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(57) ABSTRACT

The system and method uses a one or more pilot beacons to
more accurately locate the position of an indoor mobile
device. Modulation and level control of the co-pilot beacons
provides a third dimension, z-axis, of positioning. An aug-
mented Position Determining Entity (“aPDE”) can be used
which does not modify the existing PDE in the network, and
facilitates and ensures high-integrity information during a 2D
to 3D positioning upgrade.
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PILOT BEACON SYSTEM FOR INDOOR
POSITIONING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Applicationis a Divisional of U.S. patent appli-
cation having Ser. No. 13/623,133, filed Sep. 20, 2012 which
claimed priority from a U.S. Provisional Patent Application
having Ser. No. 61/626,819 filed Oct. 3, 2011, the contents of
which are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

[0002] This invention relates generally to locating the posi-
tion of a cellular handset. More particularly, its relates to
using a pilot beacon system to locate the position of an indoor
handset.

BACKGROUND OF THE INVENTION

[0003] Ithas become common when using a cellular hand-
set or smart-phone to have the capability to accurately locate
the position of the cellular device. Positioning is required
during a 911 emergency call, and for the use of location-
aware software applications (LASA), e.g. navigation and
location-targeted advertising. Cellular location technologies
use one or more of a variety of methods, including Uplink-
Time Difference of Arrival (U-TDOA) for GSM networks,
Advanced Forward Link Trilateration (AFLT) for CDMA
networks, and handset-based Global Positioning System
(GPS) or Assisted GPS (A-GPS) in any type of cellular net-
work to determine the location of the handset.

[0004] The number of indoor repeater applications has
increased greatly in the last several years (and should con-
tinue to expand unabated), but today’s public safety sensitive
environment has highlighted a shortcoming of these designs.
Although the increased indoor wireless coverage has proved
to be a boon for the wireless customer from both a value of
service and safety standpoint, recent gains in location ser-
vices for both navigation and public safety have left indoor
applications as position location holes.

[0005] Inindoor applications, the normal methods used for
location determination direct reception of GPS by the mobile
station or triangulation using the signals from multiple base
stations) do not work. Signals from the GPS system are suf-
ficiently weak that even if the mobile station’s GPS receiver
might ultimately be able to lock on to the satellites, the acqui-
sition time will be too long. Furthermore, indoor service is
typically provided either by a single strong local cell, distrib-
uted within the building, or by using a repeater, so there are
not multiple signals on which to triangulate. Repeaters tend to
exacerbate the problem due to inherent delays which facilitate
erroneous triangulation coordinates. In addition, repeater sig-
nals are significantly stronger than macro network leakage
signals, thus reducing the capability of receiving macro posi-
tion signals.

SUMMARY OF THE INVENTION

[0006] It has been recognized that there is art existing,
well-known problem of positioning wireless calls made
indoors, due to the lack of GPS, and the presence of a Dis-
tributed Antenna System. Co-Pilot Beacons of the present
invention are deployed with PNs chosen from nearby sectors
of the macro network and will provide improved accuracy
while simplifying installation of E911 and Location Based
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Services for indoor positioning, when a Distributed Antenna
System is present in the building(s), or when a repeater is used
with a single stand-alone server antenna.

[0007] Modulation and level control of the Co-Pilot bea-
cons of the present invention is also described herein and
provides a third dimension, z-axis, of positioning. 3D posi-
tion is not currently implemented in E911 position reporting.
An augmented Position Determining Entity (“aPDE”) is dis-
closed herein that does not modify the existing PDE in the
network. This new PDE, or aPDE, facilitates and ensures
high-integrity information during a 2D to 3D positioning
upgrade, includes the z-axis in position information which is
reported to the Public Safety Answering Point (“PSAP”). The
X-Y position information is provided by the existing PDE and
location server, while the floor number and altitude informa-
tion is provided to the PSAP separately by the new z-axis
aPDE, using the Co-Pilot Beacon transmitted signal informa-
tion of the present invention. The aPDE also enhances the
X-Y position accuracy.

[0008] Ina 2D outdoor to 2D indoor upgrade (i.e. without
3D) no change is required to the existing infrastructure, data-
bases, or handsets to facilitate an improved E911 position fix
to the PSAP. Location Based Services (“LBS”) positioning
requirements are similarly enhanced without modification to
the existing network. The present invention also provides art
important ease of upgrade capability. The enhanced indoor
positioning may be implemented with little to no involvement
of the wireless carrier, other than permission to transmit and
aroyal of network equipment. The Co-Pilot Beacon methods
disclosed herein may be applied to any positioning technol-
ogy that uses handset-based downlink measurements, includ-
ing, but not limited to, LTE time difference of arrival mea-
surements using 3GPP standardized Positioning Reference
Signals.

[0009] Applicants own work, U.S. patent application Ser.
No. 13/009,803, (filed Jan. 19, 2011) published as Publica-
tion No. 2011/0177827 is hereby incorporated by reference.
The present invention provides numerous improvements over
the methods and apparatus disclosed therein.

[0010] One aspect of the present invention is a method for
determining the location of a wireless handset in a building,
comprising: providing one or more pilot beacons comprising
PN offsets and associated location information, wherein the
pilot beacons are located inside a building; providing a macro
network comprising a plurality of PN codes with PN offsets
and associated location information; providing an existing
PDE comprising output fix files; providing art augmented
PDE comprising output fix files; determining the HEPE ofthe
existing PDE output fix file; determining the HEPE of the
augmented PDE output fix file; comparing the HEPE from the
existing PDE output fix file with the HEPE from the aug-
mented PDE output fix file; and determining whether the
HEPE from the augmented PDE output fix file should be used
as the position fix for use in locating a wireless handset in a
building.

[0011] One embodiment of the method for determining the
location of a wireless handset in a building further comprises
the step of moditfying the PN offsets of the pilot beacons.
[0012] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of moditying comprises adjusting the power level.

[0013] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of moditying comprises adjusting the amplitude.
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[0014] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of modifying comprises adjusting the time modulation.
[0015] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the
existing PDE output fix file comprises x-y coordinate infor-
mation.

[0016] Another aspect of the present invention is a method
for determining the location of a wireless handset in a build-
ing, comprising: providing one or more pilot beacons com-
prising PN codes with PN offsets and associated location
information, wherein the pilot beacons are located inside a
building; providing a macro network comprising a plurality
of PN codes with EN offsets and associated location infor-
mation; providing a PDE comprising output fix files; modi-
fying the PN offsets of the pilot beacons; and determining
front the PDE output fix file the position fix for use in locating
a wireless handset in a building.

[0017] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of modifying comprises adjusting the power level.

[0018] Oneembodiment ofthe method, for determining the
location ole wireless handset in a building is wherein the step
of modifying comprises adjusting the amplitude.

[0019] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of modifying comprises adjusting the time modulation.
[0020] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the
existing PDE output fix file comprises x-y coordinate infor-
mation.

[0021] One embodiment of the method for determining the
location of a wireless handset in a building is wherein the step
of moditying comprises mimicking the PN offsets of the
macro.

[0022] One embodiment of the method for determining the
location of a wireless handset in a building further comprises
providing a wireless handset configured to receive and to
transmit information for use by the PDE in locating a wireless
handset in a building.

[0023] These aspects of the invention are not meant to be
exclusive and other features, aspects, and advantages of the
present invention will be readily apparent to those of ordinary
skill in the art when read in conjunction with the following
description, appended claims, and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing and other objects, features, and
advantages of the invention will be apparent from the follow-
ing description of particular embodiments of the invention, as
illustrated in the accompanying drawings in which like ref-
erence characters refer to the same parts throughout the dif-
ferent views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the invention.

[0025] FIG. 1 shows an embodiment of the method and
system to locate the position of an indoor handset using
co-pilot beacons of the present invention.

[0026] FIG. 2 shows anembodiment of the augmented PDE
of the present invention.

[0027] FIG. 3 shows an embodiment of the method and
system to locate the position of an indoor handset using
co-pilot beacons of the present invention.
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[0028] FIG. 4 shows anembodiment of the augmented PDE
of the present invention.

[0029] FIG. 5 shows an embodiment of the method and
system using co-pilot beacons of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The Co-Pilot Beacons (“CPB”) of the method and
system of the present invention provide a location based
solution for simulcast CDMA Distributed Antenna Systems
(DASs). The present invention improves location accuracy of
cell phones and wireless devices outdoors and within build-
ings. Several facilities that can benefit from this solution
include, but are not limited to, college campuses, hospitals,
malls, stadiums warehouses and mid-sized to large office
environments seeking to improve public safety or location
based services (LBS) by enhancing cell phone location deter-
mination.

[0031] Inoneembodiment of the present invention, placing
Co-Pilot Beacons in selected locations enables the mobile
devices to quickly and reliably receive fixed position refer-
ences that allow the network to determine a handset or cell
phone’s specific position. This information can then be used
to aid the GPS receiver in acquiring signals, if they are
present, or it can be used directly as a position report until
more accurate information becomes available. Position is
used herein to describe information including, but not limited
to, latitude, longitude, altitude, and the like, whereas location
is used to represent a street address, or some other form of
geographic identification (e.g. 33 North Commercial Street).
[0032] One embodiment of the system and method of the
present invention provides an augmented PDE with low
delay. A PDE is a Position Determination Entity that uses
reported device measurements to calculate a position fix. The
present invention also provides pilot beacons used for indoor
ranging by augmenting a PDE fix file with an algorithm that
uses the PDE output fixes to calculate the position of an
indoor handset.

[0033] Referring to FIG. 1, pilot beacons are used in the
indoor space and use PN codes of the macro (e.g. PNA, PNB,
PNC, PND, PNH, PNI, PNJ) to differentiate between PNs E,
F, and G, which may propagate into the building. These pilot
beacon PNs may re-use the macro PN (i.e. from the outdoor
network) and have Tau value settings that may produce the
position values expected if the real PNs were propagating into
the building. The Tau is the hardware delay that is set into the
pilot beacon signal. The actual overall delay includes the
delay associated with signal propagation.

[0034] Tau (), or Timing Offset or Delay Adjustment, is
the timing of the downlink signal required to be aligned with
the EST as it is transmitted from the antenna in CDMA, Tau
allows the timing of the internal PN Sequence to be adjusted
to compensate for the delays of the base station hardware such
that the timing will be correct at the antenna. EST, or Even
Second Tick, in the CDMA cellular system is used to ensure
that all time values are referenced to the start of the even
seconds of time as indicated by GPS, CDMA, or Code Divi-
sion Multiple Access, is a digital wifeless technology. It is a
general type of technology, implemented in many specific
technologies, but the term “CDMA” is also commonly used
to refer to one specific family of technologies (IS-95 and
CDMA2000). Other wireless communication technologies
known to those of skill in the art are also contemplated.
[0035] PN, or Pseudo random Number, is a number chosen
by an algorithm that approximates a random process. A PN



US 2016/0274214 Al

Number in the CDMA system is a subset of the possible PN
Offsets that are used for base station identification. Each of
these allowed offsets are given a unique number from 0 to
511. A PN Offset is the same as PN Number. A PN Sequence
is the coded repetitive signal time sequence developed for use
as a pilot signal. The PN Sequence signal is offset in time
from a time reference by the PN offset. For example, PNO has
zero offset, PN1 has 52.08333 microseconds offset, etc., all
offsets of the same underlying repetitive code, the PN
sequence.

[0036] An augmented PDE (“aPDE”) is placed into the
existing system with knowledge of the various PNs and their
respective locations. The aPDE calculates front the PDE fix
file the estimated location of the handset or smartphone, aslo
referred to as devices or user equipment, and compares the
Horizontal Estimated Position Error (“HEPE”) to the HEPE
of the fix provided by the aPDE. If the HEPE of the aPDE is
less than the HEPE of the PDE, then the aPDE estimate is
used as the position fix and is sent to the location database as
the information to he used by the PSAP for E911 location.
The information sent may also include handset measure-
ments, delays, signal strength, and the like. Handset identifi-
cation is required to be sent by the aPDE, as it is sent with the
PDE, so the position fix will be associated with the particular
handset being positioned.

[0037] Referring to FIG. 2, there are several advantages of
the system and method of the present invention. First, there
are no changes required to the main PDE for indoor location
fixes. The system and method of the present invention may
run in parallel to the main PDE. Second, no additions are
required to the Base Station Almanac of the PDE or the Base
Station geographic database to account for the Pilot Beacon
PNs. Furthermore, PNs will not be exhausted, if alternatively,
new PNs are required. Third, three-dimensional positioning
algorithms may be added to the PDE. Lastly, no access to the
existing PDE source code or algorithms is required as the fix
file and other output files are the interface, allowing new
algorithms to be developed, used, and tested without risking
a change to the main PDE algorithm.

[0038] Other advantages of the system and method of the
present invention include pilot beacon PNs that have Tau
offsets set early so that handsets will report these pilot bea-
cons rather than the distant PNs of the macro, which arrive
later. Macro signals may arrive several microseconds after
their transmission, while beacon signals may arrive tens of
nanoseconds after they are transmitted. Tau values may also
be set in a fractional sense, to provide additional resolution in
identifying PNs. For example, Pilot Beacons 1 and 2, as seen
in FIG. 1, may have the same PN, with different offsets for
differentiation when Pilot Beacon 1 and Pilot Beacon 2 can-
not be commonly received. For example, Pilot Beacon 1 may
be offset by a Tau value that results in a position fix at the
location of one entrance of the building, while Pilot Beacon 2
may he offset by a Tau value that results in a position fix at the
location of a different entrance to the building. When they
cannot be simultaneously received, the device will report the
position desired for the associated beacon. When signals from
beacons are simultaneously received by the device, other
methods may be used for differentiation, including modula-
tion of the signal, as described herein.

[0039] Referring to FIG. 3, the present invention provides
three-dimensional position determination using amplitude
variable co-PN pilot beacons. In one embodiment, all PNs
transmitted by beacons in the building “mimic” the macro
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PNs. The Tau values are set so that they cause Advanced
Forward Link Trilateration (“AFLT”) fixes and these fixes
position a handset at a building’s latitude and longitude.
AFLT is a type of handset-based positioning technology.
Unlike A-GPS, AFLT does not use GPS satellites to deter-
mine position. To determine position using AFLT, the device,
e.g. smart phone, makes handset measurements of signals
from nearby cellular base stations (towers) and reports the
time (as a result of distance) measurements hack to the PDE,
which are then used to triangulate an approximate location of
the handset. In general, at least three surrounding base sta-
tions’ signals are required to get an optimal position fix.
[0040] One embodiment of the present invention uses an
aPDE to more accurately locate the position of a device. In
another embodiment of the present invention, the existing
PDE may be used. In yet another embodiment of the present
invention, an entirely new PDE may be used. The entirely new
PDE requires access to certain measurements made within
the handset chipset. The new PDE also needs to receive pro-
prietary measurements from the device. The PDE receives
measurements that are reported by the PDE.

[0041] In one embodiment, an application running on the
handset may be used to interrogate the values of the power
levels of the received PNs, if available. The relative levels,
and absolute levels, of these PNs may he used to determine
the proximity of the handset to an antenna on a particular
floor, as show in Table 1. for example, P,, may be +3 dB
stronger then P, P, may be =3 dB weaker than P, and P*3
may be equal in power to Pg;. After determining relative
power levels across PNs the handset is able to determine the
correct floor.

TABLE 1
Floor 1 PNs Floor 2 PNs Floor 3 PNs
Macro Macro Macro

PN Tau  Ampl PN Tau Ampl PN Tau Ampl

A T4 Pa A T4 Po A T4 P

B Tz Pz B Tz Pgy B Tz Pps

C T P C T Po C T Po

D o Ppy D o P D o Pps
[0042] Inanother embodiment of the present invention, the

handset may be interrogated to determine the time delay of
the pilot signal, and the PDE may be used together with a
handset to determine the position of the building, using AFLT,
or other delay measuring algorithms. The levels of the PNs
reported by the handset may be used to determine the floor
that the handset is located on. In other words, if Tau measure-
ments establish that the handset is in the building, P, and P,
measurements may be compared to determine the floor that
the handset is on.

[0043] In one embodiment of the present invention, the
existing PDE in the system that uses AFLT for position deter-
mination may be augmented by an additional 3D, or z-axis
PDE. In one embodiment, the device or handset contains an
application to allow measurements of the relative levels of the
pilot beacons. The application is used in conjunction with an
aPDE to determine the z-axis. This may be done 1) with a
handset application, 2) without a need for a resident handset
application, or 3) the aPDE may be used to establish only the
z-axis. In this mode, the aPDE does not need to establish the
x-y location since that step is supplied by the existing PDF.
The system and method of the present invention provides a
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relatively straight forward augmentation of 3D position onto
existing PDE, with high-integrity. High intensity means that
changes to the network, e.g. the removal of a beacon, are
known, as opposed to systems that do not control beacons,
e.g. Wi-Fi.

[0044] Another advantage ofthe aPDE ofthe present inven-
tion is that all the files that are used for fixes in the existing
PDE do notneed to be made available to the new PDE. The fix
files are not needed it the new PDE. The Tau values are set
during installation, and/or when changes are made to the
network. The aPDE uses an output file from the existing PDE.
The new PDE, on the other hand, uses device measurements
themselves and creates new PDE files. Advantages of the use
of one system over the other depend on the availability of
output files and measurements.

[0045] The integrity of the overall system is further ensured
by using devices labeled “R” in FIG. 3. These off-air receiv-
ers, or handsets, (“R”) are used to monitor the integrity of the
transmitted signals from the macro, and/or pilot beacons. Ifa
macro PN change occurs, the “R” device may be used to
establish new Tau values for the pilot beacons. Alternatively,
ortogether with “R,” a handset may he used to make test calls
to determine location, followed by any Tau value changes if
and when they are needed.

[0046] For example, an application running on a device,
e.g. a smartphone may use device measurements, together
with an existing PDE; to determine the position of the device.
If the macro network has changed, the position will be
reported correctly using measurements of the macro signals.
However, the measurements will have errors when reporting
measurements made on pilot beacons which have not been
corrected to account for the change in the macro. This differ-
ence can be used to correct the pilot beacon settings, by using
a device application that reports the changed PN offset, for
example. One example of such an application is a known PN
scanner.

[0047] A BTS, or base transceiver station, is a unit that
facilitates wireless communication between a handset and the
carrier station. In the non-repeater deployment, the Distrib-
uted Antenna System (DAS) is coupled to a base station
directly using coax or fiber optic cable, for example, a wire-
less provider may install a base station in the basement of a
building to feed the DAS in the building.

[0048] In one embodiment, the power levels P, Pg,, P,
P,,,, may be chosen to provide coding gain and sensitivity
improvement for floor detection. For example, orthogonal
codes may he placed on each pilot beacon (e.g. Welsh codes).
See Table 2, below, where L is the nominal required level of
all PNs. The =1 dB level may be changed to accommodate the
level detection resolution of the handsets. For example, +2 dB
may be required to ensure detection for a larger number of
floors, pilot beacons may be placed one per floor with PN
levels using a binary code. In one embodiment of the present
invention, 15 floors may be encoded using four PNs, 0000 and
1111 cannot be discerned, generally, because absolute PN
measurements are not as accurate as relative levels.

TABLE 2
PN, Level PN Level PN Level PN Level
Floor 4 L-1dB L-1dB L-1dB L-1dB
Floor 3 L-1dB L+1dB L-1dB L+1dB
Floor 2 L-1dB L-1dB L+1dB L+1dB
Floor 1 L-1dB L+1dB L+1dB L-1dB
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[0049] Incertain embodiments of the present invention, the
PN signals are generated digitally in a field-programmable
gate array (“FPGA”) and transmitted over an antenna. There-
fore, the relative PN levels will be retained and used in detect-
ing handset location. Additional floors may be encoded using
more PNs, or using multi-level codes or both (e.g. -2 dB, -1
dB, 0 dB, +1 dB, +2 dB per PN).

[0050] Inanother embodiment of the present invention, the
level of individual PNs may also be time-modulated. Floors,
buildings or other information may be encoded by varying the
amplitude of a PN code, and measuring several samples of the
PN level. In one embodiment, a PN may have a +2 dB ampli-
tude for T=0to 2 sec, and have a -2 dB amplitude for T=2 to
4 sec, a +2 dB amplitude for T=4 to 6 sec, and so on. This
represents a coded message 1, 0, 1. A second PN may have a
sequence opposite to this, i.e., 0, 1, 0. Other codes are also
possible, e.g. 1, 1,0 and 0, 0, 1 and the like. Thus, using two
PN s and three time slots, eight distinct messages may be
encoded. In other embodiments, time varying PNs may be
mixed with statistically chose PNs to further increase the
number of codes.

[0051] The method and system of the present invention
provides for pilot selection in co-pilot beacon systems. As
described previously, pilot beacons have their PN set based
on expected macro pilots in a building or other indoor loca-
tion. These PNs may be distant PNs, or may be close PNs. If
aclose PN not applied to a beacon, the accuracy of a fix from
a macro PN may be adequate and not require the use of a
beacon PN on that particular macro PN. For example, if PNs
E, F, and G, as shown in FIG. 1, propagate adequately into the
building, then an AFLT fix may be obtained by the PDE
without requiring the use of an aPDE. In general, the more
PNs that must be transmitted in the building, the higher the
cost and the higher the interference. It is important then to
determine carefully winch PN to transmit. In the system as
seen in FI1G. 1, if PNs E, F, and G do not have adequate power
to provide a good fix, then PNs E, F, and G should be added to
the transmitted beacon signals in the building.

[0052] Pilot beacons of the present invention may be used
in several ways. PNs of close-in macro sites can be used to
improve AFLT, using the existing PDE. PNs of distant sites,
with correct Tau and levels can be used to identify position
within a building, using an aPDE, or a modified PDE. PNs
with a signal coded to provide additional identification that
the signal originated from a pilot beacon, and not the macro
network can also be used. In another embodiment of the
present invention, any of the PNs transmitted by pilot beacons
may also be modulated to identify them as pilot beacons.
[0053] In certain embodiments of the present invention,
PNs from distant sites are set with Tau values that do not
correspond to the macro’s expected Tau values. When doing
this, the aPDE may be used, since the existing PDE will not
generally report these PNs as AFLT fixes due to large errors
arid low weighting. The aPDE then has the capability to use
the signal strength of these outlying PNs, re-used on beacons,
to determine 3D position of a handset or device within a
building.

[0054] It is somewhat more difficult to use AFLT with the
existing PDF to determine position within a building because
AFLT resolution is approximately 10 meters, and AFLT reso-
Iution is based on the distance to macro sites which may
contain multipath components. In one embodiment of the
present invention, an augmented PDE may be used with mea-
surements of the signal strength of the distant PNS to deter-
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mine the fine-positioning within a building. It is not a require-
ment that the Tau values of the distant PNs be exactly equal to
the expected values from line of sight propagation. In prac-
tice, the existing PDE corrects for errors due to system
deployment, for example, base station Tau setting errors. Pilot
beacon offsets need to account for these macro offsets to
provide accurate position fixes. In certain embodiments, the
Taus may be set to provide a better AFLT fix as compared to
that of the existing PN. In other embodiments, an aPDE or an
existing PDE may be used with a handset resident application
that interrogates registers to perform direct measurements.
[0055] Referring to FIG. 4, the system and method of the.
present invention uses a combination of PNs that are close and
far. The handset application interrogates PHY registers in the
handset chipset providing measurements of each PN, level,
and delay. These measurements are used together with the
PDE output file, optionally, to establish a position estimate.
For example, PN signal strength may be determined by the
handset application and used by the aPDE for signal-strength-
based ranging and positioning. In general, PNs must be on the
neighbor list of the serving PN to be scanned by the handset
PHY layer. This provision depends on the handsets’ algo-
rithm for increasing code search speed.

[0056] Themethod and system of the present invention also
provide for embedded pilot beacons. In certain embodiments,
positioning pilot beacons may be embedded in the remote
units of digital DAS. In a DAS that uses digital processing, it
is advantageous to combine the signal processing that gener-
ates multiple pilot signals with the processing in the remote
traffic signals. This allows separate PNs and modulations, if
present, to be placed on each remote, thus enhancing posi-
tioning resolution. Normally, an embedded field-program-
mable gate array (“FPGA”) or application-specific integrated
circuit (“ASIC”) in the remote will incorporate the processing
necessary to perform the functions required by the pilot bea-
con transmitters.

[0057] In certain embodiments of the present invention
with a distributed antenna system (“DAS”), pilot beacons
may be injected into the antenna. The level of the pilot beacon
power may be set by a measurement of the traffic pilot, or
pilots, carried by the DAS. If the traffic pilot reduces in power,
there is a possibility that the pilot beacon will be an interfer-
ence source. Therefore, pilot beacon power may be reduced,
to prevent interference.

[0058] Incertain embodiments of the present invention, the
timing of pilot beacons is carried by a signal distributed to the
pilot beacons over coax, Ethernet, optical fiber, and the like.
The 0.5 pulse-per-second signal is modulated onto a carrier
and transmitted to the remote units and/or pilot beacons to be
demodulated. Dispersion in the media then can have less
impact on time accuracy, as compared to timing transmitted at
baseband.

[0059] Referring to FIG. 5, connection from A to B may be
over a dedicated CAT 5/6 cable carrying a modulated RF
signal. In one embodiment, management of the pilot beacon
may be done over a dedicated CAT 5/6, or shared with a
timing signal. In some embodiments, pilot beacons may be
embedded in a repeater. Digital repeaters process signals and
provide filtering, usually in a field-programmable gate array
(“FPGA™).

[0060] A pilot beacon with multiple PNs may be imple-
mented in the repeater digital processing. In another embodi-
ment, the monitor capability shown in FIG. 3 may be imple-
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mented within the repeater’s digital processing. In some
embodiments of the present invention, an RF off-air signal is
received, PNs and their levels and/or delays are determined,
and the measurements are used to se the PN, levels, and Taus
of the associated mimicking pilot beacons may be automati-
cally updated in a similar way. A PN scanner may be used to
determine that a change has occurred and corrections are
applied to the pilot beacon settings. In one embodiment, the
mimicking pilot beacons described herein may be used
together with conventional pilot beacons, together with those
that use new unassigned PN offsets, and together with those
that are included in the macro database.

[0061] While the principles of the invention have been
described herein, it is to be understood by those skilled in the
art that this description is made only by way of example and
not as a limitation as to the scope of the invention. Other
embodiments are contemplated within the scope of the
present invention in addition to the exemplary embodiments
shown and described herein. Modifications and substitutions
by one of ordinary skill in the art are considered to be within
the scope of the present invention.

What is claimed:

1. A method for determining the location of a wireless
handset in a building, comprising:

providing one or more pilot beacons comprising pseudo-

random number (“PN”’) codes with PN offsets and asso-
ciated location information, wherein the pilot beacons
are located inside a building;

providing a macro network comprising a plurality of PN

codes with PN offsets and associated location informa-
tion;

providing an existing Position Determination Entity

(“PDE”) comprising output fix files;
providing an augmented PDE comprising output fix files;
determining the Horizontal Estimated Position Error
(“HEPE”) of the existing PDE output fix file;
determining the HEPE of the augmented PDE output fix
file;
comparing the HEPE from the existing PDE output fix file
with the HEPE from the augmented PDE output fix file;
and

determining whether the HEPE from the augmented PDE

output fix file should be used as the position fix for use in
locating a wireless handset in a building.

2. The method for determining the location of a wireless
handsetin a building of claim 1, further comprising the step of
modifying the PN offsets of the pilot beacons.

3. The method for determining the location of a wireless
handset in a building of claim 2, wherein the step of modify-
ing comprises adjusting the power level.

4. The method for determining the location of a wireless
handset in a building of claim 2, wherein the step of modify-
ing comprises adjusting the amplitude.

5. The method for determining the location of a wireless
handset in a building of claim 2, wherein the step of modify-
ing comprises adjusting the time modulation.

6. The method for determining the location of a wireless
handset in a building of claim 1, wherein the existing PDE
output fix file comprises x-y coordinate information.
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