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(57) ABSTRACT 

A method and apparatus for managing the selection of 
location information sources (e.g., position determining 
equipment sites and handset-based location ?nding capa 
bilities) to provide location information for a mobile com 
munications unit (e.g., a cellular phone) are disclosed. 
Embedded Within a request for location information on a 

particular mobile communications unit are one or more 

speci?cations regarding the quality of the requested location 
information. Such speci?cations is used to determine if any 
location information sources are able to provide the location 
information With the desired location information quality. 
Upon locating a location information source capable of 
providing the requested location information, the source is 
invoked to provide the particular location information. Once 
the location information is provided by the location infor 
mation source, it is provided to the requesting party. 

Mobile Switching Center 
34 

301: 

Communications iLinking 
System 

38 

PDE Site PDE Site PDE Site 
50a 50b 500 

I 30e Location Based 

— Application 

- 54a 

Location Information Interface 
Managment System 4'30, 

58 60 

Location Based 
. A ' ' 

439d ,- »»»»»»»»»»»»»» -- 54D 

i 309 
: ‘ 

Cell Site Equipment Location Based 
System — Application 

18 303 54c 

30b 
4‘ 

Mobile 
Communications 

Unit 
14 



Patent Application Publication Feb. 9, 2006 Sheet 1 0f 6 US 2006/0030337 A1 

PDE Site PDE Site PDE Site 
50a 50b 50c 

I 302 

Location Based 
Application 

l- ' - 54a 

Location Information Interface 
Managment System 4'30‘ 

58 60 

Location Based 
. Application 

410d :- _______________ .' 54b 

i 309 
l I 

Cell Site Equipment Location Based 
System —— Application 

18 303 54c 

30b 
4 

Mobile 
Communications 

Unit 
14 

Mobile Switching Center 
. 34 

30c 
<— 

Communications Linking 
System 

38 

Figure 1 



Patent Application Publication Feb. 9, 2006 Sheet 2 0f 6 US 2006/0030337 A1 

Fig. 2 ' 



Patent Application Publication Feb. 9, 2006 Sheet 3 0f 6 US 2006/0030337 A1 

To PDE 
System 46 

Location Location 
Cache Information 
160 Managment 

System 
58 

Processor 
150 Interface 

60 

Cell/PDE 
\ Database 

72 

PDE site 
Database 

HLR 
Database 

network/PDE m 

Capabilities 
Database 

200 

To Mobile 
Network 10 

Figure 3 

To Location 
Based 

Applications 
54 



Patent Application Publication Feb. 9, 2006 Sheet 4 0f 6 US 2006/0030337 A1 

n2. 02. an“ @mh 

. as now won . i 

8am mam QESEZQ. muzm mam Q3EE>< 93% mam 032R>< 560m :00 E00 

wow 08 now moo 

mm . 8 a 8 v 3 a we ‘ E 9 

83m ‘ uoomm >u?2oo< $2 coumooq 09? gm mbxm H3952 “mow ?cow?sm?ou wEcEbBuQ $2300 EQGDE . mam mam 303% 

No 355mm 8% mam .v EawE 





Patent Application Publication Feb. 9, 2006 Sheet 6 0f 6 US 2006/0030337 A1 

Receive request for 
location information with 
one or more requirements _ 

710 

Direct Information to 
requesting entity 

730 

Search Location Cache 
For Exisiting information 

' 720 

Does information 
satisfy requirements? 

7 

Search Cell/PDE Site 
Database for generally 

~ Capable Sites 

‘ 750 

Search HLR database 
for Handset Capabilities 

760 send error 
message 

810 

V 

Combine PDE site 
Database and HLR 

database information to 
produce ‘capable' list 

770 

Request selected PDE to 
I provide Location 

Information 
800 

Compare ?rst requirment to 
capable PDE List 

780 

i 

Transmit Location 
Compare 'N' requirment lnforrnation to requesting 

to capable PDE List entity 
790 - 820 

Figure 8 



US 2006/0030337 A1 

ENHANCED PDE SELECTION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/071,117, entitled “Enhanced PDE 
Selection,” ?led on Feb. 7, 2002; Which is a continuation in 
part of US. patent application Ser. No. 09/796,972, entitled 
“Location Information Management System and Method for 
Mobile Communications Unit,” ?led on Mar. 1, 2001, Which 
is now US. Pat. No. 6,757,545, the entire disclosures of 
Which are incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The present invention generally relates to the use of 
position determination equipment (PDE) in relation to a 
mobile communications system (e.g., a Wireless network) 
and, more particularly, to selecting a PDE according to 
speci?cations in a location information request for a mobile 
communications unit. 

[0004] Wireless communications netWorks generally 
alloW for voice and/or data communication betWeen Wireless 
stations, e.g., Wireless telephones (analog, digital cellular 
and PCS), pagers or data terminals that communicate using 
RF signals. In recent years, a number of location based 
service systems have been implemented or proposed for 
Wireless netWorks. Such systems generally involve deter 
mining location information for a Wireless station and pro 
cessing the location information to provide an output desired 
for a particular application. 

[0005] EXamples of such eXisting or proposed applications 
include emergency or “911” applications, location depen 
dent call billing, cell-to-cell handoff and vehicle tracking. In 
911 applications, the location of a Wireless station is deter 
mined When the station is used to place an emergency call. 
The location is then used to route the call and, perhaps, is 
transmitted to a local emergency dispatcher to assist in 
responding to the call. In typical location dependent call 
billing applications, the location of a Wireless station is 
determined, for eXample, upon placing or receiving a call. 
This location is then transmitted to a billing system that 
determines an appropriate billing value based on the location 
of the Wireless station. In handoff applications, mobile unit 
location is determined in order to coordinate handoff of call 
handling betWeen netWork cells. Vehicle tracking applica 
tions are used, for eXample, to track the location of stolen 
vehicles. In this regard, the location of a car phone or the like 
in a stolen vehicle can be transmitted to the appropriate 
authorities to assist in recovering the vehicle. 

[0006] From the foregoing, it Will be appreciated that 
location based service systems involve position determina 
tion equipment (PDE) and location-related applications. To 
some eXtent, the PDEs and applications have developed 
independently. In this regard, a number of types of PDEs 
eXist and/or are in development. These include so-called 
angle of arrival (AOA), time difference of arrival (TDOA), 
handset global positioning system (GPS) and the use of 
cell/sector location. The types of equipment employed and 
the nature of the information received from such equipment 
vary in a number of Ways. First, some of these equipment 
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types, like GPS, are generally Wireless station-based 
Whereas others are “ground-based,” usually infrastructure 
based. Some can determine a Wireless station’s location at 
any time via a polling process, some require that the station 
be transmitting on the reverse traffic channel (voice chan 
nel), and others can only determine location at call origina 
tion, termination, and perhaps registration. Moreover, the 
accuracy With Which location can be determined varies 
signi?cantly from case to case. Accordingly, the outputs 
from the various PDEs vary in a number of Ways including 
data format, accuracy and timeliness. 

[0007] The nature of the information desired for particular 
applications also varies. For eXample, for certain applica 
tions such as 911, accuracy and timeliness are important. For 
the applications such as vehicle tracking, continuous or 
frequent monitoring independent of call placement is a 
signi?cant consideration. For other applications, such as call 
billing, location determination at call initiation and call 
termination or during handoff is generally sufficient. 

[0008] Heretofore, an incoming position request has only 
been able to limit the location information provided by the 
PDEs to a maXimum alloWable uncertainty and/or location 
information no older than a speci?ed value. This has not 
alWays resulted in the most ef?cient use of PDEs in a mobile 
communications system or resulted in the best use of avail 
able resources for a particular Wireless location application. 
For eXample, some applications such as 911 may desire/ 
require the most current location information With the high 
est level of geographical accuracy. In contrast, the needs of 
other applications such as a ?eet tracking system may be met 
by using less current and/or less geographically accurate 
location information. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method and appa 
ratus for use in a mobile communications location informa 
tion management system to select at least a ?rst position 
determining equipment source to provide location informa 
tion regarding a mobile communications unit such as a cell 
phone in a mobile communications system. More particu 
larly, the method provides for selecting a position determin 
ing equipment (hereinafter “PDE”) source from a plurality 
of PDE sources that are capable of providing location 
information. The method comprises the steps of: receiving a 
request for location information for the desired mobile 
communications unit, Where the request includes at least one 
speci?cation regarding the location information; selecting 
one PDE source from the plurality of PDE sources based on 
the speci?cations; obtaining location information from that 
PDE source for the desired mobile communications unit 
(hereinafter “MCU”); and directing the location information 
to a location associated With the request (e.g., the requesting 
parties). The corresponding apparatus of the present inven 
tion includes ports for communicating With the requesting 
party and PDE sources (or a source gateWay) and a processor 
for implementing PDE selection logic as described beloW. 
The invention alloWs a requesting party to request location 
information that is speci?cally tailored to its needs, for 
eXample, a requesting party Which requires highly accurate 
geographical information, such as 911 services, are able to 
request location information from the PDE sources With the 
highest “granularity” (i.e., highest resolution) in the system. 
In contrast, requesting parties With loWer quality needs may 
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be able to request location information that has less geo 
graphical granularity, Which may be older and have a loWer 
cost to the requesting party. Alternatively, in the case Where 
multiple sources of suf?cient information are available, a 
PDE source may be selected on other bases. 

[0010] The request Will generally contain a number of 
?elds that correspond to various prerequisites and require 
ments for location information. In particular, the request Will 
generally contain some sort of identi?er such that the MCU 
to Which the location information request is being made may 
be identi?ed. Additional ?elds may be provided such that in 
accordance With the present invention, the request may 
include one or more requirements or prerequisites related to 
the desired location information. This may be characteriZed 
as a “quality of service” (QoS) parameter and the interactive 
process betWeen the requesting party and a Location Infor 
mation Management System for QoS determination may be 
deemed a QoS negotiation. Each of these QoS parameters 
may be evaluated individually or in combination to deter 
mine if any PDE sources Will be able to provide location 
information for the MCU in accordance With these param 
eters. Additionally, some of these QoS parameters may be 
speci?ed relative to prede?ned ranges. For eXample, a client 
may be able to request location information for a particular 
MCU Where that information has an accuracy or uncertainty 
Within a speci?ed range. Prior to the request, the client 
application may knoW the accuracies associated With each 
range category. The client may knoW, for eXample, that it can 
request loW, medium or high accuracy location information 
Which corresponds to, for eXample, an accuracy or uncer 
tainty of 700 meters, accuracy betWeen 300 and 700 meters, 
and accuracy less than 300 meters, respectively. HoWever, it 
Will be appreciated that any number of value ranges, such as 
ranges l-N, may be used and that each range may be 
assigned different accuracy values. 

[0011] The QoS parameters that may be speci?ed in the 
request may, in addition or as an alternative to geographical 
accuracies, include other speci?cations. These speci?cations 
may include designation of an acceptable level of cost 
associated With the location information, requirements to an 
acceptable range of ages for the location information and/or 
a requirement related to a range of acceptable response times 
to receive the location information. With respect to the cost 
requirement, the request may be made such that location 
information up to, but not more than, a certain cost is 
authoriZed. With respect to the alloWable range of age for the 
location information, it Will be appreciated that, often, some 
sort of location information is available Without requesting 
a neW PDE source to initiate location sequence. For 
eXample, if an MCU has been located recently, that infor 
mation may be stored in one or more databases Within a 

mobile communications system. In this instance, the data 
base may be considered a PDE source. Therefore, in some 
instances, it is possible to retrieve location information 
Without utiliZing PDE sources that require a netWork loca 
tion search. HoWever, this information may be outdated for 
some purposes. In this regard, the speci?cation of the 
alloWable age of the requested location information may 
specify that the location information may not be older than 
a certain age. Again, this alloWs location-based applications 
to speci?cally tailor the requested location information to 
their needs. Likewise, the acceptable response time may be 
de?ned in a range of values such that time dependent 
applications, such as 911, may request location information 
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With response time less than X. In this instance, the Location 
Information Management System may operate such that it 
provides the best location information available at the end of 
the speci?ed response time. For eXample, if the response 
time is not greater than a speci?ed time and the only 
information that the Location Information Management Sys 
tem can provide in that time is cell/sector location informa 
tion, then cell/sector location Will be provided. 

[0012] In addition or in alternative to speci?cations that 
alloW a user to specify a range of limitations related to 
location information, the speci?cation in the request may 
include instructions on hoW the Location Information Man 
agement System is to operate. For eXample, the requirement 
may have a priority ?eld that determines hoW the Location 
Information Management System Will process the request. 
For eXample, in the case of emergency service such as 911, 
there may be a ?eld in the request that speci?es highest 
priority. This highest priority could be a last in, ?rst out 
command Which instructs the Location Information Man 
agement System to process the request as soon as it is 
received, in front of other requests in the queue, thus altering 
the general ?rst in, ?rst out operation of the system. Another 
requirement that may be utiliZed With this present invention 
is a speci?cation for the Location Information Management 
System to use a particular type of position determining 
equipment source to provide the desired location informa 
tion. For eXample, a requesting party may specify that the 
location information is to come from a TDOA PDE source 

in the netWork or, alternatively, it may specify for a particu 
lar geographically situated PDE site to provide the location 
information. 

[0013] The step of receiving may further involve process 
ing the speci?cation information of the various ?elds of the 
location information request for use With the Location 
Information Management System. For eXample, a speci? 
cation Within the request may have to be correlated With 
values relating to certain aspects related to the PDE sources. 
For instance, Where the Location Information Management 
System operates With a PDE carrier system Which employs 
three different types of PDE sources (e.g., cell/sector, 
TDOA, AGPS) Which provide varying accuracies of loca 
tion information, a geographical speci?cation in the request 
(e.g., loW, medium, high) may be correlated to a particular 
type of PDE sources (loW=cell/sector, medium=TDOA, 
high=AGPS). As Will be appreciated, the various require 
ments in the location information request may be correlated 
With various PDE source variables that correspond With the 
requirements. Further, the requesting party may knoW the 
general range of What they are requesting, hoWever, they 
may not knoW hoW the Location Information Management 
System correlates their request to the PDE sources. For 
eXample, in one embodiment, the Location Information 
Management System may correlate the speci?cations in the 
request to individual PDE sources in the mobile netWork or 
to hybrid information obtained by combining information 
obtained from multiple sources. In this case, the Location 
Information Management System may consult a database in 
Which information regarding the determining abilities of the 
PDE sources is stored. After consulting this database, the 
Location Information Management System may correlate 
the requirements in the request to the individual PDE 
sources or hybrid information. Alternatively, the Location 
Information Management System may correlate the require 
ments in the request to average values Within the PDE source 
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network. For example, in a network using three types of 
PDE sources, the average accuracy values of each of these 
sources may be stored in, for example, a database record 
providing an average value for each source relating to each 
QoS parameter that may be speci?ed in a request. In this 
regard, it Will be appreciated that information from a par 
ticular source, such as TDOA, may be provisioned by 
multiple sites having varying accuracies. 
[0014] Once the requirements Within the location infor 
mation request have been correlated to PDE values, the 
Location Information Management System can select a PDE 
source to provide the desired location information. Gener 
ally, the determination of Which PDE source, if any, Would 
be able to provide location information on an MCU in 
accordance With the requirements in the location informa 
tion request may entail consulting a database or other 
appropriate data storage structure having information on 
these PDE sources. Various types of information may be 
stored on each PDE source or on the average capabilities of 
the multiple PDE sources Within a given PDE netWork. 
Typically, the information Will include an identi?er that is 
unique to each particular PDE source or type of PDE in the 
netWork, folloWed by other information relating to the PDE 
sources’ characteristics, Which may be correlated With vari 
ous QoS parameters. For example, a geographical descrip 
tion of the coverage area may be de?ned for each PDE 
source, the response time for each PDE source, costs asso 
ciated With each PDE source, Whether the PDE source Works 
With handset based location ?nding technologies, etc. The 
Location Information Management System of the present 
invention Will then begin to eliminate those PDE sources 
that do not comply With the requirements of the location 
information request or otherWise identify any suitable PDE 
or PDEs. For example, if the request indicates that location 
information must be obtained With a cost of no more than X, 
all the PDE sources With a cost basis higher than X Will be 
eliminated from consideration. Thus, if a particular PDE 
source cannot provide location information on a particular 
MCU With the required QoS parameters, this particular PDE 
source Will not be considered to provide location informa 
tion. Though discussed in reference to eliminating PDE 
sources from consideration, the present invention may also 
be utiliZed to affirmatively select only those PDE sources 
that meet the QoS parameters for consideration. 

[0015] With regard to the selection process, there is an 
important distinction as to if or When a general location of 
the MCU is knoWn. In the case Where a location information 
request contains a general location of the MCU for Which 
information is desired or such general location is otherWise 
available, the Location Information Management System 
may be able to select individual sites of a PDE source. In this 
case, the Location Information Management System may 
consult a database record using the general location infor 
mation to determine individual PDE sources able to provide 
location information for part of or, preferably, all of the 
general location Where the MCU unit is located. Once this 
is completed, a list of PDE sources able to provide location 
information for the general location of the MCU is provided. 
Typically, this list Will contain a PDE source identi?er that 
may be used to search another database or relational data 
base table such that the individual characteristics (Which 
may be correlated With QoS parameters) of the PDE sources 
may be determined. Again, the Location Information Man 
agement System may compare the correlated requirements 

Feb. 9, 2006 

from the location information request to the corresponding 
parameters Within the PDE source records, eliminating those 
that cannot provide location information Within the speci?ed 
parameters. 
[0016] Information may also be stored on one or more, and 
preferably each of, the mobile communications units that are 
part of the mobile communications netWork. A database or 
database structure may be used for this purpose as Well. 
Information that may be stored on a mobile communications 
unit speci?c basis and that may be useful in implementing 
the ?rst aspect is Whether or not a particular mobile com 
munications unit has handset-based location ?nding capa 
bilities, such as GPS. The ?rst aspect of the invention could 
then be adapted to ?rst determine if the mobile communi 
cations unit for Which location information is desired has 
handset-based location ?nding capabilities, and to consult 
the cell/position determination equipment site database only 
if the mobile communications unit of interest does not have 
handset-based location ?nding capabilities. This protocol 
could be reversed Whereby the handset-based location ?nd 
ing capabilities of the subject mobile communications unit 
Would only be evaluated if the determination of the general 
location of the subject mobile communications unit ?rst led 
to a determination that no position determination equipment 
site Was available for providing the desired location infor 
mation. 

[0017] Location information on a mobile communications 
unit may be requested by one or more location-based 
systems or applications. Requests for location information 
may be directed to a location information management 
system or location manager Which executes the functionality 
of the subject ?rst aspect. Although the location-based 
applications may be part of or interface With the mobile 
communications system in at least some manner, the ?rst 
aspect contemplates that these location-based applications 
may be in direct communication With this location informa 
tion management system as Well. That is, any Way of 
operatively interconnecting the location information man 
agement system and these location-based applications may 
be utiliZed in relation to the subject ?rst aspect. In any case, 
the request for location information on a particular mobile 
communications unit Will be relayed by the location infor 
mation management system to one or more position deter 
mination equipment sites only if the location information 
management system associated With the ?rst aspect ?rst 
determines that each such position determination equipment 
site Will be able to actually provide the desired location 
information. That is, the location information management 
system associated With the ?rst aspect Will not invoke a 
request for location information to a particular position 
determination equipment site unless the location informa 
tion management system ?rst determines that the position 
determination equipment site Will be able to provide the 
desired location information on the subject mobile commu 
nications unit. Consider the case Where there are ?rst, 
second, and third position determination equipment sites, 
and Where the mobile communications unit is physically 
located Within the coverage area of only the ?rst position 
determination equipment site. In accordance With the fore 
going, a request for location information Will be invoked 
only in relation to the ?rst position determination equipment 
site and not the second or third position determination 
equipment sites. Related to the foregoing, any location 
information management system associated With the ?rst 



US 2006/0030337 A1 

aspect of the present invention may be con?gured so as to 
invoke a request to a particular mobile communications unit 
for handset-based location information only if any such 
location information management system ?rst determines 
that this particular mobile communications unit does indeed 
have handset-based location ?nding capabilities. 

[0018] The request for location information on a particular 
mobile communications unit in association With the ?rst 
aspect may include one or more requirements or prerequi 
sites relating to the desired location information. This may 
be characteriZed as a “quality of service negotiation.” Each 
of these requirements may be evaluated in accordance With 
the subject ?rst aspect of the present invention in relation to 
determining if any of the position determination equipment 
sites Will be able to provide the location information on the 
mobile communications unit in accordance With the speci 
?ed requirements. For instance, the request may include a 
time limit for receiving the location information on a given 
mobile communications unit. If a particular position deter 
mination equipment site cannot make the location determi 
nation Within this time limit, a request for location infor 
mation Will not be invoked to this particular position 
determination equipment site. An acceptable uncertainty 
associated With the location information may also be 
included With a request for location information. For 
instance, a particular request may provide that the location 
information must be Within +110 feet. If a particular position 
determination equipment site cannot provide location infor 
mation on a particular mobile communications unit With this 
degree of accuracy, a request for location information on the 
particular mobile communications unit Will not be invoked 
to this particular position determination equipment site. 
Another requirement Which may be provided along With a 
request for location information on a particular mobile 
communications unit is an acceptable cost or price for 
receiving this location information, and including in the 
form of a “not to exceed” amount Which is speci?ed. If a 
particular position determination equipment site cannot pro 
vide location information on the particular mobile commu 
nications unit Within the ?nancial constraints imposed by the 
request, a request for location information on this mobile 
communications unit Will not be invoked to this particular 
position determination equipment site. Another factor that 
may be speci?ed in relation to a request for location infor 
mation is the “age” of the location information. In this case, 
the ?rst aspect may utiliZe a database of the like Which stores 
the last knoWn location of at least one of, and more prefer 
ably each of, the mobile communications units that are part 
of the mobile communications netWork. The ?rst aspect may 
then be adapted to ?rst consult this information source to 
determine if the location information that is stored on the 
mobile communications unit at issue satis?es the corre 
sponding request, and to thereafter proceed With a handset 
based position determination evaluation or other position 
determination equipment site (e.g., netWork-based) evalua 
tion only if the most recent and stored location information 
does not satisfy the outstanding request. 

[0019] In the situation Where the general location of the 
mobile communications unit is not provided, the Location 
Information Management System may use netWork-based 
averages to select a PDE type that may be used to provide 
location information. In this regard, information regarding 
each type of PDE available (AOA, TDOA, AGPS, etc.) may 
be stored as a record in a database and contain a listing of 
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the average values for each of the characteristics associated 
With the PDE sources. For eXample, it may be knoWn that 
AOA systems Within the PDE source netWork provide, on 
average, location information Within X meters of the MCU 
location With a response time of Y and a cost of Z. Therefore, 
When the general location information of the MCU is not 
included in the request, the Location Information Manage 
ment System may select a type of PDE source from the 
database record Which have netWork average values that 
correspond With the requirements of the location informa 
tion request. The Location Information Management System 
may then send a request to another platform in the mobile 
communications netWork to provide the location informa 
tion from the selected type of PDE, as Will be more fully 
discussed beloW. 

[0020] Often, only one PDE source Will be able to provide 
the location information requested in accordance With the 
requirements in a location information request. This is 
especially likely When there are multiple requirements 
Within the request. HoWever, in some cases, multiple PDE 
sources may be determined to be available or appropriate for 
providing location information on a particular MCU (i.e., 
multiple PDE sources satisfy all the requirements associated 
With the request for location information on a particular 
MCU). This may occur, for eXample, Where the only require 
ment is location information With a cost less than X. In this 
instance it may still be desirable to only receive location 
information from a single source; therefore, the remaining 
PDE sources may be further limited, using some secondary 
consideration. For eXample, the ?rst PDE source on the list 
may be chosen or some secondary QoS speci?cation, such 
as speed of processing, may be chosen as a default to further 
limit the number of PDE sources until only one remains. 
Alternatively, there may be a client pro?le database that 
speci?es a particular client’s preferences as to secondary 
considerations. 

[0021] Alternatively or additionally, such PDE selection 
may be based at least in part on a business rule set. In this 
regard, a set of rules or an algorithm may be provided for a 
particular operator, application or the like. For eXample, the 
algorithm may specify that, if a particular PDE source is 
available for the subscriber and/or netWork area, then that 
PDE should be utiliZed. The algorithm may further specify 
that if the ?rst preferred source is not available then a second 
identi?ed source should be used if available and so on. 
Similarly, a location based billing application may specify 
that Cell ID information should be used for ongoing moni 
toring of a subscriber’s location until Cell ID information 
becomes inadequate to determine Whether, for eXample, the 
subscriber is inside or outside of a “home Zone.” More 
complex algorithms could specify different sources, accu 
racies, timeliness, etc. under different conditions or at dif 
ferent times. Such algorithms could be eXecuted by an 
application or in connection With a gateWay or other location 
platform. In the conteXt of a de?ned interface for requesting 
location information, the algorithm could instruct the loca 
tion platform to ignore attributes speci?ed in the location 
request or the algorithm could be applied With respect to 
attributes not populated. 

[0022] The step of obtaining location information from the 
selected PDE source may vary depending on What informa 
tion Was used to select the PDE source. In the case Where the 
general location information of the MCU Was knoWn, indi 
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vidual PDE sources may have been identi?ed such that a 
request may be sent directly to such sources for the location 
information. In contrast, Where the general location of the 
MCU Was not knoWn during the selection process, a request 
may be sent to a platform Within the PDE netWork request 
ing a certain type of PDE source be used to provide the 
information. In this case, the PDE netWork may determine 
Which individual source is in the proximity of and able to 
provide location information for the MCU, e.g., based on 
separately obtained general location information, e. g., cell or 
cell sector information. As Will be appreciated, the PDE 
netWork is generally in communication With the mobile 
communications netWork. As such, the PDE netWork may 
have the ability to determine a general location of the MCU 
Within the mobile netWork. For example, When the MCU is 
being poWered or is in an “on” condition, one or more 
signals Will be exchanged on some basis (e.g., intermittently, 
periodically) betWeen the MCU and cell site equipment in 
the area in Which the MCU is then physically located. This 
information may be stored, for example, in a home location 
register (“HLR”), visitor location register (“VLR”) or some 
other storage means Within the netWork. The PDE netWork 
in this case Will determine the general location of the MCU 
and invoke the proper PDE source in proximity of the MCU 
to provide location. In either case, once the location infor 
mation is determined by the PDE source, it is returned to the 
Location Information Management System Where it may 
then be returned to a party associated With the incoming 
request or other designated location. For example, the 
incoming request may provide instructions on Where the 
location information is to be sent or the location information 
may be sent directly back to Where the location information 
request originated from. 

[0023] Finally, in the case Where no PDE sources are able 
to provide location information in accordance With the 
speci?cations in the request, the Location Information Man 
agement System may be con?gured to return some sort of 
error message indicating that the system is unable to provide 
the location information to the desired speci?cations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic representation of an embodi 
ment of a mobile communications system Which includes or 
Which interfaces With a location information management 
system in accordance With the present invention; 

[0025] FIG. 2 is one embodiment of a cell/sector structure 
that may be utiliZed by the mobile communications system 
of FIG. 1; 

[0026] FIG. 3 is a schematic representation of the location 
information management system of FIG. 1; 

[0027] FIG. 4 illustrates an embodiment of a position 
determination equipment site database structure that may be 
utiliZed by the location information management system of 
FIG. 1; 

[0028] FIG. 5 illustrates an embodiment of a cell/position 
determination equipment site database structure that may be 
utiliZed by the location information management system of 
FIG. 1; 

[0029] FIG. 6 illustrates an embodiment of a home loca 
tion register database structure that may be utiliZed by the 
location information management system of FIG. 1; 
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[0030] FIG. 7 illustrates an embodiment of a system/ 
position determination equipment capabilities database 
structure that may be utiliZed by the location information 
management system of FIG. 1; and 

[0031] FIG. 8 illustrates an embodiment of a location 
information management protocol that may be utiliZed by 
the location information management system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] One embodiment of a mobile or Wireless commu 
nications netWork or system 10 is presented in FIG. 1. The 
mobile communications system 10 includes at least one 
Mobile Communications Unit 14 (e.g., a cellular phone) 
Which communicates With a cell site equipment system 18 
by an appropriate communications link 30a i.e., an RF link. 
Aportion of this cell site equipment system 18 together With 
associated coverage areas is illustrated in FIG. 2. The cell 
site equipment system 18 of FIG. 2 includes a plurality of 
cells 22a-h. Each cell 22a-h includes a plurality of cell 
sectors 26a-c. Each cell 22a-h and its various cell sectors 
26a-c cover a certain geographical area. At least one trans 

mitter and at least one receiver (or a “transceiver”), as Well 
as at least one antenna (all not shoWn), are associated With 
each cell sector 26a-c for handling all communications 
involving any Mobile Communications Unit 14 that is 
physically located Within or possibly in proximity to the 
particular cell sector 26. Typically a single directional 
antenna Will be utiliZed by each cell sector 26 in the type of 
con?guration presented in FIG. 2, and the coverage area of 
the antennas in a given cell 22 Will overlap to a degree. 
Although each of the cells 22 and cell sectors 26 are 
illustrated in FIG. 2 as being of the same siZe and con?gu 
ration, such need not be the case in relation to the function 
ality of a Location Information Management System 58 
Which is part of or at least operatively interfaces With the 
mobile communications system 10, and Which is discussed 
in more detail beloW. Moreover, adjacent cells 22 may be 
disposed in overlapping relation Without adversely affecting 
the functionality of the Location Information Management 
System 58. 

[0033] An appropriate communications link 30b opera 
tively interconnects the cell site equipment system 58 With 
a mobile sWitching center 34 as illustrated in FIG. 1. The 
mobile sWitching center 34 in turn is operatively intercon 
nected With a communications linking system 38 (e.g., a 
telephone company central of?ce, one or more central 
sWitching of?ces) by an appropriate communications link 
30c. Communications involving the Mobile Communica 
tions Unit 14 are thereby directed through the cell site 
equipment system 18, the mobile sWitching center 34, and 
communications linking system 38 to the other device(s) 
involved in the subject communication. Any Way of provid 
ing communication capabilities betWeen a given Mobile 
Communications Unit 14 and another communication 
device may be employed Without adversely affecting the 
functionality of the Location Information Management Sys 
tem 58. 

[0034] The Location Information Management System 58 
may be directly operatively interconnected With the mobile 
sWitching center 34 by an appropriate communications link 
30d, and may be directly operatively interconnected With the 
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cell site equipment system 18 by an appropriate communi 
cations link 30g (as indicated by the dashed line in FIG. 1), 
or both. Any Way of integrating the Location Information 
Management System 58 With the mobile communications 
netWork or system 10 may be utilized, including such that 
the Location Information Management System 58 is part of 
the system 10 or separate therefrom. Multiple components 
are part of or interface With the Location Information 
Management System 58 in relation to communications 
involving any Mobile Communications Unit 14 of the 
mobile communications system 10 (e.g., communications 
being directed through the mobile sWitching center 34). 
These components may either be part of or separate from the 
mobile communications system 10. One such component is 
a position determination equipment system 46 that is opera 
tively interconnected With the Location Information Man 
agement System 58 by an appropriate communications link 
306. The PDE system 46 generally provides a source to 
determine the location of a particular Mobile Communica 
tions Unit 14. In this regard, the illustrated PDE system 46 
generally includes a plurality of PDE sites 50a-c that may be 
located at various physical locations throughout the mobile 
communications system 10. Any technology Which is appro 
priate for determining the location of a given Mobile Com 
munications Unit 14 may be employed at any given PDE site 
50. As used herein, a PDE source is used to discuss any 
source able to provide location information, such as a 
database and/or PDE sites 50, Whereas a PDE site 50 
generally entails a ?xed netWork structure for providing 
location information. Representative examples of position 
determination technologies Which are appropriate for the 
position determination equipment system 46 include GPS 
based technologies, cell sector or micro-cell location tech 
nologies, time difference of arrival (TDOA) technologies, 
angle of arrival (AOA) or other netWork triangulation tech 
nologies, and enhanced observed time difference (EOTD), 
and TOA or netWork assisted GPS. It Will be appreciated that 
these technologies may be handset based, netWork based or 
netWork overlay technologies. 
[0035] The illustrated position determining system 
includes sites 50a, 50b and 50c, may operate separate from 
the MSC 34 and may include netWork based systems, (e.g., 
AOA and TDOA systems), and external systems such as 
GPS. Generally, the illustrated netWork based system such 
as AOA and TDOA systems determine the location of a 
Mobile Communications Unit 14 based on communications 
betWeen the Mobile Communications Unit 14 and the cell 
site equipment system 18. For example, such systems may 
receive information concerning a directional bearing of the 
Mobile Communications Unit 14 or a distance of the Mobile 
Communications Unit 14 relative to each of multiple cell 
sites 22 or other sites. Based on such information, the 
location of the Mobile Communications Unit 14 can be 
determined by triangulation or similar geometric/math 
ematic techniques. External systems such as GPS systems, 
determine the Mobile Communications Unit’s location rela 
tive to an external system. In the case of GPS systems, the 
Mobile Communications Unit 14 is typically provided With 
a GPS receiver for determining geographic position relative 
to the GPS satellite constellation. This location information 
is then transmitted across an air interface to the netWork 10. 

[0036] As noted, the netWork 10 further includes a cell site 
equipment system 18 for communicating With the Mobile 
Communications Unit 14. In this regard, the cell site equip 

Feb. 9, 2006 

ment system 18 may include three or more directional 
antennas for communicating With Mobile Communications 
Units Within subsections of the cell area. These directional 
antennas can be used to identify the subsection of a cell 
Where the Mobile Communications Unit 14 is located. In 
addition, ranging information obtained from signal timing 
information may be obtained to identify a radius range from 
the cell site equipment Where the Mobile Communications 
Unit 14 is located, thereby yielding a Mobile Communica 
tions Unit 14 location in terms of a range of angles and a 
range of radii relative to the cell site equipment. This 
cell/sector location information can be transmitted to the 
Location Information Management System 58 via an appro 
priate communications link. Therefore, the cell site equip 
ment system 18 may also be characteriZed as a PDE source. 
Additionally, inputs from multiple sources may be combined 
to yield location information as described in US. Pat. No. 
6,321,092, Which is incorporated herein by reference. 
[0037] Another component that is operatively intercon 
nected With the Location Information Management System 
58 by an appropriate communications link 30f is one or more 
location based applications 54. Location information regard 
ing a particular Mobile Communications Unit 14 may be 
desired or required by each of these location based appli 
cations 54. Requests for location information from any of 
the location based applications 54 are managed by the 
Location Information Management System 58. Although the 
mobile communications system 10 has been described in 
accordance With the foregoing structure, the functionality of 
the Location Information Management System 58 may be 
integrated in the mobile communications system 10 in any 
appropriate manner. For instance, the Location Information 
Management System 58 may be readily adapted for any Way 
of routing mobile or cellular communications Without affect 
ing operation of the present invention. As shoWn in FIG. 3 
the location-based applications 54 are interconnected to the 
Location Information Management System 58 through an 
interface 60. The interface 60 alloWs location-based appli 
cations 54 to selectively access or request information from 
the Location Information Management System 58. The 
interface 60 provides a standardiZed format for submitting 
location requests to the Location Information Management 
System 58. This format may include a number of de?ned 
?elds as Will be discussed in more detail beloW. In this 
manner, the applications 54 can make use of the best or most 
appropriate location information available from any PDE 
source Without concern for PDE-dependent data formats or 
compatibility issues. Moreover, neW position-determining 
technologies can be readily incorporated into the Wireless 
system 10 and used by the applications 54 Without signi? 
cant accommodations for the existing applications 54, as 
long as provision is made for providing data to the Location 
Information Management System 58 in a standardiZed for 
mat. 

[0038] The interface 60 alloWs the applications 54 to 
include in a location request for a particular Mobile Com 
munications Unit 14, one or more speci?cations or “Quality 
of Service” (QoS) parameters in one or more ?elds regard 
ing desired location information. These QoS parameters are 
related to the information provided by various PDE sites 50 
in the mobile communication system 10. The PDEs 50a-c 
may provide location information in various forms; there 
fore, the illustrated Location Information Management Sys 
tem 58 is capable of correlating the QoS parameter from the 
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?elds of the request With the location information provided 
by a particular PDE site 50, as Will be more fully discussed 
beloW. 

[0039] The interface 60 alloWs the location-based appli 
cations 54 to include at least a ?rst QoS parameter With a 
request regarding the location information for the desired 
Mobile Communications Unit 14. For example, the QoS 
parameter may include one or more of the following: 
maximum alloWable age of the location information, the 
geographical accuracy of the information, the cost of the 
information, response time required to produce the infor 
mation, priority of processing for the information, and even 
specifying Which type of PDE source Will provide the 
information. More particularly, in accordance With the 
present invention, some of the QoS parameters and, in 
particular, geographical accuracy, cost, and response time 
may be divided into a selectable range of values that Will be 
used by the Location Information Management System 58 to 
select a PDE source or site and provide location information. 
This enables the Location Information Management System 
58 to provide location information regarding a particular 
Mobile Communications Unit 14 speci?cally ‘tailored’ to a 
location based application’s request and thus eliminate 
unnecessary invocations of PDE sources. For example, 
When the QoS parameter Within the location based applica 
tion’s request is directed to geographical accuracy of the 
information, the parameter may be sub-divided into a range 
of values relating to geographical accuracy such as loW, 
medium and high or, alternatively, any number of accuracy 
ranges 1-n. These parameter values may then be used by the 
Location Information Management System 58 to limit selec 
tion of PDE sites 50 to those sites that are able to provide 
information in accordance With the speci?ed parameters of 
the location information request. 

[0040] The interface may be con?gured to translate the 
speci?ed range to a numerical or other convenient value for 
comparison With attributes in the PDE database record. This 
con?guration makes it possible to revise the range of the 
speci?cation as system capabilities increase. For example, as 
improvements to geographical accuracy Within the system 
become available, the interface may be con?gured such that 
it is able to receive requests from a client (i.e., application) 
having a narroWer range. In this instance, instead of having 
loW, medium and high geographical accuracy value, it may 
be possible to have divisions of 1-10. As the granularity of 
the requirements in the requests increase, the Location 
Information Management System 58 may be con?gured to 
combine or aggregate the abilities of one or more PDE sites 
50 to provide location information having a speci?ed param 
eter. For example, it may be possible to use tWo or more PDE 
sites 50 involving the same or different technologies Where 
neither site contains the speci?ed geographical accuracy or 
Where one or more of the sites provides incomplete infor 
mation and invoke the combination of the tWo or more PDE 
sites 50 to produce the desired geographical accuracy. Thus, 
Where a handset does not have contact With the required 
number of satellites to provide complete GPS information, 
partial GPS information may be combined With other loca 
tion information, e.g., cell sector information, to yield the 
desired location information. 

[0041] Where a gross or general location of a Mobile 
Communications Unit is provided With a location request or 
otherWise available, the Location Information Management 
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System 58 is operable to identify each PDE site 50 operable 
to provide location information for that general location. For 
example, When the cell 22 or cell sector 26 location of a unit 
14 is provided or otherWise available, the Location Infor 
mation Management System 58 may associate such cells 22 
and/or cell sectors 26 With those PDE sites 50 that are able 
to provide location information for units in this particular 
cell 22 and/or cell sector 26. FIG. 4 presents one embodi 
ment of a PDE site database 62 Which may be utiliZed by the 
Location Information Management System 58 to determine 
Which PDE sites can provide location information for a 
particular Mobile Communications Unit 14. The database 62 
may reside on an appropriate computer-readable storage 
medium. The PDE site database 62 may be generally vieWed 
as containing a database record 66 for each PDE site 50 
utiliZed by the Location Information Management System 
58. Each record 66 may include some or all of the folloWing 
types of information regarding various QoS parameters, 
each of Which de?nes its oWn separate database ?eld: 1) a 
PDE site ?eld 70 for storing information Which identi?es 
and is unique to the subject PDE site 50; 2) a position 
determination technology type ?eld 74 for storing informa 
tion Which identi?es the type of technology Which is utiliZed 
by the subject PDE site 50 to provide location information 
on a Mobile Communications Unit 14; 3) a physical location 
?eld 78 for storing information on the physical location of 
the subject PDE site 50; 4) a coverage area ?eld 82 for 
storing information that de?nes the geographical area for 
Which the subject PDE site 50 is able to provide location 
information on Mobile Communications Units 14 (alone or 
possibly in combination With information in the correspond 
ing physical location ?eld 78); 5) a position determination 
accuracy ?eld 86 for storing information Which quanti?es 
the accuracy or uncertainty associated With location infor 
mation on a Mobile Communications Unit 14 Which is 
provided by the subject PDE site 50 or otherWise knoWn; 6) 
a computational speed ?eld 90 for storing information Which 
quanti?es the amount of time required by the subject PDE 
site 50 to provide location information for a Mobile Com 
munications Unit 14; and 7) a computational cost ?eld 94 for 
storing information Which quanti?es the cost for providing 
location information on a Mobile Communications Unit 14 
utiliZing the subject PDE site 50. Moreover, other types of 
information and/or additional QoS parameters may be stored 
in relation to each PDE site 50, and may then be made 
available to the Location Information Management System 
58. For example, a ?eld may be included Which identi?es if 
the PDE site 50 relies upon handset based location technol 
ogy. As Will be appreciated, each record 66 may also contain 
a blank ?eld 98 such that future modi?cations to the system 
may be accommodated. With regard to the coverage area 
?eld 82, information contained therein may geographically 
de?ne the coverage area of the associated PDE site 50. 
Alternatively, some type of function or parameter may be 
stored in the coverage area ?eld 82 and Which de?nes the 
coverage area for the subject PDE site 50 (e.g., information 
in the coverage area ?eld 82 may be a radius, Which When 
combined With information in the physical location ?eld 78, 
may be used to de?ne the coverage area of the subject PDE 
site 50 through an equation for the area of a circle). It Will 
be appreciated that any Way of storing the type of informa 
tion set forth in the PDE site database 62 may be utiliZed by 
the Location Information Management System 58. In any 
case, once the Location Information Management System 58 
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determines or otherwise receives general location informa 
tion on a particular Mobile Communications Unit 14 in a 
manner to be discussed in more detail beloW, the Location 
Information Management System 58 may consult the PDE 
site database 62 to determine if any of the PDE sites 50 
stored therein Would be able to provide location information 
on the particular Mobile Communications Unit 14. 

[0042] FIG. 5 presents an embodiment of a cell/PDE site 
database 72 Which may be utiliZed by the location informa 
tion system 58 When a general location of a Mobile Com 
munications Unit 14 is knoWn to determine if location 
information may be provided on a particular Mobile Com 
munications Unit 14, and Which Would typically reside on an 
appropriate computer-readable storage medium. The illus 
trated cell/PDE site database 72 contains a database record 
75 for each cell 22 and/or cell sector 26 that is associated 
With the Location Information Management System 58. 
Each record 75 may include one or more of the folloWing 
types of information, each of Which de?nes its oWn separate 
database ?eld: 1) a cell or cell sector ?eld 77 Which identi?es 
a particular cell 22 or cell sector 26; and 2) one or more PDE 
site ?elds 70, Which generally correspond to the PDE site 
?eld in the PDE site database and Which identify (e.g., via 
a server address) those PDE sites 50 that are available for 
providing some sort of location information on a particular 
Mobile Communications Unit 14 When Within the cell 22 or 
cell sector 26 associated With the particular record 75. Any 
data storage technique may be utiliZed, e.g., although the 
discussion above denotes separate databases, the associated 
information may be included in or conceptualiZed as tables 
of a single relational database. What is of importance is that 
each cell 22 or cell sector 26 encompassed by the Location 
Information Management System 58 in the illustrated sys 
tem be associated With a “list” of PDE sites 50 that Would 
be able to provide location information on a particular 
Mobile Communications Unit 14 When in this cell 22 or cell 
sector 26. That is, once the Location Information Manage 
ment System 58 determines or otherWise receives informa 
tion on Which cell 22 or Which cell sector 26 a particular 
Mobile Communications Unit 14 is currently located in, the 
Location Information Management System 58 may consult 
the cell/PDE site database 72 to determine if there are any 
PDE sites 50 stored in relation to this cell 22 or cell sector 
26 so as to be able to provide location information on the 
particular Mobile Communications Unit 14. 

[0043] Another source of information that may be utiliZed 
by Location Information Management System 58 is a col 
lection of information on each of the various Mobile Com 
munications Units 14 of the mobile communications net 
Work 10. One such source is illustrated in FIG. 6 and is in 
the form of a home location register database 100. As in the 
case of the PDE site database 62 and the cell/PDE site 
database 72, the home location register database 100 Will 
typically reside on an appropriate computer-readable storage 
medium. 

[0044] The home location register database 100 of FIG. 6 
may be generally vieWed as containing a database record 
104 on each Mobile Communications Unit 14 of the mobile 
communications system 10. Each record 104 may include 
one or more of the folloWing types of information, each of 
Which de?nes its oWn separate database ?eld: 1) a mobile 
unit ?eld 108 for storing information Which somehoW iden 
ti?es and Which is unique to a particular Mobile Commu 
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nications Unit 14 (e.g., an Electronic Serial Number (ESN)/ 
Mobile Identi?cation Number (MIN), or a telephone 
number, for the subject Mobile Communications Unit 14); 
2) a subscriber name ?eld 112 for storing information Which 
identi?es the party that has subscribed to the services 
provided by the mobile communications system 10 in asso 
ciation With the subject Mobile Communications Unit 14; 3) 
a subscriber address ?eld 116 for storing information Which 
identi?es the address of the party that has subscribed to the 
services provided by the mobile communications system 10 
in association With the subject Mobile Communications Unit 
14; 4) a position determination capabilities ?eld 120 for 
storing information Which de?nes the position determination 
capabilities of the subject Mobile Communications Unit 14 
(e.g., Whether the same includes a GPS transceiver or other 
handset-based location ?nding capabilities); 5) a physical 
location ?eld 124 for storing information Which identi?es 
the last knoWn physical location of the subject Mobile 
Communications Unit 14; and 6) a physical location time 
?eld 128 for storing information Which identi?es the time 
associated With the information contained in the physical 
location information ?eld 124 (e.g., the physical location 
information in the ?eld 124 Was obtained at a speci?ed time 
on a speci?ed day in a speci?ed year). It Will be appreciated 
that any Way of storing the type of information set forth in 
the home location register database 100 may be utiliZed by 
the Location Information Management System 58. More 
over, other types of information could be stored in relation 
to each Mobile Communications Unit 14 as Well, including 
further information, Which relates to the location informa 
tion contained in the physical location ?eld 124 (e.g., the 
accuracy or uncertainty of the speci?ed physical informa 
tion), and may then be made available to the Location 
Information Management System 58. The Location Infor 
mation Management System 58 may consult the home 
location register database 100 upon receiving a request for 
location information on a particular Mobile Communica 
tions Unit 14 to determine if the particular Mobile Commu 
nications Unit 14 itself has location ?nding capabilities 
and/or to determine if the last knoWn physical location of the 
particular Mobile Communications Unit 14 satis?es the 
outstanding request for location information. 

[0045] FIG. 7 presents an embodiment of a system/PDE 
capabilities database 200 Which may be utiliZed by the 
Location Information Management System 58, When a gen 
eral location of the Mobile Communications Unit is not 
provided With the location request or otherWise available. 
The illustrated system/PDE database 200 contains a data 
base record 204 for each type of PDE technology utiliZed in 
the PDE system 46 associated With the Location Information 
Management System 58. Each record 204 may include one 
or more of the folloWing types of information, each of Which 
de?nes its oWn separate database ?eld: 1) PDE type 206; 2) 
a system average determination accuracy 208; 3) a system 
average response time 210; 4) a system average computation 
cost 212. Each of the entries provides an average value for 
the particular type of PDE utiliZed by the PDE system 46. In 
this regard, if a location information request is received at 
the Location Information Management System 58 Without a 
general location such that an individual PDE site may not be 
selected based on that general location, the Location Infor 
mation Management System 58 may select the type of PDE 
site 50 in the PDE system 46 that may be utiliZed to provide 
the requested information. In this case, the Location Infor 
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mation Management System 58 Will produce a request for 
location information to a platform of the PDE system 46 to 
locate a particular mobile communication unit 14 using the 
speci?ed type of position determining equipment. The PDE 
system 46 then has the responsibility to invoke the desig 
nated PDE site 50 covering the area Where the Mobile 
Communications Unit is currently located. As Will be appre 
ciated, the PDE system 46 is generally in communication 
With various components of the mobile netWork 10 and may 
therefore be able to determine the mobile communication 
unit’s general location through various knoWn means (e.g., 
an HLR query, cell identi?cation information messages used 
for call routing, etc.) 

[0046] Another function provided by the Location Infor 
mation Management System 58 is to manage requests for 
location information for Mobile Communications Units 54 
of the mobile communications system 10. Although these 
requests Will typically be transmitted by a location based 
application 54 Which generally interfaces With the Location 
Information Management System 58 through interface 60, 
the illustrated system 58 contemplates providing location 
information for Mobile Communications Units 14 to any 
authoriZed party Which requests location information for a 
given Mobile Communications Unit 14, directly or indi 
rectly, from the Location Information Management System 
58. FIG. 8 presents one embodiment of location information 
management protocol 700 Which may be utiliZed by the 
Location Information Management System 58 of FIGS. 1 
and 3 for selecting a PDE site 46 to provide location 
information for a particular Mobile Communications Unit 
14 When a general location is provided. The Location 
Information Management System 58 may include at least 
one processor 150 in this regard for eXecuting the function 
ality of the protocol 700. HoWever, any Way of appropriately 
eXecuting the protocol 700 in the conteXt of the mobile 
communication system 10 may be utiliZed. 

[0047] The illustrated protocol 700 of FIG. 8 is initiated 
by receiving (710) a request at the Location Information 
Management System for location information for a particu 
lar Mobile Communications Unit. This request for location 
information may originate from one of the location based 
applications 54 or from any source that properly interfaces 
With the Location Information Management System 58. This 
request may include one or more requirements or speci? 
cations that are associated With the desired location infor 
mation to be provided by the Location Information Man 
agement System 58. In accordance With the present 
invention, some of these speci?cations may be in the form 
of a prede?ned user selectable ranges of QoS parameters 
e.g., loW, medium, high accuracy. For exemplary purposes, 
the illustrated protocol implementation assumes that tWo 
QoS parameters have been received With the location 
request, such as a geographical accuracy parameter and time 
of response requirement. 

[0048] The location information management protocol 
700 of FIG. 8 continues searching (720) a location cache 
160 associated With the Location Information Management 
System 558 to determine if the cache 160 includes location 
information satisfying the requirements of the request. The 
illustrated location cache 160 contains a record on each 
Mobile Communications Unit 14 Within the mobile com 
munication system 10. This record includes information on 
the last knoWn physical location of the corresponding 
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Mobile Communications Unit as Well as a time associated 
With this last knoWn physical location. This information may 
be acquired from, for eXample, a previous location request 
or through a home location register associated With the 
Mobile Communications Unit 14. The Location Information 
Management System 58 searches the location cache 160 to 
identify the relevant record 165 using for eXample the 
Mobile Communications Unit’s mobile identi?cation num 
ber (MIN). If the information in the record 165 meets all the 
requirements speci?ed in the request, the information is 
retrieved from the location cache and directed (730) to the 
recipient designated by/in the request. In the event that 
satisfactory location information for a particular Mobile 
Communications Unit 14 is not currently stored in the 
location cache 160, the general location of the Mobile 
Communications Unit, if available, is accessed from the 
request or otherWise obtained and, if necessary, processed to 
be in a standard format for use With the Location Informa 
tion Management System 58. 

[0049] Once a general location of the Mobile Communi 
cations Unit 14 is knoWn, the processor 150 associated With 
the Location Information Management System 58 uses the 
general location information such as a cell sector to search 
(750) the Cell/PDE database 72 to determine if any local 
PDE sites 50 are capable of providing location information 
for the Mobile Communications Unit 14 identi?ed in the 
request. Generally, the database 72 is searched to produce a 
‘list’ of identi?ers associated With the PDE sites 50 capable 
of providing location information for an area that includes at 
least part of and, more preferably, encompasses the entirety 
of, the general location of the Mobile Communications Unit 
14. Once these PDE identi?ers are obtained, they may be 
used to search records 66 in the PDE site database 62 to 
identify one or more a PDE sites that can provide the 
location information. 

[0050] The illustrated protocol then proceeds by determin 
ing if the Mobile Communications Unit 14 is associated With 
a handset-based position determining equipment site 46. In 
this instance, the processor 150 associated With Location 
Information Management System 58 Will search (760) a 
Mobile Communications Unit database 100 Which may be a 
HLR database for a particular Mobile Communications Unit 
14 to determine What capabilities are available for the 
desired Mobile Communications Unit 14. In this regard, if a 
particular Mobile Communications Unit 14 supports, for 
eXample, TDOA position determination but not GPS, the 
available PDE 50 is correlated With this data and those PDEs 
Which are handset-based, as noted by ?eld 96, that are not 
supported by the Mobile Communications Unit 14 Will be 
eliminated from consideration. 

[0051] At this point, all PDE sites 50 capable of providing 
location information for the Mobile Communications Unit 
14 are identi?ed by combining (770) information from the 
PDE site database and the HLR database in a ‘list.’ Next, the 
one or more QoS parameters from the location information 
request may be compared (780-790) to the list of capable 
PDE sites to select a site for providing the desired informa 
tion according to the speci?ed parameters. For eXample, in 
the case Where the ?rst QoS parameter speci?es a “medium” 
geographical accuracy, the processor 150 Will begin to 
search the records associated With each listed PDE site 50 to 
determine if they provide at least medium geographical 
location information. As Will be appreciated, at some point 
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prior to initiation of the protocol 700, the ranges associated 
With each speci?cation (geographical accuracy, cost, time 
liness, etc.) Will have been de?ned. For example, a location 
request may be provided via interface 60 from a location 
based application 54 requesting medium geographical accu 
racy. The Location Information Management System 50 
may then convert this speci?cation into a standard format 
that may be used in accordance With the present invention. 
For example, in the case of geographical accuracy, the 
Location Information Management System 58 may be con 
?gured such that loW accuracy corresponds With an uncer 
tainty of 750 meters or more, medium accuracy is location 
information With an accuracy betWeen 300 and 750 meters 
and high geographical accuracy is de?ned as location infor 
mation Within a 300 meter radius. Accordingly, the protocol 
compares (780) the ?rst parameter (e.g., medium geographi 
cal accuracy) With the corresponding attribute, Which is 
expressed in standard terms, for each PDE site 50. In 
particular, the database records for each of the identi?ed 
PDE sites 50 on the list is compared With the parameter. In 
the case of a parameter requesting medium geographical 
accuracy, all PDEs Which provide high or loW geographical 
accuracy are eliminated from consideration for selection 
(high accuracy PDEs may also be eliminated depending on 
the speci?c implementation of the protocol, e.g., the proto 
col may alloW for speci?cation of “at least medium” or “only 
medium.” As Will be appreciated, the interface 60 and 
Location Information Management System 58 may be con 
?gured such that any QoS parameter may be assigned a 
standardiZed value With and compared to any value in PDE 
database record 66. For example, loW, medium and high 
geographical accuracies may be correlated With PDE types 
(i.e., loW=cell sector, medium=TDOA, and high=AGPS) 
and then correlated With the position determination technol 
ogy type 74 of the database record 66. As Will be appreci 
ated, this arrangement provides great ?exibility in compar 
ing QoS attributes With PDE capabilities and alloWs for 
changes in system capabilities to be implemented Without 
necessarily changing the QoS parameters used by the loca 
tion based applications. 

[0052] If the location request contains a second speci?ca 
tion the protocol proceeds to perform an appropriate com 
parison (790), again limiting the number of PDE sites 50 
available to provide the desired location information. Once 
all such limiting steps of the protocol are completed, a PDE 
site 50 is selected and invoked (800) to provide the desired 
location information. It may, of course, turn out that multiple 
PDE sites 50 Will be appropriate for determining the physi 
cal location of the Mobile Communications Unit 14. In this 
case, the Location Information Management System 58 may 
be con?gured such that it invokes all identi?ed PDE sites 50 
or invokes some sort of default selection criteria to select 
among the remaining PDE 46 sites. For example, the 
attributes listed in each PDE’s record 56 in the PDE site 
database 62 may be utiliZed to select among the remaining 
PDE sites 50. Thus, in the case Where three PDEs are 
identi?ed as meeting the speci?cations from the location 
request, it may be possible to select among the three using 
a nonspeci?ed attribute such as cost or any other attribute 
not already speci?ed in the request. Alternatively, a client 
pro?le database may be consulted to determine default 
characteristics for individual clients. Thus, a client applica 
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tion may specify the use of a given PDE (e.g., due to a 
favorable relationship With that provider) Whenever pos 
sible. 

[0053] It, of course, may also turn out that none of the 
PDE sites 50 or other PDE sources Will be appropriate for 
determining the physical location of Mobile Communica 
tions Unit 14. In this case, an error message may be sent 
(810) by the Location Information Management System 58 
that provides an indication to the requesting entity that no 
location information is available for the Mobile Communi 
cations Unit 14 in accordance With the speci?ed parameters. 

[0054] Once a PDE site 50 is selected, the Location 
Information Management System 58 can transmit an invoke 
message to the PDE site 50 or the PDE system 46 to have 
the selected PDE site or system obtain and return to the 
Location Information Management System 58 location 
information for the speci?ed Mobile Communications Unit 
14. Once the Location Information Management System 58 
receives the location information, it is translated to a stan 
dard form as de?ned by the interface and transmitted (820) 
to the requesting entity or other speci?ed location. 

[0055] The foregoing description of the present invention 
has been presented for purposes of illustration and descrip 
tion. Furthermore, the description is not intended to limit the 
invention to the form disclosed herein. Consequently, varia 
tions and modi?cations commensurate With the above teach 
ings, and skill and knoWledge of the relevant art, are Within 
the scope of the present invention as de?ned by the folloW 
ing claims. 

What is claimed is: 
1. A method for use in providing location information 

regarding mobile units in a mobile communications system, 
said method comprising the steps of: 

receiving a request for location information for a ?rst 
Mobile unit, said request identifying said ?rst mobile 
unit and further including at least a ?rst speci?cation 
regarding a quality of said requested location informa 
tion; 

based on said ?rst speci?cation, selecting at least one 
location information source capable of providing 
responsive location information for said ?rst mobile 
unit; 

obtaining said responsive location information from said 
selected location information source, Wherein said 
responsive information at least substantially conforms 
to said ?rst speci?cation regarding said quality of said 
requested location information; and 

providing said responsive location information to a 
selected location based on said request. 

2. The method of claim 1, further comprising the steps of: 

receiving a ?rst indication of the general location of said 
?rst mobile unit; and 

using said general location of said ?rst mobile unit in said 
selecting step to identify location information sources 
in a proximity of said mobile unit such that one of said 
identi?ed location information sources may provide 
said responsive location information. 



US 2006/0030337 A1 

3. The method of claim 2, wherein said ?rst indication of 
the general location of said mobile unit is a standard 
identi?er utiliZed by said mobile communications system. 

4. The method of claim 3, Wherein said standard identi?er 
comprises at least one of a cell identi?er and a cell sector 
identi?er utiliZed by said mobile communications system. 

5. The method of claim 1, Wherein said step of selecting 
further comprises selecting at least one location information 
source from a plurality of location information sources 
operable to provide said responsive location information. 

6. The method of claim 5, Wherein said plurality of 
location information sources comprises one of a database 
containing responsive location information and equipment 
associated With the mobile communications system operable 
to obtain responsive location information. 

7. The method of claim 5, Wherein said step of selecting 
further comprises utiliZing a default speci?cation to select 
betWeen multiple acceptable location sources, Where each of 
said multiple acceptable location sources is capable of 
obtaining location information at least substantially con 
forming to said ?rst speci?cation. 

8. The method of claim 1, Wherein said step of obtaining 
further comprises invoking said selected location informa 
tion source to provide said responsive location information. 

9. The method of claim 1, Wherein said speci?cation 
establishes a priority for selecting said location information 
source to provide responsive location information for a 
particular request. 

10. The method of claim 9, Wherein said priority is 
established by a last in ?rst out command. 

11. The method of claim 1, Wherein said speci?cation 
speci?es a particular type of location information source for 
use in providing said responsive location information. 

12. The method of claim 1, Wherein said speci?cation 
regarding a quality of said requested location information is 
related to a geographical accuracy for said responsive loca 
tion information. 
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13. The method of claim 1, Wherein said speci?cation 
regarding a quality of said requested location information is 
related to an acceptable cost associated With said responsive 
location information. 

14. The method of claim 1, Wherein said speci?cation 
regarding a quality of said requested location information is 
related to an alloWable age of said responsive location 
information. 

15. The method of claim 1, Wherein said speci?cation 
regarding a quality of said requested location information is 
related to acceptable response times to provide said respon 
sive location information. 

16. The method of claim 1, Wherein said receiving step 
further comprises correlating said speci?cation to a corre 
sponding value associated With said location information 
sources. 

17. The method of claim 16, Wherein said correlating step 
involves correlating said speci?cation to an average value 
associated a plurality of location information sources. 

18. The method of claim 16, Wherein said correlating step 
involves correlating said speci?cation to a ?rst value asso 
ciated With an individual location information source. 

19. The method of claim 1, Wherein said selecting step 
comprises consulting at least a ?rst database in Which 
information associated With said location information 
sources is stored. 

20. The method of claim 1, Wherein said selecting step 
further comprises consulting at least a ?rst database in Which 
information regarding location determining abilities of said 
position location information sources are stored such that 
only location information sources capable of providing said 
responsive location information are selected. 


