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[0003] The demand for wireless information services has led to the development of an
ever increasing number of wireless networks. CDMA2000 1x is just one example of a
wireless network that provides telephony and data services. CDMA2000 1x is a
wireless standard promulgated by the Third Generation Partnership Project 2 (3GPP2)
using Code Division Multiple Access (CDMA) technology. CDMA is a technology that
allows multiple users to share a common communications medium using spread-

spectrum processing.

[0004] A competing wireless network that is commonly employed in Europe is Global
System for Mobile Communications (GSM). Unlike CDMA2000 1x, GSM uses
narrowband time division multiple access (TDMA) to support wireless telephony and

data services.

[0005] Some other wireless networks include General Packet Radio Service (GPRS)

which supports high speed data services with data rates suitable for e-mail and web
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variety of reasons. Accordingly, there is a need in the art for a mobile device capable of

locating wireless LANs in WAN with minimal search time.

SUMMARY

[0009] One aspect of a wireless communications device is disclosed. The wireless
communications device includes a processor configured to create information relating to
the location of a first communications network based on one or more reference signals
from a second communications network, and memory configured to store the

information.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Various aspects of a wireless communications system are illustrated by way of
example, and not by way of limitation, in the accompanying drawings, wherein:

[0015] FIG. 1 is a conceptual diagram of a WAN with several wireless LANs dispersed
throughout;

[0016] FIG. 2 is a conceptual diagram of a WAN with multiple cells and several
wireless WANSs dispersed throughout;

[0017] FIG. 3 1s a simplified block diagram of a wireless communications device;
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[0023] FIG. 1 is a conceptual diagram of a cellular WAN. The cellular WAN 100 may
employ any number of cells to provide wireless coverage over a geographic region. A
BTS may be provided in each cell of the WAN 100 to provide an air interface to
wireless communication devices. A BSC may be used to manage and coordinate the
BTSs in the WAN 100 and to provide an interface to various packet-based and circuit-

switched networks. For illustrative purposes, a single cell is shown in FIG. 1 with a
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[0027] A more economical approach in terms of power consumption is to search only
when the wireless device 114 is in the vicinity of a wireless LAN suitable for access.
Whether or not a wireless LAN is suitable for access will be a determination unique to
each wireless device. By way of example, a wireless device may determine that a
wireless LAN is suitable for access because it is deployed in the user’s home or in his or
her office building. The same user may be prohibited from accessing a wireless LAN in
the office building of a business competitor or a high security government facility. In

some instances, it may not be desirable to access a wireless LAN, which otherwise
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where x is the signal strength of the pilot signal and y is the signal phase of the pilot
signal. The pair of vectors is conceptually a fingerprint, or a signature, of the location
of the wireless device 114. This fingerprint may be compared against a database
containing the fingerprint of each wireless LAN suitable for access. Should the wireless
device 114 find a fingerprint in the database that matches its current fingerprint, it can
use the information contained in that éntry to search for and access the corresponding

wireless LAN.
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include a non-volatile permanent storage medium for holding large programs such as

the basic input/output system (BIOS) and the operating system. These programs may be
loaded into Random Access Memory (RAM), which is also part of the memory 308.
Software applications that are launched by the user may also be loaded into RAM from
the non-volatile permanent storage medium. The memory 308 may also include caches
to further increase the speed of memory access by the processor 302. Those skilled in

the art will understand that the term “memory” used throughout this disclosure includes



[0031] The peripheral devices may include nenory 308.
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frequency of the wireless LAN transceiver 312 in search of a beacon signal from an

T

access point. Should the wireless device 114 detect a beacon signal from a wireless
LAN, a fingerprint may be created and stored in the database. The fingerprint of the
wireless LAN is created from the list of pilot signals received by the cellular transceiver
310 from the various BTSs in the WAN. An example of a database entry for a wireless
LAN fingerprint is shown below.



wirel ess device 114 does not initiate a search for an
unknown wireless LAN on its own, but permts the user
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signals received by the cellular transceiver 310 from
the various BTSs in the V\AN An exanpl e of a dat abase
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[0037] FIG. 4 is a conceptual block diagram illustrating of a wireless device in the
vicinity of a wireless LAN suitable for access. The wireless LAN 110 includes an
access point 302 located a certain distance from the wireless device 114. A region 304
surrounding the access point 302 indicates the virtual location of the access point 302.
The virtual location of the access point 302 can be enlarged by increasing the deviation

variables, and similarly reduced by decreasing the deviation variables. The amount of



entry. [0037] FIG 4 is a conceptual block diagram

illustrating of a wireless device in the vicinity of a
woizoEles®s LAN suitabl e for access. The wirel esBCLAN2ME031497
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i’)\ia&%lg%sc%llq e[‘é)i a%ﬁre%él ﬁﬁs s?%a‘}%alx tl?g processor 302 may be configured to update
the database with a fingerprint for a wireless LAN only when the processor 302
discovers that wireless LAN multiple times within a certain time period. More
specifically, when a user places a call on the wireless device 114 in the vicinity of a
wireless LAN for the first time, the processor 302 locates the beacon signal and acquires
the MAC address for the corresponding access point. However, instead of creating a
fingerprint and updating the database, the processor 302 merely logs the MAC address

in the memory 308, sets a counter, and time stamps the entry. The next time the user
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enters this information into the database along with the tuning frequency of the wireless
LAN transceiver 312. k

[0041] In an extension of the described learning method, if a wireless LAN has not been
found when scanning the wireless LAN transceiver 312 while the wireless device 114 is
stationary, the processor 302 does not repeat the scan unless the wireless device 114 has

moved sufficient distance from the last unsuccessful scan, and it is determined that the
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[0044] The wireless device 114 may also be pre-provisioned with the fingerprint of one
or more wireless LANs. That is, the fingerprint for a wireless LAN, along with the
MAC address for the corresponding access point and the operating frequency of the

wireless LAN, may be programmed into the database when the wireless device 114 is
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15{15 1%)9 of the %andoff to the wireless LAN 110b. The server also sends a handoff

command to the wireless device 114. In response to the handoff command, the wireless
device 114 tears down the existing air interface with the BTS 102 and establishes a new
air interface with the access point in the wireless LAN 110b. Once the new air interface
is established with the access point in the wireless LAN 110b, the server signals the
MSC 106 to indicate that the handoff is complete. The wireless device 114 can now

support cellular services using the wireless LAN 110b.



If either of the latter conditions are satisfied for

t he dat abase entry, then the w rel ess device 114 tunes
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operating frequency and searchés for a beacon signal

\gnMyt e appropriate MAC address. As discussed
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the wreless LAN signal is s rong,
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rel ess LAN e gion. [0048] As the wrel ess
R S, o b o e s
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that it neasures may vary a unction o ance
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W|rele Sog\A ice 114 may initiate a handoff back
thEGISTVeTH dn FRspeRsefto ﬁ@dl@nﬂ@ffmhmnmﬂl mbaervvwmtmcts
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adeemplishes this by tearing down the existing air interface with the access point in the
wireless LAN 110b and establishing air interface with the target BTS. Once the air
interface is established with the target BTS, the target BTS signals the MSC 106 to
indicate that the handoff is complete, and the wireless device 114 resumes use of the

cellular WAN 100.

[0049] FIG. 5 is a conceptual diagram of a process for creating location information. A
search for a first communication network is initiated, block 500. The first

communication network may be a WLAN. The search for the first communication
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the WAN 100 by neans of taking occasional neasurenents
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%R%e vvlrel ess conmmuni cati on device, when a call over a
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ﬁ‘&gﬁ Eﬁf{v% F}é@f sioplHied hloeks diagrams wiselesseommaenioationfdevice. A
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may then be gener at ed,
ffaginge SeAchigr £ metwetls @Osc lfmg{%bprqonplpdlwndi ticH Agnofer creating

atﬁ,fmﬁf 1orr°‘$ 0engt h, signal strength deviation,
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daiét e&%"bsv @%@g N Teian biptles dnsdilsn v afBeoe andior
mﬂdnéﬁid dscribad tin Gonhd¥Boh QFieH HANerhbd RHER 'cﬂél:ios&f %erein may be

resulting information is then stored in a
igIndementadsor performed with a general purpose processor, a d1g1ta1 51gnal processor

(DSP), an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic component, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but
in the alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be implemented as a

combination of computing components, e.g., a combination of a DSP and a



[0051] In the case, where no network is detected, the

process termnates. Also, it should be noted that
wohkorke280 and 505 are optional, for the creaPCowsef6/031497

| ocation information. [0052] BG 6 is another
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the alternative, the storage nmedi um may be Integ
thggorovisions of 35 U.S.C. §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:



processor. [0055] The previous description is provided
to enable any person skilled in the art to practice
woOhervazdosus enbodi ments descri bed herein. Var POUAIS2006/031497
nodi fications to these enbodi ABnts will be readily
apparent to those skilled in the art, and the generic
principles defined herein rfelABMSippl i ed to ot her
enbodi ments. Thus, the clains are not intended to be
[ wn. herein,. but is to be

limted d ts.sh
cot tgl e Au’%&?&%&ﬁﬁ%@h@sgﬁ@ﬁ?’ CAPPHSEe | anguage

accorded the
clai ms, whergbodess@! RhABGRd t& cRbteGhRIBEMior RIS to the location of a
Sufl ngul ar i.s not intended to nmean "one and onl y one
Hplecanmprieationg gietwork dasedap gne loumara réferentosignals from a second
%ﬁﬁn‘ﬁﬁﬁyc’?ﬁﬁ%ﬂé Qﬁd and functional equivalents to the

el enments o e various enbodi nents descri bed

t hr oughout mdmeydbsfigeeditosstérd @e dfemkfieyyn or | ater

cone to be known to those of ordinary skill in the art

are e presg[lh% i.&ior porated herein by reference and are .
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Bhpiog Mol dr RN LohSminiApAiethguLe dedi cated

to the public regardl ess of whether Such di scl osure is
explicitly recited in the clains. No claimelenent is

to be 3eonstlihgedraesd sommirmiqations dévoeesofnglaift2 Wisrén tHel Angerprint

' r-aph nl gss the elenent. is expressly
Potbls 8 T AR nalh R T IR SE R Bl B ne case
of a nethod claim the elenent is recited using the
phrasd. " st dhe fudteless \biinunfzatibdy d&sitel o3 GhiN Yeyhbreif the fingerprint
Wi rel.ess_co ni cati ons device, conprising: a

SPEREES Rhasesiaviaiop duformatiqneier ehe gifeqi maere apfereakeasignas.tthe phase

bRt AFREd RGO béln% d19kd ?@%iaf’ﬁ%é SRe @&%‘%’#ﬁe&%ﬁ ?gr an access

on one or nore ref@rence signal's froma sec
pomirinthe first oorwmmueioatods; netwatknmenory configured to store
the information. 2. The wi rel ess comruni cati ons device

of claiml erein the information conprises a . .
fi nge?'pri LS PPPOTIEBHMT e Brfsaifiet WOoRein e fingerprint
Etrepides eigaSIS RS IO At RSr B8 \bh§ 81 ﬁlﬁ)reclle_?éréﬂc% s%g{ﬁ.e' n

the fingerprint conprises phase information for the

one or norg reference signals. 4. The wireless

commufti cat Tha¥iglsss eemppnicptions devigsef@ilaimt havherein the fingerprint

EoSedeR i At GRNPH [akion information for .
the one Sog? nore-refer éﬁggﬁ%—fg%‘gnsfort e Phis&ore feference signals,
the signal strength deviation information being related to a virtual size of a coverage

region for an access point in the first communications network.

7. The wireless communications device of claim 2 wherein the fingerprint

comprises the operating frequency of an access point in the first communications
network. '

8. The wireless communications device of claim 1 wherein the processor is
further configured to create the information in the memory by detecting the first
communications network in response to a user initiated search, establishing a fingerprint
for the first communications network using the one or more reference signals from the

second communications network, and storing the fingerprint in the memory



deviation information being related to a virtual size
of the coverage region for an access point in the

woiosto2zweTUNI cati ons network. 5. The wir el essPCT/US2006/031497

conmmuni cati ons device of clai @2 wherein the

fi ngeiéri nt_conprises signal strength informtion for

the ont or Hsrerslescommumicatignndeyicesf chiim lwhetegsthe processor is

CRARN 1ONS I, C.enQf : ' wher ej e .

finger %é‘hl’:ﬂ co%ﬂﬁ%@sm& i lélgéé a?to ?e‘%@ﬁ %‘gl\l}l g’t Py detecting the first

i cofromur¢ations fetwdrkeluving ©rsearch dnitiefedrigneie pid@BRLS, estdbBishing a
i gnal . r h devi ation infornmation being related to
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Wi rel ess communicatio evi ée o erern
fingerprint conprises the operating frequency of an
accessOpoi rkheiwiralése coinmamiaatioms iheveeet dfelmrietherctn the processor is

W reless.conmini ¢gati on evice. . of claim1l wherein .
e doR 80 5 BN FRLAeRR i Gl aTach By HSHEOR e wircless
icofmdiuiBdations ddvidehe nmenory by detecting the first
comuni cations network in response to a user initiated
search, establishing a fingerprint for the first
commurtilc at i I8 WViFRdesSPIRMyEicationsdevineeof staimt whereiethe preessor is
Fingina!| . nmuni cati ons network, and
stori ﬁg@%@%‘ﬂgﬁ?‘%ﬁ?ﬁ%ﬂ%t he nmenory9. The wirel ess
conmuni cati ons device of claim1 wherein the processor
i s furfher Thonfirgess edmmmivatatedsdiee 6fflanit wberdim tHeh@ocessor

b etecti,ng the first co ni cati.ons network
SEFREY: G A LBkt LGP SLYEL K i
estiabmdionGnd {ditkderE| Sardoloniyh @kt rcﬁ:&erminin% that the wireless
communi cati ons_network using the one or nore Teference
SPyRBIICatipRAevive isHalgmdnt ormuni cat i ons network, and
storing the fingerprint in the nmenory. 10. The
wirel ggs cefgyni [ I f.claim.9 erein the
pr ocesg'or i's fu{re?%gef ng%n |C\gé{d§lgsd‘9 Vécei(ﬁlic{ﬂlug]t }QPWESIG%Q’&H{OCGSSOI 4
whisinther @afiguied tpeteadviizphen thiswireless doiemwisfioRS Sevice is stationary
conmuni cations devi.ce. 11. The w rel ess comuni cations

Gevit 8RO | 4Nt GuliHer Ben sepieh pralesyisr Aefermipingerthat wireless
eoiidugieaithst Qevibd tHadl Botdie sﬁﬁ@rﬁtbfe\éﬁ%sr &H%uc?%ggﬁh €&drch by the

communi cati ons device of clalm
pragessesor is further configured to detect whether the

Wi rel ess comruni cations device is stationary or in
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further configured to delete the information from the memory after a time period has

past since the processor last accessed the first communications network.

15. The wireless communications device of claim 1 wherein the first wireless
communication network is a wireless LAN and the second wireless communication
network is a WAN.

16.  Computer readable media including instructions executable by one or

more processors, the instructions comprising:
instructions for creating information relating to the location of a first
communications network based on one or more reference signals from a second

communications network; and



13. The wirel ess comuni cati ons device of claim 11
wherein the processor is further configured to detect
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stationary or in notion, and ilfitiate the search only

after determning that wrel ess conmunications device

has noved dnsidstignyfoestogngtheisfomnasarinmeeaych by t he
processor. 14. The w rel ess comuni cati ons devi ce of

cl ai mz wh ' C is further configured to
deIetg#fheq$ﬁ#@%ﬁggfgﬁﬁpggﬁﬁ@ﬁéa%@ﬁ3?§gafter atinme
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first,co ni cati ons network. 15, The wirel ess
&ISMKW&%OH%WC@W relprgnes sigpplsr Bpm e hwscond sommunications
WetwRdrRSsdcommuni cati on network is a wireless LAN and
the second w rel ess comuni cation network is a WAN.
16. Conput storingdltainfermation i membiydi ng i nstructi ons
execut abl e by one or nore processors, the instructions
conpr i18i ng Thenatthud tdfausinf 07 whicéthi c6atinyf Me"BEdrBRtion comprises
rel ati n% to t,h(e)(ﬁltgcati on of a first conmunications

R 'pgeegn BIsh ForpppBicatigns meftaksi gnal s from a
second comuni cati ons network; andinstructions for
storing thep td i : . f. .
conmun cat | age Coo PGl (8RR bearifi TRL MgeBint comprises
cesating plepse informeationdat the onebr mofeireftenceosigualiscat i ons
networ k based on one or nore reference signals froma

secongnCco [ Lon et k:..and storing the . B
i nf or %g't i ggqﬁ |Q nrﬁgn%ﬂ(g r°3. ailglm%h@h%% ggatne CEJIPeai Weqrprnt comprises

wieating phaseeRviatign thriidr BRAOSE O RiokS RFereh&ikis, 3he phase
erprint of the first conmunications network.  19.

fin | ] .

‘f‘ﬁ@gt%ﬁé’t IRigmation beingralgednes wirakyizeef thy cetrage region for an access
bIRORYtRE iRk o6 AFRAIARSGleBANIcNg_phase information for
he one or nore reference signals. 20. The nethod of

claim 19 wherein creating the fingerprint conprises

creat 2hg plhsendbed afidaim 8 ovhatinocrehting the i0@pOKt comprises

re reference .signals, the phase deviation . (

reatne sleal ﬁ“‘%ﬁ%ﬂh’d&?f@}%{’% fotaf et o relereage Senaline

coverage region for an access point in the first

conmui.cat The SndiBSIVF kolaim 21 wherein creating the fingerprint comprises

creating signal strength deviation information for the one or more reference signals, the

signal strength deviation information being related to a virtual size of a coverage region

for an access point in the first communications network.

23.  The method of claim 17 further comprising detecting the first
communications network and establishing a fingerprint for the first communications

network using the one or more reference signals from the second communications
network.

24.  The method of claim 23 further comprising initiating a search to detect

the first communications network when a call is placed by a user.

25.  The method of claim 24 further comprising detecting whether a wireless

communications device is stationary or in motion, and wherein initiating the search



21. The nethod of claim 18 wherein creating the
fingerprint conprises creating signal strength

wonbaroaews on for the one or nore reference si grarAS202/031497
The nmethod of claim2 1 wherei2fl creating the
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wherein initiating the searchconprises initiating the
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w r el ess communications device s _
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wePgEan PEat%ns devi ce has been in notion
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of claim 17 wheréin the rst wreless conmuni cati on
net wo is j - Hﬁl}! t second . wirel ess .
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31.  The wireless communication apparatus of claim 30 wherein the means
for creating the fingerprint comprises means for creating phase deviation information
for the one or more reference signals, the phase deviation information being related to

the virtual size of a coverage region for an access point in the first communications
network.

32.  The wireless communication apparatus of claim 29 wherein the means

for creating the fingerprint comprises means for signal strength information for the one

or more reference signals.

33.  The wireless communication apparatus of claim 32 wherein the means

for creating the fingerprint comprises means for creating signal strength deviation
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The wirel ess comruni cati on apparatus of claim 34

wherein the nmeans for detecting conprises neans for

initiating a search when a call is placed by a user.

36. The wirel ess comruni cati on apparatus of claim 28

wherein the first wireless conmunication network is a

wi rel ess LAN and the second wi rel ess comuni cati on

network is a WAN.



