base
station locations. In this aspect, the pilot identification information of the FBS's 116
that the MS 104 is receiving would be received at the block 320. In addition the MS
104would also transmit RSSI (or propagation loss estimates) measurements that could
be used to estimate the distances that the MS 104 is located from the multiple FBS's
116. The locations of the FBS's 116 could be locations that were previously determined
using the method 300. In this aspect, methods similar to those discussed above in

reference to Figures 5 and 6 can be used to estimate the location of the MS.

[0073] For example, using the circle method of Figure 5, the points 510, 520 and 530
represent the locations of 3 FBS's from which the MS 104 receives pilot signals. The
circle radii 512, 522 and 532 could be estimated based on three RSSI/propagation loss
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estimates, one for each FBS 116. The location of the MS 104 could then be estimated
using trilateration methods. After the position of the MS 104 has been estimated, at the
block 345, the position of the FBS 116 can be calculated using methods similar to those
discussed above in reference to the blocks 340 and 350. These methods can make use
of the propagation loss between the MS 104 and the FBS 116 as determined at the block
325.

[0074] In order to avoid identifying base stations that the MS is receiving at different
times, due to motion of the MS 104, for example, the pilot data that is received at the
block 320, should represent pilots that the MS 104 is receiving at approximately the
same time. For example, the MS 104 could attach a time stamp to the pilot data that the
MS transmits to the FBS 116 and is received by the network controller 205 at the block
320. In this way, the network controller 205 could avoid using pilot data that is
obtained at significantly different times. For example, the network controller 205 could
be configured to only use pilots that have a time stamp within one minute of each other.
In this way, the motion of the MS could be limited. Other time ranges, such as 10
seconds, 20 seconds, 30 seconds, 40 seconds, 50 seconds and others could also be used

by the network controller 205.

[0075] The FBS's 116 from which the MS 104 is receiving pilots can include other
FBS's 116 that are not configured to provide access to the backhaul network for the MS
104. The MS 104 is not required to be provided full service by the other FBS's 116, but
only be configured to receive their pilots. Similarly, the other FBS's 116 do not need to
be configured to provide full service to the MS 104. The position estimation module

230 of the network controller 205 in Figure 2 can perform the functions at the decision

block 345.

[0076] A system and method for determining the location of a re-deployable base
station is disclosed. The disclosed system and method allow for accurate determination
of the position of an FBS using position information obtained from a MS that is
communicating with the FBS being located. The position information can include the
location of the MS as estimated using one or more SPS or cellular network based
positioning systems. The position information can also include data identifying pilots

from base stations and/or other FBS's that the MS is receiving. A determination of the
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propagation loss between the MS and the FBS can be used to estimate the distance
between the MS and the FBS. The location of the FBS can then be determined based on
the received position information and the determined distance between the MS and the

FBS.

[0077] The various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be implemented as
electronic hardware, computer software, or combinations of both. To clearly illustrate
this interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in terms of
their functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall
system. Persons of ordinary skill in the art may implement the described functionality
in varying ways for each particular application, but such implementation decisions

should not be interpreted as causing a departure from the scope of the disclosure.

[0078] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), a Reduced
Instruction Set Computer (RISC) processor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative, the processor may be any
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, for example, a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors

in conjunction with a DSP core, or any other such configuration.

[0079] The steps of a method, process, or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, non-volatile memory, ROM memory,

EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a CD-
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ROM, or any other form of storage medium known in the art. An exemplary storage
medium is coupled to the processor such the processor can read information from, and
write information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. Further, the various methods may be performed in the order
shown in the embodiments or may be performed using a modified order of steps.
Additionally, one or more process or method steps may be omitted or one or more
process or method steps may be added to the methods and processes. An additional
step, block, or action may be added in the beginning, end, or intervening existing

clements of the methods and processes.

[0080] The above description of the disclosed embodiments is provided to enable any
person of ordinary skill in the art to make or use the disclosure. Various modifications
to these embodiments will be readily apparent to those of ordinary skill in the art, and
the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the disclosure. Thus, the disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS
WHAT IS CLAIMED I8S:
1. A method comprising:

communicating with a re-deployable base station over a wireline
network, the re-deployable base station being configured to communicate wirelessly
with a mobile station, the mobile station being configured to communicate wirelessly
with the re-deployable base station;

obtaining information indicative of a position of the mobile station; and

estimating a position of the re-deployable base station based on the

obtained position information.

2. The method of claim 1, further comprising:

determining a propagation loss between the mobile station and the re-
deployable base station; and

estimating the position of the re-deployable base station based on the

propagation loss.

3. The method of claim 1, wherein the obtained position information
comprises an estimated position based on one or more of a satellite based position

system, and a position system of the wireless network.

4 The method of claim 3, wherein the obtained position information
further comprises a plurality of position and dilution of precision estimations for the
mobile station, the plurality of position and dilution of precision estimations being
obtained at different times, the method further comprising estimating the position of the
re-deployable base station based on the plurality of position and dilution of precision
estimations.

5. The method of claim 1, wherein the obtained position information
comprises information identifying one or more base stations of a first wireless network
that the mobile station receives pilot signals from, the method further comprising:

obtaining position information associated with positions of the one or

more base stations; and
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estimating the position of the re-deployable base station based on the

positions of the one or more base stations.

6. The method of claim 5, wherein at least one of the one or more
base stations that the mobile station receives pilot signals from is another re-deployable

base station.

7. The method of claim 5, wherein the one or more base stations
comprise at least one base station operating in a second wireless network, the second

wireless network being a different wireless network than the first wireless network.

8. The method of claim 5, wherein the obtained position information
comprises information identifying two or more base stations of the first wireless
network that the mobile station receives pilot signals from, the method further
comprising:

determining areas of coverage for the two base stations; and

estimating the position of the re-deployable base station based

additionally on the areas of coverage.

9. The method of claim 1, further comprising:
issuing a position fix command to the mobile station; and
obtaining the position information subsequent to issuing the position fix

command.

10. The method of claim 1, wherein the re-deployable base station is

further configured to provide service to a restricted number of mobile stations.

11. A network controller comprising:

a receiver configured to communicate with a re-deployable base station
over a wireline network, the re-deployable base station being configured to
communicate wirelessly with a mobile station, the mobile station being configured to
communicate wirelessly with the re-deployable base station;

a processor coupled to the receiver and configured to obtain information

indicative of a position of the mobile station; and
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a position estimation module coupled to the processor, the position
estimation module configured to estimate a position of the re-deployable base station

based on the obtained position information.

12. The network controller of claim 11, further comprising a received
signal strength indicator module configured to determine a propagation loss between the
mobile station and the re-deployable base station, wherein the position estimation
module is further configured to estimate the position of the re-deployable base station

based on the propagation loss.

13. The network controller of claim 11, wherein the obtained position
information comprises an estimated position based on one or more of a satellite based

position system, and a position system of the wireless network.

14 The network controller of claim 13, wherein the obtained position
information further comprises a plurality of position and dilution of precision
estimations for the mobile station, the plurality of position and dilution of precision
estimations being obtained at different times, the position estimation module being
further configured to estimate the position of the re-deployable base station based on the
plurality of position and dilution of precision estimations.

15. The network controller of claim 11, wherein the obtained position
information comprises information identifying one or more base stations of a first
wireless network that the mobile station receives pilot signals from, wherein the
processor is further configured to obtain position information associated with positions
of the one or more base stations, and the position estimation module is further
configured to estimate the position of the re-deployable base station based on the

positions of the one or more base stations.

16. The network controller of claim 15, wherein at least one of the
one or more base stations that the mobile station receives pilot signals from is another

re-deployable base station.

17. The network controller of claim 15, wherein the one or more base

stations comprise at least one base station operating in a second wireless network, the
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second wireless network being a different wireless network than the first wireless

network.

18. The network controller of claim 15, wherein the obtained position
information comprises information identifying two or more base stations of the first
wireless network that the mobile station receives pilot signals from, the position
estimation module being further configured to determine areas of coverage for the two
base stations, and estimate the position of the re-deployable base station based

additionally on the areas of coverage.

19. The network controller of claim 11, further comprising a
transmitter configured to issue a position fix command to the mobile station, and
wherein the processor is further configured to obtain the position information

subsequent to issuing the position fix command.

20. The network controller of claim 11, wherein the re-deployable
base station is further configured to provide service to a restricted number of mobile

stations.

21. A network controller comprising:

means for communicating with a re-deployable base station over a
wireline network, the re-deployable base station being configured to communicate
wirelessly with a mobile station, the mobile station being configured to communicate
wirelessly with the re-deployable base station;

means for obtaining information indicative of a position of the mobile
station; and

means for estimating a position of the re-deployable base station based

on the obtained position information.

22. The network controller of claim 21, further comprising means for
determining a propagation loss between the mobile station and the re-deployable base
station, wherein the means for estimating estimates the position of the re-deployable

base station based on the propagation loss.
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23. The network controller of claim 21, wherein the obtained position
information comprises information identifying one or more base stations of a first
wireless network that the mobile station receives pilot signals from, the means for
obtaining obtains position information associated with positions of the one or more base
stations, and the means for estimating estimates the position of the re-deployable base

station based on the positions of the one or more base stations.

24. The network controller of claim 23, wherein the obtained position
information comprises information identifying two or more base stations of the first
wireless network that the mobile station receives pilot signals from, the means for
estimating determines areas of coverage for the two base stations and estimates the

position of the re-deployable base station based additionally on the areas of coverage.

25 A computer readable medium encoded with computer executable
instructions for executing a method, the method comprising:

communicating with a re-deployable base station over a wireline
network, the re-deployable base station being configured to communicate wirelessly
with a mobile station, the mobile station being configured to communicate wirelessly
with the re-deployable base station;

obtaining information indicative of a position of the mobile station; and

estimating a position of the re-deployable base station based on the

obtained position information.

26. The computer readable medium of claim 25, further comprising
instructions for:

determining a propagation loss between the mobile station and the re-
deployable base station; and

estimating the position of the re-deployable base station based on the

propagation loss.

27. The computer readable medium of claim 25, wherein the obtained
position information comprises information identifying one or more base stations of a
first wireless network that the mobile station receives pilot signals from, the computer

readable medium further comprising instructions for:
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obtaining position information associated with positions of the one or

more base stations; and

estimating the position of the re-deployable base station based on the

positions of the one or more base stations.

28. The computer readable medium of claim 27, wherein the obtained
position information comprises information identifying two or more base stations of the
first wireless network that the mobile station receives pilot signals from, the computer
readable medium further comprising instructions for:

determining areas of coverage for the two base stations; and

estimating the position of the re-deployable base station based

additionally on the areas of coverage.

29. A method of locating a re-deployable base station, the re-
deployable base station being part of a wireless network and being configured to
provide service to a limited number of mobile stations, the method comprising:

transmitting a position fix command to one of the mobile stations;

subsequent to transmitting the position fix command, receiving
information indicative of a location of the mobile station,;

determining an indication of an amount of propagation loss between the
mobile station and the re-deployable base station; and

estimating the position of the re-deployable base station based on the

received information and the determined propagation loss.
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