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REFERENCE TO RELATED APPLICATIONS [001] This application claims priority to
U.S. patent application Serial No.  10/885,507, filed on July 3, 2004,
which is a continuation-in-part of PCT application  Serial No.
PCTIUS03/16308, filed May 22, 2003, titled "Search Domain Reducing
Frequency Transfer in a Multi-mode Global Positioning System Used With
Wireless  Networks," which is a continuation-in-part of U.S. Patent
Application. Serial No.  10/155,614, filed May 22, 2002, titled "Search
Domain Reducing Frequency Transfer  in a Multi-mode Global Positioning
System Used-With Wireless Networks," now U.S.  Patent No. 6,684,158, which
is a continuation-in-part of U.S. Patent Application  Serial No.
09/795,871, filed February 28, 2001, titled "Information Transfer hi a  



Multi-mode Global Positioning System Used with Wireless Networks," now U.S.
Patent No. 6,427,120, which claims priority under Section 119(e) to U.S.
Provisional  Application Serial No. 60/225,076, filed August 14, 2000, all
of which are  incorporated into this application by reference. [002] This
application is also a continuation-in-part of U.S. FateirtApplication "rim
No. 10/385,198, filed March 10, 2003, titled "Information Transfer in a
Multi-mode  GPS Used with Wireless Networks," which is a continuation of
U.S. Patent  Application Serial No. 10/127,229, flied. April 19, 2002,
titled "Information Transfer  in a Multi-anode GPS Used with Wireless
Networks," now U.S. Patent 6,542,823,  which is a continuation of U.S.
Patent Application Serial No. 09/795,871, filed  February 28, 2001, titled
"Information Transfer in a Multi-mode Global Positioning  System Used with
Wireless Networks," now U.S. Patent No. 6,427,120, which claims  priority
under Section 119(e) to U.S. Provisional Application Serial No. 60/225,076,
filed August 14, 2000, all of which are incorporated into this application
by reference.  10031 This application is also a continuation-in-part of
U.S. Patent Application Serial  No. 10/194,627, filed July 12, 2002, titled
"Multi-mode UPS For Use with Wireless  Networks," which is a continuation
of U.S. Patent Application Serial No. 10/068,751,  filed July 12, 2002,
titled "Multi-mode Global Positioning System For Use with  Wireless
Networks," now U.S. Patent No. 6,519,466, which is a continuation of U.S.
Patent Application Serial No. 09/781,068, filed February 8, 2001, titled
"Multi-mode  Global Positioning System For Use with Wireless Networks," now
U.S. Patent No.  



6,389,291, which claims priority under Section 119(e) to U.S. Provisional
Application  Serial No. 60/225,076, filed August 14, 2000, all of which are
incorporated into this  application by reference. [004] This application is
also a continuation-in-part of U.S. Patent Application Serial  No.
10/700,821, filed November 11, 2003, titled "Satellite Based Positioning
Method  and System for Coarse Location Positioning," which is a
continuation-in-part of U.S.  2 Patent Application Serial No. 09/575,492,
filed May 18, 2000, titled "Method ana  Apparatus for Determining Global
Position Using Almanac Infornnation," now U.S.  Patent No. 6,671,620, both
of which are incorporated into this application by  reference. BACKGROtJNA
OF TIE INVENTION  1. Field of Invention [005] This invention relates to
Global Positioning ("GPS") receivers, and in  particular to multi-mode GPS
receivers for use with wireless networks. 2. Related Art [006] The
worldwide utilization of wireless devices such as two-way radios,  portable
televisions, Personal Digital Assistants ("PDAs") cellular telephones (also
generally known a "mobile phones" and/or "cell phones"), satellite radio
receivers  and Global Positioning Systems CUPS") is growing at a rapid
pace. Cellular  telephones, including Personal Communication System ("PCS")
devices, have  



become commonplace. The use of these wireless devices to provide voice,
data, and  other services, such as Internet access, has provided many
conveniences to cellular  system users. Additionally, the number of
features offered by many wireless service  providers is increasingly
matching the features offered by traditional land-line  telephone service
providers. Features such as call waiting, call forwardnig, caller
identification ("caller I.D."), three-way calling, data transmission and
others are  commonly offered by both land-line and wireless service
providers. These features  3 generally operate in the same manner on both
wireless devices ana tang-tine  telephones. [007] Puxthennore, other
wireless communications systems, such as two-way  paging, trunlced radio,
Specialized Mobile Radio ("SMR") utilized by police, fire, and  paramedic
departments, have also become common mobile commnunications. 1008] GPS
systems (also known as Satellite Positioning System "SPS" or Navigation
Satellite System) have also become commonplace. In general, GPS systems are
typically satellite (also known as "space vehicle" or "SV") based
navigation systems.  Examples of GPS systems include but are not limited to
the United States ("U.S..")  Navy Navigation Satellite System ("NNSS")
(also, know as TRANSIT), LORAN,  Shoran, Decca, TACAN, NAVSTAR, the Russian
counterpart to NAVSTAR known  as the Global Navigation Satellite System
("GLONASS") and any future Western  European GPS such as the proposed
"Galileo" program. As an example, the US  



NAVSTAR GPS system is described in UPS Teomy and Practice, Fifth ed.,
revised  edition by Hofmann-Wellenhof, Lichtenegger and Collins,
Springer-Verlag Wien  NewYork, 2001, which is fully incorporated herein by
reference. [009] Typically, GPS receivers receive radio transmissions from
satellite-based  radio navigation systems and use those received
transmissions to determine the  location of the GPS receiver, It is
appreciated by those skilled in the. art that the  location of the GPS
receiver may be determined by applying the well-lnown concept  of
intersection utilizing the determined distances from the GPS receiver to
three GPS  satellites that have known GPS satellite locations. 4 [0010]
Generally, each UPS satellite in a GPS satellite-based radio navigation
system  broadcasts a radio transmission, that contains its location
information, and orbit  information. More specifically as an example, each
of the orbiting UPS satellites in  the United States UPS system contains
four highly accurate atomic clocks: two  Cesium and two Rubidium. These
clocks provide precision timing pulses, which are  utilized in generating
two unique binary codes (also known as a pseudo random noise  "PRN," or
pseudo noise 'TN" code), that are transmitted from the UPS satellites to
Earth, These PN codes identify the specific GPS satellite in the GPS
constellation.  [0011] Each GPS satellite also transmits a set of digitally
coded ephemeris data that  completely defines the precise orbit of the GPS
satellite. The ephemeris data  indicates where the GPS satellite is at any
given time, and its location may be  



specified in terms of the GPS satellite ground track in precise latitude
and longitude  measurements. The information in the ephemeris data is coded
and transmitted from  the GPS satellite providing an accurate indication of
the exact position of the UPS  satellite above the earth at any given time.
100121 With the growing widespread use of these technologies, current
trends are  calling for the incorporation of GPS services into a broad
range of electronic devices  and systems, including PDAs, cellular
telephones, portable computers, radios, satellite  radios, trucked radio,
SMR, automobiles, two-way pagers and the like. At the same  time,
electronic device manufacturers constantly strive to reduce costs and
produce  the most cost-attractive product possible for consumers. [0013] In
cellular telephony, the interest of integrating UPS receivers with cellular
telephones stems from a new Federal Communications Commission ("FCC")  s
requirement that cellular telephones be locatable within 50 feet once an
emergency  call, such as a "911" call (also referred to as "Enhanced 911"
or "11911") is placed by a  given cellular telephone, When emergencies
occur, people are accustom to dialing  911 (normally referred to as a "911"
call) on a land-based (also known as "land-line")  telephone and contacting
an, emergency center that automatically is able to identify  the location
of the land-based telephone where the call originated. [0014]
Unfortunately, wireless devices, such as cellular telephones, are unable to
communicate their location without a person actively entering or describing
their  



location, In response, the United States Congress, through the FCC, has
enacted a  requirement that cellular telephones be locatable to within 50
feet once an emergency  call, such as an E911, is placed by a given
cellular telephone. This type of position  data would assist police,
paramedics, and other law enforcement and public service  personnel, as
well as other agencies that may need to have legal rights to determine  the
position of specific cellular telephone. The E911 services, however,
operate  differently on wireless devices than a 911 call does on land-line
telephones. [0015] When a 911 call is placed from a land-line telephone,
the 911 reception center  receives the call and determines the origin of
the call. In case the caller fails, or  forgets, to identify his or her
location, the 911 reception center is able to obtain the  location from
which the call was made from the public telephone switching network  (PSTN)
and send emergency personnel to the location of the call. [0016] If
instead, an E911 call is placed from a wireless device such as a cellular
telephone, the E911 reception center receives the call but cannot detente
the origin  of the call, If the caller fails, or forgets, to identify .his
or her location, the E911  6 reception center is unable to obtain the
location of the call because the wireless  network is different than the
PSTN. At present, the best that the E911 reception  center may do is to
determine the location of the cell site from which the call was  placed,
Unfortunately, typical cell sites in a wireless network system may cover an
area with approximately a 30-mile diameter. Further refinement of the
location may  



be determinable in a digital network by the power setting of the calling
wireless  device. But, this still results in an area covering multiple
miles. [00171 A proposed solution to this problem includes integrating UPS
receivers with  cellular telephones. As an added benefit to this proposed
solution is that any GPS  data produced by an integrated UPS receiver may
be utilized by the cellular telephone  user for directions, latitude and
longitude positions (locations or positions) of other  locations or other
cellular telephones that the cellular user is trying to locate,
determination of relative location of the cellular user to other landmarks,
directions  for the cellular telephone user via intemet maps or other GPS
mapping techniques,  etc. Such data may be of use for other than E911
calls, and would be very useful for  cellular and PCS subscribers. [00181
As an example of the current thrust to integrate GPS receivers with
cellular  telephony, U.S. Patent Number 5,974,914, issued to Krasner, which
is incorporated by  reference herein, describes a method wherein a
basestation (also known as a base  station and/or the Mobile Telephone
Switching Office "MTSO") transmits GPS  satellite information, including
Doppler information, to a remote unit (such as cellular  telephone)
utilizing a cellular data link, and computing pseudoranges to the in-view
GPS satellites without receiving or utilizing GPS satellite ephemeris
information. 7 10019] The approach. in Krasner, however, is limited by the
number or aatn iuucs mat  can be connected. to a GPS-dedicated data supply
warehouse. The system hardware  



needs to be upgraded to manage the additional requirements of delivering
GPS  information to each of the cellular or PCS users that are requesting
GPS data, These  additional requirements would be layered on top of the
requirements to handle the  normal voice and data traffic that is managed
and delivered by the wireless system.  [0020] Another patent that concerns
assistance between the GPS system and wireless  networks is U.S. Pat. No.
5,365,450, issued to Sehuchman, et al. which is also herein  incorporated
by reference. In the Sclmchman reference, ephemeris aiding through the
cellular telephone system is required for the GPS receiver to acquire and
track GPS  satellites. However, cellular and other wireless networks do not
always have the  capability to provide ephemeris aiding to the mobile GPS
receiver. [0021] Therefore, there is a need in the art for delivering GPS
data to wireless  communications systems, including cellular and PCS
subscribers, in an efficient  manner. There is also a need for GPS capable
cellular and PCS telephones.  Moreover, there is a need for GPS capable
cellular and PCS telephones that may  receive GPS satellite data for use by
the cellular/PCS subscriber (i.e., the user).  Additionally, there is a
need for a large cellular system that is capable of utilizing  and/or
supplying GPS information to cellular telephone users for a number of
applications, including E911 without the requirement of geographically
.proximate  base stations. s SUMA&ARY  



1 [021 a] A first aspect of the present invention provides an Aided
Location Communication System ("ALES"), comprising: a geolocation server;
and an Aided Location Communication Device C'ALCD") including
a.communioation section in signal communication with the geolocation
server,  and a position-determination section having a GPS-receiver,
wherein the position- determination section is capable of selectively
switching between a first position-determination mode for determining a
geolocation of the  ALCD and a second position cletemiination mode for
detcnnivirrg the geolocation of the  ALCD. [022] An Aided. Location
Cormnunieation System ("ALCS") is described that may  include a.
geolocation server and a wireless communication device. The geolocation
server is capable of receiving at least one signal from at least One Global
Position  System ("GPs") satellite and the wireless communication device
may include a GPS  receiver section. The UPS receiver section is capable of
being selectively switched  between a standalone triode and at least one
other mode for determining a geolocation  of the wireless communications
device. The at least one other mode may include an  autonomous mode, a
network aided mode, reverse-aiding mode, augmented- autonomous mode and a
network centric mode. The wireless communications device  is capable of
selectively sending the determined geolocation of the wireless  



communications device to the geolocation server. 9 [023] An Aided Location
Communication Device ("ALCD") is also described. The  ALCD may include a
position-determined section having a GPS receiver and a  communication
section in signal-communication with the position-determination  section.
The position-deteimination section is capable of receiving position-related
signals and determining a geolocation for the ALCD from the received
position- related signals and the position-determination section is
selectively switebable  between a GPS-standalone mode and at least one
other mode for determining a  geolocation of the ALCD, the at least one
other mode including a GPS-autonomous  mode, a GPS-network-aided mode, a
GPS-network-centric mode, a reverse-aiding  mode, a network-based and an
augmented-autonomous mode. The communication is 9a capable of receiving
position-aiding information Iron, an exacrna,  source, where the
location-aiding source is located external to the A.LOD. [024] Other
systems, methods, features and advantages of the invention will be or  will
become apparent to one with skill in the art upon examination of the
following  figures and detailed description, It is intended that all such
additional systems,  methods, features and advantages be included within
this description, be within the  scope of the invention, and be protected
by the accompanying claims. [024a] A second aspect of the present invention
provides a. method for detennaniug the geolooaiion  



of an Aided Location Commpnication Device ("ALCD") within an Aided.
Location  communication System ("WS"), the method comprising; receiving at
least one GPS~signal from at least one UPS satellite at the ALCD,  wherein
the ALCD is capable of selectively switching between a first positions
detezrnisatia~ mode and at least one other position-determination mode for
determining n  geolocation of the A.LCD, and determining the geolocation of
the ALCD. [024b] A third aspect of the present invention provides an Aided
Location Communication  Device {"ALCD'D, the ALCD comprising. a:co
nnil7lrG&ttiinSe Lion for eQ~i?t; 1.?i3iG3wW th-~'W1T ~~&5-1;9mmtsm.cahPnS
network; and a position-determination section having a GPS-zeoeiver,
wherein t1ie position-.  determination section is capable of selectively
switcbingbetween a first mode position-determination mode and .. at least
one other position-determination mode for determining a geolocation  of the
ALCD. 10  __ I .................  1[024c] A fourth aspect of the present
invention provides .an Aided T oeation Communication 



Dance ("ALCD"), the ALCD oonipiising: means for communicating with a
wireless communications network, and  aposition-detenaamaton section having
a GP"u receiver', wherein the po'Sitiou- detennimation section is capable
of selectively switching between a fast modeposition-determination incde
and at least one pther position deteuninationmode, for determining a
geolocation  of the ALCD. [024d]A fifth aspect of the present invention
provides an Aided Location Communication Device  ("ALCD"), the ALCD'
comprising: moans for communicating-with a wireless communications network,
and  means for determining the position-of theALCD, whereia
the..detern&dug.  means is capable of selectively switching between a Furst
mode pesition deterxxtanatxon moues a a at least one other
position^detormiuation mode for determining a geolocation  of the ALCD. Bar
DESCIirn7ION OF T Dnwi/mGs [025] The invention can be better understood
with reference to the following figures,  Thecomponents-in-the-figures are
not necessarily to scale, .emphasis...instead-being_  placed upon
illustrating the. principles of the invention. In the figures, like
reference  numerals designate corresponding parts throughout the different
views. 1[026] FIG. 1 illustrates an example of an implementation of a Aided
Location  



Communication System ("ALCS") using an Aided Location Communication Device
("ALCD") having a GPS receiver located within the ALCD. IOa [027] FIG. 2 is
a block diagram of an example of an implementation of the ALCD  shown in
FIG. 1. 1028] FIG. 3 illustrates an example of an implementation of an
architecture for the  ALCS shown in FIG. 1. ,,[029] FIG. 4 illustrates
another example of an implementation of an architecture for  the ALCS shown
in FIG. 1. 10b [030] FIG. 5 illustrates another example of an
implementation of an architecture for  the ALCS shown in FIG. 1. [031) FIG.
6 illustrates a basestalion located within a. cell iu an example of a
cellular  communication system. [032] FIG. 7 illustrates an example of an
implementation of a cellular  communication system utilizing directional
antennas on two example basestations and  within two cells and utilizing
three frequencies. )033] FIG. 8 illustrates an example of a typically N7
frequency-reuse plan having 7  channels assigned to numerous cells. [034]
FIG. 9 illustrates an example of an implementation of the ALCS of FIG. 1
utilizing a reverse-aiding mode. 



[035] FIG. 10 illustrates an example of an implementation of the ALCS of
FIG. 1  utilizing the reverse-aiding mode to increase the frequency
capacity within a cell  through SDM. [036] FIG. 11 illustrates another
example of an implementation of the ALCS 1100  utilizing the reverse-aiding
mode to increase the frequency capacity within a cell  through SDM. [0371
FIG. 12 illustrates an example of an implementation of the ALCS 1200
utilizing the reverse-aiding mode mobile to mobile aiding. [038) FIG. 13
shows an example of an implementation of the ALCD of FIG. Ini a  room
within a building. [039] FIG. 14 shows an example of an implementation of
the ALCD of FIG. 1  located at an intersection of four city blocks having
numerous buildings, 11 [040] FIG. 15 illustrates an example of an
implementation of a time-transter  architecture as utilized in conjunction
with the ALCS of FIG. 1. [041] FIG. 16 illustrates an example of an
implementation of frequency-transfer  architecture as utilized in
conjunction with the ALCS of FIG. 1. [042] FIG. 17 illustrates a block
diagram of an example of an implementation of the  frequency-transfer
architecture utilized in conjunction with the ALCS of FIG. 1. [043] FIG. 18
is a flowchart illustrating an example of the process performed by the
ALCS of FIG. 1. 



DETAILED DESCRIPTION [044] In the following description of the preferred
embodiment, reference is made to  the accompanying drawings that form a
part hereof, and in which is shown by way of  illustration a specific
embodiment in which the invention may be practiced. It is to be  understood
that other embodiments may be utilized and structural changes may be  made
without departing from the scope of this invention. OVERVIEW  [045] It is
appreciated by those skilled in the art that GPS systems include Satellite
Positioning System "SPS" and/or Navigation Satellite Systems. In general,
GPS  systems are typically satellite (also known as "space vehicle" or
"SV") based  navigation systems. Examples of GPS systems include but are
not limited to the  United States -("U:S Navy Navigation- Satellite
-System. .(NNSS") (also. know .as...  TRANSIT), LORAN, Shoran, Decca,
TACAN, NAVSTAR, the Russian counterpart  to NAVSTAR known as the Global
Navigation Satellite System ("GLONASS") and  12 any future Western European
GPS such as the proposed "Galileo" program. As an  example, the US NAVSTAR
GPS system is described in GPS Theory and Practice,  Fifth ed., revised
edition by Hofnr.ann-Weller%of, Lichtenegger and Collins, Springer- Verlag
Wien NewYork, 2001, which is fully incorporated herein by reference, [046]
When integrating GPS system components with wireless communications
systems (that may include cellular, paging, two-way paging, Personal Data
Assistant  



'TDA', Bluetooth, Wi-Fi and PCS systems), the GPS system should have the
capability to acquire and track the GPS satellites under conditions that a
typical  wireless communications system user may encounter. Some of these
conditions may  include indoor use, use in dense urban areas that have
limited sky view (such as in  downtown areas with skyscrapers blocking
satellite views, etc,). Although these  conditions are typically manageable
for terrestrial-based wireless communications  systems, they are difficult
environments for GPS systems. For example, in a  traditional
"OPS-standalone" mode where a GPS receiver acquires the signals from  the
GPS satellites, tracks the satellites, and, if desired, performs navigation
without  any outside information being delivered to the GPS system, typical
GPS receivers  have problems with long Time-To-First-Fix ("TIFF") times,
and, further, have  limited ability to acquire the GPS satellite signals
under indoor or limited sky-view  conditions. Even with some additional
information, TIFF times may be over thirty  seconds because ephemeris data
must be acquired from the GPS system itself, which  typically requires a
strong GPS signal to acquire ephemeris data reliably. These  conditions
usually impact the reliability of the position availability, as well as,
the  rs power consumption within wireless communication devices such as,
for example,  cellular telephones. [047] To overcome these problems, an
Aided Location Communication Device  ("ALLCD") is described that allows for
multiple modes of operation depending on  



various factors. The ALCD may be cellular telephone, paging device, two-way
pager,  PDA, Bluetooth enabled device, Wi-Fi enable device, laptop
computer, desktop  computer, non-mobile device and/or PCS system. The ALCD
may also be a  semiconductor integrated circuit (i.e., a chip or chipset)
within a device such as, for  example, a cellular telephone, paging device,
two-way pager, PDA, Bluetooth enabled  device, Wi-Fi enable device, laptop
computer, desktop computer, non-mobile device  and/or PCS system. [048] The
ALCD may operate in a GPS-standalone mode, GPS-autonomous mode,
GPS-network-aided mode, GPS-network-centric mode, reverse-aiding mode,
network-based and augmented-aiding mode. These multiple modes of operation
allow the ALCD to operate in various environments and to receive and/or
send  "aiding" information to or from an external network or external
aiding devices. [049] The ALCD includes a position-determination section,
having GPS receiver,  and/or a communication section and, as an example,
the ALCD may be utilized in a  "GPS-standalone" mode, when the GPS receiver
in position-determination section is  receiving a strong signal, has recent
ephemeris or almanac data, or when an exact  position is not required. In
the GPS-standalone mode, the position-determination  section does not
receive any aiding and therefore operates independently from any  available
external networks or external aiding devices. In the GPS-standalone mode,
14 the CPS receiver in the position-determination section acquires GPS
satellite signals,  



and utilizes those signals to determine the location of the ALCD, The GPS
receiver  may also utilize the GPS, satellite signals for tracking, and, if
desired, navigation  functions in the ALCD. The determined position of the
ALCD may be utilized  internally to the position-determination section or
external to the position- determination section and internally to the
communication section withifti the ALCD.  [050] In another example, the
ALCD may be utilized also in a "GPS-autonomous".  mode, where the GPS
receiver within the ALCD again receives a strong signal from a  GPS
satellite, has recent ephemeris or almanac data, or when an exact position
is not  required. Similar to the GPS-standalone mode, in the GPS-autonomous
mode the  position-determination section in the ALCD does not receive any
aiding and therefore  operates independently from any available external
networks or external. aiding  devices. In the GPS-autonomous mode, the GPS
receiver acquires GPS satellite  signals, and uses those signals to
determine the location of the ALCD. The GPS  receiver may also use the GPS
satellite signals for tracking, and, if desired, navigation  functions.
However, instead of only utilizing the determined position internally to
the  ALCD, in the autonomous mode, the ALCD also transmits the determined
position of  the ALCD to an external network that may include a geolocation
server or other  similar devices. [051] Similarly, in yet another example,
the ALCD may be utilized also in a  "reverse-aided" mode, where the GPS
receiver again receives a strong signal, has  recent ephemeris or almanac
data, or when an exact position is not required. Similar  



to the GPS-autonomous mode and GPS-standalone mode, in the reverse-aided.
mode  m5 the position-determination section in the ALCD does not receive
any aiding and  therefore operates independently from any available
external networks or external  aiding devices, In reverse-aiding mode, the
GPS receiver acquires UPS satellite  signals, and uses those signals to
determine the location of the ALCD, The GPS  receiver in the
position-determination section may also use the UPS satellite signals  for
tracking, and, if desired, navigation functions. However, instead of using
the  determined position internally to the ALCD, in the reverse-aiding
mode, the ALCD  transmits various types of measured information at the UPS
receiver to an external  network. [052] in yet another example, the ALCD
may operate in a "GPS-network aided"  mode if the GPS receiver in the ALCD
does not receive a strong enough GPS signal,  such as when the ALCD is
utilized indoors, the position-determination section may  switch to a
different mode of operation where an external network such as a wireless
communication system. may help (i.e., "aid") the position-determination
section to  acquire, track, and/or navigate using the UPS signals received
by the GPS receiver  with additional information supplied by the external
network or an external aiding  device. The additional information may
include almanac or sub-almanac information,  coarse position information,
Doppler data, in-view satellite positions, time and  frequency aid,
received wireless radio signal strength, or other aids that will aid the  



GPS receiver in acquiring the information that the GPS receiver needs to
.acquire,  navigate, or track. The UPS-network aided mode approach differs
from a "GPS- network centric" mode (also known as "GPS-mobile based" mode
or "network- assisted" mode in other known literature) approach because in
the GPS-network-aided  16 mode approach, the UPS receiver in the ALCD is
capable of eventually obtaining the  position and tracking information
needed to locate the ALCD by itself, [053] Additionally in another example,
the ALCD may operate in a "networlc-based"  mode in situations where the
ALCD is utilized in an even harsher signal reception  environment and the
UPS receiver in the ALCD cannot receive any GPS signals, As  such, the
position-determination section in the ALCD may be completely dependent  on
an external network to obtain any positioning information. Typically,
network- based modes compute position without using GPS or other GPS
satellite information.  Positions of the ALCD are derived from network
resources such as cellular  transmitter towers, Time Difference of Arrival
("TDOA") techniques, non-cellular  wireless networks, etc. [054]
Additionally in another example, the ALCD may operate in the GPS- network-
centric mode in situations where the GPS receiver in the ALCD is
constrained in  performance or where the location of the ALCD is computed
on the network. As  such, the ALCD receives the signals in the
position-determination section and  transmits the position related data to
the network for final position computation. This  



mode is also known as the "mobile-assisted'' mode. [055] Similarly, in
still another example, the ALCD may operate in an "auglnented- autonomous"
mode in situations where the ALCD is utilized in a harsh signal  reception
environment and cannot receive any GPS signals. In the augmented-
autonomous mode, the ALCD may utilize various types of external
location-aiding  sources/devices or external networks to obtain location
information that may be  totally independent of any GPS information. In the
augmented-autonomous mode,  17 the ALCD computes its position without using
GPS or other GPS satellite  information. Positions of the ALCD are derived
from network resources such as  computer networks, communication networks,
wireless networks or external devices  that may transmit location
information. [056] The ALCD may switch between these modes of operation
based on several  variables, as well as user-selected preferences or
demands, and may switch either via  local or remote control, or via either
automatic or manual commands given to the  ALCD. THE UPS ARCHITECTURE [057]
FIG. 1 is an example of an implementation of an Aided Location
Communication System ("ALCS") 100 utilizing the ALCD 102 having a
communication section (not shown) and a GPS receiver (not shown) located
within  the position-determination section (not shown) of the ALCD 102. As
shown in FIG.  



1, during operation, the ALCD 102 is in signal-communication with a
wireless  network 104 via a basestation 106 and wireless transmission path
108 and is in signal- communication with at least one GPS satellite of the
GPS satellite constellation 110  via signal communication paths 112, 114,
116 and 118. It is appreciated by those  skilled in the ail that while only
four GPS satellites 120, 122, 124 and 126 are shown,  the GPS satellites
120, 122, 124 and 126 may be any number of GPS satellites from  the GPS
constellation 110 that are visible to ALCD 102. [058] The ALCD 102 may
include both a UPS receiver (not shown) in a position- determination
section (not shown) and a wireless processing section (not shown), also  18
known as a "call processing" section, in a. eonununieation section (not
shown). The  OPS receiver within the ALCD 102 may receive GPS signals from
the GPS satellite  constellation 110 via signal communication paths 112,
114, 116 and 118 and the  communication section of the ALCD 102 may receive
wireless communication  signals from the wireless network 104 via signal
communication path 108 and  basestation 106. In some implementations, the
ALCD 102 may also send wireless  communication signals to the wireless
network 104 via signal communication path  108 and basestation 106. The
ALCD 102 may be a wireless device such as a cellular  telephone (also known
as a wireless handset, cellphone, mobile telephone or mobile  phone) or any
other type of mobile device, including, but not limited to, personal
digital assistants ("PDAs"), pagers, computer, two-way radio, trunked
radio,  



specialized mobile radio (i9SMR") or any other device for which it is
desirable to  determine location information. The ALCD 102 may also be a
semiconductor  integrated circuit (i.e., a chip) located within the
wireless device or a combination of  semiconductor integrated circuits
(i.e., a chipset) located within the wireless device.  Examples of the
chip, or chipset, may any include any integrated circuit having a GPS
receiver and a transceiver which may include application specific
integrated circuit  ("ASIC") orASICs and digital signal processor ("DSP")
or DSPs. In the case of a  cellular telephone, the ALCD 102 may utilize a
cellular transceiver in the  communication section that operates at any
radio frequency ("RF") band utilizing any  transmission schemes including
but not limited to CDMA, CDMA-2000, W-CDMA,  TDMA, FDMA, GSM, UMTS, AMPS,
Bluetooth, Wi-Fi and/or any combination or  extension of these transmission
schemes or similar schemes. 19 [059] FIG. 2 is a block diagram of an
example of an implementation of the ALCD  102 shown in FIG. 1. The ALCD
102, FIG. 2, includes both a communication section  200 and a
position-determination section 202. The wireless communication section  200
may include a call processing ("CP") section (not shown) that performs the
processing functions for the wireless applications and may include a
wireless  transceiver. For example, in the case of a cellular telephone,
the ALCD 102 would  include a CP. section with a cellular transceiver. The
position-determination section  202 includes a GPS receiver 204 for
receiving satellite transmissions 206 from a GPS  



satellite constellation 110. The position-determination section 202 may
also include a  non-GPS receiver capable or receiving non-GPS location
aiding information as  described below. The position-determination section
202 performs the position  computation functions for the ALCD 102. By
integrating the technology of the  communication section 200 with that of
the position-determination section 202, the  ALCD 102 provides two major
service systems: that of a wireless device, such as  cellular telephone
service, and that of the GPS receiver to provide location  information of
the ALCD 102. It is appreciated by those skilled in the art that this
integration provides for numerous advantages including meeting the E911
requirements of the Federal Communication Commission ("FCC"). [060] Within
the ALCD 102, or, alternatively,`between ALCD 102 and an external
accessory (not shown) to ALCD 102, communications between the
conununication  section 200 and position-determination section 202 take
place. These  communications allow signals to be transferred f Tom the
communication section 200  to the position-determination section 202, and
typically take place on a serial  20 communications link 208 and hardware
lines Lau, our omer eomleuuua muuy U~ u~  also if desired, [061] As an
example, the cormnunieation section 200 and the position-determination
section 202 may share the same digital processor (not shown) and other
circuitry, In  such a case, the communication between sections may be made
by inter-task  



communication, and certain data transfers, such as any time or frequency
transfers  between the communication section 200 and the
position-determination section 202,  would not use hardware lines 208, but
would be internal to the circuitry or,  potentially, no transfer would be
required depending on the circuit design. [062] In FIG. 3, an example of an
implementation of ALCS 300 architecture is  shown. The ALCS 300
architecture utilizes GPS technology in support of various  implementations
of the ALCD 302 for the implementation of E911 and geolocation  services.
By taking advantage of low cost, low power, high performance and bigh
accuracy GPS receivers and the wireless network communication services, the
ALCS  300 provides highly reliable and economical solutions to the ALCD
302. The ALCS  300 supports all types of geolocation services including
GPS-standalone mode, GPS- autonomous mode, OPS-network-aided mode,
GPS-network-centric mode, reverse- aiding mode, network-based and
augmented-aiding modes. The ALCS 300 also  accommodates a wide range of
wireless communication technologies including  CDMA, TDMA, AMP, and even
pager. systems. [063] In FIG. 3, an example of implementation of the ALCS
system 300 may  include a GPS satellite 304 (which is illustrative of the
constellation of GPS satellites  304 that are in Earth orbit), the ALCD 302
that includes a GPS receiver, a basestation  21 306, a. geolocation
(server) service center 308, a geoloeation end application 310, and  a
Public Safety Answering Point ("PSAP") 312. 



[064] In an example of operation, the GPS satellite 304 transmits spread
spectrum  signals 314 that are received at the ALCD 302 and the geoloeation
server 308. For  case of illustrative purposes, the other GPS satellites
are not shown, however, other  UPS satellites also are transmitting signals
that are received by the ALCD 302 and the  geoloeation server 308. If the
ALCD 302 receives strong enough signals 314, the  UPS receiver in the ALCD
302 may compute the position of the ALCD 302 in a  typical fashion of a
known GPS system. [065] However, if the ALCD 302 is not able to receive
strong enough signals 314, or  is not able to receive signals from enough
UPS satellites 302 to autonomously  compute the position of the ALCD 302,
it may still be able to communicate with  basestation 306 via signal path
316. In this example, the basestation 306 may  communicate information, via
signals 316, to the ALCD 302 to allow the ALCD 302  to compute its
location. Alternatively, the basestation 306 may communicate  information
from the ALCD 3.02 to the geolocation server 308 to allow the  geolocation
server 308 to compute the position of the ALCD 302. If the basestation  306
is transferring information to the ALCD 302 to allow the ALCD 302 to
compute  its position, the process is luiown as "wireless-aided GPS,"
whereas when the  basestation 306 transfers information from the ALCD 302
to the geoloeation server  308 for the geolocation server 308 to compute
the position of the ALCD 302, it is  known as "network-centric GPS." 22 



[0661 The geolocation service center (i.e., inc geoxeouuum aclvcy ova "xav
conununicates with the geolocation application 310, via signals 318, and
with PSAP  312 via signals 320, These signals 318 and 320 may either be via
wireless limes or  may be through the land-lire telephone network or other
wire-based networks. 10671 The ALCS 300 may include two major service
systems that include the ALCD  302 with the GPS receiver and the
geolocation server 308 having geolocation  software modules. In addition,
there are two types of supporting systems: the  basestation (`BS") 306
infrastructure, which provides the network information  transfer mechanism,
and the PSAP 312 or the geolocation end application 310 system,  which may
initiate the geolocation network services. [068] The ALCD 302 may include a
typical communication section that performs  the CP functions, and. a
position-determination section for position computation,  pseudorange
measurement, and other GPS functions performed at the ALCD 302. A  serial
communication link, or other communications link, performs the
communications between the communication section and the
position-determination  section and a collection of hardware lines may be
utilized to transmit signals between  the two sections, [069] FIG. 4
illustrates another example of an implementation of an end-to-end  system
of the ALCS 400. The.ALCS 400 shows the ALCD 402 receiving GPS  signals 404
from GPS satellite constellation 406. The ALCD 402 includes a position-
determination section 408 having a GPS receiver client (not shown) and  



communication section 410 having a CP section (not shown), connected by,
for  example, an RS232 data link 412. The communication section 410
communicates  23 with basestation 414, which communicates with a main
server 416 via the cellular  aid/or cellular/land-based telephone network
415. The main .server 416  communicates with the geolocation server 418 and
the application 420 via land-based.  or wireless networks, typically using
TCP/IP protocols. [070] The GPS signals 404 are also received by a series
of reference receivers 422  that compute the position of the reference
receivers 422 and extract data from the GPS  signals 404. The extracted
data such as time, Doppler, frequency, etc. is sent to a  GPS data center
424, for all of the GPS satellites in the GPS constellation 406. When
needed, the geolocation server 418 extracts data from the GPS data center
424 for use  by the ALCD 402, and transmits the data to the ALCD 402 or the
application 420.  The main server 416 may also interface to the PSAP 426 if
desired, and the main  server 416 and the geolocation server 418 may be
co-located if desired or necessary.  1071] Depending on the wireless
network being used such as cellular, PCS, two-way  paging, Specialized
Mobile Radio ("SMR"), Short Messaging Service ("SMS"), etc,  the physical
implementation of the ALCS 400 may vary from that shown in the FIGs  3 and
4. FIGs 3 and 4 are for illustrative purposes only, and are not meant to
limit the  application of the ALCS 400 to other wireless systems. Further,
the ALCS 400 may  be utilized. with hardwired systems such as the landline
telephone system, local area  



networks, etc., without departing from the scope of the present invention,
[072] FIG. 5 illustrates another example of implementation of ALCS 500. The
ALCS 500 receives GPS signals 502 from GPS constellation 504. The ALCD 506
may include position-determination section 508 having a GPS receiver, also
called the  client, a server 510, and a CP section 512. The server 510 and
CP 512 may be  24 included in the communication section 514. In the ALOS
500, server 510 is usually  known as a "thin server," since it will not
have the same capabilities of server (i.e., the  conununication section
410) described in FIG. 4. The ALCS 500 utilizes UPS  reference receiver 516
to also receive signals 502 from UPS constellation 504, and  stores the GPS
data in data center 518. This information is transmitted to main server
520 when requested by application 522, or by the ALCD 506, which uses
server 510  to transmit the data back and forth between the CP section 512
and client 508. The  ALCS 500 allows for some aiding data, such as
ephemeris, to be stored in the ALCD  506 at the server 510 and then
provided to the client 508 on demand. MULTI-MODE GPS OPERATION WITH
WIRELESS NETWORKS [0731 As described above, the ALCS may be operated in
different modes depending  on a number of variables such as signal
strength, operator intervention, type of  services desired or requested,
performance expectation, e.g., TIFF of a few seconds  vs. tens of seconds,
etc. The operation of each mode is described below. STANDALONE MODE 



[074) In CPS-standalone mode, the GPS receiver of the
position-determination  section located in the ALCD 304 operates
independently from the wireless  communications network that is in
signal-communication with the ALCD 304 via the  basestation 306 and
signal-path 316. The position-determination section acquires the  GPS
signals 314, and utilizes the signals 314 to determine the location of the
ALCD  304. The position-determination section also utilizes the GPS signals
314 for  25 tracking, and, if desired, navigation functions. The determined
position of the ALCD  304 is utilized internally to the ALCD 304.
AUTONOMOUS MODE [075] In UPS-autonomous mode, the position of the ALCD 304
is computed. in a  similar manner as in UPS-standalone mode, e.g., by the
position-deterxwaation  section in ALCD 304 without any assistance from the
cellular or other communication  networks. However, instead of utilizing
the determined position of, the ALCD 304  internal to ALCD 304, in the
GPS-autonomous mode, the ALCD 304 transmits the  determined position of the
ALCD 304 back to the communications network (e.g., the  geoloeation server
308, application 310, PSAP 312, etc.) through the wireless  communications
network. NETWORK AIDED MODE [076] A different mode of operation maybe
implemented in the ACLS 300 such that  the position-determination section
in the ALCD 302 utilizes the wireless  



communications network to deliver some of the position information to the
position- determination section to "aid" the GPS receiver in the
acquisition, tracking, and  navigation functions. Such information includes
almanac or sub-almanac  information, coarse position information, Doppler
data, in-view UPS satellite  positions, time and frequency aid, received
wireless radio signal strength (to obtain by  analogy an idea of what to
expect for the UPS signal strength), or other aids that will  aid the UPS
receiver in acquisition, navigation, or tracing. Such situations may  26
occur when the ALCD 302 has a limited view of the sky, or cannot acquire
enough  UPS signals on its own, because the ALCD 302 is blocked or
otherwise unable to  acquire the UPS satellite signals, or cannot track the
GPS satellites because of  multipath problems. Furthermore, such situations
may also be initiated by the user  conditioned upon a given event such as
when an E911 call is placed from the ALCD  302, the user desires a very
short TTFF or that additional network information is  included in the GPS
calculation for increased accuracy, or other reasons. [077J . The
GPS-network aided approach differs from the GPS=network centric (also
called the network assisted mode in other literature) approach because in
the GPS- network aided approach, the position-determination section could,
eventually, obtain  the position and tracking information needed to locate
the ALCD 302 by itself. The  GPS-network centric approach, as discussed in
Krasner, cannot determine the position  of a mobile device solely using the
GPS information acquired from outside the  



wireless network, because the position calculation is done inside of the
wireless  network at the basestation, instead of in the ALCD 302. [0781
Further, the GPS-network aided approach, as described with respect ALCS
300 allows for switching between the GPS-standalone mode, GPS-autonomous
mode,  or other modes, once the initial acquisition has been made. The
GPS-network aided  mode and architecture of the ALCS 300 allows for the
tracking, e.g., continuous  update of user position to be done in
GPS-autonomous mode or GPS-standalone mode  even in weak signal
environments. The GPS-network assisted architecture of Krasner  typically
continues to depend on the network aid to calculate subsequent position. 27
[079] The GPS-network aided mode is typically only utilized for acquisition
or me  GPS signal in weak signal environments. Once the UPS signal is
acquired, the UPS  receiver of the ALCD 302 is capable of trading the UPS
satellite 304 without aid  from the network, The UPS-network assisted mode
of Krasner requires the network  to assist the GPS receiver in a mobile
device for tracking purposes as well as for  acquisition. NETWORK-BASED
MODE [080] A network-based mode may also be utilized for situations where
the UPS  receiver cannot receive any GPS signals. As such, the ALCD 302 is
completely  dependent on the wireless communications network to obtain any
positioning  information, and as such, is "centered" upon the information
delivered by the wireless  



communications network. Typically, network-based modes compute position
without  using GPS or other satellite information. Position of the AT,CD
302 is derived from  network resources, e.g., cellular transmitter towers
and TDOA techniques. Therefore,  the network-based mode is useful when the
ALCD 302 is in an area where it cannot  receive GPS or other positioning
system information to determine ALCD 302  position. REVERSE-AIDING MODE
[081] The reverse-aiding mode may be utilize when the GPS receiver in the
ALCD  302.again receives a strong UPS signal, has recent ephemeris or
almanac data, or  when an exact position is not required. Similar to the
UPS-autonomous mode and  28 OPS-standalone mode, in the reverse-aided mode
the position-determination section  does not receive any aiding and
therefore operates independently from any available  external networks or
external aiding devices, In the reverse-aiding mode, the  position
detennnixration section acquires GPS satellite signals, and utilizes those
GPS  signals to determine the location of the ALCD 302. The
position-determination  section may also use the GPS satellite signals for
tracking, and, if desired, navigation  functions, However, instead of using
the determined position internally to the ALCD  302, in the reverse-aiding
mode, the ALCD 302 transmits various types of measured  information at the
GPS receiver to a communication section of a wireless device  and/or an
external network such as a wireless communications network for use within  



the wireless communications network. [082] The reverse-aiding mode may be
utilized to supply location information,  precise time, velocity, heading
and a reference GPS clock because location, velocity  and heading are very
useful for cell planning and power management. REVERSE-AIDING FOR CELL
PLANNING AND FREQUENCY-REUSE [083] In cellular communication systems, the
reverse-aiding mode is useful for cell  planning aid increasing
frequency-reuse. As cellular communication systems mature,  they serve more
subscribers, which leads to either adding more radio channels in a  cell or
adding new cells to a cellular system. The reverse-aiding mode allows
additional frequency reuse or code reuse within a cell, since the wireless
communications system may utilize smart antennas (such as antennas
utilizing phased  29 array technology) to beam-steer or bea -fonn a shaped
antenna transmission beam  that is centered upon each wireless
communications device. [084] FIG. 6 illustrates a,basestation 600 located
within a cell 602 in an example of a  cellular communication system 604. In
the cellular communication system 604, a  high-power transmitter (not
shown) at the basestation 600 typically serves a large  geographic area
such as the entire cell 602. Because each radio channel FT 606  transmitted
by the high-power transmitter usually requires a certain bandwidth, the
resulting limited number of radio channels keeps the serving capacity of
the cellular  communication system 604 low and therefore the customer
demand for the few  



available channels high. [085] To increase the number of radio channels
where the frequency spectrum  allocation is limited, cellular providers
typically reuse the transmitted frequencies.  The reuse of these
frequencies is possible because the radio channel signal strength
decreases exponentially with distance and subscribers who are far enough
apart can  typically utilize the same radio channel frequency without
interference. Therefore, to  minimize interference in this way, cellular
system planners typically positioned the  cell sites that use the same
radio channel frequency fa away from each other, [086] However, in order to
add more radio channels, cellular systems typically use  several techniques
in addition to strategically locating cell sites that utilize the same
frequencies. Directional antennas and underlay/overlay transmit patterns
usually  improve signal quality within cells by focusing radio signals into
one area of the cell  and reducing the interference in other areas. The
reduced interference allows more  frequency reuse and therefore directional
antennas may be utilized to sector a cell in  s0 to wedges so that only a.
portion of the cell (e.g., 1/3, or 1zu aegrees) is uunzeu rur a  single
radio channel, Such sectoring usually reduces interference with the other
cells  in the area. [087] FIG. 7 shows an example of an implementation of a
cellular system 700  utilizing directional antennas on two example
basestations 702 and 704 within two  cells 706 and 708 where the two
basestations 702 and 704 utilize three total  



frequencies F1, F2 and F3. Cells 706 and 708 are divided up into sectors
710, 712,  714, 716, 718 and 720 respectively where sector 710 has
frequency Fj, 712 has  frequency F2, 714 has frequency F3, 716 has
frequency F1, 718 has frequency F2, and  720 has frequency F3. [088] The
allocation of the frequencies in the sectors may be chosen utilizing the
standard channel spacing procedures. Typically, channel spacing refers to
the actual  bandwidth space that is allocated for every cellular channel
out of the amount of  cellular spectrum. Usually, each cell basestation is
assigned a particular number of  cellular channels. This group of channels
is known as a channel set. A frequency- reuse plan (such as a "N4" or "N7"
plan) utilizes a number of channel sets in the plan.  As an example, in an
N=7 frequency-reuse plan (i.e., N7 plan), there are 21 channels  sets, with
an average of 15 to 20 paired channels assigned per set. There are 21
channel sets because channel sets are assigned alphanumerically in groups
of three,  using the N=7 reuse format. [089] FIG. 8 shows atypically N7
frequency-reuse plan 800 having 7 channels  assigned as A, B, C, D, E, F
and G to numerous cells. Because of convention,  channel sets are typically
assigned on an alpha numeric basis. The numerous cells are  31 arranged in
two clusters of cells 802 and 804 centered around center cells 806 and
808, respectively. REVJIRSE-AIDING FoR INCREASING FREQUENCY CAPACITY 



[090] Similar to the advantage for frequency-reuse, the reverse-aiding mode
is also  useful for increasing the frequency capacity utilized within a
cellular communication  system, With the advent of "smarter" antennas such
as phase-array and general beam- steering antennas, cellular communication
systems may include antennas that are  capable of being directed to a
mobile handset while steering the antenna beam in a  fashion that maintains
a communication link between the mobile handset and the  basestation while
the mobile handset is moving. [091] The reverse-aiding mode allows a GFS
receiver in the ALCD 302 to determine  position information about its
location, velocity and heading and pass that information  to the
communication section of the ALCD 302. The communication section of the
ALCD 302 may then transmit this information to the basestation via a
communication  channel such as a reverse access control channel. [092]
Knowing the position information of the ALCD 302, the basestation may then
utilize a smart antenna to transmit to the ALCD 302 utilizing an antenna
beam that  has a narrow beamwidth directed towards the ALCD 302. This
antenna beam may  them be steered by the basestation based on the received
velocity and heading  information of the ALCD 302 in order to maintain
signal communication with the  moving ALCD 302, It is appreciated by those
skilled in the art that the antenna beam  32 may be created and steered
utilizing known antenna tecnmques $ucn as puaacu away  technology, 



10931 FIG. 9 illustrates an example of an implementation of the ALCS 900
utilizing  a reverse-aiding mode, As an example, the ALCS 900 may utilize
the reverse-aiding  mode with two cells 902 and 904 having basestations 906
and 908, respectfully. The  basestation 906 may be in signal communication
with an ALCD 910 via antenna  beam 912 and basestation 908 is in signal
communication with second ALCD 914 via  anteimabeam 916. [0941 In FIG. 9, a
first position-determination section located within the first ALCD  910
determines the position of the first ALCD 910. The first communication
section  of the first ALCD 910 then obtains the position information from
the first position- determination section and passes it to the first
basestation 906. Similarly, a second  first position-determination section
located within the second ALCD 914 determines  the position of the second
ALCD 914. The second communication section of the  second ALCD 914 then
obtains the position information from the second position- determination
section and passes it to the second basestatiou 908. The first  basestation
906, utilizing the position information of first ALCD 910, then adjusts the
first antenna beam 912 to directively aim at the ALCD 910. As the ALCD 910
moves  within the cell 902, the first basestation 906, utilizing the
position information of the  first ALCD 910 including the heading and
velocity of the first ALCD 910 movement,  steers the first antenna beam 912
to maintain signal communication with the first  ALCD 910. 33 



[0951 Similarly, the second basestation 908, utilizing the position
inforanation of  second. ALCD 914, then adjusts the second antenna beam 916
to directively aim at the  second ALCD 914, As the second ALCD 914 moves
within the cell 904, the second  basestation 908, utilizing the position
information of the second ALCD 914 including  the heading and velocity of
the second ALCD 914 movement, steers the second  antenna beam 916 to
maintain signal communication with the second ALCD 914.  REVERSI AIDING FOR
INCREASING FREQUENCY CAPACITY THROUGH SPACE 'DOMAIN MULTIPLEXING  [0961.
The reverse-aiding mode also may increase the frequency capacity within a
cell through space-domain multiplexing ("SDM"). The reverse-aiding mode
allows a  basestation to divide up a cell by transmitting multiple antenna
beams from the  basestation to multiple ALCDs located within the cell.
These multiple antenna beams  may be varied in transmission range and
steered to follow the movements of the  ALCDs. In this way, the
reverse-aiding mode allows the basestation to utilize the  space-domain
within the cell as a way of isolating the multiple transmissions to the
multiple ALCDs in the cell. Similar to time, frequency, and code-domain
multiplexing, SDM allows for an increase in capacity of frequencies being
transmitted  within the cell. [0971 FIG, 10 illustrates an example of an
implementation of the ALCS 1000  utilizing the reverse-aiding mode to
increase the frequency capacity within a cell 1002  through SDM. As an
example, the ALCS 1000 is shown having the cell 1002 and a  



basestation 1004. The basestation 1004 may be in communication with two
ALCDs  34 1006 and 1008 via antenna beams 1010 and 1012. As the ALCDs 1006
and 1008  move along the cell 1002 the basestation 1004 will steer and.
adjust the transmission levels of the antenna beams 1010 and 1012 to follow
the movements of the  power ALCDs 1006 and 1008. [098] FIG. 11 illustrates
another example of an implementation of the ALCS 1100  utilizing the
reverse-aiding mode to increase the frequency capacity within a cell 1102
through SDM. As an example, the ALCS 1100 is shown including the cell 1102
and a  basestation 1104. The basestation 1104 maybe in communication with
ALCDs 1106,  1108 and 1110 via antenna beams 1112,1114 and 1116,
respectively. The basestation  .1104 may be located at a higher elevation
than the three ALCDs 1106, 1108 and  1110. In an example of operation, as
the ALCDs 1106, 1108 and 1110 move along  the cell 1102, the basestation
1104 steers and adjusts the transmission power levels of  the antenna beams
1112, 1114 and 1116 to follow the movements of the ALCDs  1106, 1108 and
1110. [099] As mentioned earlier, based on the distance of the ALCDs 1106,
1108 and  1110 from the basestation 1104, the basestation 1104 may vary the
amount of power  that it utilizes in transmitting to the ALCDs 1106, 1108
and 1110. The reverse- aiding mode also may be utilized to help determine
when to switch to another  



basestation (not shown) by using the location of the ALCDs 1106, 1108 and
1110.  (i.e., GPS-aided basestation hand-over). REvERSE-AIDING FOR POWER
MANAGEMENT  35 [0100) The reverse-aiding mode in the ALCS is useful also
for power management  because the reverse-aiding mode allows a basestation
to vary the transmission power  based on the motion of the ALCD. The
reverse-aiding mode allows for lower  transmitter power to be utilized by
the basestation transmitter, as well as lower power  from the ALCD, because
the formed or steered antenna beam typically has more gain  than an
omnidirectional beam pattern. Therefore, the reverse-aiding mode feature
helps to optimize the communications links and increase the. capacity of
wireless  communications system basestations, which, in CDMA networks is
very useful, since  the capacity of CDMA networks typically are limited by
the noise floor, which  increases as more users are placed on the network,
not by the code efficiency. [0101] Returning to FIG. 9, the basestations
906 and 908 may vary the transmission  power of the antenna beams 912 and
916 as the ALCDs 910 and 914 move along the  cells 902 and 904. As the
ALCDs 910 and 914 move closer to the basestations 906  and 908, the
basestations 906 and 908 may reduce the transmission power of the  antenna
beams 912 and 916. As the ALCDs 910 and 914 move farther from the
basestations 906 and 908, the basestations 906 and 908 may increase the
transmission  power of the antenna beams 912 and 916. 



REVERSE-AIDING FOR ACCELERATING ACQUISITION [0102] The reverse-aiding mode
may also be utilized in the ALCS for accelerating the  acquisition and code
synchronization onto an external network such as a wireless  network by
providing very accurate absolute time -and frequency references. Once the
GPS receiver in a ALCD is locked on to the 'UPS signals from the GP S
constellation  36 of UPS satellites, the GPS clock in the UPS receiver will
be very stable with values  approximately equal to 0.01 to 0.001
parts-per-million ("ppm"). In contrast, the CP  clock in a typical call
processing section in the mobile device (such as a cellular  telephone)
will at best have approximately 0.10 ppm, which is typical for many
basestation clocks, As a result, by allowing the UPS clock frequency
reference to aid  the CP clock in the comununi.cation section of the ALCD,
the ALCS utilizing the  reverse-aiding mode allows the CP clock in the ALCD
to be much more stable and  accurate than without reverse-aiding, which
resulting in faster acquisition times for  the position-determination
section of the ALCD. REVERSE-AIDING FOR MOBILE-TO-MOBILE AIDING [0103] FIG.
12 illustrates another example of an implementation of the ALCS 1200
utilizing the reverse-aiding mode mobile to mobile aiding. As an example,
the ALCS  1200 would allow a first ALCD 1202 to aid a second ALCD 1204,
using the network  1206 only as a communication medium (via signal-paths
1208 and 1210), where the  first ALCD 1202 receives absolute-time
information, measures the-difference between  



network time and GPS-time (via UPS-signal 1212) from the GPS constellation
1213,  and sends the information to the network 1206 via signal-path 1208.
The second  ALCD 1204 requesting GPS aiding information will receive the
GPS-time-versus- network-time difference from the first ALCD 1202 (via
signal-paths 1208 and 1210  and the network 1206), and will correct the
network time of this information to obtain  GPS-time to help in its own GPS
acquisition process. 37 [01041 The reverse-aiding mode may also be utilized
in the ALCS 1200 from the first  ALCD 1202 to the second ALCD 1204 for
frequency transfer, where the frequency  error measured. between
network-frequency and GPS-frequency in first ALCD 1202 is  sent to the
network 1206, and sent to a new mobile (i.e., the second ALCD 1204) as
part of the assistance information. This process may be implemented as a
control  command that is broadcast by the basestation of the network 1206.
[01051 Additionally, the reverse-aiding mode allows for direct GPS aiding
from the  first ALCD 1202 to the second ALCD 1204 in the ALCS 1200 without
utilizing a  server (at the network 1206). Direct GPS aiding may be
utilized without intervention  of a server (at the network 1206)
momentarily storing assistance information before  retransmitting to the
next user at another ALCD that requests aiding, As an example,  the first
ALCD 1202 having acquired a position, valid ephemeris and possibly
network-time and frequency-error-versus-GPS, may transfer this information
to any  other ALCD in the same vicinity via the basestation of the network
1206 or a region  



via the MSC 1214. REVERSE-AIDING FOR ASSISTING THE NETwoRIZ [0106J The
reverse-aiding mode in the ALCS may also be utilized for wireless  network
monitoring, where the position information, alongside with the wireless
signal strength, or any position related information, may be collected from
every  ALCD requesting assistance, at a central place in the network, to
continuously  monitor the cell coverage area, the amount of traffic within
a single cell, where the  traffic is concentrated, what are the areas of
bad wireless reception, to help in the  38 decisions of adding new base
stations, or relocating them, The quality of service may  be monitored in
real-time by all the ALCD utilized in the area, [0107] The reverse-aiding
mode in the ALCS also allows the external network,  receiving redundant
time and/or frequency reference information from several ALCD  in the same
area for different points in time, to model the network time offset and
frequency drift, and predict its value in the future, This way, the network
may provide  timing assistance information to a new ALCD, even after a
period where no  information is received from any ALCD. [0108] The
reverse-aiding mode in the ALCS may also be utilized to correct  multipath
problems at the client in the ALCD, because the terrestrial based wireless
communications network may assist in the modeling of the multipath and/or
provide  modeling tools to help correct the multipath reception problems at
the client given the  



initial position of the ALCD. [0109] Furthermore, the reverse-aiding mode
in the ALCS allows the utilization of  velocity information from a GPS
receiver in the ALCD to assist the wireless  communication system in
aligning the Phase Locked Loop (`TLL") to address  problems associated with
ALCD motion. In particular, the reverse-aiding mode may  increase the
effective wireless cell radius by guiding the wireless tracking loops using
the absolute ALCD velocity information from position-determination section,
and  thus allowing wireless operation at lower radio signal strengths. 39
AUGNn?NTLD-AUTONOMOUS MODE [0110] If the external network is unable to
deliver the reliability required, or the  network does not have aiding
capabilities, the ALCS may use other modes or other  sources of information
to augment the UPS-autonomous or UPS-standalone mode, in  an operational
mode called augmented-autonomous mode. The augmented- autonomous mode may
be utilized with Bluetooth, Institute of Electrical and  Electronic
Engineers ("IEEE") 802.11 (generally known as and/or other  sensors such as
pressure, accelerometers, or gyros to provide the ALCD with aids  outside
of the network being utilized for communications. For example the
augmented-autonomous mode may utilize Bluetooth transmitters in every floor
of a  high-rise building sending the Bluetooth transmitter's location and
floor information  to the ALCD and this `augmented information' will be
sent in case GPS signals  



cannot be acquired by the ALCD inside the building to deliver positioning
data.  Furthermore, the augmented-autonomous mode allows for the ALCD to
switch from  GPS-standalone mode to another mode, e.g., aided mode,
GPS-network centric mode,  etc., when a predetermined event occurs. This
predetermined event may include the  lapse of a predetermined amount of
time without acquisition of a GPS satellite signal,  a predetermined number
of seconds or minutes, etc" where the ALCD is unable to  receive any GPS
signals, power cycling of the device, etc. [0111] FIG. 13 shows an example
of an implementation of ALCS 1300 within a room  1302 within a building.
The ALCS 1300 may include an ALCD 1304 and a location- module. The
location-module may include a wireless and/or wired re-radiator of GPS
signals or other location-information signals. As an example, the
location-module  40 may include a fixed re-radiator within an "EXIT" sign
1306 or another similar fixed  position device 1308 within a. room 1302 or
hallway within a building, As an  example of operation, the ALCD 1304 may
either receive wireless aiding signals from  location-module (such as
signals 1310 and 1312 from the EXIT sign 1306 or fixed  position device
1308, respectively) or wired-aiding signals 1314 from the fixed,  position
device 1308. The aiding signals may provide time-reference, ephemeris, or
other similar GPS aiding data. The aiding signals may also provide non-GPS
type  location data such as information relating to the fixed position of
the fixed position  device 1308. This information may include the address
of the building, the floor of  



the building, the room 1302 number or hallway, and the position of the
fixed position  device 1308 within the room 1302. [0112] Similarly, FIG. 14
shows an example implementation of a location module  within an ALCS 1400
located at an intersection 1402 of four city blocks 1404 having  numerous
buildings 1406. The location module 1408 may include a wireless and/or
wired re-radiator of GPS signals or other location information signals, As
an  example, the location module 1408 may include a fixed re-radiator 1408
within a light  post, street sign, or other similar fixed position devices,
As an example of operation,  an ALCD (not shown) may either receive
wireless aiding signals 1410 from location  module 1408. The aiding signals
1410 may provide time-reference, ephemeris, or  other similar GPS aiding
data. The aiding signals may also provide non-GPS type  location data such
as information relating to the fixed position of the location module  1408,
This information may include the address of the intersection 1402, the
corner  on the intersection 1402, or other similar information. 41 OTHER
MODESMODES 101131 The ALCS may, in other modes similar to the
GPS-standalone, GPS- autonomous, GPS-network aided, or network-based modes,
also may receive  information from outside the cellular wireless
communications network as well as  outside of the GPS satellite system. For
example, in other modes, the position- determination section of the ALCD
may receive information from the UPS satellites  



and a Bluetooth network and/or an IEEE 802,11 Wi-Fi network, while
utilizing the  cellular wireless communication network to transmit voice or
data. The GPS  acquisition, tracking, and navigation functions may be
enhanced with inputs from the  Bluetooth network and/or IEEE 802.11 network
without utilizing the cellular network.  [0114] Furthermore, the example
architectures of the ALCS may be extended to  wired networks such as the
telephone network or data networks without departing  from the scope of the
present invention. For example, if GPS capabilities are present  in a
laptop or PDA and the device is connected to a wired or wireless Internet
link, the  UPS calculations may be aided via the Internet to calculate a
position inside a  building. The position may be displayed locally or sent
to a server. Such an example  of an implementation of the ALCD may be
utilized for security or other telephone or  hardwired system applications.
COMPARISON OP TIM OPERATION MODES [01151 The operation modes of the present
invention allow farther flexibility within  the GPS receiver framework When
the UPS receiver is not constrained by short  42 TTFF requirements, or by
network bandwidth, or by other signal demanos, me vn  receiver of the
present invention can be prograw ned 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
incompatible with the requirements, the  user can select, either
automatically or manually, the autonomous or standalone mode.  However, if
additional bandwidth in the wireless network is available, or if the user
needs a short TTFF for an E911 call, the present invention allows for
manual or  automatic override of the autonomous or standalone mode of
operation into either  autonomous or standalone (if ephemeris is current
and there is implicit aiding  information), the network-based or network
aided modes. [01161 The multi mode architecture of the ALCS allows for an
automatic seamless  and reliable response, by taking advantage of the
network assists if and when  available, and allows the ALCD to operate
independently if the assistance is not  available or not available in a
timely manner. The network aided operational mode  overcomes the start-up
limitations of the GPS-autonomous or GFS-standalone modes  and allows the
same level of performance as the network-based mode, but does not  require
continuous network connectivity after start-up. If the aiding data
(ephemeris,  approximate location, approximate time, etc.) has been
received by the ALCD over  some communication medium, the communication
link may be off when the GPS  43 function of ALCD is started, This is the
store and forward method of having a, thin  server directly mounted on the
ALCD. The seamless nature and flexibility of the  



ALCS architecture enables service providers to tune the ALCS to meet their
needs  based on the capabilities of the network and the type of services
desired, [0117] Furthermore, the selection of the operational mode may
depend on the type of  service or the accuracy that the ALCD has requested
or demanded from the ALCS,  For example, if the user places an E911 call,
the GPS receiver in the ALCD may  automatically be placed in the mode that
will provide the most accurate position  information in the timeliest
manner possible. That mode may be network-based, but,  if the network is
not capable of supplying a complete GPS information set such that  the GPS
receiver of the ALCD may determine position calculation information, the
position-determination section in the ALCD may switch to the network aided
mode,  such that the processing capabilities of the network and the
position-determination  section are utilized in parallel. As another
example, if a user requests directions to a  specific location, the ALCD
may automatically select the GPS-autonomous or GPS- standalone mode that
will provide information in a timely manner, but not place such  demands on
the power supply and processing capabilities of the ALCD. Furthermore,  the
ALCS allows the user to override the automatic choice of operational mode.
The  ALCD may also switch between modes once a predetermined event (e.g,,
the first  position calculation of the position-determination section) is
obtained. For example,  if an E911 call is placed, the ALCD may select the
network aided mode to obtain the  position information to the ALCD as
quickly as possible. Once that information is  delivered, and the first
position is calculated, the ALCD may then switch to a different  



44 mode (such as GPS-autonomous mode or GPS-standalone mode) to make
additional  bandwidth in the wireless commmunications network available to
other users. For  privacy purposes, the architecture of the ALCS also
allows for reception of aiding  information and provides the user the
choice accepting that the position be sent to the  network, or "locked" in
the ALCD, available only to the user, if the user wants to  maintain the
location of the ALCD secret. [0118] For example, situations where the
network access is charged to the user on a  per use basis, the architecture
of ALCS also allows the user the choice of preventing  the network
connection for assistance, even when the ALCD has determined it is
necessary to reach the network in order to meet the user's. requirements.
In this  example, the position-determination section will attempt to
provide a position in GPS- standalone mode potentially without fulfilling
the original performance requirements  of the user. [0119] The ALCS allows
for the bandwidth of the wireless communications network  to be managed
such that the bandwidth may be utilized more efficiently.  Furthermore, the
ALCS allows for dynamic allocation of the network resources,  including the
processing available on the ALCD, to process as much information in
parallel as possible. This allows for dynamic loading of the GPS client and
network  server processors to more efficiently calculate position for
multiple ALCDs. This  approach allows for an increased number of ALCD users
without significantly  



affecting the infrashucture of the wireless communications system. 45
MULTI-CoRRELATOR ARCHITECTURE [0120] To assist the ALCS, multiple
conelators may be utilized to provide the ALCD  with a shorter TTFF, a more
accurate position, or a more reliable result with fewer  transfers from the
UPS-autonomous or UPS-standalone mode to the network aided  mode or
network-based mode. DISTRIBUTED SMART CLIENT/SBRVER ARCHITECTURE [0121] By
allowing the GPS receiver in the position-determination section (also
known as the client) of the ALCD and the communications section (also known
as the  server) of the ALCD to distribute the workload of acquisition,
tracking, and  navigation tasks in an intelligent manner, the ALCS allows
for faster acquisition,  faster TTFF times, and allows parts of the
position-determination section to be  powered down or selectively powered
to reduce power consumption of the GPS  portion of the ALCD. [0122] The
architecture of ALCS also allows for advance qualification of ephemeris
data (e.g., validation of stored ephemeris data quality) by using the
network aided  mode to verify that the stored ephemeris data at the GPS
receiver in the position- determination section is still valid, Similarly,
the network aided mode allows the  ALCD to. derive coarse location data
that may be utilized for a coarse location  acquisition scenario, where a
time-tag approximate position based on known  



ephemeris or almanacs and post processing of the data is utilized for
actual location  determination. Additionally, coarse location data may also
be utilized at a remote  46 server with current ephemeris data, as
described in U.S. Patent No. 6,671,620, issued,  to Garin et at, which is
incorporated by reference herein in its entirety. [0123] The other modes,
(such as the augmented-autonomous mode) also allow for the  utilization of
low power short range wireless technology, such as Bluetooth, to aid the
position-determination section in reducing TTFF times, as well as using low
power  short range wireless technology to aid the position-determination
section with an  approximate location. [0124] The ALCD also allows
correction information to be sent to the ALCS via the  wireless
communications network, by switching between the GPS-autonomous or
GPS-standalone and network aided modes, or by remaining in the network
aided  mode, for slow changing errors to obtain precise localposition
(e.g., Jono correction  factors, new sub-almanac information, etc.). The
ALCS also allows for data "fusion"  from various sources (e.g.,
accelerometer, pressure sensors, tilt meters, etc.) also  included on the
ALCD to add to the accuracy of the position determination, as well as
providing the ALCD with approximate locations time, and frequency
information to  assist the ALCD in determination of a more precise position
determination and/or  improve the TTFF time for each client. TIME AND
FREQUENCY AIDING 



[0125] Wireless network systems typically have high quality reference
clocks, and  some wireless network systems, such as CDMA, are synchronized
on absolute GPS- tine, The ALCS allows for the wireless network frequency
reference to be transferred  to the position-determination section of the
ALCD to estimate the GPS-clock  47 frequency offset and significantly
reduce the frequency uncertainty. The GPS-time  reference may be
transferred to the position-determination section to the GPS-clock  time,
The main purpose of time and frequency transfer is to reduce the
uncertainties  of ALCD clock time and frequency, and thus to improve the
TTFF. This time transfer  may also contribute to improve the sensitivity.
TJME "TRANSFER [0126] FIG. 15 illustrates a block diagram of an example
implementation of a time  transfer mechanism utilized in conjunction with
ALCS 1500. In this example, the  ALCS 1500 is synchronized on absolute UPS
time, such as wireless network utilizing  CDMA or GSM with Location
Measurement Units ("LMU"). Typically, the GPS- tune reference 1502 is
transferred to the GPS section of the ALCD (not shown) to  synchronize
UPS-clock time with GPS-time. In this example in the ALCS, the time
transfer maybe accomplished in three steps. [0127] In the first step, the
basestation (`BS") clock 1504 may be synchronized to the  GPS-time
reference 1502. The time accuracy at the BS-clock 1504 depends on the
system configuration and may be in the range of 100 to 300 nanoseconds.
This is  



typically a built-in feature of certain types of networks. [0128] In the
second step, the CP-clock 1506 is synchronized onto the BS-clock 1504  by
timing the reception of one specific event in the master frame transmitted
from the  BS-clock 1504 to the CP-clock 1506. The BS-clock 1504 transmits
the master frame  with the transmission time of the first bit predictable
in absolute GPS-time with an  accuracy of 300 nanoseconds. The
synchronization error between the BS-clock 1504  48 and the CP-clock 1506
is caused by the RT reference point in the BS-clock 1504  signal, group
delay in the BS-clock 1504, signal transmission time due to the distance
between the ALCD and the basestation, the group delay in the CP section,
and the  ALCD architecture. [0129] As long as the ALCD tracks the
basestation, the CP section of the ALCD  knows the absolute UPS-time and
may predict the associated accuracy of the GPS- time at the ALCD, measured
and adjusted during the product integration phase, not in  real time. If
the ALCD loses track of the basestation or the BS-clock 1504, the CP- clock
1506 accuracy will degrade. The CP-clock 1506 performance degradation may
be predicted based on the CP-clock 1506 frequency stability, which is
normally  represented by the Allan variance, and the age of the last
tracking. [.0130] The ALCS is designed to be air-interface independent. As
theamobile handset  (i.e., the ALCD) manufacturer has the knowledge of
tracking conditions, the CP-clock  1504 frequency' stability, and the
air-interface performance, the mobile handset  



manufacturer may detenuine the preferred or best method to provide models
and/or  interfaces to the GPS-clock 1508 to transfer the absolute GPS-time
and the associated  accuracy including all uncertainty effects. 10131] In
the third step, the UPS-clock 1508 asks the CP-clock 1506 for a time
transfer message via the communications lnk between the
position-determination  section of the ALCD and the communication section
of ALCD. Typically, this time  transfer request message contains no
parameter. 10132] The communication section of the ALCD may react to such a
message in  several different ways. The communication section may generate
a precise timing  49 event and return a time transfer response message. The
timing event is typically a  single rectangular pulse, with either a rising
edge active or falling edge active. The  time transfer response message
typically contains the time of the timing event in UPS  week, seconds into
the week, and time uncertainty in seconds. By timing the timing  event
using the GPS-clock 1508, the UPS-clock 1508 is synchronized onto CP-clock
1506 time. [0133] The communication section may also send a "delta" message
back to the  position-determination section, For example, the communication
section or position- determination section may monitor the CP-clock 1506
and GPS-clock 1508. When a  time transfer request is made, the
communication section, or the position- determination section, whichever
section is monitoring the clocks, receives a GPS- 



time 1502, a difference calculation is made between the GPS-clock 1508 and
the  GPS-time 1502. This delta may then be utilized for UPS calculations
and position  determinations until a new time transfer is requested. [0134]
The timing information is typically required when the
position-determination  section begins a new search on a new UPS satellite.
The timing synchronization may  be made periodically at the request of the
position-determination section. The  effective time accuracy available for
the search may be degraded over time since the  last reference time and/or
frequency was sent due to the quality of the GPS-clock  1508; however, the
approach described with respect to the ALCS reduces or  eliminates the need
for locking the GPS-clock 1508 to the CP-clock 1506, as well as  having the
CP-clock 1506 locked to the GPS-time reference 1502 via the BS-clock  1504.
The frequency stability of the GPS-clock 1508 (represented by its Allan  50
variance as well as the frequency stability over temperature) may be
utilized to predict  the time uncertainty at the beginning of the GPS
satellite signal search. The ALCS  aides the ALCD in correctly predicting
the time degradation effects, to choose the  time transfer.periodicity, and
to implement the time transfer since the control of the  GPSclock 1508
choice and when the next search is made is under the control of the  ALCS.
FREQUENCY TRANSFER [01351 FIG. 16 illustrates an example of an
implementation of frequency-transfer  



architecture as utilized in conjunction with the ALCS 1600. In this
example, the  ALCS 1600 operates in conjunction with cellular telephone
system such as the  CDMA system utilized in the United States where each
basestation ("BS") has a high  quality reference clock. System ALCS 1600
shows that the BS-clock 1602, with an  associated BS-clock 1602 frequency,
may be transferred to the CP-clock 1604 and  then to the GPS-clock 1606 as
follows, to estimate the GPS-clock 1606 frequency  offset as necessary,
[01361 Typically, the communication section of the ALCD (not shown) tracks
the  wireless network signals and measures the CP-clock 1604 frequency
offset relative to  the BS-clock 1602. The CP-clock 1604 frequency
uncertainty after this measurement  is typically caused by BS-clock 1602
frequency offset, which is specified by the  network staidards, ALCD
tracking loop performance, CP-clock 1604 frequency  stability, and ALCD
motion, sr [0137] The communication section then periodically transmits a
frequency reference  message to the position-determination section where
the message typically contains  the error in frequency between the CP-clock
1604 and the BS-clock 1602. The  frequency reference message is sent at a
period determined by the ALCD capabilities,  as well as the necessity of
the updates based on the GPS-clock 1506 and/or CP clock  1604 requirements.
For example, if the GPS-clock 1606 and CP clock 1604 are both  high quality
crystals, the update message may be sent less often than if the GPS-clock  



1606 and the CP clock 1604 are both low quality crystals, or in some cases
only once.  However, the periodicity of the frequency error update is
selectable by the ALCD  manufacturer. Because the GPS clock 1506 is
compared to the CP-clock 1604 at its  own rate as described below, any
CP-clock 1604 versus BS-clock 1602 drift between  frequency reference
messages will be added to the uncertainty of the GPS-clock 1606.  Another
method for setting the CP-clock 1604 is to steer the CP-clock 1604 onto the
received signals and synchronized onto BS-clock 1602. [0138] Other
approaches, such as U.S. Pat. No. 5,841,396, issued to Krasner, which is
incorporated by reference heroin, describe a phase-locked loop approach to
locking  the GPS-clock 1606 to the CP-clock 1604. The ALCS 1600 avoids the
additional  circuitry and signal transfer between the CP section and the
GPS section that is  described by the Krasner approach. This results in the
ALCS 1600 being easier and  less expensive to implement in an existing
cellular, wireless, or wired telephone  system. [0139] FIG. 17 illustrates
a block diagram of an example of an implementation of the
frequency-transfer architecture utilized in conjunction with the ALCS 1700.
The  52 ALCD 1701 may maintain the overall frequency error within limits
imposed by the  total frequency error budget without locking the GPS-clock
1.702 to the CP-clock  1704. The ALOD 1701 may include a UPS section 1706
within the position- determination section (not shown) and CP section 1708
within the conmrunication  



section (not shown) along with the GPS-clock 1702 and CP-clock 1704, ALCD
1701  manufacturers may design specific bounds of the message periodicity
depending on  the residual budgeted frequency error after adjusting the
frequency and/or time using  the reference message, and Allan variance
characteristics of the CP-clock 1704. The  transmitted information is the
relative frequency error, not the absolute error (in Hertz  "Hz"), because
the GPS section 170.6 does not know the absolute frequency of the  CP-clock
1704. The message that the GPS section 1706 needs is independent from  the
nominal CP-clock 1704 frequency. 101401 The GPS section 1706, and the
GPS-clock 1702, utilize the uncertainty  information of the CP-clock 1704
frequency to optimize signal acquisition  performance. Everything in the
error budget, other than the ALCD 1701 motion,  depends on the wireless
infrastructure and the CP section 1708 architecture. The CP  section 1708
sends the GPS section 1706 messages periodically, which messages  contain
CP-clock 1704 nominal frequency in Hertz (e.g" the frequency of the divided
CP-clock 1704 is sent to the counter 1710 by the CP section 1708 for
measurement to  convert absolute frequency error into a relative frequency
error) CP-clock 1704  relative frequency offset versus BS clock (not shown)
frequency, and CP-clock 1704  frequency offset uncertainty. 53 [0141] The
GPS section 1706 then measures the relative frequency between the GPS-
clock 1702 and the CP~cloelc 1704 utilizing a counter 1710. The effective
width of  



the counter gating signal is determined by counting a predetermined number
of GPS  clock 1702 pulses. The number of CP-clock 1704 pulses during this
gating signal is  utilized to determine the relative frequency error
between the GPS-clock 1702 and the  CP-clock 1704. [0142] The frequency
drift between transmissions of the frequency reference  information depends
on the Allan variance of the GPS-clock 1702 and its stability  over
temperature. The periodicity of sending of the frequency reference
information  may be adjusted depending on maximum frequency error allocated
to the GPS-clock  1702, and quality of the GPS-clock 1702, In an alternate
implementation, or for  convenience of implementation, a frequency divider
may be inserted between CP- clock 1704 and counter 1710, thus reducing the
absolute frequency to be measured by  the counter 1710. This process is
described in United States Patent 6,684,158, issued  on January 27, 2004 to
Garin et al. and titled "Method for aiding a global positioning  system,"
which is herein incorporated by reference in its entirety. [0143] In PIG.
18, a flowchart 1800 is shown illustrating the steps utilized to practice
an example process performed by the ALCS. The process begins 1802, and
block  1804 illustrates receiving at least one signal from at least one GPS
satellite at the  ALCD, wherein the ALCD may be selectively switched
between a GPS-standalone  mode and at least one other mode. Block 1806
illustrates periodically transmitting a  frequency reference message to the
ALCD. Block 1808 illustrates determining the  54 



geolocation of the ALCD utilizing the at least one signal and the frequency
reference  message, The process then ends in step 1.810, [01441 The process
in FIG. 18 may be performed by hardware or software. If the  process is
performed by software, the software may reside in software memory (not
shown) in the ALCS. The software in software memory may include an ordered
listing of executable instructions for implementing logical functions
(i.e., "logic" that  may be implement either in digital form such as
digital circuitry or source code or in  analog form such as analog
circuitry or an analog source such an analog electrical,  sound or video
signal), may selectively be embodied in any computer-readable (or
signal-bearing) medium for use by or in connection with an instruction
execution  system, apparatus, or device, such as a computer-based system,
processor-containing  system, or other system that may selectively fetch
the instructions from the instruction  execution system, apparatus, or
device and execute the instructions. In the context of i ." this document,
a "computer-readable medium and/or "signal-bearing medmxn is any  means
that may contain, store, communicate, propagate, or transport the program
for  use by or in connection with the instruction execution system,
apparatus, or device.  The computer readable medium may selectively be, for
example but not limited to, an  electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system,  apparatus, device, or
propagation medium. More specific examples "a non- exhaustive list" of the
computer-readable medium would include the following: an  



electrical connection "electronic" having one or more wires, a. portable
computer  diskette (magnetic), a RAM (electronic), a read-only memory "ROM"
(electronic), an  erasable programmable read-only memory (EPROM or Flash
memory) (electronic),  55 an optical fiber (optical), and a, portable
compact disc read-only memory "ODROM"  (optical). Note that the
computer-readable medium may even be paper or another  suitable medium upon
which the program is printed, as the program can be  electronically
captured, via for instance optical scanning of the paper or other  medium,
then compiled, interpreted or otherwise processed in a suitable manor if
necessary, and then stored in a computer memory, [0145] While various
embodiments of the invention have been described, it will be  apparent to
those of ordinary skill in the art that many more embodiments and
implementations are possible within the scope of this invention.
Accordingly, the  invention is not to be restricted except in light of the
attached claims and their  equivalents. 56 CLAIMS  What is claimed is: 1,
An Aided Location Communication System ("ALCS"), comnprising:  a
geolocation server; and an Aided Location Communication Device ("ALCD")
including  



a.eommuuieation section in signal communication with the geolocation
server,  and a position-determination section having a CPS-receiver,
wherein the position- determination section is capable of selectively
switching between a first position-determination mode for determining a
geolocation of the  ALCD and a second position-determination mode for
determining the geolocation of the  ALCD. 2. The ALCS of claim 1 wherein
the selective switching occurs  substantially simultaneously with the
determination of the geolocation of the ALCD.  3. The ALCS of claim 1
wherein the geolocation server receives at least one GPS-signal from at
least one GPS satellite. 4. The ALCS of claim I wherein the communication
section is capable of  selectively sending the determined geolocation of
the ALCD to the geolocation server.  57 5. The ALCS of claim I wherein the
first mode posrtton-aereXInI ~~xv"  mode is selected from a group
consisting of; GPSstandalone mode; a GPSautonomous mode; a GPs-network
aided Mode; a GPS'network centric Mode; .  



network-based mode; a reverse-aiding mode; and an augmented-autonomous
mode. 6. The ALCS of claim 5 wherein the second position-determination mode
is selected from a group consisting of: . GPS-standalone mode; .  a UPS
;autonomous7node .. Et GPS-network aided mode;  a GPS-network centric mode;
network-based mode;  areverse-aiding mode; and an augmented-autonomous
mode. 7. The ALCS of claim 6 Wherein the selective switching occurs
substgitially simultaneously with- the determination of the geolocation of
the A'LCD.  . ss The ALCS of claim 6 wherein the cornmuaaication section as
eapacac ux  soleotively sending the determined geolocation of the ALCD to
the geolocation server, 9, The ALCS of claim 8 wherein the conunimication
section includes a  wireless receiver, 10, The ALCS of claim 9 wherein the
selective switching occurs  substantially simultaneously with the
determination of the geolocation of the ALCD.  



11. The ALCS of claim 10 wherein the selective switching of the position
determination section is performed automatically by the ALCD. 12. The ALCS
of claim 11 wherein the selective switching of the position- deternnnataon
sectionns performed-automatically- by-the communicationseetioIr 13. The
ALCS of claim 10 wherein the selective switching of the position-
determination section is performed manually by the ALCD. 14, The AILS of
claim 13 wherein the selective switching of the position- determination
section is performed manually at the communication section. 15. The ALCS of
claian 9 wherein the selectively sending of .410  determined geolocation of
the ALCD is performed automatically by the ALOD.  59 16, The ALCS of claim
9 wherein the selectively sending of the  determined geolocation of the
ALCD is performed automatically at the  communication section, 17. The ALOS
of claim 9 wherein the selectively sending of the  determined gooiocation
of the ALCD is performed manually by the ALMD.  18. The ALCS of claim 17
wherein the selectively sending of the  determined geolocation of the ALCD
is performed manually at the communication section. 19. The ALCS of claim 9
wherein the selective switching of the position- detetmi`ufltibn
sactYoit=is performed autciri ttoally by t1'te ALCD. 



20. The ALCS of claim 19 wherein the, selective switcbing of the position-
.determination section is performed automatically by,the communication
section. 21. The ALCS of claim 9 wherein the selective switching of the
position- dotene ation section is performed manually by the ALCD. 22 The
ALCS ofclcurl Zl wherein the selective'switching of.the position
determination section is performed manually at the communication section:
60 23, The ALCS of claim 5 or 6, wherein the augmented-autonornous mode
utilizes a. network resource selected from a group consisting of. a
computer network; a communication network; and  a wireless network, 24, The
ALCS of claim 23 wherein the wireless network is a Bluetooth  wireless
network. 25. The ALCS of claim 23 wherein the wireless network is an IEEE
802.11 wireless network. 26. ' he.AI.CS of claim-5' or 6,-whereilythe
augmented-autonomousmode..._  utilizes an external device that is capable
of transmitting augmented-aiding information.  27, The ALCS of claim 26
wherein the external device utilizes a wireless  transmission to transmit
the augmented-aiding information. 



28, The ALCS of claim 27 wherein the wireless transmission includes a
Bluetooth transmission. . ei . 29, The ALCS of claim 27 wherein the
wireless transmission includes an  IEEE 802,11 transmission. 30. The ALCS
of claim 27 wherein the external device includes a GPS  wireless
re-radiator. 31, The ALCS of claim 26 wherein the external device utilizes
a non- wireless transmission to transmit the augmented-aiding information.
32. The ALCS of claim 31 wherein the non-wireless transmission includes  a
serial connection. 33. The ALCS of claim 31 wherein the non-wireless
transmission includes  'an ENrerneteonneetion: 34, ' The ALCS of claim 31
wherein the non-wireless transmission includes .  an electrical connection:
35. The ALCS of claim 34 wherein the external device includes a battery
charger for the. ALCA. 36. tic ALCS 6f claim 26 whereiix the ei tetual
device includes a  stationary object, 62 37, The ALAS of claim 36 wherein
the stationary object includes an EXIT  



sign 38. The ALCS of elaitn 36 wherein the stationary object includes a
traffic  sign 39. The ALCS of claim 36 wherein the stationary object
includes alight  post. 40. The ALCS of claim 26 wherein the
augmented-aiding information  includes the location information for the
external device. -41. TheA-LGS of-elaim2 6-Wharev~-the-augmented,ardi7?g
ufozmation  includes ephemeris data for the GPS satellites. 42, The ALCS of
claim 6 wherein the ALCD operating in the network- based mode utilizes
transmitters within an external communication system to  determine the
geolocation of the ALGA. 43. The ALCS of claim 42 wherein the ALCD utilizes
a Time Difference  of Arrival ("TDOA") technique- o-determine
thegeolocatiou ofthe ALCM. 63 44, The ALCS of claim 43 wherein the external
eoaxiinuiaiaation system as  a cellular camiziunicatiaza system, 45, The
ALOS of claim 6 wherein the ALCD operating in the reverse- aiding mode
monitors the ALCS. 46. The ALCS of claim 45 wherein the ALCD operating in
the reverse- aiding mode monitors the ALCS for utilization in power
management of the ALCS.  



.41, The ALCS of,claim 46 where the power management includes varying the
characteristics of an antennabeam transmitted from a basestation to the
ALCD,  wherein the b asestation is within the ALCS. 48: lhe: AZ-C-S of
claim 43 Wiiezeiiithe: I GD opera#~g ??i`the reverse- aiding mode monitors
the ALCS for utilization in cell planitg of the ALCS. 49. The ALCS of claim
45 wherein the ALCD sends the geolocation  server the determined
geolocation of the ALCD along with wireless network  monitoring
information. 50. .The ALCS of claim 49 wherein the wireless network
monitoring  information includes wireless signal strength of the wireless
network at-the  geolocation of the ALCD. 64 51, The ALCS of claim 45
wherein the ALGA sends the geolocation server the geolocation, velocity and
heading of the ALCD within the wireless network,  52. The ALCS of claim 45
wherein the ALCD, operating in~the reverse- aiding mode, provides the
geolocation server with redundant time and frequency  reference information
measured at the ALCD. 53. The.ALCS of claim 52 wherein the ARCS models the
wireless network  time offset and frequency drift from the redundant time
and frequency reference  information measured at the ALCD. 54. The ALCS of
claim 45 wherein the ALCD sends the geolocation  



-server-the-nu tipath=information-measured attheALGD 55. The ALCS of claim
54 wherein the ALCS models the wireless network  multipath characteristics
from the measured multipath information from the ALCD.  56, The ALCSof
claim 45 wherein the ALCS aligns'the phase locked loop ("PLL") of the ALCD
wireless tracking loops. G5 . 57, The ALCS of claim 6 wheroin the ALCI)
operating in the reverse- aidizng mode utilizes direct OPS aiding from a
second ALGA within the ALCS  without utilizing the geolocation server, 58.
The ALCS of claim 6 wherein the A.LCP operating in the reverse- aiding mode
utilizes space-domain multiplSng ("Sl?M") to increase the frequency
capacity within a cell of the ALCS. 59. The ALCS of claim 6 wherein the
position-determination section  switches between the first
position-determination mode and the second position- determination mode
when a predetermined event occurs, 60. The ALCS of claim 59 whereiii the
predetermined event is manually  selecte'd:by.auser. 61. The ALCS of claim
59 wherein the predetermined event is initial  acquisition of at least
one.GPS satellite signal. 62, The ALOS of claim 61 wherein the first
position-determination mode  is a GPS-standalone.mode and the
second,position-determination mode is selected  



from a group consisting of, a GPS-autonornous inode; a GP8-network aided
mode; 66 a GPS-networlc cenirie mode;  network based mode; a reverse-aiding
mode; and an augmented-autonomous mode. 63. The ALCS of claim 62 wherein
the selective switching of the position- determination section switches the
position-determination section from the second  position-determination mode
to the GPS-standalone mode. 64, The ALCS of claim 62 wherein the second
position-determination  mode is the GPS-network aided mode. 65, The ALCS of
claim 62 wherein the second position-determination  anodeis#heseuerse
aidanginade. 66, The ALCS of claim 65 wherein the ALCD is capable of
receiving  information from a second source. . 67. The.ALCS of claim 66
wherein the second source is selected from a  group. consisting of: a
Bluetooth network; a specialized mobile radio ("SlVlR") network, 



a personal communication system ("PCS") network;  67 a non-wireless local
area network;  a wireless local area network; an infrared network;  a
paging network; a two-way paging network; and  an PM 'bra adoat network.
68, The ALOS of claim 67 wherein the wireless local area network is an
IEEE 802.11 wireless network. .69. The ALCS of claim 67 wherein the
geolocation of the ALCD is  determined utilizing GPS-signals from at least
one GPS satellite and the information  from the second source. 70, TheALCS
of claim 59 wherein the predetermined event is a lapse of a  predetermined
amount of time without acquiring at least one GPS satellite signal. 71. The
ALCS of claim 70 wherein the predetermined event occurs within  a thirty
second time window centered on a time of determination of the geolocation
of  the ALCD, 72. The AL CS of claim 7.1 wherein the selectiveswitchingof
the position- deteivrination section is performed.automatically by the
ALCD. 68 



73, The ALCS of claim 72 wherein the selective switching of the position-
deternination section is performed automatically by the communication
section, 74. The ALCS of claim 71 wherein the selective switching of the
position- determination section is performed manually by the ALCD. 75, The
ALCS of claim 74 wherein the selective switching of the position-
determination section is performed manually at the communication section.
76. The ALCS of claim 71 wherein the selectively sending of the  determined
geolocation of the ALCD is performed automatically by the ALCD.  `77. The,
ALCS of "n 76 wherein Ylie" selectivel sending-of the determined
geolocation of the ALCD is performed automatically at the  communication
section. . 78. The ALCS- of claim 71 wherein the selectively sending of the
determined geolocation of the ALCD is performed manually by the ALCD.  79.
The ALCS of claim 78 wherein the selectively sending of the determined
geolocation of the ALCD is performed manually at the" 001mmuluadtion,
section, 69 80. The ALCS of claim 6 wherein the communication section is
capable of selectively sending the determined  geolocation of the ALGA to
the geolocation server, the communication section includes a wireless
receiver, and. 



the communication section periodically transmits a frequency reference
Message to the position-determination section. 81. The ALCS of claim 80
wherein the frequency refersnee message steers  a call processing clock
onto a basestation clock, where the call processing clock is  part of the
communication section and thebasestation clock is in signal  communication
with the geolocation server. :82. ThgALCS of=claim-80 wherem the requeney
r-efereuee message  includes an error between a call processing clock and
abasestation clock; where the  call processing clock is part of the
communication. section and the basestation clock is  in signal
communication with the geolocation server. 83. The ALCS of claim 82 wherein
a GPS clock in the position- determination section is periodically compared
to the call processing clock to  determine a frequency offset of the GPS
clock. 70 84, The ALCS of claim 83 wherein the periodic transmission of the
frequency reference message and the periodic comparison of the GPS clock to
the call- processbig clock have the same period, 85. The ALCS of claim 8A
wherein the position~deternination section  switches between the first
position-determination mode and the second position- determination mode
when a predetermined event occurs. 86. The ALCSS of claim 85 wherein the
predetermined event is initial  



acquisition of at least one UPS satellite signal, 87. The ALCS of claim 86
wherein the selective switching of the position- determination section
switches the position-determination section from the first po
itionwdetermivWon mods to the GPS-standalone merle: 88, The AI CS of claim
87 wherein the. selective switching of the position;  determination section
switches the position-determination section from GPS- standalone mode to
the second position-determination mode, 89. The ALCS of claim 59 wherein
the.ALCD selectively displays the  determined geolocation of the ALCD. . 71
' 90, A method for deteixriining the geolocatioi of an Aided Location
Coimituitication Device ("ALCD") within an Aided. Location Communication
System  ("ALCS"), the method oompriaing: receiving at least one GPS'signal
from at least one GPS satellite at the ALCD,  wherein the ALCD is capable
of selectively switching between a first position-determination mode and at
least one other position-determination mode for determiuui g ,a
geolocation of the ALCD, and determining the geolocation of the ALCD. 91.
The method of claim 90 wherein the first position-determination mode  is
selected from a group consisting of: 



a GPS-standalone mode;  -aGPS-autonomous mode; a GPS-network aided mode;  a
GPS-network .centric anode;  network-based mode; a reverse-aiding mode; and
.  an augmented-autonomous mode, 92. The method of claim 91 wherein the at
least one other position- determination mode is selected from a group
consisting of: a GPS-standalone mode; 72 a GPS-autonomous mode; a
GPS-network aided mode;  a GPS-network centrio mode;  network-based mode; a
reverse-Saiding anode; and an augmented-autonomous mode, 93. The method of
claim 92 wherein the geolocation of ALOD is  determined utilizing the
selected at least one other position-determination mode at  substantially
the same time as swiirbing into the selected at least one other position-
determination mode. 



94. The method of claim 92 further including selectively sending the
deteim ned geolocationroftho, AT CAD to a:geolocatioaiservez. 95. The
method of claim 94 wherein the determining the geolocation is  performed by
the ALCD. 96. The method of claim 95 wherein the selective sending of the
determined geolocation of the ALCD is performed by the ALCD, and the
geolocation  is sent from the ALCD.to the geolocation server, . 73 97. The
method of claim 95 wherein selectively switching includes  automatically
selectively switching A.LCD, 98, The method of claim 95 wherein selectively
switching includes  manually selectively switching ALGA. 99. The method of
claim 92 wherein the augmented-autonomous mode is  selected further
including receiving augmented-mode information from a network  resource
selected from a group Consisting of: a computer network; a communication
network; and  a wireless rietwoxk, 100. Themethoilofclaun9-9wherein-the-w
Bless-networkisa-B3uetooth  wireless network. 101: The method of claim 99
wherein the wireless network is an IEEE  



802,11 wireless network, 102. The method of claim 92 wherein selectiug.the
augmented-autonomous  mode further including receiving augmented-aiding
iufornaation transmitted from an  external device, 74 103, The method of
claim 102 wherein the augmented-aiding infonuation is  received via a
wireless transmission, 104, The method of claim 103 wherein the
augmented-aidurg information is  received via a Bluetooth transmission.
105, The method of claim 103 wherein the augmented aiding information is
received via an IEEE 802.11 transmission. 106, The method of claim 102
wherein receiving augmented-aiding  information transmitted from an
external device includes receiving the augmented  aiding information
transmitted from a stationary object. 107. The method of claim
1'06-azheroin eaeivmg'tbe-augmented=aiding  information transmitted from a
stationary object includes receiving the augmented- aiding information
transmitted from an EXIT sign. 108. The method of claim 106 wherein
receiving the augmented-aiding  information transmitted from a. stationary
object includes_receiving the augmented- aiding information transmitted
from a traffic sign. 75 



109, The Method of claim 106 wherein receiving the aug nearted-aactmg
inforuation transmitted from a stationary object includes receiving the
augmented- aiding infonn.ation transwitted from a light post, 110, The
Method of claim 102 wherein the augmented-autonomous mode  includes
xeceivi?.rg the augmented aidiarg information transmitted from an external
devicethat inaludes UPS re-radiated aiding information. 111. The method of
claim 102 wherein the augmented-aiding information is  received via a
non-wireless transmission. 112. The method of claim 111 wherein the
augmented-aiding information is  a received via a serial connection. 113.
The method of claim 111 wherein the augmented-autonomous mode  includes
receiving the augmented-aiding information via an Ethernet connection.
114. The method of claim 111 wherein the augmented-autonomous mode includes
receiving the augmented-aiding information via an electrical connection,
115. The method of claim 114 wherein the augmented autonomous mode
includes recoiviiig the augmented-aiding vrfornuation from ahattery charger
within  the external device. 76 116, The method of claim 92 wherein the
augmented-autonomous Mode is selected further including receiving
augua.ented-mode information from a network resource selected from a group



consisting of, a computer network; a communication network; and  a wireless
network, and wherein receiving the augmented-aiding information includes
receiving  ephemeris data for the GPS satellites. 117. The method of claim
116 wherein selecting the augmented- autonomous mode further including
receiving the augmented-aiding information  trap. smitted- rom:-an external
device: 118. The method of claim 111 wherein receiving the augmented-aiding
information transmitted from an external device includes receiving the
location  information for the external device, . 119. The method of claim
92 wherein the ALCD selectively switches  between the GP S-standalone mode
and the at least one other mode when a  predetermined event occurs. 77 120,
The method of claim 1.19 wherein the predetermined event is manually
selected by a user, 121, The method of claim 121 wherein the predetermined
event is initial  acquisition of at least one GPS satellite signal. 122.
The method of claim 121 further including selectively switching from  



the at least one other position-detetrnivation mode to the GPS-standalone
mode. 123. The method of claim 122 wherein the ALCD receives information
from a second source, 124. The method of claim 123 wherein the second
source is selected from a  group-consisting. of: a Bluetooth network; a
specialized mobile radio ("S.W') network; a personal communication system
("PPCS") network; .  a non-wireless local area network; ' a wireless local
area network;  an infrared network; . a paging network; a two-way paging
networl ; and  an PM broadcast network, 78 125, Tlae ametlaod of china 124
wherein the.wirelcss local area network is an  IBD)3 802,11 wireless
network, 124, The method of claim 125 wherein the geolocation of the ALCT)
is  deterttaiued utilizing OPS^sigaals from at least one Cl'S satellite and
the inforination  from the second source. 127, The method of claim 119
further including selectively displaying the  



determined geolocation of the ALCD on the ALCD. 128, An glided Location
CommumicattonDevtco ("ALCD"), the ALCD  comprising: aeommun cation-seetion
for co unicatmg with a.'wn eless-eo un cSons  network; and a
position-determination section having a GPS-eoeiver, wherein the position
determination section is capable of selectively switching between a first
mode position-determination mode and at least one other
position-determination mode for detaining a geolocation  of the ALCD. .
.129. T h e A L C D of clap 128 wherein the first mode posXtb0
detenniacation  mode is selected from a group consisting of: 79
GPs-staaadalone mode; a GPs autonomous mode; a GPs network aided mode; a
GPSnetworlc centric mode;.  netwod based mode; a reverse=aiding Mode; and
an augmented autonomous mode. 130. The ALCD of claim 129 wherein the at
least one other position- 



determination mode is selected from a group consisting of. GPS-standalone
mode; a GPS autonomous mode; a GPS-network aided mode; a GF.-network
Gantric mode;  network based mode; a reverse-aiding mode; and an
augmented-autonomous u`040 131. The ALCDof claim 130 wherein the selective
switching occurs  substantially simultaneously with the determination of a
geolocation of the ALCD. :132 The"Aj CD of claim 130 wherein-tlre
communication section is capable  of selectively sending a detenniOed.
geolocation of the ALCD to a geolocation server.  sO 133, The ALCD of clahn
132 wherein tare communication section includes a  wireless receiver, 134,
The ALCD of claim 133 wherein the selective switching of the
position-determination section is performed automatically by the ALCD. 135.
The ALCD of claim 134 wherein the selective switching of the  position
determination section is performed automatically by the communication
section. 136, The ALCD of claim 133 wherein the selective switching of the



position-determination section is performed manually by the ALCD. 137, The
ALCD of claim 133, wherein the selective switching of the
position-determination section is performed manually at the communication
section.  138, The ALCD of claim 129 or 130, wherein the
augmented-autonomous.  modentilizes a network resource selected from a
group consisting of: a computer network; a eomtuuxxication network; and  a
wireless network, 61 9.39. The ALCD of claim 138 wherein the wireless
network is a 13luetooth  Wireless network. 140. The ALCD of Claim 138
wherein the wireless network is an IEEE  802.11 wireless network. 141, The
ALCD of claim 129 or 130, wherein the augmented-autonomous  mode utilizes
an external device that is capable of transmitting augmented-aiding
information. 142. The ALCD of claim 141 Wherein the .external device
utilizes a wireless  transmission to transmit the augmented-aiding
information. 143. The A-L-CD of-elaim-14-2-wherein-%o-wireless:
transmission includes .a  Bluetooth transmission. . 144. The ALCD of claim
142 wherein the wireless transmission includes an  



IEEE 802,11 transmission. 145. The ALCD of claim 142'wherein the external
device includes a GPS  wireless re-radiator. $2 146, The ALCD of claim 141
wherein the external device utilizes a non.  wireless transmission to
transmit the augmented-aiding information, 147. The ALCD of claim 146
wherein the non-wireless transmission  includes a serial connection. 148,
The ALOD of claim 146 wherein the non-wireless-transmission  includes an
Ethernet connection, 149. The ALCD of claim 146 wherein the non-wireless
transmission  includes an electrical connection. 150. The ALCD of claim 149
wherein the external device includes a battery  charger 'or the A-L-ea;
151. The ALCD of claim 141 wherein the external device includes a
stationary object, 152. The ALCD of claim 151 wherein the stationary object
includes an  EXIT sign. 133:Tlie  e ALCD of claim 151 whereinthe stationary
object includes a  traffic sign, 



83 154, The ALCD of claim 151 wherein the stationary object includes a
light  post. 155. The ALCD of claim 141 wherein the a g rented aiding infor
nation  includes the location information for the external device, 156. The
ALCD of claim 141 wherein the augmented-aiding information  includes
ephemeris data for the GPS satellites, 157. The ALCD of claim,129 or 130,
wherein the position-determination  section switches between the
GPS-standalone mode and the at least one other mode  when a predetermined
event occurs. 158. The ALCD of claim 157 wherein the predetermined event is
manually  selectedby user, 159. The ALCD of claim 157 wherein the
predetermined event is initial  acquisition of at least one UPS satellite
signal. 160. The ALCA of claim 159 wherein the selective switching of the
UPS  recezvez swxtclies the position-deteiminanon:'section:fcomthe-at least
one, other  position-deterxninat9on made to the GPS-standalone mode. 84
161, The Al CD of alaixn 160 wherein the ALC1~ is capable of.reaeiving
infonuation from a second source, 162. The ALCD of claim 161 wherein the
second source is selected from a  



group cousasting, of: a Bluatooth network; a specialized mobile radio
("SW') network; a personal communication system CTCS") network;  a
non-wireless local area network; a wireless local area network;  an
infrared network; a paging network; a-two-way.pa g in 9 net vorle aiid  an
FM broadcast network. 163. The ALCD of claim 162 wherein the wireless local
area network is an  IEEE 802.11 wireless network. 164. The ALCD of claim
162 wherein the geolocation of the ALCA is  determined utilizing
OPS-signals from at least one OPS satellite and the information  froau the
second source: 85 165, The ALCD of claim 130 wherein the ALCD selectively
displays the  detennined geolocation of the ALCD. 165, The ALCD of claim
130 wherein the ALCD is a signal integrated  circuit, 166, The ALCD of
claim 130 wherein the position-determination section is  



a signal integrated circuit. 167. The ALCD of claim 130 further including a
second communication  section. 168. An Aided Location Communication Device
("ALCD"), the ALCD  Comprising: means for communicating with a wireless
communications network; and a position-determination section having a
GPS-receiver, wherein the position- determination section is capable of
selectively switching between a first modeposition-determination mode and
at least one other position-determination mode for determining a
geolocafiom  of the ALCD. 169 *The ALCD of claim 168 whereinthe-first
modeposition-determination- mode is selected from a group consisting of. 86
GPs stnndalonomoae; a. GPs autonaznous made; a GPs-network aided anode;  a
GPs netwoalc centdo mode;  network-based mode; a reversse^aiding mode; and
an augmented-autonomous mode, 



170. The ALCD of claim 169 wherein the at 1e04 one other position-
determination mode is selected frot a a group consisting of: GPs-standalone
mode; a GPS-autonomous. mode; a OPS-network aided mode;  aGFS~natwark
centric-mode; - network-based mode; a reverse-aiding mode; said an
augmented-autonomous mode. 17.1.. An Aided Location Communication Device
("ALCD"), the ALCD  comprising: means for communicating with a wireless
communications network; and  means for deteixuuung tlxe posit on of
the-ALCD,wllereintbedetennnung  means is capable of selectively switobvng
between 87 r  a first mode position deteauii~.iation mode and at least one
other position-determination mode for determining a geolocation  of the
ALGA. 172. The ALCp of claim 171 wherein the first mode
position-determination  mode is selected from a group consisting of, 



UPS-standalone mode; a GPS-autonomous mode; a GPS-network aided mode;  a
GPS-network centric mode;  network based mode; a reverse-aiding mode; and
an augmented-autonomous mode. 173. The ALCD of claim 172 wherein the at
least one other position- determination mode is selected from a group
consisting of: GPS-standalone mode; a GPS-autonomous mode; a GPS-network
aided mode;  a GPS-network centric mode;  network based mode; a
reverse-aiding mode; and an augmented-autonomous mode. 86 174 Tho.l CA of
elaim 173 wl~eTezu deteTmia~va~ mean h th.des a GP$- ZeeelvOT. 89 r 



ABSTRACT  An Aided Location Communication System ("ALCS") is described.
that may  include a geolocation server and a wireless communication device
having a OPS  section where the~GPS receiver section is capable of being
selectively switched  between a standalone mode and at least one other mode
for determining a geolocation  of the wireless communications device. An
Aided Location Communication Device  ("ALGA") is also described. The ALGA
includes a position-determination section  having a GPS receiver and a
communication section where the position determination  section is
selectively switchable between a GPS standalone mode and at least one
other mode for determining a geolocation of the ALCD.  


