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MULTI-MODE GLOBAL POSITIONING
SYSTEM FOR USE WITH WIRELESS NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS
"This application claims ptiotity under 35 U. 8. C. § 119(e) of United States
Provisional Patent Application No. 60/225,076, filed August 14, 2000, entitled “MULTI-
MODE GLOBAL POSITIONING SYSTEM FOR USE WITH WIRELESS
NETWORKS” by Ashutosh Pande, et al., which application is incotporated by teference

herein.

BACKGROUND OF THE INVENTION
1. Field of the Invention.
The present invention relates in general to Global Satellite System (GSS)
receivers, and in patticular to multi-mode Global Positioning System (GPS) for use with

witeless networks,

2. Description of the Related Axt.

Cellular telephony, including Personal Communication System (PCS) devices, has
become commonplace. The use of such devices to provide voice, data, and other
services, such as internet access, has provided many conveniences to cellular system
users. Furthet, other witeless communications systems, such as two-way paging, trunked
radio, Specialized Mobile Radio (SMR) that is used by police, fire, and paramedic
depattments, have also become essential for mobile communications.

A carrent thrust in the cellular and PCS arena is the integration of Global
Positioning System (GPS) technology into cellulat telephone devices and other wireless
transceivers. For example, U.S. Patent No. 5,874,914, issued to Krasner, which is
incotporated by reference hetein, describes a method whetein the basestation (also
known as the Mobile Telephone Switching Office (MTSO)) transmits GPS satellite
information, including Doppler information, to a temote unit using a cellular data link,
and computing pseudoranges to the in-view satellites without receiving or using satellite

ephemeris information.

JP 2004-507186 A 2004.3.4



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(22)

WO 02/15612 PCT/US01/13847

10

15

20

25

This cutrent interest in integtating GPS with cellular telephony stems from a new
Fedesal Communications Commission (FCC) requitement that cellular telephones be
locatable within 50 feet once an emexgency call, such as a “911” call (also referred to as
“Enhanced 9117 or “E911”) is placed by 2 given cellular telephone. Such position data
assists police, paramedics, and other law enforcement and public setvice personnel, as
well as other agencies that may need ot have legal rights to determine the cellular
telephone’s position. Further, GPS data that is supplied to the mobile telephone can be
used by the mobile telephone user for directions, latitude and longitude positions
(locations ot positions) of other Jocations or other mobile telephones that the cellular
user is trying to locate, determination of relative location of the cellular user to other
landmatks, directions for the cellulat uset via internet maps or other GPS mapping
techniques, etc. Such data can be of use for other than E911 calls, and would be very
useful fot: cellular and PCS subscribers. ’

The approach in Krasner, however, is limited by the number of data links that
can be connected to a GPS-dedicated data supply warehouse. The system hardware
would need to be upgraded to manage the additional requirements of delivering GPS
information to each of the cellular or PCS users that are requesting or requiting GPS
data, which requitements would be layered on top of the requirements to handle the
normal voice and data traffic being managed and delivered by the wireless system.

Another patent that concerns assistance between the GPS system and wireless
networks is U.S, Patent No. 5,365,450, issued to Schuchman, et al. which is incorporated
by reference herein. In the Schuchman reference, ephemetis aiding through the cellular
telephone system is required for the GPS recefver to acquite and track GPS satellites.
Howevet, cellular and other wireless networks do not always have the capability to
ptovide ephemeris aiding to the mobile GPS teceiver.

It can be seen, then, that thete is 2 need in the att for deliveting GPS data to
witeless communications systems, including cellular and PCS subscribers, in an efficient
manner. It can also be seen that thete is a need in the art for GPS capable cellular and
PCS telephones. It can also be scen that there is a need in the art for GPS capable
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cellular and PCS telephones that can receive GPS satellite data for use by the
cellular/PCS subscribet. It can also be seen that thete is a need in the art for a large
cellular systemn that can use and/ot supply GPS information to cellular usets for a
number of applications, including E911 without the requirement of geographically

proximate basestations.

SUMMARY OF THE INVENTION

To minimize the limitations in the ptior art described above, and to minimize
other limitations that will become apparent upon reading and understanding the present
specification, the present invention discloses a system, device, and method for determining
the position of 2 mobile device. The system comprises a geolocation servet and a witeless
communications device. The geolocation sesver receives at least one signal from at least
one GPS satellite. The witeless communications device comprises 2 GPS receiver
section, wherein the GPS receiver can be selectively switched between a standalone
mode and at least one othet mode for detetmining a geolocation of the wireless
communications device. The wireless communication device can selectively send the
detetmined geolocation of the wireless communication device to the geolocation server.

It is an object of the present invention to provide a method and a system for
deliveting GPS data to witeless communications systems, including cellular and PCS
subsctibets in an efficient manner. It is another object of the present invention to
provide 2 method and a system that can manage GPS capable cellular and PCS
telephones. Tt is another object of the present invention to provide a method and a
system for GPS capable cellular and PCS telephones that can receive GPS satellite data
for use by the cellular/PCS subscriber. Itis a further object of the present invention to
provide a method and a system for large cellular systens to use that can use and/or

supply GPS information to cellular usets for a number of applications, including E911.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referting now to the drawings in which bike teference numbers represent
corresponding parts throughout:

FIG. 1 llustrates a typical GPS architecture;

FIG. 2 shows the interface between the call processing section and the GPS
section of the present invention;

FIG. 3 illustrates another implementation of an end-to-end system in accordance
with the present invention;

FIG. 4 illustrates 4 thin server implementation of the present invention;

FIG. 5 illustrates time transfet between the GPS time reference and the GPS
clock in accordance with the present invention;

FIG. 6 illustrates a frequency transfer block diagtam in accordance with the
present invention;

FIG. 7 fllustrates a frequency transfer atchitecture in accordance with the present
invention; and

FIG. 8is a flowchart illustrating the steps used to practice the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
In the following desctiption of the preferred embodiment, reference is made to
the accompanying drawings which form a patt heteof, and in which is shown by way of
illustration a specific embodiment in which the invention may be practiced. Itis to be
understood that other embodiments may be utilized and structural changes may be made
without departing from the scope of the present invention.

Overview

When integrating GPS components with witeless communications systems
(which include cellular, paging, two-way paging, Petsonal Data Assistant, Bluetooth, and
PCS systems), the GPS system must have the capability to acquire and track the GPS

satellites under the conditions that the typical wireless communications system user will
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encounter. Some of those conditions, e.g., indoot use, dense urhan areas use that has a
limited sky view, such as in downtown areas with skyscrapers blocking satellite views,
etc., although manageable for tertestrial-based wireless communications systems, are
difficult situations for GPS systems. For example, traditional standalone mode GPS, e.g.,
where the GPS receiver acquites the signals from the GPS satellites, tracks the satellites,
and, if desired, performs navigation without any outside information being deliveted to
the GPS system, has problems with long Time To First Fix (I'TFF) times, and, further,
has limited ability to acquire the GPS satellite signals under indoot ot limited sky-view
conditions. Even with some additional information, TIFF times can be over thitty
seconds because ephemeris data must be acquited from the GPS system itself, and also
requites a strong signal to acquire such information teliably. These requitements of the
GPS system have impacts on the reliability of position availability as well as power
consumption in handheld witeless communications system devices.

To overcome these problems, the present invention allows for multiple modes of
operation depending on various factots. The GPS system of the present invention can
be used in a standalone mode, for example, when the GPS receiver is receiving a strong
signal, has recent ephemeris or almanac data, or when an exact position is not required.
However, if the GPS system of the present invention is not receiving a strong enough
GPS signal, e.g., the handheld wireless communication device is being used indoors, the
GPS system. of the present invention can switch to a different mode of operation, e.g., a
mode of operation where the witeless communication system helps ot “aids” the GPS
system to acquite, track, and/or navigate using the GPS signals received by the GPS
receiver and additional information supplied by the wireless communications system.
This mode of operation is called a “netwotk aided” mode. Further still, the GPS system.
of the ptesent invention, when being used in an even hatsher signal reception
envitonment, can be completely dependent on the wireless communications system to
provide position information to the GPS receiver or mobile handset, and the GPS
system of the present invention would then operate in a wireless communications

network provided or “network based” mode of operation. The GPS system of the
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present invention can switch between these modes of operation based on several
vatiables, as well as user-selected preferences or demands, and can switch either via local
or remote control, or via either automatic or manual commands given to the GPS
system.

In addition, the multi-mode operation of the present invention allows for
additional benefits to accrue to the integrated GPS/witeless communications system as

described herein.

G?S Architecture

FIG. 1 illusttates a typical GPS atchitectute.

The witeless handset location technology of the ptesent invention uses GPS
technology in support of varous witeless handset devices for the implementation of
E911 and geo-location services. By taking the advantage of the low cost, low power,
high performance and bigh accuracy GPS receivers enabled by the present invention, as
well as the witeless network communication services, the wireless handset location
technology of the present invention provides highly reliable and economical solutions to
the Witeless Aided GPS.

The wireless handset location technology of the present invention suppotts all
kinds of geo-location setvices, from fully standalone mode, network aided mode, to
network based service mode, to other modes. The technology of the present invention
also accommodates wide range of wireless communication platforms, including CDMA,
TDMA, AMP, and even pager systems. PIG. 1 portrays the concept of wireless handset
location technology.

System 100 illustrates a GPS satellite 102, which is illustrative of the constellation
of GPS satellites 102 that ate in orbit, a witeless handset 104 that comprises a GPS
receivet, a base station 106, a geolocation (server) service center 108, a geolocation end
application 110, and a Public Safety Answering Point (PSAP) 112,

The GPS satellite 102 transmits spread spectrum signals 114 that are received at

the wireless handset 104 and the geolocation server 108. For ease of illustrative
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purposes, the other GPS satellites 102 are not shown, however, other GPS satellites 102
also ate transmitting signals 114 that are received by the wireless handset 104 and the
geolocation server 108. If the witeless handset 104 can teceive a strong enough signals
114, the GPS receiver in the wireless handset 104 can compute the position of the
wireless handset 114 as is typically done in the GPS system. However, wireless handsets
are typically not able to receive strong enough signals 114, or are not able to receive
signals from enough GPS satellites 102 to autonomously compute the position of the
witeless handset 104, but can still communicate with base station 106. Thus, base station
106 can communicate information via signals 116 to handset 104 to allow handset 104 to
compute the location, ot can communicate information from handset 104 to the
geolocation setver 108 to allow the geolocation server 108 to compute the position of
the handset 104. If the basestation 106 is ttansferting information to the handset 104 to
allow the handset 104 to compute position, it is called “witcless-aided GPS,” whereas
when the basestation 106 transfess information from the handset 104 to the geolocation
server 108 for the geolocation server 108 to compute the position of the handset 104 it is
called “network-centric GPS.”

Geolocation setver also communicates with geolocation application 110 via
signals 118 and with PSAP 112 via signals 120. These signals 118 and 120 can either be
via wireless links ot can be through the land line telephone network or other wire-based
networks.

The witeless handset 104 location techaology of the present invention comptises
two major setvice systems: the wiseless handset 104 with the GPS teceiver of the present
invention and the geo-location server 108 containing the geo-location softwate modules
of the present invention. In addition, there are two types of supporting systems: the
Base Station (BS) 106 infrastructure, which provides the network information transfer
mechanism, and the PSAP 112 or the application 110 system, which can initiate the geo-
location network services.

The handset 104 comprises a typical witeless handset 104 section that performs
the call-processing (CP) function, and a GPS section for position computation,
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pseudorange measurement, and other GPS functions performed at the handset 104 of
the present invention. A serial communication link, ot other communications link,
performs the communications between the CP section and the GPS section. A
collection of hardware lines is utilized to transmit signals between the CP and GPS
section.

FIG. 2 shows a typical interface between the Call Processing section and the GPS
section of the present invention.

As shown in FIG. 2, handset 104 comptises a Call Processing (CP) section 200
and a Global Positioning System (GPS) section 202. Within handset 104, oz,
alternatively, between handset 104.and an external accessory to hﬁdset 104,
communications between CP section 200 and GPS section 202 take place. These
communications allow signals to be transferred from CP section 200 to GPS section 202,
and typically take place on a serial communications link 204 and hatdware lines 206, but
other connections can be used if desired.

For example, in anothet implemeatation, the CP section 200 and the GPS section
202 can share the same digital processor and other circuitry. In such a case, the
communication between sections can be made by intet-task communication, and certain
data transfers, such as any time or frequency transfers between the CP section 200 and
the GPS section 202, would not use hardware lines 206, but would be intetnal to the
circuitty or, potentially, no transfer would be tequired depending on the citcuit design.

FIG. 3 illustrates another implementation of an end-to-end system of the present
invention. )

System 300 shows signals 114 that are teceived at handset 104, which comprises a
GPS teceiver client 302 and a CP section. 304, connected by, typically, an RS232 data lick
306. The CP section communicates with base station 106, which communicates with a
main server 308 via the cellular and/ot cellular/land-based telephone network. The main
server 308 communicates with the geolocation setver 108 and the application 110 via

land-based or wireless networks, typically using TCP/IP protocols.
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The GPS signals 114 are also received by a seties of reference receivers 310
which compute the position of the reference receivers and extract data from the GPS
signals 114. The extracted data, .g., time, Doppler, frequency, etc. is sent to a GPS data
center 312, for all of the satellites in the GPS coanstellation 102. When needed, the
geolocation server 108 extracts data from the data center 312 for use by the handset 104,
and transmits the needed or requested data from the handset 104 or the application 110.
The main setver can also intetface to the PSAP 112 if desired, and the main server 308
and the geolocation setver 108 can be co-located if desited or necessaty.

Depending on the witeless network being used, e.g., cellular, PCS, two-way
paging, Specialized Mobile Radio (SMR), Short Messaging Service (SMS), etc. the
physical implementation of the present invention may vaty from that shown in the
figures. The figutes are used for illustrative purposes only, and are not meant to limit the
application of the present invention to other witeless systems. Further, the present
invention can be used with hardwired systems, e.g., the Jandline telephone system, local
area networks, etc., without departing from the scope of the present invention.

FIG. 4 illustrates another embodiment of the present invention.

System 400 illustrates GPS coustellation 102 transmitting signals 114 that are
teceived by handset 104. Handset 104 comprises GPS teceiver 402, also called the client
402, a server 404, and a CP section 406. In system 400, server 404 is known as a “thin
server,” since it will not bave the same capabilities of server 108 described in FIG. 3.
System 400 uses GPS reference receiver 310 to also receive signals 114 from GPS
constelladon 102, and stores the GPS data in data center 312. This information is
transmitted to main server 308 when requested by application 110, or by handset 104,
which uses setver 404 to transmit the data back and forth between the CP section 406
and client 402. System 400 allows for sotne aiding data, e.g., ephemeris, to be stoted in
the cellular handset at the server 404, and then provided to the GPS client 402 on
demand.
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Multi-Mode GPS Operation with Wireless Networks

As described above, the system of the present invention can be operated in

* different modes depending on a number of variables, e.g:, signal strength, operator

intervention, type of services desired or requested, petformance expectation, e.g,, TITFF
of a few seconds vs. tens of seconds, etc. The operation of each mode is described

herein below.

Standalone Mode

In standalone mode, the GPS receiver 202 located in the mobile communications
device (also known as a handset 104 or PDA) opetates independently from the witeless
communications network. The GPS teceiver 202 acquites GPS satellite 102 signals 114,
and uses those signals 114 to determine the location of the GPS receiver 202. The GPS
receiver 202 also uses GPS satellite 102 signals 114 for tracking, and, if desired,
navigation functions, "The detesmined position is used internally to the mobile

communications device 104.

Autonomous Mode

In autonomous mode, the position of the handset 104 is computed in a similar
manner as in Standalone Mode, e.g., by the GPS receiver 202 in handset 104 without any
assistance from the cellular or other communications network. However, instead of
using the determined position internally to the handset 104, in autonomous mode, the
handset 104 transmits the determined position of the bandset 104 back to the
communications netwotk, e.g., to the geclocation setver 108, to application 110, to PSAP

112, etc., through the wireless communications network.

Network-Aided Mode
A different mode of operation can be implemented such that the GPS receiver
uses the wireless communications netwotk to deliver some of the position information to

the GPS teceiver to “aid” the GPS teceiver in the acquisition, tracking, and navigation
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functions. Such information comprises almanac ot sub-almanac information, coarse
position information, Doppler data, in-view satellite positions, time and frequency aid,
received witeless radio signal strength (to obtain by analogy an idea of what to expect for
the GPS signal strength), ot other aids that will aid the GPS receiver in acquiring the
information that the GPS receiver needs to acquire, navigate, ot track. Such situations
can occut when the GPS receivet has a limited view of the sky, or cannot acquire enough
GPS signals on it’s own, because the GPS teceiver is blocked ot otherwise unable to
acquire the GPS satellite signals, of cannot track the satellites becanse of multipath
problems. Further, such situations may also be desited by the user conditioned upon a
given event, e.g., an E911 call is placed from the mobile handset, the user waats a very
short TTFF, the user may desire additional network information to be included in the
GPS calculation for increased accuracy, ot other reasons.

The Network Aided approach differs from the Network Centric (Also called the
Network Assisted mode in other literature) approach because in the Network Aided
apptoach, the GPS receiver could, eventually, obtain the position and tracking
information needed to locate the GPS receiver by itself. The Network Centric approach,
as discussed in Krasnet, cannot determine the position of the mobile receiver solely using
the GPS information acquired from outside the witeless network, because the position
calculation is done inside of the witeless netwotk at the basestation, instead of in the
mobile communications device as described in the present invention.

Further, the Network Aided approach, as described with respect to the present
invention, allows fot switching between standalone mode, autonomous mode, or other
modes, once the initial acquisition has been made. The Network Aided mode and
architectute of the present invention allows for the tracking, e.g., continuous update of
uses position to be done in Autonomous mode or standalone mode even in weak signal
environments. The Network Assisted architecture of Krasnet typically continues to
depend on the network aid to calculate subsequent position.

The Network Aided mode is typically only used for acquisition of the GPS signal
in weak signal environments. Once the GPS signal is acquired, the GPS receiver of the

11
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present invention can track the GPS signal without aid from the network. The Network
Assisted mode of Krasner tequites the network to assist the GPS receiver for tracking

putposes as well as for acquisition.

Network Based Mode

A network based mode can also be used for situations when the GPS receiver
cannot receive any GPS signals. As such, the GPS system. is completely dependent on
the witeless communications network to obtain any positioning information, and as such,
is “centered” upon the information delivered by the wireless communications network.
Typically, netwotk-based modes compute position without using GPS or othet satellite
information. Positions of handsets 104 ase derived from netwotk resources, e.g., cellular
transmitter towers and Time Difference Of Arrval (TDOA) techniques. When a
handset 104 is in an area where it cannot receive GPS ot othet positioning system

information to detetmine handset 104 position, such 2 mode can be useful.

Other Modes

The system of the present invention can, in Standalone, Autonomous, Network
Aided, or Network Based modes, can also receive information from outside the wireless
communications network as well as outside of the GPS satellite system. For exatnple, in
Autonomous mode ar Standalone Mode, the GPS receiver can receive information from
the GPS satellites and a Bluetooth netwotk, while using the cellular wireless network to
transmit voice or data. The GPS acquisition, tracking, and navigation functions can be
enhanced with inputs from the Bluetooth network without using the cellular network.
Similar scenarios can also be envisioned within the scope of the present invention that
occut within the Network Aided or Netwotk Based modes. Futther, the present
invention can opetate in a Revetse Aiding (RA) mode which sends GPS information
back to the witeless communications network for use within the witeless

communications network
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Further, the architecture and system of the present invention can be extended to
wired networks such as the telephone network without departing from the scope of the
present invention. Fot example, if GPS capabilities are present in a laptop or PDA and
the device is connected to a wited or witeless Internet link, the GPS calculations can be
aided via the Internet to calculate a position inside a building, The position can be
displayed locally ot sent to a server. Such a system can be used for secutity or other
telephone ot hardwited system applications.

‘The ptesent invention can also be used for wireless Network monitoring, where
the position information, alongside with the witeless signal strength, or any position-
related information, can be collected from every user requesting assistasnice, at a central
place in the network, to continuously monitor the cell coverage area, the amount of
traffic withia a single cell, whete the traffic is concentrated, what are the areas of bad
wireless reception, to help in the decisions of adding new base stations, of relocating
them. The quality of service can be monitored in real-time by all the mobile systems

used in the atea.

Comparison of the Operation Modes

The operation modes of the present invention allow futther flexibility within the
GPS treceivet framewotk. When the GPS teceiver is not constrained by shott TTEF
requirements, ot by netwotk bandwidth, or by other signal demands, the GPS receiver of
the present invention can be programmed to automatically select a given acquisition
mode. For example, when the network traffic is heavy, which translates to a small
bandwidth availability in the wireless communications network, the present invention
allows the user to automatically or manually select the autonomous mode or standalone
mode, which is not dependent on the wireless communications network for aiding
information. In the same way, when the geolocation server 108 usage is heavy, and the
aiding information latency time is incompatble with the requirements, the user can
select, either automatically or manually, the autonomous ot standalone mode. However,

if additional bandwidth in the wireless network is available, or if the user needs a short
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TTEFF for an E911 call, the present invention allows for manual ot automatic overtide of
the autonomous or standalone mode of operation into either autonomous or standalone
(if ephemetis is current and there is implicit aiding infotmation), the Network Based or
network aided modes. Further, if the network is unable to delives the reliability required,
or the network does not have aiding capabilities, the GPS can use other modes or other
sources of information to augment the autonomous of standalone mode, in an
operational mode called “Augmented Autonomous Mode (AAM).” AAM can be used
with Bluetooth, or other sensors such as pressute, accelerometers, ot gyros to provide
the GPS with aids outside of the network being used for communications. Fot example
the present invention can vse Bluetooth transmitters in every floot of a high rise sending
its location and floor information to the phone and this ‘augmented information’ will be
sent in case GPS cannot be acquired inside the building to deliver positioning data.

The multimode architecture of the present invention allows for an automatic
scamless and reliable response, by taking advantage of the network assists if and when
available, and allows the system to operate independently if the assistance is not available
ot not available in a timely manner. The Network aided operational mode overcomes
the start-up limitations of the autonomous or standalone GPS and allows same level of
performance as the Network Based mode, but does not requite continuous netwotk
connectivity after statt-up. If the aiding data (ephemeris, approximate location,
approximate time etc.) has been received by the cellular phone over some
communication medium, the communication link could be off when the GPS is started.
This is the stote and forward method of having a thin setver ditectly mounted on the
witeless communications device. The seamless nature and flexibility of the architecture
enables setvice providers to tusie the system to meet their needs based on the capabilities
of the network and the type of services desired.

Further, the selection of the operational mode can depend on the type of service
ot the accuracy that the uset has requested or demanded from the system. For example,
if the user places an B911 call, the GPS receiver can automatically be placed in the mode

that will provide the most accurate position information in the most timely manner
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possible. That mode may be Network Based, but, if the netwotk cannot supply a
complete GPS information set such that the mobile GPS teceiver can determine position
calculation information, the receiver can switch to Network Aided, such that the
ptocessing capabilities of the network and the GPS receiver are being used in parallel. As
another example, if a user is requesting directions to a specific location, the receiver can
automatically select antonomous or standalone mode which will provide information in a
timely mannet, but not place such demands o1 the powet supply and processing
capabilities of the system. Further, the present invention allows the uset to overtide the
automatic choice of operational mode. The system can also switch between modes once
a predetermined event, e.g., the first position calculation of the GPS receivet, is obtained.
Fot example, if an E911 call is placed, the present invention may select Network Aided
mode to get the position information to the handset as fast as possible. Once that
information is delivered, and the first position is calculated, the present invention may
switch to a different mode, such as autonomous mode ot standalone mode to make
additional bandwidth in the wireless communications network available to other usets.
The atchitecture of the present invention also allows for reception of aiding information
and gives the user the choice to accept that the position be sent back to the network, or
“locked” in the mobile system, available only to the uset, if the user wants it for privacy
reasons.

"The architecture of the present invention also gives the user the choice of
preventing the network connection for assistance, even when the GPS receiver has
determined it s necessary to reach the uset’s requirements, in the case the sietwotk access
is chatged to the user on a per use basis. In such a circumstance, the GPS receiver will
attempt to provide a position in standalone mode, but with no guarantee about fulfilling
the original user’s requirements.

The present invention thus allows for the bandwidth of the wireless communications
network to be managed such that the bandwidth can be used mote efficiently. Further,
the present invention allows for dypamic allocation of the netwotk resources, including

the processing available on the GPS receiver, to process as much information in parallel
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as possible. "This allows for dynamic loading of the GPS client and network server
processors to more efficiently calculate position for multiple usess, This approach allows
for an increased number of witeless communications system users without significantly

affecting the infrastructure of the wireless communications system.

Multi Correlator Architecture

To assist the system of the present invention, multiple correlators can be used to
provide the system with a shorter TTFF, 2 mote accutate position, or a more reliable
result with fewet transfers from Autonomous or Standalone Mode to the Network Aided
mode or Netwotk Based mode.

Distributed t Cli erve chi

By allowing the GPS receivet (also known as the client) and the wireless
communications system (also called the setver) to distribute the wotkload of acquisition,
tracking, and navigation tasks in an intelligent mannez, the present invention allows for
faster acquisition, faster TTEF times, and allows parts of the GPS receiver system to be
powered down or selectively powered to reduce power consumption of the GPS portion
of the mobile device.

The atchitectute of the present invention also allows for advance qualification of
ephemeris data, e.g,, validation of stored ephemetis data quality, by using the network
aided mode to vetify that the stored ephemetis data at the GPS receiver is still valid.
Similatly, the Network Aided mode allows the present invention to detive coatse location
data to be used for a Coatse Location Acquisition scenatio, where a timetag approxitnate
position based on known ephemetis or almanacs and post processing of the data is used
for actual location determination.

The Othet (Augmented Autonomous) Mode also allows for the use of low power
short range wireless technology, such as Bluetooth, to aid the GPS receiver in reduciag
Time To First Pix (T'TFF) times, as well as using low powet: shott range witeless

technology to aid GPS teceiver with approximate location.
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The present invention also allows cottection information to be sent to the GPS

system via the witeless communications netwotk, by switching between the Autonomous

ot Standalone and Network Aided modes, ot by remaining in the Netwotk Aided mode,

for slow changing ertots to obtain precise local position, e.g., Jono correction factots,
new sub-almanac information, etc. The present invention also can allow for data
“fusion” from various sources, e.g., accelerometer, pressute sensots, tilt meters, etc. also
present on the wireless communications device to add to the accuracy of the position
determination, as well as providing the wireless communications device with approximate
location, time, and frequency information to assist the witeless communications device in
detetmination of a mote precise position determination and/or improve the TTFF time

fot each client.

Reverse Aiding

The ptesent invention also comptises an apparatus for sharing a common
frequency reference between a location determination device and a witeless
communication equipment, which can Reverse Aid (RA) the wireless communications
system to steer or direct transmission beams to the wireless bandset. This will allow
additional frequency reuse of code reuse within a cell, since the wireless communications
system can now used phased atray technology to beam steer or beam form a shaped
transmission beam that is centered upon each mobile user. This allows for lower
transmittet power to be used from the basestation transmitter, as well as lower power
from the mobile user, because the formed ot steered beam typically has mote gain than
an omnidirectional beam pattesn. ‘This featute of the present invention helps to optimize
the communications links and increase the capacity of witeless communications system
basestations, which, in Code Division Multiple Access (CDMA) networks is very useful,
since the capacity of CDMA networks are limited by the noise floor increase as more
usets are placed on the network, not by the code efficiency.

RA can also be used for accelerating the acquisition and code synchronization

onto the wireless network by providing vety accutate absolute time and frequency
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references. RA can also be used to help to determine when to switch to another base
station by using the GPS position (GPS-aided base station hand-over).

RA can also be used from mobile to mobile, using the netwotk only as
communication medium, where a fitst mobile system gets an absolute time infotmation,
measures the difference between network titne and GPS time, and sends back the
information to the network. The next user requesting GPS aiding information will
receive the GPS time versus network time difference, and will cotrect the network time
of this information to get GP'S time to help in its own GPS acquisition process.

In anothet embodiment, the netwark, receiving redundant calibration
information from. several users in the same area for different points in time, can model
the network time offset and frequency drift, and predict its value in the future. This way,
the network can provide timing assistace Information to a new mobile, even after a
petiod where no information is received from any mobile.

RA from user to user also applies to frequency transfer, where the frequency
ertor measured between netwotk frequency and GPS frequency in 2 mobile is sent back
to the network, and sent back to a new user as part of the assistance information

Direct GPS aiding from mobile to mobile without using the setver can also be
used without intervention of a server momentatily stoting assistance infotmation befote
retransmitting to the next user requiting aiding. A mobile having acquited a position,
having valid ephemetis and possibly network time and frequency etror versus GPS, can
broadeast this information to any other mobile in the same vicinity via the basestation.

RA can also be used to cottect multipath problems at the client, because the
terrestrial based wireless communications network can assist it the modeling of the
multipath and /ot provide modeling tools to help cortect the multipath reception
problems at the client given the position of the client.

Further, the present invention allows RA to use velocity information from a GPS
receiver to assist the wireless communication systetn in aligning the Phase Locked Loop
(PLL) to address problems associated with user motion. In particular, it can increase the

effective witeless cell radius by guiding the wireless tracking loops using the absolute user
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velocity information from GPS, and thus allow witeless operation at lower radio signal

strengths.

ime e iding

Wireless network systems typically have high quality reference clocks, and some
wireless netwotk systems, such as CDMA, ate synchronized on absolute GPS time. The
present invention allows for the witeless network frequency tefetence to be ttansferred
to the GPS section of the handset to estimate GPS clock frequency offset and
significantly reduce the frequency uncertainty. The GPS time reference can also be
transferred to the GPS section to the GPS clock time. The main purpose of time and
frequency transfer is to reduce the uncertainties of receiver clock time and frequency,
thus, to improve the TTFF. The time transfer can also conttibute to improve the

sensitivity.

Time Transfer

FIG. 5 iltustrates a time transfer mechanism as used in conjunction with the
present inventiof.

System 500 illustrates a typical witeless netwotk systems synchronized on
absolute GPS time, such as CDMA or GSM with Location Measurement Units (LMU).
Typically, the GPS time reference 502 is transferred to the GPS section of the handset
104 to synchronize GPS clock time with GPS time. For the wireless handset location
system of the present invention, the time transfer can be accomplished in three steps.

I the first step, the Base Station (BS) clock 504 can be synchronized to the GPS
time reference 502. The time accuracy at the BS clock 504 depends on the system
configuration and can be in the range of 100 to 300 nanoseconds. This is a built-in
feature of certain types of netwotks.

In the second step, the CP clock 506 is synchronized onto the BS clock 504 by
timing the reception of one specific event in the master frame transmitted from the BS
clock 504 to the CP clock 506. The BS clock 504 transtnits the master frame with the

JP 2004-507186 A 2004.3.4
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transmission time of the first bit predictable in absolute GPS tinie with an accutacy of
300 nanoseconds. The synchronization error between the BS clock 504 and the CP
clock 506 is caused by the RF refetence point in the BS clock 504 signal, group delay in
the BS clock 504, signal transmission time due to the distance between the handset 104

and the base station, the group delay in the CP section, and the handset 104 architecture.

As long as the handset 104 tracks the base station, the CP section of the handset
104 knows the absolute GPS titne and can predict the associated accuracy of the GPS
tite at the handset 104, measured and adjusted during product integration phase, not in
real time. If the bandset 104 Joses track of the base station ot the BS clock 504, the CP
clock 506 accuracy will degrade. The CP clock 506 petfotmance degradation can be
predicted based on the CP clock 506 frequency stability, which is notmally tepresented
by the Allan variance, and the age of the last tracking.

The wireless handset location system of the present invention is designed to be
ait-interface independent. As the handset 104 manufacturer has the knowledge of
tracking conditions, the CP clock 504 frequency stability, and the aic-interface
performance, the handset 104 manufacturer can determine the preferred or best method
to provide models and/or interfaces to the GPS clock 508 to transfer the absolute GPS
time and the associated accuracy including all uncertainty effects.

I the third step, the GPS clock 508 asks the CP section clock 506 for a time
transfer message via the communications link between the GPS section and the CP
section. Typically, this time transfer request message contains no patameter.

The CP section 200 can teact to such a tnessage in several different ways. The
CP section can genetate a precise timing event and teturn a titoe transfer response
message. The timing event s typically a single rectangular pulse, with either a tising edge
active or falling edge active. The time transfer response message typically contains the
time of the timing event in GPS week, seconds into the week, and time uncertainty in
seconds. By timing the timing event using the GPS clock 508, the GPS clock 508 is
synchronized onto CP clock 506 time.
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‘The CP section 200 can also send a “delta” message back to the GPS section.

For example, the CP section 200 or GPS section 202 can monitot the CP clock 506 and
GPS clock 508. When a time transfer request is made, the CP section 200, ot the GPS
section 202, whichever section is monitoring the clocks, receives a GPS time 502, 2
difference ealculation is made between the GPS clock 508 and the GPS time 502. This
delta can then be used for GPS calculations and position determinations until a new time
transfer is requested.

The timing information is typically required when the GPS section 202 begins a
new seatch on a new GPS satellite 102. The titning synchronization can be made only
periodically at the request of the GPS section 202. The effective time accutacy available
for the seatch will be degraded over time since the last recalibtation due to the quality of
the GPS clock 508; however, the approach described with respect to the present
invention reduces ox eliminates the need for locking the GPS clock 508 to the CP clock
506, as well as having the CP clock 506 locked to the GPS time reference 502 via the BS
clock 504. The frequency stability of the GPS clock 508 tepresented by its Allan vatiance
as well as the frequency stability over temperature will be utilized to predict the time
uncertainty at the beginning of the GPS satellite 102 signal search. The present invention
aides the handset 104 in cotrectly predicting the time degradation effects, to choose the
time transfer periodicity, and to implement the titne transfer since the control of the GPS
clock 508 choice and when the next search is made is under the control of the system of

the present invention.

Fj}egusncy Transfer

FIG. 6 illustrates frequency transfer as used in conjunction with the present
invention.

Within a cellular telephone system, such as the CDMA system used in the United
States, each Base Station (BS) 106 has a high quality reference clock. System 600 shows
that the BS clock 600, with an associated BS clock 600 frequency, can be transferred to
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the CP clock 602 and then to the GPS clock 604 as follows, to estimate the GPS clock
604 frequency offset as necessary.

Typically, the CP section 200 tracks the wireless network signals and measures
the CP clock 604 frequency offset relative to the BS clock 602. The CP clock 604
frequency uncertainty after this measurement is caused by BS clock 602 frequency offset,
which is specified by the network standards, handset 104 tracking loop petformance, CP
clock 604 frequency stability, and handset 104 motion.

The CP section 200 then petiodically transmits a frequency calibration message
to the GPS section 202. This message typically contains the error in frequency between
the CP clock 604 and the BS clock 602. The frequency calibration message is sent ata
petiod determined by the handset capabilities, as well as the necessity of the updates
based on the GPS clock 606 and/or CP clock 604 sequitetents. Fot example, if the
GPS dlock 606 and CP clock 604 are both high quality crystals, the update message may
be sent less often than if the GPS clock and the CP clock ate both low quality crystals, or
in some cases only once. However, the pesiodicity of the frequency estor update is
selectable by the handset 104 manufacturer. Because the GPS clock 606 is compared to
the CP clock 604 at its own rate as desctibed below, any CP clock 604 vs. BS clock 602
dtift between frequency calibration messages will be added to the uncertainty of the GPS
clock 606. Another method for setting the CP clock 604 is to steet the CP clock 604
onto the teceived signals and synchronized onto BS clock 602, which alleviates the need
for a frequency calibration message.

Other approaches, such as U.S. Patent No. 5,841,396, issued to Krasner, which is
incotporated by tefetence herein, describie a phase-locked loop apptoach to locking the
GPS clock 606 to the CP clock 604. The present invention avoids the additional circuitry
and signal transfer between the CP section 200 and the GPS section 204 that is
contemplated by such an approach, which makes the present invention easier and less
expensive to implement in an existing cellalar, witeless, ox wited telephone systera.

FIG. 7 illustrates the frequency transfer architecture used in conjunction with the

present invention.
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System 700 shows a system that can maintain the overall frequency error within
limits imposed by the total frequency etror budget without locking the GPS clock 606 to
the CP clock 604. Handset 104 manufacturers can design specific bounds of the message
petiodicity depending on the residual budgeted frequency error after calibration and
Allan variance chatacteristics of the CP clock 604. The transmitted information is the
relative frequency etrot, not the absolute ertor (in Hz), because the GPS section 202
does not know the absolute frequency of the CP clock 604. The message that the GPS
section 202 needs is independent from the nominal CP clock 604 frequency.

The GPS section 202, and the GPS clock 606, use the uncertainty information of
the CP clock 604 frequency to optimize signal acquisition pesformance. Everything in
the esror budget, other than the handset 104 motion, depends on the witeless
infrastiucture and the CP section 200 architecture. The CP section 200 sends the GPS
section 202 messages petiodically, which messages contain CP clock 604 nominal
frequency in Hz, e.g., the frequency of the divided CP clock 604 is sent to the counter
702 by the CP section 604 for measurement to conveit absolute frequency error into &
relative frequency error, CP clack 604 relative frequency offset vs. BS clock 602
frequency, and CP clock 604 frequency offset uncertainty.

The GPS section 202 then measures the relative frequency between the GPS
clock 606 and the CP clock 604 using a counter 702, The effective width of the counter
gating signal is defettnined by counting a predetermined numbet of GPS clock 606
pulses. The number of CP clock 604 pulses during this gating signal is used to determine
the telative frequency ettor between the GPS clock 606 and the CP clock 604

The frequency diift between frequency calibrations depends on the Allan
vatiance of the GPS clock 606 and its stability over temperature. The periodicity of
calii)mﬁon can be adjusted depending on maximum frequency ertor allocated to the GPS
clock 606, and quality of the GPS clock 606. In an alternate embodiment, or for
convenience of implementation, a frequency divider can be inserted between CP clock
604 and Counter 702, thus reducing the absolute frequency to be measured by the

counter.
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Process Chart

FIG. 8 is a flowchart illustrating the steps used to practice the present invention.

Block 800 illustrates receiving at least one signal from at least one GPS satellite at
the mobile device, wherein the mobile device can be selectively switched between a
standalone mode and at least one other mode.

Block 802 fllustrates determining the geolocation of the mobile device.

Block 804 illusttates selectively sending the determined geolocation of the mobile

device to a geolocation setver via a wireless network.

Conclusion

This concludes the description of the preferred embodiment of the invention. The
following paragraphs describe some alternative methods of accomplishing the same objects.
The present invention, although described with respect to GPS systems, can be utilized with
any Satellite Positioning System (SATPS) without depatting from the scope of the present
invention. Futther, although desctibed with respect to a cellulat telephone system, other ,
wireless or wire-based systems can be used in place of or in conjunction with the cellular
system herein described without departing from the scope of the present invention. Othet
methods of frequency transfer and time ttansfet can be utilized without departing from the
scope of the present invention.

In summary, the present invention discloses a system, device, and method for
determining the position of 2 mobile device. The system comprises a geolocation server
and a witeless communications device. The geolocation setver: receives at least one signal
from at least one GPS satellite, The wireless communications device compzises a GPS
receiver section, wherein the GPS receiver can be selectively switched between an
autonomous mode or standalone mode and at least one other mode for determining 2
geolocation of the witeless communications device. The witeless communication device
can selectively send the determined geolocation of the witeless communication device to

the geolocation server.
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The foregoing description of the preferred embodiment of the invention has been.
presented for the putposes of illustration and description. It is not intended to be
exhaustive ot to limit the invention to the precise form disclosed. Many modifications and
varfations are possible in light of the above teaching. Itis intended that the scope of the

5  iuvention not be limited by this detailed description, but rather by the claims appended

heteto.
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WHAT IS CLAIMED IS:

1. A geolocation system, comptising:

a geolocation setver, wherein the geolocation server receives at least one signal
from at least one GPS satellite; and

a wireless communications device, comprising a GPS receiver section, wherein.
the GPS receiver can be selectively switched between a standalone mode and at least one
other mode for determining 2 geolocation of the wireless communications device, and
the witeless communication device can selectively send the determined geolocation of

the witeless communication device to the geolocation servet.

2 The geolocation system of claim 1, wherein the selective switching of the

GPS teceiver is performed automatically by the wireless communications device.

3. The geolocation system of claim 1, whetein the selective switching of the

GPS receiver is performed manually at the wireless commmunications device.

4. The geolocation system of claim 1, wherein the selective sending of the
detetmined geolocation of the wireless communications device is petformed

automatically by the wireless comumunications device.

5. The geolocation system of claim 1, wherein the selective sending of the
determined geolocation of the wireless communications device is performed manually at

the witeless communications device.
6. The geolocation system of claim 1, wherein the at least one other mode is

selected from a group comprising an autonomous mode, a netwotk aided mode, and a

network centric mode.
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7. The geolocation system of claim 6, wherein the GPS teceiver switches
between the standalone mode and the at least one other mode when a predetermined

event occuss.

8. The geolocation system of claim 7, wherein the predetermined event is

manually selected by a user.

9. The geolocation system of claim 7, wherein the predetermined event is

initial acquisition of at least one GPS satellite signal.

10.  The geolocation system of clatm 9, whetein the selective switching of the

GPS recejver switches the receiver from the at least one other mode to standalone mode.

11. The geolocation system of claim 10, whetein the at least one other mode

is the network aided mode.

12 ‘The geolacation system. of claim 11, wherein the at least one other mode

fusther comprises a reverse aiding mode.

13. The geolocation system of claim 12, wherein the wireless

communications device can teceive information from a second soutce.

14, The geolocation system of claim 13, wherein the second soutce of
information is selected from a group comprising a bluetooth network, a Specialized
Mobile Radio network, a Petsonal Communication System (PCS) network, a wireless
Local Area Network, an infrazed network, a paging network, a two-way paging network,
ot an FM broadcast network.
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15. The geolocation system of claim 14, whetein the geolocation of the
witeless communication device is determined using GPS satellite signals and the second

soutce of information.

16.  The geolocation system of claim 7, wherein the witeless communication
device selectively displays the determined geolacation of the witeless communication,

device,

17. A method for detetmining the geoposition of 2 mobile device, comprising:

receiving at Jeast one signal from at least one GPS satellite at the mobile device,
wherein the mobile device can be selectively switched between a standalone mode and at
least one other mode;

determining the geolocation of the mobile device; and

selectively sending the determined geolocation of the mobile device to 2

geolocation setver via a wireless network.

18.  The method of claim 17, wherein the determining of the geolocation is

petformed by the mobile device.
19. The method of claim 18, wherein the selective sending of the geolocation

is petformed by the mobile device, and the geolocation is sent from the mobile device to

the geclocation sefvet.
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20. A wireless communications device, comprising:

a call processing section for commurricating with a witeless communications
network; and

a GPS receiver section, wherein the GPS receiver section can be selectively

5 switched between a standalone mode and at least one other mode for determining a

geolocation of the wireless communications device, and the witeless communication
device can selectively send the determined geolocation of the witeless communication
device to the call processing section for transmission over the witeless communications

network.
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GEOLOQCATION OF THE MOBILE DEVICE TO A
GEOLOCATION SERVER VIA A WIRELESS NETWORK

FIG. 8
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