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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 difference in 
arrival time of the marker between the two transmitters, and 
locating the first network based on the difference in trans 
mission time and the difference in arrival time of the marker. 
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METHOD AND APPARATUS FOR LOCATING 
A WIRELESS LOCAL AREANETWORK 
ASSOCATED WITH A WIRELESS WIDE 

AREANETWORK 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 119 
0001. The present application for patent claims priority to 
Provisional Application No. 60/792,252 entitled "SUPPORT 
OF WILAN ACCESS IN ASSOCIATION WITH WWAN 
filed 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 area—for 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 office WLANs). 
0006 For WWAN operators who own WLANs or have a 
business arrangement with WLAN operators (e.g. 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 (e.g. available spectrum) are insufficient 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 offices) while 
increasing capacity may be an advantage in the most heavily 
used areas (e.g. 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 
(e.g. 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 finding 
available and suitable WLANs that did not involve exces 
sive resource utilization in a terminal or conflict with the 
Support of existing services. 
0008. One such method has been defined 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. Specifically, 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 first 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 
first network based on the difference in transmission time 
and the difference in arrival time of the marker. 
0011. An aspect of a wireless terminal configured to 
operate in a first network is disclosed. The wireless terminal 
includes at least one processor configured 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 first 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 configured to 
operate in a first 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 first 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 first network based on 
the difference in transmission time and the difference in 
arrival time of the marker. 
0014. It is understood that other configurations 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 configurations of 
the invention by way of illustration. As will be realized, the 
invention is capable of other and different configurations and 
its several details are capable of modification 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 

00.15 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 Difference) 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 defined 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 flow chart illustrating an example of a 
procedure for creating a fingerprint of a WLAN and later 
acquiring the WLAN: 
0023 FIG. 8 is a flow chart illustrating an example of a 
procedure for location a BTS; 
0024 FIG. 9 is a flow chart illustrating an example of a 
procedure for obtaining GTD values for a WLAN: 
0025 FIG. 10 is a flow 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 flow chart illustrating an example of a 
method for locating a first network; and 
0028 FIG. 13 is a functional block diagram illustrating 
an example of a wireless terminal configured to operate in a 
first network. 

DETAILED DESCRIPTION 

0029. In the following description, specific 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 specific 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 flowchart, a 
flow diagram, a structure diagram, or a block diagram. 
Although a flowchart 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. A process 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, flash 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 
fixed 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, firmware, middleware, microcode, or 
any combination thereof. When implemented in software, 
firmware, 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 affecting the operation of the device. 
Similarly, one or more elements of a device disclosed below 
may be combined without affecting 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 configuration and specific 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 specific 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 110—e.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 five 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 
specifically tagged or otherwise identified or identifiable 
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 Me a transmission marker (e.g. start of a frame 
in GSM) from BTS R (R=P or Q) 

T(M) Absolute transmission time of marker M at 
BTSR (R=P or Q) 

A (M) Absolute arrival time of marker Me at Loca 
tion L (R=P or Q) 

Then OTD=A(M)-A (Me) 

RTD= T(M)-T(M) 

Let GTD= OTD-RTD (1-1) 

=(De-Do)/c (1-2) 

0040. Where 
0041. D distance between location L and BTS R 
(R-P or Q); and 

0042 c signal 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 fixed according to Equation (1-2). 
0043. For modern wireless networks, the transmission 
timing of any BTS is normally very stable and accurate, 
changing by Small amounts (e.g. a fraction of 1 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 difficult 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 fingerprint 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 
efficient 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 configured to create a fingerprint for a particular 
WLAN by recording GTD statistics for that WLAN and later 
make use of them to efficiently 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 specific integrated circuits (ASIC), 
field 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, firmware, 
middleware, microcode, and similar configurations 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 configured to support any 
Suitable wireless protocol including, by way of example, 
GSM, WCDMA, cdma2000, and TDMA. The WLAN trans 
ceiver 608 may also be configured for different wireless 
protocols including 802.11, UWB, Bluetooth, any others. In 
the configuration shown in FIG. 6, each transceiver 608, 608 
is shown as a separate entity, but may be integrated into a 
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single entity or distributed across other entities in alternative 
configurations of the wireless terminal 102. 

3. Procedure to Record GTDs and Later Acquire WLAN 
0048 FIG. 7 is a flow chart illustrating an example of a 
procedure for creating a fingerprint 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 signifi 
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 verified 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 terminals 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 first measured for any new set of BTSs (i.e. whenever 
this step is first executed for a particular set of BTSs). When 
this step is executed Subsequently, it may be deemed to be 
true if the OTD measurements differ 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 significant OTD change may be assumed if the 
change is significantly 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 differ significantly 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 differ, 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 sufficient 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 five or more different 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 different 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 five or 
more different 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 (e.g. using GPS or A-GPS), then it also 
becomes possible to obtain the location (e.g. 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 units—for 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 effects if transmission timing for the BTS is defined 
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 difference. (T2 
T1-U2+U1), must equal the difference in the propagation 
times from the BTS to each location. This time difference 
can be converted to a distance difference by multiplying by 
the signal speed. This leads to the following equation: 
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(T2-T1 - U2+ U 1) = (3-1) 

0053. Where 
0054 c signal propagation speed (e.g. speed of light) 
0.055 (x, y) are horizontal x, y coordinates of the 
BTS; and 

0056 (x, y) are horizontal x, y coordinates of location 
Li (i-1, 2) 

0057 Equation (3-1) locates the BTS on a hyperbola 
defined by the x,y coordinates of the two locations L1 and 
L2 and the time difference (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 (x, y), it will be 
possible to obtain a second equation like (3-1) in which U3, 
T3, X, y replace U2, T2, X, y, 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 different 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 (e.g. 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 differs significantly from previous 
TA values), the wireless terminal may also determine its 
location coordinates (e.g. using GPS or A-GPS). If the 
wireless terminal does this at two different 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 P1c 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 (e.g. 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 fixed 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 (e.g. 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 
(e.g. 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 
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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 first converted to use a common time unit. 

3.3 Recording GTD Values for Each WLAN 
0.066 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 significant time like the home area, 
office 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 (e.g. 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 whose 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. 



US 2007/0243882 A1 

0069. In the next step 906, the wireless terminal may 
obtain RTD values between pairs of the BTSs determined in 
step 902 using any of the procedures described in section 3.2 
above. The pairing of BTSs can be determined in different 
ways. For example, if all BTSs support the same wireless 
technology (e.g. GSM or WCDMA), one BTS could be 
common to every pair for example the serving BTS or the 
BTS with the strongest signal. If the BTSs support different 
wireless technologies, a single BTS could be chosen for each 
technology and paired with each of the other BTSs support 
ing the same technology. 
0070. In the next step 908, the wireless terminal measures 
OTDs between the pairs of BTSs and in step 910 obtains 
GTDs from the OTDs and the RTDs as defined in Equation 
(1-1) (and as described in greater detail in section 5 of this 
disclosure). If steps 908 and 910 are executed immediately 
following step 906, the GTDs may be obtained directly from 
the location of the wireless terminals and the locations of the 
BTSs used in step 906, as defined in Equation (1-2) and as 
further described in section 5 of this disclosure. 

0071. In step 912, the wireless terminal pauses (e.g. runs 
a timer) and then, in step 914, verifies if it is still within 
coverage of the WLAN identified in step 902. If not, the 
procedure terminates with the wireless terminal retaining the 
GTD values that it has obtained earlier in step 910. Other 
wise, the wireless terminal repeats the OTD measurements 
of step 908 provided it is still within coverage of the WLAN 
identified in step 902. The wireless terminal then obtains a 
new set of GTDs by repeating step 910. 
0072 The result of this procedure is a fingerprint of a 
particular WLAN containing a set of GTD values for par 
ticular pairs of BTSs whose signals were received within the 
coverage area of that WLAN. For each pair of BTSs, the 
mean GTD value may then be obtained and the maximum 
and minimum GTD values. The minimum and maximum 
GTD values define a geographic area between two hyper 
bolae, one hyperbola associated with the minimum GTD 
value and the other associated with maximum GTD value, 
that would contain the locations of the wireless terminal 
when it obtained the OTD values in step 908 from which the 
GTD values were derived. This is illustrated in FIG. 5. 
Because each of the wireless terminal locations is associated 
with reception of the particular WLAN, the area also con 
tains some or all of the coverage area of the particular 
WLAN. Some of the coverage area of the WLAN may be 
missing if the wireless terminal did not visit the entire 
coverage area. The same applies for the minimum and 
maximum GTDs obtained by the MS for other pairs of 
BTSS. 

0073. In order to ensure that the complete coverage area 
of the WLAN is included within the area defined by the 
maximum and minimum GTD values, the wireless terminal 
could simply continue to add more GTD values for each 
BTS pair for a particular WLAN by repeating this procedure 
at later times when it is within the same WLAN coverage 
area. This provides further opportunity for the wireless 
terminal to visit more of the WLAN coverage area. How 
ever, this may not be very efficient and the wireless terminal 
may not visit the entire coverage area. Another method of 
ensuring the entire coverage is included would be to calcu 
late the expected difference D between the minimum and 
maximum GTD values that would be obtained for the entire 
coverage area assuming that the extent of this coverage area 
can be known from knowledge of the particular WLAN (e.g. 
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the WLAN technology). This can be done, for example, 
using the equations in section 5 of this disclosure. The 
minimum and maximum GTDs can then be increased so that 
the difference between them is D or slightly more than D to 
allow for measurement errors. For example, the maximum 
GTD could be set to the mean GTD plus D/2 and the 
minimum GTD could be set to the mean GTD minus D/2. 
Another means of ensuring the WLAN coverage is included 
would just be to add and subtract some other fixed value V 
from the mean GTD to obtain modified maximum and 
minimum GTD values. To allow for the likelihood that the 
mean GTD does not represent the center of the WLAN 
coverage area, V could exceed D/2, although need not 
exceed D. If the difference between the minimum and 
maximum measured GTDs is d, setting V to (D-d/2) would 
normally ensure that the entire WLAN coverage area is 
included within the resulting modified maximum and mini 
mum GTD values. 
0074 The wireless terminal then stores in association 
with the WLAN the set of BTSs determined in step 902, 
their associated cell identities, the minimum and maximum 
GTDs obtained between pairs of BTSs and possibly other 
GTD statistics. 

3.4 WLAN Detection 

0075 FIG. 10 is a flow chart illustrating an example of a 
procedure used for WLAN detection in step 708 of FIG. 7. 
With this procedure, the wireless terminal makes use of the 
minimum and maximum GTD values and possibly other 
GTD statistics previously obtained using the procedure 
described above in section 3.3 for a particular set of BTSs 
(each associated with a particular cell site) for one or more 
WWANs as a means to detect that it may be within the 
coverage area of a certain WLAN. 
0076. This procedure is instigated when the wireless 
terminal detects two or more BTSs, for which GTD values 
have been obtained for some WLAN of interest. For 
example, the wireless terminal may determine that the 
current serving BTS is one of these BTSs. Preferably, the 
wireless terminal also verifies that signals can be received 
from many or all BTSs for which GTD values were previ 
ously obtained within the WLAN coverage area as described 
above in section 3.3. 
0077. In a first step 1002, the wireless terminal instigates 
any of the procedures in section 3.2 to obtain the RTD values 
between the same pairs of BTSs for which GTD values were 
stored to create a fingerprint as described earlier in section 
3.3. 

0078. In the next step 1004, the wireless terminal mea 
sures OTD values between the pairs of BTSs. Then in step 
1006, the wireless terminal obtains the GTD values between 
the pairs of BTSs from the OTD and RTD values as defined 
in Equation (1-1). In step 1008, the wireless terminal com 
pares the GTD values obtained in step 1006 with the 
minimum and maximum GTD values (or other GTD statis 
tics) previously obtained as described earlier in section 3.3 
for each BTS pair. If all (or most of) the obtained GTD 
values lie in between the corresponding minimum and 
maximum GTD values, the wireless terminal may conclude 
in step 1010 that it may be within the coverage area of the 
WLAN and may then attempt to acquire signals from the 
WLAN in step 1012. If the wireless terminal is able to 
receive a signal from the WLAN, it may then decide in step 
1014 to attempt to handover any ongoing services (e.g. call) 
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to the WLAN in step 1016 or simply camp on the WLAN 
signal if currently idle. If in, step 1010, the GTD values do 
not all lie within the corresponding minimum and maximum 
GTD values or if, in step 1012, the wireless terminal is 
unable to acquire a signal from the WLAN, the wireless 
terminal may repeat step 1004 a short while later. In this 
case, as the wireless terminal moves around, it may even 
tually enter the coverage area of the WLAN. When that 
occurs, the GTD values obtained in step 1006 would gen 
erally all lie within the earlier obtained minimum and 
maximum GTD values, allowing the wireless terminal to 
know that it may be within coverage and to attempt to 
acquire the WLAN. If the wireless terminal instead moves 
away from the coverage area of the WLAN, it may even 
tually not be able to detect, or not be able to measure OTD 
values between, some or all of the BTSs for which GTD 
values have been obtained previously for the WLAN. If this 
occurs, the wireless terminal may exit the procedure (e.g. 
after attempting unsuccessfully to re-execute step 1004). 

4. Extension to Multiple WLANs 

007.9 The various concepts and techniques described 
herein enables a wireless terminal to determine when it is 
likely to be within the coverage area of a specific WLAN. 
These concepts and techniques can be extended to enable the 
wireless terminal to determine when it is likely to be within 
the coverage area of any one of a number of WLANs by 
repeating the procedures described above either separately 
for each WLAN or in parallel. The wireless terminal can also 
be enabled to determine that, at any location, it is likely to 
be within the coverage area of more than one WLAN. In this 
case, the procedure for detecting a WLAN described in 
section 3.4 above would be repeated, at the same location, 
for more than one WLAN (either serially or in parallel) and 
could yield the result that the wireless terminal is within the 
coverage of two or more WLANs. The wireless terminal 
would then have the option of attempting to select any of 
these WLANs (e.g. the most preferred WLAN). 

5. Extension Using WWAN Assistance 

0080. The fingerprint information for any WLAN that 
may be created by a wireless terminal using, for example, 
the method described in section 3.3, may also be provided 
either in part or completely to the wireless terminal by the 
network for example by the home WWAN for the wireless 
terminal or by the serving WWAN. This fingerprint infor 
mation may include the identities of one or more pairs of 
BTSs that can be detected within the WLAN coverage area 
and GTD statistics for each pair of BTSs (e.g. mean, 
minimum and maximum GTDs) that apply to the WLAN 
coverage area. There may be a benefit to providing this 
information to avoid the time and resource usage in each 
wireless terminal that would otherwise be needed to obtain 
this information. In addition, the information can be more 
reliable. For example, a network operator may know the 
precise coordinates of its own BTSs and possibly of BTSs 
belonging to other networks and may know the locations of 
WLANs (e.g. the location coordinates of WLAN Access 
Points). The network operator may then be able to precisely 
calculate GTD statistics without needing to perform any 
measurements. The calculated information may then be 
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provided to wireless terminals on request or as decided by 
the network or as part of system or other broadcast infor 
mation. 
I0081. In some cases, a network operator may not know 
the locations of some WLANs or the coordinates of some 
BTSs. In that case, the network operator might not be able 
to calculate any fingerprint information (e.g. GTD statistics) 
for some WLANs and/or might not be able to calculate some 
fingerprint information for other WLANs for example, 
fingerprint information comprising information (e.g. GTD 
statistics) related to certain pairs of BTSs. In other cases, a 
network operator may not wish to support the overhead of 
discovering WLAN and BTS locations or the overhead of 
performing fingerprint calculations. In these cases, wireless 
terminals may obtain fingerprint information for WLANs 
using, for example, the method of section 3.3. Wireless 
terminals may then provide a network, e.g. the home net 
work or current serving network, with the fingerprint infor 
mation that was obtained. The network may then combine 
the fingerprint information received from many wireless 
terminals to obtain fingerprint information for a greater 
number of WLANs for example, for all WLANs visited by 
the reporting wireless terminals. In addition, the network 
may combine fingerprint information received from differ 
ent wireless terminals concerning the same WLAN in order 
to obtain more reliable fingerprint information for this 
WLAN. For example, if two different wireless terminals 
provide GTD statistics for the same WLAN related to 
different pairs of BTSs, the network can combine the infor 
mation and obtain GTD statistics for the combined set of 
BTS pairs. Also, if both wireless terminals provide GTD 
information for the same WLAN concerning the same pairs 
of BTSs, the network may combine the information for each 
pair of BTSs. For example, the network may take the higher 
of two provided maximum GTD values, the lower of two 
provided minimum GTD values and/or the mean of two 
provided mean GTD values. If many wireless terminals 
provide GTD information for the same WLAN concerning 
the same pairs of BTSs, the network may also detect 
erroneous GTD information by looking for GTD informa 
tion from any wireless terminal that is different to or not 
consistent with the GTD information provided by the other, 
or most of the other, wireless terminals. 
I0082. The combined fingerprint information may then be 
provided to individual wireless terminals—e.g. on request, 
as decided by the network or through broadcast. With this 
extension, a wireless terminal will be able to acquire fin 
gerprint information much faster than it can alone and for a 
much larger number of WLANs. Furthermore, the acquired 
fingerprint information can be more accurate and reliable. 

6. Obtaining BTS Locations and RTD and GTD Values 
Using OTD Measurements 
I0083. An example of a procedure for locating both wire 
less terminals and BTSs using OTD measurements will now 
be described. The procedure can be extended to enable 
derivation of RTD values and GTD values also. 

0084. If a wireless terminal measures the OTD between 
pairs of nearby BTSs belonging to some WWAN and 
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provided the WWAN technology supports transmission with 
implicit or explicit timing information Such as the explicit 
frame and bit numbering used in GSM the location of the 
terminal can be obtained by trilateration. This method is 
employed by the Enhanced Observed Time Difference 
method (E-OTD) for GSM wireless networks, the Observed 
Time Difference of Arrival method (OTDOA) for WCDMA 
wireless networks and the Advanced Forward Link Trilat 

eration method (A-FLT) for cdma2000 and IS-95 wireless 
networks. With the E-OTD, OTDOA and A-FLT methods, 
the locations of BTSs are assumed to be available. 

0085. The procedure makes use of measurements by any 
wireless terminal of OTDs between pairs of nearby BTSs, 
preferably at the same time or almost the same time. The 
procedure may require that the OTD capable terminal can 
also be located using a separate independent, accurate and 
reliable method such as GPS or A-GPS. 
I0086 To exemplify the procedure, suppose that BTSs P 
and Q, for example the BTSs P and Q shown in FIG. 4, each 
transmit a sequence of information (e.g. binary encoded) 
that contains implicit or explicit time references, as illus 
trated in FIG. 11. Each sequence is assumed to be regularly 
repeating at some fixed interval T in the case of BTS Pand 
To in the case of BTS Q and to have a duration that may be 
equal to or less than the fixed repetition interval. By regular 
repetition, it is meant that an identifiable information struc 
ture is regularly repeated (e.g. a GSM frame) but not that all, 
or even any, of the information contained in the repeated 
structure is repeated (although, of course, it may be). A 
particular wireless terminal 102, at Some location L, is 
assumed to measure the OTDi between the arrival at the 
wireless terminal 102 of some identified transmission 

marker Me, in the transmission from BTS P and another 
transmission marker Mo, in the transmission from BTS Q. 
M, and Mo, could, for example, be the beginning or end of 
the repeated transmission sequence or Some identifiable 
point in the middle. To ensure accuracy, the transmissions 
should maintain high precision and stability though trans 
mission drift can be allowed. There is no need for synchro 
nized transmissions. 

0087. The RTDi between the transmission markers mea 
sured by the wireless terminal 102 is defined as the differ 
ence between their absolute transmission times from each 
BTS rather than the difference between their arrival times at 

the wireless terminal 102 (which gives OTDi). The RTDi is 
equal to the OTDi if the wireless terminal 102 is equidistant 
between both BTSs. Otherwise, the RTDi and OTDi are 
related to the distances between the wireless terminal 102 

and BTS P and BTS Q as follows: 
Let T(M)=Absolute transmission time of marker 
M. at BTSR (R-Por Q) 

A (M)=Absolute arrival time of marker Mr. at 
Location L (R=P or Q) 

Then OTDi=A(Me.)-A (Me.) (6-1) 

Oct. 18, 2007 

Giving OTDi-RTDi=GTDi (6-3) 

= (A (Mp;) - T(Mp;)) - (A (Mo.) - T(Mo)) (6-4) 
= (Dp) - Doi) fc 

0088. Where 
0089 GTDi=Geometric Time Difference at the loca 
tion L, 

0090 D-distance between L, and BTS R (R=Por Q) 
0091 c signal propagation speed (e.g. speed of light) 
0092 (x, y) are horizontal x, y coordinates of BTS R 
location (R=P or Q); and 

0093 (x,y) are horizontal x, y coordinates of location 
Li 

If the horizontal coordinates for the location L, of the 
wireless terminal 102 are obtained independently using, for 
example, GPS or A-GPS location, then there are five 
unknown variables in equation (6-4)—the X and y coordi 
nates for each BTS and the RTD between the markers Me, 
and M. Measurements of the OTDs for the same markers 
at five different locations Li (i-1, 2, 3, 4, 5) would then 
generally be sufficient to solve for these five variables. 
0094. Measurement of exactly the same markers by the 
same wireless terminal 102 would not be possible since the 
terminal would necessarily make measurements at different 
times. Because of this, the values for the RTDi (i=1, 2, 3. 
. . ) may not all be the same. However, if the differences 
between the RTDs can be obtained then each RTD can be 
expressed in terms of one common unknown RTD allowing 
equation (6-4) to be solved for this RTD value and for the 
coordinates of the two BTSs if 5 separate OTD measure 
ments are made by wireless terminal 102 at 5 separate 
locations. 
0.095 For different measurements made by the wireless 
terminal 102 at different locations Li (i-1, 2, 3 . . . ), the 
RTDs applicable to the measurements made at any two 
locations L, and L (jii k) are related as follows: 

RTDj- RTDk = (T(MP) - T(Mo)-(T(MP) - T(Mo)] (j # k) (6-5) 
= (T(MP) - T(MP) - T(Mo.) - T(Mo.) 

Equation (6-5) enables the RTD difference to be obtained if 
the time interval between two identifiable transmission 
markers from the same BTS is known. This will be possible 
if the two transmission markers occur in the same transmis 
sion sequence and their relative times of occurrence in the 
transmission sequence are known. This will also be possible 
when the two transmission markers occur in different trans 
mission sequences if the interval of time from the beginning 
of each transmission sequence to the respective transmission 
marker and the time interval between the beginnings of the 
two transmission sequences are all known. The time interval 
between the beginnings of the two transmission sequences 
can be known when the time interval between consecutive 
transmission sequences is known and fixed and when each 
transmission sequence carries an explicit or implicit 
sequence number, thereby allowing the number of transmis 
sion sequences from that containing the first marker to that 
containing the second marker to be obtained. If sequences 
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are not numbered, then there is an ambiguity in the value of 
the RTD difference in equation (6-5) that is of the form 
(nT+m*To) where n and m are positive or negative 
integers, corresponding to the unknown number of trans 
mission sequences between the markers from each BTS and 
T, and To are the assumed fixed intervals between the 
beginnings of consecutive transmission sequences from 
BTS P and BTS Q, respectively. However, if the repetition 
interval for the transmission sequences is the same for each 
BTS (i.e. T-T) and is large compared to the maximum 
absolute value of the right hand side of equation (6-4) (i.e. 
BTS propagation delay to any terminal is much less than the 
repetition interval), then the ambiguity in the RTD difference 
disappears since at most one value for the uncertainty 
(n+m)*T will provide a solution to Equation (6–4). 
0096. If transmission from the BTSs P and Q is not stable 
but drifts over time, then the absolute transmission time of 
any signal S(t) from either BTS R (R-P or Q) with an 
intended transmission time of t may drift as follows: 

T(S(t))-t+art+art’--art -- . . . (R-P or Q) (6-6) 

0097. Where 
(0098 a fixed small coefficient (i21, R=P or Q) 

For two transmission markers, one from each BTS, with 
intended transmission times of (t+At) and (t+Ato) that are 
each very close to t, the RTD as obtained for these trans 
mission markers will be approximately given by: 

(ap3 - ao.3)f -- ... 

0099. Where 
10100 RTD (At.-Ato); and 
10101 b, (a, -ao) (ie1) 

Equation (6-7) is obtained by ignoring Small terms of order 
(aAt) (R=P or Q, ie 1). The resulting RTD in Equation 
(6-8) contains the true RTD that would apply without any 
drift plus a number of error terms corresponding to linear, 
quadratic, cubic etc. drift in time. 
0102) For linear only drift of the RTD, which results 
when transmission timing only has a linear drift which is 
well known as the most common type of drift, the coeffi 
cients b, would all be zero for i>1. For quadratic only drift, 
b, would all be zero for i>2 and so on. Typically, the higher 
coefficients will be zero or almost zero, which means that the 
number of variables to solve for in Equation (6-4), when the 
RTD in equation (6-4) comes from equation (6-8), is 
increased by the Small number of unknown non-Zero coef 
ficients in Equation (6-8). By adding the same number of 
additional OTD measurements from the terminals at more 
locations, the coordinates of the BTSs will still be obtain 
able. 
0103) Once BTS locations have been obtained, Equation 
(6-4) may be used to obtain the RTD between a pair of BTSs 
using specific transmission markers that are repeated at the 
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same fixed interval from each BTS. In the case of GSM and 
WCDMA, the use of regularly repeating transmission 
frames of a fixed known duration enables such markers to be 
chosen. For example, the markers could be the start of each 
consecutive GSM transmission frame. Using Such markers, 
RTDs applicable at different times at different locations can 
be the same since the terms in Equation (6-5) would be zero. 
The RTD for any pair of BTSs then defines the time period 
for which transmission from one BTS leads or lags behind 
that from another BTS. If the location coordinates of the 
wireless terminal 102 are then obtained and at almost the 

same time the terminal measures the OTD between the pair 
of BTSs, the RTD is obtainable from (6–4). 
0104. The GTD defined in Equation (6-3) for any pair of 
BTSs depends on the location L, and the locations of the 
BTSS as shown in equation (6-4), and not on the particular 
OTD or RTD values. Equation (6-3) shows that the GTD for 
any location can be obtained by measuring the OTD at that 
location if the RTD is already known (e.g. was obtained 
previously at Some other location and at Some previous 
time). Equation (6-4) also shows that GTDs may be obtained 
from the location of the terminal and the locations of the 
BTSS. 

7. Aspects of a Method for Locating a First Network 

01.05 FIG. 12 is a flow chart illustrating an example of a 
method for locating a first network. In step 1202, the 
difference in transmission time of a marker between two 

transmitters in a second network is obtained. In one aspect 
of this method, this may be achieved by obtaining the 
location of each of the two transmitters and using the 
locations and the differences in arrival time of the marker to 
obtain the difference in transmission time of the marker. The 
location of each of the two transmitters may be obtained 
using the difference in arrival time of the marker between the 
two transmitters and the location of where the markers are 
received. Alternatively, the location of one (or both) of the 
transmitters may be obtained using the arrival time of the 
marker from said one of the transmitters and the location of 
where the marker from said one of the transmitters is 
received, or using the signal propagation time of the marker 
from said one of the transmitters at two different locations. 
In an alternative aspect of this method, the difference in 
transmission time of the marker between the two transmit 
ters may be provided by the second network. In another 
alternative aspect of this method, the difference in transmis 
sion time of the marker between the two transmitters may be 
obtained by using the signal propagation delay of the marker 
and the time of arrival of the marker for each of the two 
transmitters. 

0106. In step 1204, the difference in arrival time of the 
marker between the two transmitters is measured. 

0107. In step 1206, the first network is located based on 
the difference in transmission time and the difference in 
arrival time of the marker. The first network may be located 
by comparing the difference in transmission time and the 
difference in arrival time of the marker to a fingerprint the 
first network. The fingerprint is created by detecting the first 
network and recording the difference in transmission time 
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and the difference in arrival time of the marker when the first 
network is detected. Once the first network is located, it may 
be accessed. 

8. Aspects of a Wireless Terminal 
0108 FIG. 13 is a functional block diagram illustrating 
an example of a wireless terminal configured to operate in a 
first network. The wireless terminal 102 includes a module 
1302 for obtaining the difference in transmission time of a 
marker between two transmitters in a second network. In one 
aspect of a wireless terminal 102, this may be achieved by 
obtaining the location of each of the two transmitters and 
using the locations and the differences in arrival time of the 
marker to obtain the difference in transmission time of the 
marker. The location of each of the two transmitters may be 
obtained using the difference in arrival time of the marker 
between the two transmitters and the location of where the 
markers are received. Alternatively, the location of one (or 
both) of the transmitters may be obtained using the arrival 
time of the marker from said one of the transmitters and the 
location of where the marker from said one of the transmit 
ters is received, or using the signal propagation time of the 
marker from said one of the transmitters at two different 
locations. In an alternative aspect of a wireless terminal 102, 
the difference in transmission time of the marker between 
the two transmitters may be provided by the second network. 
In another alternative aspect of a wireless terminal, the 
difference in transmission time of the marker between the 
two transmitters may be obtained by using the signal propa 
gation delay of the marker and the time of arrival of the 
marker for each of the two transmitters. 
0109 The wireless terminal 102 also includes a module 
1304 for measuring the difference in arrival time of the 
marker between the two transmitters. 
0110. The wireless terminal 102 further includes a mod 
ule 1306 for locating the first network based on the differ 
ence in transmission time and the difference in arrival time 
of the marker. The first network may be located by com 
paring the difference in transmission time and the difference 
in arrival time of the marker to a fingerprint of the first 
network. The fingerprint of the first network may be created 
by detecting the first network and recording the difference in 
transmission time and the difference in arrival time of the 
marker when the first network is detected. Once the first 
network is detected, it may be accessed by the wireless 
terminal 102. 
0111. The previous description is provided to enable any 
person skilled in the art to practice the various embodiments 
described herein. Various modifications to these embodi 
ments will be readily apparent to those skilled in the art, and 
the generic principles defined herein may be applied to other 
embodiments. Thus, the claims are not intended to be limited 
to the embodiments shown herein, but is to be accorded the 
full scope consistent with the language claims, wherein 
reference to an element in the singular is not intended to 
mean “one and only one' unless specifically so stated, but 
rather “one or more.” All structural and functional equiva 
lents to the elements of the various embodiments described 
throughout this disclosure that are known or later come to be 
known to those of ordinary skill in the art are expressly 
incorporated herein by reference and are intended to be 
encompassed by the claims. Moreover, nothing disclosed 
herein is intended to be dedicated to the public regardless of 
whether such disclosure is explicitly recited in the claims. 
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No claim element is to be construed under the provisions of 
35 U.S.C. S 112, sixth paragraph, unless the element is 
expressly recited using the phrase “means for” or, in the case 
of a method claim, the element is recited using the phrase 
“step for.” 
What is claimed is: 
1. A method for locating a first network, comprising: 
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 first network based on the difference in 

transmission time and the difference in arrival time of 
the marker. 

2. The method of claim 1 further comprising accessing the 
first network when located. 

3. The method of claim 1 further comprising obtaining the 
location of each of the two transmitters and using the 
locations and the differences in arrival time of the marker to 
obtain the difference in transmission time of the marker. 

4. The method of claim 3 wherein the location of each of 
the two transmitters is obtained using the difference in 
arrival time of the marker between the two transmitters and 
the location of where the markers are received. 

5. The method of claim 3 wherein the location of one of 
the transmitters is obtained using the arrival time of the 
marker from said one of the transmitters and the location of 
where the marker from said one of the transmitters is 
received. 

6. The method of claim 3 wherein the location of one of 
the transmitters is obtained by using the signal propagation 
time of the marker from said one of the transmitters at two 
different locations. 

7. The method of claim 1 wherein the difference in 
transmission time of the marker between the two transmit 
ters is provided by the second network. 

8. The method of claim 1 wherein the difference in 
transmission time of the marker between the two transmit 
ters is obtained by using the signal propagation delay of the 
marker and the time of arrival of the marker for each of the 
two transmitters. 

9. The method of claim 1 wherein the two transmitters are 
synchronized, and wherein the difference in transmission 
time of the marker between the two transmitters is set to 
ZO. 

10. The method of claim 1 wherein the first network is 
located by comparing the difference in transmission time 
and the difference in arrival time of the marker to a finger 
print of the first network. 

11. The method of claim 10 further comprising creating 
the fingerprint by detecting the first network and recording 
the difference in transmission time and the difference in 
arrival time of the marker when the first network is detected. 

12. The method of claim 10 further comprising receiving 
at least a portion of the fingerprint from the second network. 

13. The method of claim 10 further comprising obtaining 
a preliminary fingerprint, providing the preliminary finger 
print to the second network to create at least a portion of the 
fingerprint, and receiving said at least a portion of the 
fingerprint from the second network. 

14. A wireless terminal configured to operate in a first 
network, comprising: 

at least one processor configured to obtain the difference 
in transmission time of a marker between two trans 
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mitters in a second network, measure the difference in 
arrival time of the marker between the two transmitters, 
and locate the first network based on the difference in 
transmission time and the difference in arrival time of 
the marker, and 

a memory coupled to the at least one processor. 
15. The wireless terminal of claim 14 wherein the at least 

one processor is further configured to access the first net 
work when located. 

16. The wireless terminal of claim 14 wherein the at least 
one processor is further configured to obtain the location of 
each of the two transmitters and use the locations and the 
differences in arrival time of the marker to obtain the 
difference in transmission time of the marker. 

17. The wireless terminal of claim 16 wherein the at least 
one processor is further configured to locate each of the two 
transmitters using the difference in arrival time of the marker 
between the two transmitters and the location of the wireless 
terminal. 

18. The wireless terminal of claim 16 wherein the at least 
one processor is further configured to locate one of the 
transmitters using the arrival time of the marker from said 
one of the transmitters and the location of the wireless 
terminal. 

19. The wireless terminal of claim 16 wherein the at least 
one processor is further configured to locate one of the 
transmitters using the signal propagation time of the marker 
from said one of the transmitters at two different locations. 

20. The wireless terminal of claim 14 wherein the at least 
one processor is further configured to receive the difference 
in transmission time of the marker between the two trans 
mitters from the second network. 

21. The wireless terminal of claim 14 wherein the at least 
one processor is further configured to obtain the difference 
in transmission time of the marker between the two trans 
mitters using the signal propagation delay of the marker and 
the time of arrival of the marker for each of the two 
transmitters. 

22. The wireless terminal of claim 14 wherein the two 
transmitters are synchronized, and wherein the processor is 
further configured to set the difference in transmission time 
of the marker between the two transmitters to zero. 

23. The wireless terminal of claim 14 wherein the at least 
one processor is further configured to locate the first network 
by comparing the difference in transmission time and the 
difference in arrival time of the marker to a fingerprint of the 
first network. 

24. The wireless terminal of claim 23 wherein the at least 
one processor is further configured to create the fingerprint 
by detecting the first network and recording the difference in 
transmission time and the difference in arrival time of the 
marker when the first network is detected. 

25. The wireless terminal of claim 23 wherein the pro 
cessor is further configured to receive at least a portion of the 
fingerprint from the second network. 

26. The wireless terminal of claim 23 wherein the pro 
cessor is further configured to obtain a preliminary finger 
print, provide the preliminary fingerprint to the second 
network to create at least a portion of the fingerprint, and 
receive said at least a portion of the fingerprint from the 
second network. 

27. A wireless terminal configured to operate in a first 
network, comprising: 
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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 first network based on the differ 
ence in transmission time and the difference in arrival 
time of the marker. 

28. The wireless terminal of claim 27 further comprising 
means for accessing the first network when located. 

29. The wireless terminal of claim 27 wherein the means 
for obtaining the difference in transmission time of a marker 
between the two transmitters comprises means for obtaining 
the location of each of the two transmitters and using the 
locations and the differences in arrival time of the marker to 
obtain the difference in transmission time of the marker. 

30. The wireless terminal of claim 29 wherein means for 
obtaining the location of each of the two transmitters com 
prises means for using the difference in arrival time of the 
marker between the two transmitters and the location of the 
wireless terminal to obtain the location of each of the two 
transmitters. 

31. The wireless terminal of claim 29 wherein means for 
obtaining the location of each of the two transmitters com 
prises means for locating of one of the transmitters using the 
arrival time of the marker from said one of the transmitters 
and the location of the wireless device. 

32. The wireless terminal of claim 29 wherein means for 
obtaining the location of each of the two transmitters com 
prises means for locating of one of the transmitters using the 
signal propagation time of the marker from said one of the 
transmitters at two different locations. 

33. The wireless terminal of claim 27 wherein the means 
for obtaining the difference in transmission time of the 
marker between the two transmitters is configured to receive 
the difference in transmission time from the second network. 

34. The wireless terminal of claim 27 wherein the means 
for obtaining the difference in transmission time of the 
marker between the two transmitters comprises means for 
using the signal propagation delay of the marker and the 
time of arrival of the marker for each of the two transmitters. 

35. The wireless terminal of claim 27 wherein the two 
transmitters are synchronized, and wherein the means for 
obtaining the difference in transmission time of the marker 
between the two transmitters comprises means for setting 
the difference in transmission time of the marker to zero. 

36. The wireless terminal of claim 27 wherein the means 
for locating the first network comprises means for compar 
ing the difference in transmission time and the difference in 
arrival time of the marker to a fingerprint of the first 
network. 

37. The wireless terminal of claim 36 further comprising 
means for creating the fingerprint by detecting the first 
network and recording the difference in transmission time 
and the difference in arrival time of the marker when the first 
network is detected. 

38. The wireless terminal of claim 36 further comprising 
means for receiving at least a portion of the fingerprint from 
the second network. 

39. The wireless terminal of claim 36 further comprising 
means for obtaining a preliminary fingerprint, providing the 
preliminary fingerprint to the second network to create at 
least a portion of the fingerprint, and receiving said at least 
a portion of the fingerprint from the second network. 
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40. A computer program product, comprising: 
a computer-readable medium, comprising: 
code for causing at least one computer to obtain the 

difference in transmission time of a marker between 
two transmitters in a second network; 

code for causing the at least one computer to measure the 
difference in arrival time of the marker between the two 
transmitters; and 

code for causing the at least one computer to locate the 
first network based on the difference in transmission 
time and the difference in arrival time of the marker. 

41. The computer program product of claim 40 wherein 
the computer-readable medium further comprises code for 
causing the at least one computer to access the first network 
when located. 

42. The computer program product of claim 40 wherein 
the code for causing at least one computer to obtain the 
difference in transmission time of a marker between two 
transmitters in a second network includes code to obtain the 
location of each of the two transmitters and code to use the 
locations and the differences in arrival time of the marker to 
obtain the difference in transmission time of the marker. 

43. The computer program product of claim 42 wherein 
the code for causing at least one computer to obtain the 
difference in transmission time of a marker between two 
transmitters in a second network includes code to use the 
difference in arrival time of the marker between the two 
transmitters and the location of the wireless terminal to 
obtain the location of each of the two transmitters. 

44. The computer program product of claim 42 wherein 
the code for causing at least one computer to obtain the 
difference in transmission time of a marker between two 
transmitters in a second network includes code to locate of 
one of the transmitters using the arrival time of the marker 
from said one of the transmitters and the location of the 
wireless device. 

45. The computer program product of claim 42 wherein 
the code for causing at least one computer to obtain the 
difference in transmission time of a marker between two 
transmitters in a second network includes code to locate one 
of the transmitters using the signal propagation time of the 
marker from said one of the transmitters at two different 
locations. 

46. The computer program product of claim 40 wherein 
the code for causing at least one computer to obtain the 
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difference in transmission time of a marker between two 
transmitters in a second network includes code to receive the 
difference in transmission time from the second network. 

47. The computer program product of claim 40 wherein 
the code for causing at least one computer to obtain the 
difference in transmission time of a marker between two 
transmitters in a second network includes code to use the 
signal propagation delay of the marker and the time of 
arrival of the marker for each of the two transmitters to 
obtain the difference in transmission time from the second 
network. 

48. The computer program product of claim 40 wherein 
the two transmitters are synchronized, and wherein the code 
for causing at least one computer to obtain the difference in 
transmission time of a marker between two transmitters in a 
second network includes code to set the difference in trans 
mission time of the marker between the two transmitters to 
ZO. 

49. The computer program product of claim 31 wherein 
the code for causing the at least one computer to locate the 
first network based on the difference in transmission time 
and the difference in arrival time of the marker segment 
includes code to compare the difference in transmission time 
and the difference in arrival time of the marker to a finger 
print of the first network. 

50. The computer program product of claim 49 wherein 
the computer-readable medium further comprises code for 
causing the at least one computer to create the fingerprint by 
detecting the first network and recording the difference in 
transmission time and the difference in arrival time of the 
marker when the first network is detected. 

51. The computer program product of claim 49 wherein 
the computer-readable medium further comprises code for 
causing the at least one computer to receive at least a portion 
of the fingerprint from the second network. 

52. The computer program product of claim 49 wherein 
the computer-readable medium further comprises code for 
causing the at least one computer to obtain a preliminary 
fingerprint, provide the preliminary fingerprint to the second 
network to create at least a portion of the fingerprint, and 
receive said at least a portion of the fingerprint from the 
second network. 


