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(57) ABSTRACT 

Various concepts are disclosed in connection with locating a 
wireless local area network associated with a wireless wide 
area network. These concepts involve obtaining the differ 
ence in transmission time of a marker between two trans 
mitters in a second network, measuring the di?‘erence in 
arrival time of the marker between the two transmitters, and 
locating the ?rst network based on the di?‘erence in trans 
mission time and the di?‘erence in arrival time of the marker. 
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METHOD AND APPARATUS FOR LOCATING 
A WIRELESS LOCAL AREA NETWORK 
ASSOCIATED WITH A WIRELESS WIDE 

AREA NETWORK 

CLAIM OF PRIORITY UNDER 35 U.S.C. §ll9 

[0001] The present application for patent claims priority to 
Provisional Application No. 60/792,252 entitled “SUPPORT 
OF WLAN ACCESS IN ASSOCIATION WITH WWA ” 

?led Apr. 12, 2006, and assigned to the assignee hereof and 
hereby expressly incorporated by reference herein. 

BACKGROUND 

[0002] 1. Field 
[0003] The present disclosure relates generally to telecom 
munications, and more particularly, to concepts for locating 
a Wireless local area network associated With a Wireless Wide 
area network. 

[0004] 2. Background 
[0005] Wireless netWorks, such as those supporting GSM, 
WCDMA, cdma2000 and TDMA, commonly provide Wire 
less coverage over a large geographic areaifor example, a 
city, metropolitan area, a state or county or sometimes a 
Whole country. Such netWorks are sometimes referred to as 
WWANs (Wireless Wide Area NetWorks). Recently, smaller 
Wireless netWorks knoWn as WLANs (Wireless Local Area 
NetWorks) have been standardiZed, for example by the IEEE 
802.11 committee, and deployed to cover small areas With a 
geographic coverage ranging from a feW tens of meters to a 
feW hundred meters. To enable Wider coverage using these 
netWorks, it is common to deploy many such netWorks in 
different adjacent areas. In some cases, the ensemble of such 
multiple WLANs may be considered as a small WWAN in 
its oWn right With each “cell” of the WWAN being supported 
by a single WLAN. Such WLANs or WLAN ensembles may 
be oWned and operated by independent operators or by the 
same operators Who oWn and run WWANs or by individual 
subscribers (e.g. home or of?ce WLANs). 
[0006] For WWAN operators Who oWn WLANs or have a 
business arrangement With WLAN operators (eg including 
WWAN subscribers Who oWn WLANs), there may be an 
advantage in alloWing or assisting Wireless terminals to 
access such WLANs as a means of extending coverage (e.g. 
into areas served by WLANs but not by WWANs) and/or 
increasing capacity in the case that existing WWAN 
resources (eg available spectrum) are insu?icient to serve 
all subscribers. For example, extension of coverage may be 
an advantage in areas harder to reach by WWANs (e.g. 
Within shopping malls, inside homes and of?ces) While 
increasing capacity may be an advantage in the most heavily 
used areas (eg urban environments), during peak usage 
times and to reduce WWAN resource utiliZation. 

[0007] In the event that Wireless terminals are alloWed or 
may be required to use certain WLANs When available, it 
may become necessary to make the terminal aWare that a 
particular WLAN or set of WLANs is or are available at any 
particular location in Which the terminal happens to be. This 
could be supported by having the Wireless terminal perform 
periodic searches for available WLANs and then, if a 
suitable WLAN is found and its signal strength is deemed 
adequate, have the terminal transfer its service to the WLAN 
(eg via registration on the WLAN and handover of any 
ongoing services, such as a call, that the terminal may be 
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engaged in). The problem With this simple approach is that 
any frequent scanning for available WLANs may consume 
excessive resources in the terminal (e.g. battery) as Well as 
interfere With ongoing services. Furthermore, if maintaining 
ongoing services has higher priority, it may not alWays be 
possible to adequately scan for available WLANs. It could 
thus be an advantage to have other methods of ?nding 
available and suitable WLANs that did not involve exces 
sive resource utiliZation in a terminal or con?ict With the 
support of existing services. 
[0008] One such method has been de?ned to support 
WLAN access from terminals using CDMA, for example 
cdma2000, WWANs. This method makes use of the fact that 
transmissions from CDMA base stations can be synchro 
niZed. Speci?cally, the concept makes use of synchroniZed 
timing in CDMA base stations Which enables a Wireless 
terminal to measure pilot phases from nearby base stations 
and use these to indicate its approximate geographic loca 
tion. By recording pilot phases associated With the avail 
ability of a particular WLAN, the handset can, at a later time, 
determine the proximity of the same WLAN When it mea 
sures the same pilot phases that it had recorded previously. 
This enables a Wireless terminal to perform handover to the 
WLAN (once it is detected) and help alleviate congestion on 
a normal WWAN or extend WWAN coverage. 

[0009] HoWever, the above concept does not address asyn 
chronous netWorks like GSM and WCDMA because infor 
mation equivalent to CDMA pilot phases is not supported in 
these netWorks in a form that can be directly used. Accord 
ingly, there exists a need for neW technology that may be 
used to help locate WLANs in association With both asyn 
chronous and synchronous WWANs. 

SUMMARY 

[0010] One aspect of a method for locating a ?rst netWork 
is disclosed. The method includes obtaining the difference in 
transmission time of a marker betWeen tWo transmitters in a 
second netWork, measuring the difference in arrival time of 
the marker betWeen the tWo transmitters, and locating the 
?rst netWork based on the difference in transmission time 
and the difference in arrival time of the marker. 
[0011] An aspect of a Wireless terminal con?gured to 
operate in a ?rst netWork is disclosed. The Wireless terminal 
includes at least one processor con?gured to obtain the 
difference in transmission time of a marker betWeen tWo 
transmitters in a second netWork, measure the difference in 
arrival time of the marker betWeen the tWo transmitters, and 
locate the ?rst netWork based on the difference in transmis 
sion time and the difference in arrival time of the marker. 
[0012] Another aspect of a Wireless terminal con?gured to 
operate in a ?rst netWork is disclosed. The Wireless terminal 
includes means for obtaining the difference in transmission 
time of a marker betWeen tWo transmitters in a second 
netWork, means for measuring the difference in arrival time 
of the marker betWeen the tWo transmitters, and means for 
locating the ?rst netWork based on the difference in trans 
mission time and the difference in arrival time of the marker. 
[0013] An aspect of a computer program product is dis 
closed. The computer program product includes computer 
readable medium. The computer readable medium includes 
code for causing at least one computer to obtain the differ 
ence in transmission time of a marker betWeen tWo trans 
mitters in a second netWork, code for causing the at least one 
computer to measure the difference in arrival time of the 
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marker between the two transmitters, and code for causing 
the at least one computer to locate the ?rst network based on 
the difference in transmission time and the di?ference in 
arrival time of the marker. 
[0014] It is understood that other con?gurations of the 
present invention will become readily apparent to those 
skilled in the art from the following detailed description, 
wherein it is shown and described various con?gurations of 
the invention by way of illustration. As will be realized, the 
invention is capable of other and di?ferent con?gurations and 
its several details are capable of modi?cation in various 
other respects, all without departing from the spirit and 
scope of the present invention. Accordingly, the drawings 
and detailed description are to be regarded as illustrative in 
nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Various aspects of a wireless communications sys 
tem are illustrated by way of example, and not by way of 
limitation, in the accompanying drawings, wherein: 
[0016] FIG. 1 is a conceptual diagram showing a wireless 
terminal in communication with a WWAN; 
[0017] FIG. 2 is a conceptual diagram showing a WLAN 
connected to a WWAN through a packet-switched network; 
[0018] FIG. 3 is a conceptual diagram showing the topol 
ogy of a WWAN; 
[0019] FIG. 4 is a conceptual diagram illustrating how the 
GTD (Geometric Time Di?ference) for two pairs for BTSs 
(Base Transceiver Stations) may be obtained; 
[0020] FIG. 5 is a conceptual diagram illustrating a 
WLAN coverage area wholly or partially included within an 
area de?ned by maximum and minimum GTD values for 
two pairs of BTSs; 
[0021] FIG. 6 is a conceptual block diagram of a wireless 
terminal; 
[0022] FIG. 7 is a ?ow chart illustrating an example of a 
procedure for creating a ?ngerprint of a WLAN and later 
acquiring the WLAN; 
[0023] FIG. 8 is a ?ow chart illustrating an example of a 
procedure for location a BTS; 
[0024] FIG. 9 is a ?ow chart illustrating an example of a 
procedure for obtaining GTD values for a WLAN; 
[0025] FIG. 10 is a ?ow chart illustrating an example of a 
procedure for detecting a WLAN associated with a WWAN; 
[0026] FIG. 11 is a conceptual diagram illustrating a 
wireless terminal receiving transmissions from a pair of 
BTSs; 
[0027] FIG. 12 is a ?ow chart illustrating an example of a 
method for locating a ?rst network; and 
[0028] FIG. 13 is a functional block diagram illustrating 
an example of a wireless terminal con?gured to operate in a 
?rst network. 

DETAILED DESCRIPTION 

[0029] In the following description, speci?c details are 
given to provide a thorough understanding of the embodi 
ments. However, it will be understood by one of ordinary 
skill in the art that the embodiments may be practiced 
without these speci?c detail. For example, circuits may be 
shown in block diagrams in order not to obscure the embodi 
ments in unnecessary detail. In other instances, well-known 
circuits, structures and techniques may be shown in detail in 
order not to obscure the embodiments. 
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[0030] Also, it is noted that the embodiments may be 
described as a process which is depicted as a ?owchart, a 
?ow diagram, a structure diagram, or a block diagram. 
Although a ?owchart may describe the operations as a 
sequential process, many of the operations can be performed 
in parallel or concurrently. In addition, the order of the 
operations may be rearranged. A process is terminated when 
its operations are completed. Aprocess may correspond to a 
method, a function, a procedure, a subroutine, a subprogram, 
etc. When a process corresponds to a function, its termina 
tion corresponds to a return of the function to the calling 
function or the main function. 
[0031] Moreover, as disclosed herein, a “storage medium” 
may represent one or more devices for storing data, includ 
ing read only memory (ROM), random access memory 
(RAM), magnetic disk storage mediums, optical storage 
mediums, ?ash memory devices and/or other machine read 
able mediums for storing information. The term “machine 
readable medium” includes, but is not limited to portable or 
?xed storage mediums, wireless channels and various other 
mediums capable of storing, containing or carrying instruc 
tion(s) and/or data. 
[0032] Furthermore, embodiments may be implemented 
by hardware, software, ?rmware, middleware, microcode, or 
any combination thereof. When implemented in software, 
?rmware, middleware or microcode, the program code or 
code segments to perform the certain tasks may be stored in 
a machine readable medium such as a storage medium. A 
processor also may perform such tasks. A code segment may 
represent a procedure, a function, a subprogram, a program, 
a routine, a subroutine, a module, a software package, a 
class, or any combination of instructions, data structures, or 
program statements. A code segment may be coupled to 
another code segment or a hardware circuit by passing 
and/or receiving information, data, arguments, parameters, 
or memory contents. Information, arguments, parameters, 
data, etc. may be passed, forwarded, or transmitted via any 
suitable means including memory sharing, message passing, 
token passing, network transmission, etc. 
[0033] It should also be apparent to those skilled in the art 
that one or more elements of a device disclosed below may 
be rearranged without a?fecting the operation of the device. 
Similarly, one or more elements of a device disclosed below 
may be combined without a?fecting the operation of the 
device. 

1. Wireless Network Environment 

[0034] FIG. 1 is a conceptual diagram showing a wireless 
terminal 102 in communication with a WWAN 100. The 
wireless terminal 102 may be any suitable wireless terminal, 
including by way of example, a mobile or cellular telephone, 
a personal digital assistant (PDA), a portable television, a 
personal computer, a laptop computer, a digital camera, a 
digital camcorder, a game console, a portable audio device, 
a portable radio, transceiver, modem, or any other suitable 
device capable of accessing the WWAN 100. The wireless 
terminal 102 may be referred to by those skilled in the art as 
a handset, wireless communications device, user terminal, 
user equipment, mobile station, mobile unit, subscriber unit, 
subscriber station, mobile radio, radio telephone, wireless 
station, wireless device, or some other terminology. The 
various concepts described throughout this disclosure are 
intended to apply all suitable wireless terminals regardless 
of their con?guration and speci?c nomenclature. 
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[0035] A typical WWAN 100 is a cellular network. A 
cellular network is a network in which the geographic 
coverage region is broken up into cells. Within each cell is 
a BTS (Base Transceiver Station) that communicates with 
wireless terminals. For clarity of presentation, a single BTS 
104 is shown with a backhaul connected to a BSC (Base 
Station Controller) 106, however, in real world applications, 
the BSC 106 will support backhaul connections with many 
BTSs. The BSC 106 is used to manage and coordinate the 
BTSs in the WWAN 100 so multiple wireless terminals can 
communicate. The WWAN 100 may also be connected to 
additional networks through one or more suitable gateways. 
In the example shown in FIG. 1, the WWAN 100 is 
connected through a MSC (Mobile Switching Center) 108 to 
a circuit-switched network 110, such as a PSTN (Public 
Switched Telephone Network). The WWAN 100 may also 
be connected to a packet-based network 112, such as the 
public Internet, through a SGSN (Serving General Packet 
Radio Service Support Node) 113 and a GGSN (Gateway 
General Packet Radio Service Support Node) 115. The 
SGSN 113 facilitates exchanges of packets between the BSC 
106 and the GGSN 115 and also performs mobility man 
agement for the wireless terminals 110. The GGSN 115 
performs routing functions and exchanges packets with the 
packet-based network 112. 
[0036] FIG. 2 is a conceptual diagram showing a WLAN 
114 connected to the WWAN 100 through the packet 
switched network 112. The WLAN 114 may provide 
extended coverage to wireless terminals and/or increase the 
capacity of the WWAN 110 using any suitable wireless 
protocol including IEEE 802.11, Ultra Wide Band (UWB), 
or Bluetooth, just to name a few. The actual wireless 
protocol implemented in any particular WLAN will depend 
on the speci?c application and the overall design constraints 
imposed on the overall system. A MGW 116 (Media Gate 
way) is used to help interface the WLAN 114 to the 
circuit-switched network 1104e.g. to support voice calls. 
[0037] FIG. 3 is a conceptual diagram showing the topol 
ogy of a WWAN 100. In this example, the WWAN 100 is 
broken up into ?ve cells 202a-202e. A BTS 104a-104e is 
located in each cell 202a-202e, respectively. In addition, 
three WLANs 114 are dispersed throughout the geographic 
coverage region of the WWAN 100. As the wireless terminal 
102 moves throughout the WWAN 100, it may employ 
various techniques to learn of the existence of WLANs in 
different locations. These techniques make use of transmis 
sions from a pair of BTSs belonging to the WWAN 100 or 
multiple WWANs. These techniques may be applied to both 
asynchronous and synchronous WWANs. 
[0038] The techniques make use of the concepts of OTD 
(Observed Time Difference), RTD (Real Time Difference) 
and GTD (Geometric Time Difference). The OTD is the 
difference in the arrival times at a wireless terminal of 
speci?cally tagged or otherwise identi?ed or identi?able 
signals from a pair of BTSs. For example, for GSM, the 
OTD could be the time following detection at a wireless 
terminal of the start of one GSM frame from one BTS until 
the detection at the wireless terminal of start of the next 
GSM frame from another BTS. The OTD is closely asso 
ciated with the RTD, which provides the OTD without the 
affect of propagation delay, for example, the time following 
the start of any GSM frame at one BTS until the start of the 
next GSM frame at the other BTS. OTD equals RTD for any 
wireless terminal that is equidistant from the pair of BTSs. 
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[0039] An example will now be given with reference to 
FIG. 4. The difference between the OTD observed by the 
wireless terminal 102 at any location L for a pair of BTSs P 
and Q and the RTD between these BTSs provides the GTD. 
The relationships can represented as follows: 

Let MRIa transmission marker (e.g. start of a frame 
in GSM) from BTS R (RIP or Q) 

T (MR)IAbsolute transmission time of marker MR at 
BTSR (RIP or Q) 

A(MR)IAbsolute arrival time of marker M R at Loca 
tion L (RIP or Q) 

Then 0TDIA(MP)—A(MQ) 

RTDIT(MP)—T(MQ) 

Let GTDIOTD-RTD (1-1) 

I(DP—DQ)/c (1-2) 

[0040] Where 
[0041] DRIdistance between location L and BTS R 
(RIP or Q); and 

[0042] cIsignal propagation speed (e.g. speed of light) 
(1 -2) shows that the GTD equals the difference between the 
distances from location L to each BTS divided by c and 
hence depends on the geometry of the locations of the BTSs 
and the location L. Other locations with the same GTD as L 
all lie along a certain hyperbola that passes through L, with 
the property that the difference in the distances to the two 
BTSs from any point is ?xed according to Equation (l-2). 
[0043] For modern wireless networks, the transmission 
timing of any BTS is normally very stable and accurate, 
changing by small amounts (eg a fraction of l GSM bit in 
the case of GSM) over a period of a day or more. This means 
that the RTD between any pair of BTSs will normally be 
almost constant over a similar interval which in turn means 
that if the RTD can be determined in some way at intervals 
of a few hours or a day, then just by making OTD measure 
ments, a wireless terminal will be able to derive GTD values 
for the various locations it occupies within range of the pair 
of BTSs. OTD measurements are typically not dif?cult to 
make or necessarily very resource intensive because a 
wireless terminal may need to monitor transmissions from 
nearby BTSs in order to support normal wireless operation 
including handover, cell change and, in the case of the 
serving BTS, radio contact. The additional resource use to 
measure signals that are already being monitored would then 
be small. Because GTD values depend on geometry, it would 
then be possible for any wireless terminal to use a set of 
GTD values obtained for multiple pairs of BTSs as a means 
of characterizing any location that it occupied. Any two 
GTD values obtained for a particular location from two 
different pairs of BTSs are normally sufficient to derive the 
location exactly given the locations of each of the BTSs. 
[0044] In order to characterize the geographic area in 
which a particular WLAN has coverage, a wireless terminal 
could create a ?ngerprint containing a set of GTD values for 
pairs of BTSs whose coverage overlaps part or all of the 
WLAN coverage area. From the obtained GTD values, the 
wireless terminal could derive statistics, for example, the 
minimum and maximum GTD values for each pair of BTSs 
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that applied to the entire WLAN coverage area that the 
Wireless terminal had visited. This is illustrated in FIG. 5 for 
tWo pairs of BTSs. 
[0045] Because BTS coverage in a WWAN is typically 
much more extensive than the coverage area of a WLAN and 
because each BTS can usually be detected by a Wireless 
terminal Well outside its normal service area, it Will often be 
the case that GTD values for several pairs of BTSs Will be 
obtainable throughout the entire coverage area of the 
WLAN. Even if that is not the case, it may still be possible 
to obtain GTDs for a number of pairs of BTSs at any location 
in the WLAN coverage area. By recording the minimum and 
maximum GTDs thus obtained for each pair of BTSs or 
other statistics for the GTDs, it may be possible on a later 
occasion When the Wireless terminal returns again to the 
same WLAN coverage area to use the stored GTD statistics 
as a means of knoWing that Wireless terminal may be Within 
the WLAN coverage area Without having to scan for the 
WLAN on a continuous basis. This Would then enable 
ef?cient acquisition of the WLAN. 

2. Wireless Terminal 

[0046] FIG. 6 is a conceptual block diagram illustrating an 
example of a Wireless terminal. The Wireless terminal 102 
may be con?gured to create a ?ngerprint for a particular 
WLAN by recording GTD statistics for that WLAN and later 
make use of them to ef?ciently acquire the WLAN The 
Wireless terminal 102 may be implemented in a variety of 
fashions. In the example shoWn in FIG. 6, the Wireless 
terminal 102 includes a processor 602 Which communicates 
With a number of peripheral devices via a system bus 604. 
Although the processor 602 is shoWn as a single entity for 
the purposes of explaining the operation of the Wireless 
device 102, those skilled in the art Will understand that the 
functionality of the processor 602 may be implemented With 
one or more physical processors and storage media. By Way 
of example, the processor 602 may be implemented With a 
microprocessor, or an embedded processor, Which supports 
softWare. Alternatively, the processor 602 may be imple 
mented With application speci?c integrated circuits (ASIC), 
?eld programmable gate arrays (FPGA)s, programmable 
logic components, discrete gates or transistor logic, discrete 
hardWare components, or any combination thereof, either 
alone or in combination With a microprocessor and/or an 
embedded processor. Accordingly, the term “processor” is to 
be construed broadly to cover one or more entities in a 

Wireless terminal that is capable of performing the various 
functions described throughout this disclosure. The manner 
in Which the processor 602 is implemented Will depend on 
the particular application and the design constraints imposed 
on the overall system. Those skilled in the art Will recogniZe 
the interchangeability of hardWare, softWare, ?r'mWare, 
middleWare, microcode, and similar con?gurations under 
the circumstances, and hoW best to implement the described 
functionality for each particular application. 
[0047] The Wireless terminal 102 also is shoWn With a 
WWAN transceiver 606 and a WLAN transceiver 608. The 
WWAN transceiver 606 may be con?gured to support any 
suitable Wireless protocol including, by Way of example, 
GSM, WCDMA, cdma2000, and TDMA. The WLAN trans 
ceiver 608 may also be con?gured for different Wireless 
protocols including 802.11, UWB, Bluetooth, any others. In 
the con?guration shoWn in FIG. 6, each transceiver 608, 608 
is shoWn as a separate entity, but may be integrated into a 

Oct. 18, 2007 

single entity or distributed across other entities in alternative 
con?gurations of the Wireless terminal 102. 

3. Procedure to Record GTDs and Later Acquire WLAN 

[0048] FIG. 7 is a How chart illustrating an example of a 
procedure for creating a ?ngerprint of a WLAN and later 
acquiring the WLAN. This procedure may be performed by 
a processor as described in connection With FIG. 6, or some 
other entity (or entities) Within the Wireless terminal. In step 
702, the locations of BTSs are obtained. This step is con 
ditional on the procedure used in step 704 to obtain RTD 
values and may not alWays be needed. In step 704, the RTDs 
betWeen pairs of BTSs are obtained either making use of the 
BTS locations obtained in step 702 or Without them. Using 
the RTD values obtained in step 704, GTD values and 
statistics (e.g. minimum, maximum and mean GTD values) 
are obtained and recorded, in step 706, for a set of BTS pairs 
providing coverage Within the coverage area of some 
WLAN. At some later point in time, the RTDs betWeen pairs 
of BTSs are again obtained by repeating step 704. Repeating 
step 704 alloWs for change in RTD values over any signi? 
cant time period. After step 704 is repeated, GTD values are 
again obtained, in step 708, for the pairs of BTS used in step 
706 and are compared to the GTD statistics recorded in step 
706. For example, it may be veri?ed that the GTD values 
obtained in step 708 lie in betWeen the minimum and 
maximum GTD values obtained in step 706 for the corre 
sponding pairs of BTSs. When the obtained GTD values 
match the recorded GTD statistics, the proximity of the 
associated WLAN may be assumed and an attempt may be 
made to acquire it. 

3.1 Obtaining BTS Locations 

[0049] FIG. 8 is illustrating an example of a procedure for 
obtaining the BTS locations in step 702 of FIG. 7. In this 
example, a Wireless terminal obtains the locations of a set of 
nearby BTSs. The procedure may be repeated to obtain the 
locations of different sets of BTSs When the Wireless termi 
nal is at other locations. The minimum number of BTSs in 
the set is tWo, but more BTSs can be included to enable the 
locations of more BTSs to be obtained in a single execution 
cycle for the procedure. 
[0050] In step 802, the Wireless terminal may measure 
OTD values betWeen pairs of nearby BTSs belonging either 
to the WWAN it is currently accessing or to some other 
WWAN providing coverage in the same location. The OTDs 
measured by the Wireless terminal Will depend on the 
Wireless terminal’s location and may contain random mea 
surement errors that could be quite small. Any particular set 
of measured OTDs Will be related to the location of the 
Wireless terminal at the time the measurements are made. 
The relationship of the OTDs to the location of the Wireless 
terminal is described is more detail in section 5 of this 
disclosure. 

[0051] In step 804, the Wireless terminal decides if the 
OTD measurements from step 802 have been made at a neW 
location. This Will alWays be deemed to be true When OTDs 
are ?rst measured for any neW set of BTSs (i.e. Whenever 
this step is ?rst executed for a particular set of BTSs). When 
this step is executed subsequently, it may be deemed to be 
true if the OTD measurements dilfer by some minimum 
amount from some or all previous OTD measurements that 
the Wireless terminal has recently stored for the same set of 
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BTSs (e.g. stored Within the last day or last feW hours). For 
example, a signi?cant OTD change may be assumed if the 
change is signi?cantly greater than the expected error in 
measuring the OTD, since in that case, the change can be 
determined accurately. If OTD measurements from step 802 
do not dilTer signi?cantly from previous measurements, the 
measurements are not stored and the Wireless terminal may 
Wait for some interval and then repeat the step 802. If the 
measurements do dilTer, they are stored and the Wireless 
terminal next obtains its oWn location in step 806 using, for 
example, a satellite navigation system such GPS or Galileo 
and possibly With assistance from the serving netWork, as in 
A-GPS. Preferably, the OTD measurements in step 802 and 
the location in step 806 are obtained at nearly the same point 
in time so that the OTD measurements in step 802 can be 
assumed to have been made at the location determined in 
step 806. The Wireless terminal location is then stored in 
association With the OTD measurements. In the folloWing 
step 808, the Wireless terminal decides if it has OTD 
measurements from step 802 for a su?icient number of 
locations from step 806. This Will be generally true if the 
Wireless terminal has OTD measurements for at least one 
pair of BTSs at ?ve or more di?cerent Wireless terminal 
locations as shoWn in section 5 of this disclosure. If it is 
deemed to be true, then in step 810, using the OTD mea 
surements made at di?cerent knoWn Wireless terminal loca 
tions, the Wireless terminal may determine the BTS loca 
tions as shoWn in section 5 of this disclosure. If the Wireless 
terminal does not yet have measurements for enough loca 
tions, then it returns to step 802, Wherein a neW set of OTD 
measurements may be later obtained. 

[0052] In the event that the Wireless terminal 102 is unable 
to measure OTD values betWeen a pair of BTSs in ?ve or 
more di?cerent location, an alternative procedure may be 
used to obtain the BTS locations. With this procedure, the 
Wireless terminal Would measure the association betWeen 
the received transmission timing of some BTS and some 
universal time like GPS time, or its oWn internal clock time. 
If this is done by the Wireless terminal at three separate 
locations for Which the Wireless terminal also obtains its 
location coordinates (eg using GPS or A-GPS), then it also 
becomes possible to obtain the location (eg latitude/longi 
tude coordinates) of the BTS. To shoW hoW this can Work, 
suppose that the Wireless terminal associates a received 
transmission time T1 from the BTS With universal time U1 
at location L1 and subsequently associates a received trans 
mission time T2 from the BTS With universal time U2 at 
location L2. Suppose further that BTS transmission times T1 
and T2 and universal times U1 and U2 are converted into the 
same time unitsifor example, into GSM bit times in the 
case of GSM. The Wireless terminal may noW calculate the 
received transmission time (T2—U2+U1) that Would have 
been observed at location L2 at universal time U1. This 
transmission time may have to be adjusted for any Wrap 
around e?cects if transmission timing for the BTS is de?ned 
cyclically (as is normally the case for a WWAN). The 
received transmission time T1 at location L1 and received 
transmission time (T2—U2+U1) at location L2 both apply at 
the same universal time U1. Hence their di?cerence, (T2 
T1—U2+U1), must equal the di?‘erence in the propagation 
times from the BTS to each location. This time di?‘erence 
can be converted to a distance di?cerence by multiplying by 
the signal speed. This leads to the folloWing equation: 
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[0053] Where 
[0054] c:signal propagation speed (e.g. speed of light) 
[0055] (X5, yB) are horiZontal x, y coordinates of the 
BTS; and 

[0056] (xi, yi) are horiZontal x, y coordinates of location 
Li (iIl, 2) 

[0057] Equation (3-l) locates the BTS on a hyperbola 
de?ned by the x,y coordinates of the tWo locations L1 and 
L2 and the time di?cerence (T2—T1—U2+U1). If the Wireless 
terminal then obtains the association betWeen universal 
timing U3 and the received BTS transmission timing T3 at 
a third location L3 With coordinates (x3, y3), it Will be 
possible to obtain a second equation like (3-1) in Which U3, 
T3, x3, y3 replace U2, T2, x2, y2, respectively. This Will be 
enough to solve for the coordinates of the BTS. 

[0058] This procedure has the advantage that the location 
of any BTS can be obtained using measurements from three 
locations Without necessarily being able to receive signals 
from any other BTS. The procedure is also valid When the 
universal times recorded by the Wireless terminal are 
replaced by internal clock times. 
[0059] In an alternative procedure to obtain the location of 
a BTS, a Wireless terminal could obtain the signal propaga 
tion times P1 and P2 betWeen a particular BTS and the 
Wireless terminal at tWo di?cerent locations L1 and L2. In 
some Wireless technologies (e.g. GSM), the netWork (e.g. 
BTS) may be required to provide the Wireless terminal With 
a value (eg derived by the BTS) equal to or related to the 
signal propagation time betWeen the BTS and Wireless 
terminal in order for the Wireless technology to operate 
correctly. In GSM, the value provided by the BTS is for the 
timing advance (TA) Which equals the round trip propaga 
tion delay or tWice the one Way propagation delay. This TA 
value is provided periodically to the Wireless terminal When 
ever the Wireless terminal is receiving service from the 
netWork (e.g. during a call, When registering With the 
netWork or performing a periodic registration update). 
Whenever a neW TA value is provided (or Whenever a neW 
TA value is provided that di?cers signi?cantly from previous 
TA values), the Wireless terminal may also determine its 
location coordinates (eg using GPS or A-GPS). If the 
Wireless terminal does this at tWo di?cerent locations for 
Which the TA has been provided, it can determine values for 
the propagation times P1 and P2 at knoWn locations L1 and 
L2. The Wireless terminal may then calculate the distances 
to the BTS from the locations L1 and L2 as P1*c and P2*c 
Where c is the signal propagation speed (e.g. radio trans 
mission speed in air). Given the location coordinates for L1 
and L2, this enables the location of the BTS to be deter 
mined. This procedure has the advantage that measurements 
for a single BTS are needed at only tWo locations. 

3.2 Obtaining RTD Values for Pairs of BTSs 

[0060] Once the BTS locations are determined, the Wire 
less terminal obtains RTD values betWeen selected pairs of 
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BTSs (see step 704 in FIG. 7). The selection of Which pairs 
of BTSs to use Will be described later in sections 3.3 and 3.4 
of this disclosure. 
[0061] In order to obtain RTDs, the Wireless terminal may 
obtain its oWn location, for example using GPS, A-GPS or 
Galileo, and at the same time, or almost the same time, 
measures the OTDs betWeen one or more pairs of BTSs. 
Using its oWn location and the locations of each BTS, the 
Wireless terminal can obtain the distance to each BTS and 
hence the GTD for any pair of BTSs using equation (1-2). 
Equation (1-1) can then be used to obtain the RTD for any 
pair of BTSs from the GTD and measured OTD. 
[0062] In an alternative procedure, RTD values (and pos 
sibly BTS coordinates) might be provided to a Wireless 
terminal by the netWork (eg via a broadcast service or in 
system information messages) thereby obviating the need 
for the Wireless terminal to calculate these values using the 
procedures described herein. This Will also obviate the need 
for the Wireless terminal to be able to obtain its oWn location. 

[0063] A Wireless network supporting, for example GSM 
or WCDMA, can obtain RTD values using separate LMUs 
(Location Measurement Units) belonging to the network. An 
LMU is a device positioned at a ?xed knoWn location Which 
measure OTDs betWeen pairs of BTSs and calculates RTDs 
using information about its oWn location and the locations of 
the BTSs. RTDs can also be obtained if each BTS contains 
a GPS receiver and is able to synchronize or associate its 
transmission timing With GPS timing. Some GSM netWorks 
are in the process of being upgraded With GPS receivers in 
BTSs to enable reduced interference and higher capacity. 
This capability could thus be extended to deriving RTD 
values. Where LMUs or GPS receivers are not supported, 
the netWork could utilize GPS position estimates and OTD 
measurements provided by individual Wireless terminals (in 
order to calculate RTD values given that BTS coordinates 
can be already knoWn). The netWork Will have an advantage 
in being able to access such measurements from many 
Wireless terminals in each cell on a continuous basis Which 
means RTD values can be kept constantly updated and 
provided to other Wireless terminals as and When needed or 
requested. 
[0064] In some cases, the BTSs in a Wireless netWork may 
be kept accurately synchronized in order to provide or 
improve service (eg reduce the interference level for Wire 
less terminals caused by non-serving BTSs). The methods 
used to achieve synchronization can include using a GPS 
receiver at each BTS to align the BTS transmission timing 
With universal GPS time. Other methods may also be used. 
If a Wireless terminal is aWare that BTSs are synchronized 
(eg because this is essential for the netWork technology to 
operate correctly or because this information has been 
provided by the netWork or by the netWork operator) then it 
need not perform any measurements to obtain RTD values 
and can instead assume that all RTD values are zero. 

[0065] A third procedure may be employed to obtain RTD 
values if a netWork cannot provide RTD values explicitly or 
implicitly and if it is preferred to avoid using a procedure 
Which may require having to calculate BTS locations. In this 
procedure, a Wireless terminal could make use of the signal 
propagation delay P1 betWeen itself and a BTS if this is 
provided directly or indirectly by the netWork, as for 
example in the case of GSM Where a TA value is provided. 
If the Wireless terminal can then accurately associate the 
received transmission timing T1 of the BTS With some 

Oct. 18, 2007 

universal time U1, such as GPS time, (or its internal clock 
time) then it Will be able to derive the association betWeen 
transmission timing at the BTS With universal time (or 
internal clock time) Which, in this example, Will be a 
transmission time (T1+P1) at a universal time U1 if T1 and 
P1 are expressed in the same time units. If the Wireless 
terminal later repeats this procedure for another BTS, and 
determines a propagation delay P2, transmission time T2 
and universal time U2, if can determine the RTD betWeen 
the BTSs as the difference betWeen their transmission tim 
ings adjusted to a common universal time. In this particular 
example, the RTD Would be (T2+P2—U2)—(T1+P1—U1) if 
all values are ?rst converted to use a common time unit. 

3.3 Recording GTD Values for Each WLAN 

[0066] FIG. 9 is illustrating an example of a procedure to 
obtain the GTD values for each WLAN (see step 706 in FIG. 
7). This procedure may be performed once for any particular 
WLAN or may be repeated on multiple occasions to increase 
the amount of information collected for the WLAN. This 
procedure may be instigated in WLAN areas of interest. For 
example, it may be instigated in areas Within Which a 
Wireless terminal spends signi?cant time like the home area, 
of?ce area or a frequently used shopping mall. Such areas 
can be deduced from usage of the same WWAN serving cell 
for long periods, from usage of the same serving cell on 
many different occasions, from proximity of the same 
WWAN cell for long periods (eg if a cell is alWays included 
in the set of cells for Which handover related measurements 
are ordered from the serving cell) or on many different 
occasions or from some combination of these conditions. 
This procedure could also be instigated due to other factors 
such as When a particular WLAN is observed or is used over 
a long period or on multiple occasions or When ordered by 
the Wireless terminal user or by the serving or home net 
Work. 
[0067] In step 902, the Wireless terminal determines that it 
is Within coverage of a particular WLAN access point of 
interest (e.g. belonging to or associated With its home 
netWork operator). The Wireless terminal also determines 
that it is Within the coverage area of a number of cell sites 
that Will be each associated With their oWn BTS. The 
Wireless terminal can determine the identity of each cell site 
and the associated BTS by searching for a broadcast signal 
from each BTS above a certain minimum signal strength or 
from information provided by its current serving BTS. For 
example, the BTSs could be those indicated by a GSM or 
WCDMA serving BTS Who se signal strength and quality the 
Wireless terminal may be required to measure in order to 
support handover. For WCDMA, the BTSs (also called 
Node Bs) could include those currently supporting a soft 
handover for the Wireless terminal. The BTSs and their 
associated cell sites could all belong to the same netWork or 
could belong to different netWorks. The BTSs could also 
belong to different netWorks supporting different Wireless 
technologies (e.g. GSM and WCDMA). Normally, the serv 
ing cell and associated serving BTS Would belong to this set. 
[0068] In the next step 904, the Wireless terminal may 
obtain the location of each of the BTSs determined in step 
902, for example using one of the methods discussed in 
section 3.1 above. This may have occurred at some previous 
time or could occur as a prelude to the rest of this procedure. 
This step is not needed if BTS locations are not needed to 
obtain RTD values in step 906. 
















