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[0002] The present disclosure relates generally to telecommunications, and more
particularly, to systems and methods to support a mobile communications device
capable of communicating via two different types of communication networks.

Background

[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 wide area 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. 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. Some other wireless networks include

General Packet Radio Service (GPRS) which supports high speed data services with
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employed to allow a mobile device to search for the presence of a wireless LAN to

determine if one is available to connect to. However, frequent or continuous searching
for a wireless LAN unnecessarily consumes power and can quickly discharge batteries
in the mobile device. Accordingly, improvements in power consumption and battery
life for mobile devices may be realized by intelligently searching for available wireless
LANSs. One way to improve searching efficiency is to adaptively refine the criteria used

to determine whether or not a wireless LAN is close by.

SUMMARY

[0007] One aspect relates to a wireless communications device that includes a memory

configured to store information relating to a location of a first communications network.
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nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Various aspects of a wireless communications system are illustrated by way of
example, and not by way of limitation, in the accompanying drawings, wherein:

[0012] FIG. 1A is a conceptual block diagram of an embodiment of a wireless

communications system;

[0013]) FIG. 1B is a conceptual block diagram of another embodiment of a wireless

communications system;

[0014] FIG. 2 is a functional block diagram illustrating an example of a mobile device

capable of supporting both cellular and wireless LAN communications; and



exanpl e, and not by way of |limtation, in the
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connectjon with the appended drawings is intended as a
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and is not intended to represent the only enbodi nents
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[QO%]df'ﬁe tdgtaﬁé/f Id%sc%%?i%ylrée? gfotrtlr'febelow in connection with the- appended

drawings is intended as a description of various embodiments of the disclosure and is

not intended to represent the only embodiments in which the disclosure may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of the disclosure. In some instances, well known structures
and components are shown in block diagram form in order to avoid obscuring the

concepts of the disclosure.

[0023] In the following detailed description, various techniques will be described in
connection with the handoff of a mobile user from one network to another. A number
of these techniques will be described in the context of a mobile communications device
traveling through a wide area WAN with one or more wireless LANs dispersed
throughout the WAN coverage region. The mobile communications device may be any
suitable device capable of wireless telephony or data communications, such as a cellular
phone designed for operation in a CDMA2000 1x network. The mobile

communications device may be capable of employing any suitable protocol for
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suitable network. The wireless LAN 114 includes an access point 116 for the mobile

device 102 to communicate with an IP network 118. A server 120 may be used to
interface the IP network 118 to the MSC 110, which provides a gateway to the PSTN
112.

[0026] When power is initially applied to the mobile device 102, it will attempt to
access either the WAN 104 or the wireless LAN 114. The decision to access a
particular network may depend on a variety of factors relating to the specific application
and overall design constraints. By way of example, the mobile device 102 may be

configured to access the wireless LAN 114 when the service quality meets a minimum
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device 102 makes its whereabouts known to the WAN 104. When the registration

process is complete, the mobile device 102 may enter into an idle state until a call is
initiated, either by the mobile device 102 or the PSTN 112. Either way, an air traffic
link may be established between the mobile device 102 and the BTS 108 to set up and
support the call.

[0028] When the mobile device 102 moves through the WAN 104 from location A to
location B in the depicted embodiment, it is now able to detect a beacon from the access
point 116. Once this occurs, a radio connection may be established between the two by

means well known in the art. The mobile device 102 then obtains the IP address of the



the nobil e device 102 does not continuously (or

periodically) scan for a WLAN access poi nt but,
wonst@ad,77scans for a WLAN access poi nt only wRemUiS2006/028732

determnes it is close to the wireless LAN 114. The

nobi | e device 102 may access the WAN 104 by acquiring

a pilot signal fromthe BTS 108. Once the pilot signal

ol BB ot 0167 BT e TR 30 B o v

(DN®) tb dsieaheithe tdrerty TP.addfegs. DI ddnde vibge of (2 seBr UBEmay be
the radi o connection with the BTS 108 to register with

delivered fsthemobiledayice 10graverthe SV ARG Gt oW dbdhe P address, thpgobile
devideoy df%ﬁ%%@ﬁﬁs&%%e%ﬁ Sondestid G5B aRo géﬁeﬁ(m%f& fhb Setwork
WAN 104, npl et e,

en the registration process Is coO
comnbaionnb ickteblidhed ciafdriidtion Yroen therseiver d 26 van dk aissd at eéonjunction
acall is.i

unt i itiated, either by the nobjile deyic
wit sl pideriemeseR o, duEmEne opge e Ssryien SUAUPRPF e s LAN
1148 ¥uffRicAsioabhisiTesk RebinesNideN®20 kid a%céé%;pbﬁﬁ 1162 and
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cha®h&¥Wyithih iH¥Re ranges, the mobile device 102 must remain awake a significant
amount of time to search for available wireless LAN access points. Similarly, in the
case of an active scan, the mobile device must stay awake to follow the channel access
procedures on the channel, then transmit a probe request and stay awake to receive a
probe response. It must conduct this procedure on each channel. In this case as well, the
mobile device 102 must remain awake a significant amount of time to search for
available wireless LAN access points, which may result in increased power

consumption and processing overhead.

[0031] As is known in the art, the mobile device 102 monitors beacon and pilot signals

from the base stations of the cellular network. These signals can include pilot and
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timing offset an unreliable indicator.

[0033] Hovs}ever, by limiting searching for beacon signals to periods when the mobile
device is within the area 140, a significant savings in power consumption may be
realized. Thus, when the mobile device 102 periodically awakes to listen to the paging
channel or a quick paging channel in the WAN it may also determine its location. If it
determines that its location is within the area 140, then it can search for a wireless LAN

beacon signal. Otherwise, it can avoid unnecessarily searching for the beacon signal.
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certain known fingerprint, then the mobile device can determine its current fingerprint

and compare it to the known fingerprint to determine whether the mobile device is
located within the area 140. While the above discussion merely mentions using two
attributes of the WAN (i.e., pilot signal strength and phases). Further, as discussed
above, other dynamic attributes of the WAN may be used instead of, or in combination
with, these two attributes. For example, pilot offset values may be used as a fingerprint;
even the number of pilot signals available is a possible attribute to be used for a
fingerprint. Furthermore, the attributes that make up the fingerprint do not necessarily
have to be attributes of the WAN. For example, many mobile devices have GPS
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[00371]51’1&(2 Bfa functionmal bloob disgtano dlustrating irh esenflevof a mobile device

corgb S R S i s T RE R e B it
dev?dg?l@;'rﬁa}aﬂléluhé@|WANStrﬁls&§i’§e?'2@h andh itk 8 ANPLARCHFED04. Tn
at least one embodiment of the mobile device 102, the WAN transceiver 202 is capable
of supporting CDMA2000 1x, WCDMA, GSM, TD-CDMA, or other WAN
communications with a BTS (not shown), and the wireless LAN transceiver 204 is
capable of supporting IEEE 802.11 communications with an access point (not shown).
It should be noted, that the concepts described in connection with the mobile device 102
can be extended to other WAN and wireless LAN technologies. Each transceiver 202,
204 is shown with a separate antenna 206, 207, respectively, but the transceivers 202,
204 could share a single broadband antenna. Each antenna 206, 207 may be

implemented with one or more radiating elements.
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could be integrated into any entity in the mobile device 102, or distributed across

multiple entities in the mobile device 102.

[0040] For certain purposes known in the art, the signal strength from the access point
may be measured at the mobile device 102 with a received signal strength indicator
(RSSI) block 216. The RSSI is most likely a measure of strength of an existing signal
that is fed back to the wireless LAN transceiver 204 for automatic gain control, and
therefore, can be provided to the processor 208 without increasing the circuit
complexity of the mobile device 102. Alternatively, the quality of the radio connection

may be determined from the beacon. Since the beacon is a spread-spectrum signal that
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[0043] The first column of the table refers to the WAN ID of the WAN. The WAN ID
identifies the system and network for the WAN known as the SID/NID in the wide area
wireless system. The particular base stations in the WAN may be identified by the pilot
offsets, pilot signal strengths or other attribute which are part of the finger print as



any conbi nati on thereof. Depending on the specific

design constraints, the algorithmcould be integrated
wonvw/any7entity in the nobil e device 102, or PCT/US2006/028732
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on the comparison, the mobile device may determine that an access point with SSID and
BSSID indicated in columns 1 and 2 is near enough to search for its beacon signal;
otherwise it may return to idle mode without bothering to search for a wireless LAN

beacon signal.

[0045] The above table is exemplary in nature and does not describe all the possible
information that may be used to characterize a fingerprint nor all the different
combinations of WAN IDs versus access point IDs. or example, since most areas are
covered by multiple WAN service providers each with its own WAN ID (SID/NID), a

table entry for an access point may occur multiple times associated with different WAN
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gAY HBinteg @ﬁdﬂ%‘?l’r\%géwet FeONRAR! 115 Hbh g performed
whérﬁccﬁﬂeaﬁ{gttbm\egaasq&d Thus, when regl stered with
A, only fingerprints assomated wth WAN D A

[00117] ltnhﬁlokﬂk?;lo ﬁ{eemHﬁi?Q dkAke 3@;%‘(%{(%% n[ﬁ? vERs ffbf‘ﬁl%'é@ lr’n%m’tes that

creation an npari son nma ace during
conqyaisk sthasﬁm@qbnnt Bmsledn drlodkh éO&,oﬂﬁadm&mn stotdsethm)ﬁmgeepnnt in a

carsh SR Wik G CHEPRPED) i GorinegoB: 12 s AURBIEy 9T the

cuﬂeﬁt@e@;hfeeteti%rélés@ 128R&PRe] gnal otherwise it may
return to idle node w thout botherlng to search for a

[0048]" PAL S npfNon of a current fingerprint to a stored fingerprint can be performed
in a variety of ways without departing from the scope of the present disclosure. One
particular technique is described below. However, many alternative, but functionally

equivalent, techniques may be used as well.

[0049] The attributes that make up the fingerprint may have values that vary (even for
the same location) or are difficult to measure with a high degree of accuracy. Thus, a
comparison between fingerprints should not rely on exact duplicity as a test to

determine a match. Similarly, the region 140 may reflect an operational decision to



beacon signal. [0045] The above table is exenplary in

nature and does not describe all the possible
wonbwrorat7r on t hat nmay be used to characterize BCT/US2006/028732

fingerprint nor all the diffserent combinations of WAN

I Ds versus access point IDs. or exanple, since nost

areas are covered by multiple WAN service providers

each with its o WAN ID (SID)NID).. a,t.able entry. for
plaEilrelalpbrigh (b feidthie et e P U B el tarms.
In dthérhwétidh fie dRnegidANUDSs vdlédiedatotRSREM lart@r Sa@NBE tgfonl 114, then

each. In addition to the table depicted above,

a mobilg device198) will deterping itht it shewild pesselt fama peasen %ign@h at time
it | . ! : _
whfll % B w2 rOBRth D (195 e hAES IhAVGRE' RRsARR a0 i

selextaintp| cdosely mimiel the segdidiiNl B desnshgreiwitl Heyipstamdes whese the mobile
configured to_operate on one rticul.ar channel_ in .
deviog okl b Sqafféeﬁ’% frzy? Besen Sigmel ke HResenn mptehing algorithm

hasRPVLtEndRN LSt tokes@fr ch through the different possible
conbi nations, the table can contain that operationa

[0050{ P8 TRAI LD VoA ROLPBEinR0 Bt ARt G5 defined

elVice can use 1t to’search fof the beacon si ghal .

thaOtlelps  covitoy] ntitei deteabmationt d whethers ap dingérpniay matchasde stored
its.capabilities such as security, quality of service,

fingspriRighput and networ ki ng i nformation. [0046] The
creation of the fingerprint table is described with
reference to the flowhart of FIG 3A In block 302,
the nobil e device connects to a wireless LAN. Wt hout
the benefit of any pre-stored fingerprints, the nobile
devi ce scans for a WLAN access point in the typica
way. Once the nobile device has connected with the
access point, the user may, in block 304, signal to
the device to capture the current fingerprint. This
function may typically be user-initiated because the
user may want only certain wireless LANs to be stored
in the fingerprint database such as those w rel ess
LANs that the user normally subscribes to or connects.
However, the creating of a fingerprint may be
automatically initiated by the nobile device as one of
the many functions perfornmed when connecting to the
wirel ess LAN. [0047] In block 306, the nobile device
captures the values for those attributes that conprise
the fingerprint and, in block 308, the device stores
the fingerprint in a database. Along with the
fingerprint, it is advantageous to store attributes of
t he




currently connected wireless LAN as well. [0048] The

conparison of a current fingerprint to a stored
woiagapr7rnt can be performed in a variety of RayAaS2006/028732

W t hout departing fromthe gcope of the present

di scl osure. One particular technique is described

bel ow. However, many alternative, but functionally

equi val ent, techni ques maybe used as well. [0049] The
attributes that make up the fingerprint may have

Al 1o + hAa Y far +thn cane | ~ ara
VUI.I UI\- T IIu.L v 7’ TCVTI‘I T U CITC QUIICT bal I UII}' UI AT O

WX TDCUIWLIAN neasSignali t h| a Birefigtiegriee Thasccur|acyPhase
Thus, |a_conparj son between fingerprints should not . .
rely on@@g& dup?tF%qgty s 2D¢¥aalion o [det er ni ne g Deviation

match. |~ Srmtar the Tegion 140 may [Fefiect an
A oper atli4nal decﬁl@ll)onsxt%lbl a8éAor &Gy rBanc Bl | 1A

det ectling access points earlier at the expense qun(Al)

f | Al oy e n-nt-haoar ot da af tholroaci A~ 140
a Se UT AT 115, T \U AN N Ay | WU 'Uo, LI CITC |tu[ UTT LT I'Q

sel ectleth t 0 be| agh. . lsdbHel dillan. d.(e) rlegidon.. bIl4) [tdia) a
nmobi | & device 102 will deferm ne that| it shoul d|ggarch
for ajbeacon sjgnal at tifgee when it iis not wthiin t fe

regi on 4,14 (i. esl ,A3)a fs,gA al(@g n)d(Ag)f PAAYRY BliAs) thEAs)
region 140 is ecte cl osely mH1c t he regloqg(A
114, tihen there will be inpstances whdre the nobill )

devi ce shoul d be searching for a beacon signal but the
fingerprint matching algorithm has not yet instructed

1005, 5B B able JHo ey aEviBRoD 3ot e S Slgagh nedhe @ sparate
deﬁ@th&ﬁvaﬁfé%f e Phlg ShRtSK Hfﬂaatﬁh gé}pﬁﬁt vingd (ﬁfﬂieg@ Vaﬁues is explained

fingerprint matches a stored fingerprint
withiyespecttta thesflowiehapioqd G dBy Imblogk 3936, the mobtle tenace pyskeens or is

str.en ar at evi n val ue .for. the ase
ot Sttt 8 GPREEA Frafirifids s YRt 0Glichocchilftie e
exilb AHREIth filkefRip el at@cioh gorf élgﬂ‘eﬂ heehgthé afd Gne 36 pHaBes, a
bl ock 320, the npbile device awakens or is otherw se

paleeﬁmcmrﬁér&cpae@@sbt & e- & Mdiger-phi nt of its current
| ocation. Continuing the exanple where the fingerprint

[0053} Imblpek 332, ﬂl@rcugleghWAlﬁltIDelﬁgﬁxh@cedrmnddhe tfhde elgmuasé@ access
X Xn
polbePfle e 6 AUE PSS LR B e are

posiitf€ g keatlinghtiet @ipibRsE it idestifids oAahe DBsRPAbK 5§>ﬂots For the
assoclated wwth that WAN I D are determ ned. Fur

CDMAretwvorksthe spaselt sriterien sas §r BN phse offsetsiafiihe ph@rvable pilots.
N RLOEREAL o VGRS e 5,1 BRI B okt o

theafubsat ﬁnga:i‘prtﬂn ¢o ddtermmive ifl therpiid otnatch. Algorithmically, the comparison

and determination is performed by:

Fori=1ton:
determine if | x;— s;(*)| < di()
determine if | y; ~pi()| < qi()

Thus, the deviation values d and q can be used to select how closely the current finger
print (x and y vectors) must match a stored finger print (s and p vectors). The larger the

deviation values, the more the values can differ and there still be a match.



Next the fingerprint for each of these access points

is then conpared, in block 324, to the current
woiagaprrint to determine if there is a match. PCT/US2006/028732

Al gorithm cally, the conparison and deternination is

performed by: For i = 1 ton: determne if \x\-si(-)]|

< di(-) determne if Vi - p|( )| < qi Q Thus, the

I d d to.select how
1004 Bher® b Bty %td‘zb&f 30 b 765, G Egfigion may be
mad&t%tdet‘&ﬁlﬁ{é whethe? tieckun BOAI differdiiced for aREheR 2665k PbMt (e.g. | x; —
he | arger the deviation values, the nore the val ues

si(* )band disk Fepi(-Andalst &k below  rewestiveatheeshpldoGas., Kf anchdpe This
additﬁ)rﬁla?g@{s g%l ?réag thb&ﬁkcegl%%[ séeﬁa&?&g,?\%nﬁ%rg Ztﬁ\/\% erthH\Q eﬁ%lg&e] %Jgrerxhces may

show al mdichfter evhes she fingeapiintvie Iﬁo@si@eﬁ'?cs }Ifmgan,lt it C&n Be détednined that
nd | yi - pj(-)] ) also fa el ow a
‘herPééB%{%ﬂf% tht eshol d (e.g., X and Y). This additional

an hel p catch certain scenarios where the

[00$‘Hdif \’sl;:edaaﬁ O’Eblpﬁl@ﬁe?ﬁ@@é 3gapresvatioficd fona shrelags Liearcessgoint in
e YOS 0 ndte DR SPLG RNl kiR g sgpusof

thatofccdss poks. I8 MbraizschodRfich teblselts 34 @B2bpthe anoMilecleeies coithues
in the table, then the nobile device is

to 1684 fare B%'E?hsfal apothes fngsrammt fog anofest RSBy dn gRdngange where
pos§1t3®t m@féctﬁﬁor[éodceéss pbfnt tftﬁgél‘grﬂ]‘?mgﬁhggathg Xt ki’(#c%ﬁgﬁ‘ fingétprint,

the nobi | e devi cé continues to
thernﬁh@ rslzm efnditeh dlffefmmvgm or ithet sfoor ofirtbe hhffexBS&sJ DOr domeaiother

i nst re than.one
et RARRPAY vl Flebt TR foskys PoRbbiBrihe thgBrpRY fhat most
clodelematidies She @arrét fildRrstidt! B @S R8se Of nfuligpls Uitefes! li’&@len the
di fferences, or _sone other determ nation may be nade
mobilp devicsscanstar Wl AN 8cqs6s pRINiRI HAY losatpiong eF mormaccessgoints.
nost closely matches the current fingerprint. In this
[0033sEH(uf4 derliets pl Bowehathefsan \‘m@mplmtyemﬁﬂmbdlfer dﬁrﬁmgasﬁr@amrint

onty? ool AFEae phDuS) et TBr paBeErE 3F R aedtins e bgpeon

sigrRX edthedty toTiiehedesk %lﬂtefflmé mreﬁasi, LAQE hP Y Eﬁovﬁmxf the dnn The
bl ock 402, the nobile device, after searching for and

accefs oittihag at¥A Chaddeens thatg ased aoiinBSEID: oOthee identiists may be
use@%n&ff&enttlg t(v%lar? Sl\sﬁ%élp%l 2 %écesss t;ﬁmqwh&ge\;ehethaer 53 ngés a

access 0|n as a ress i S USe
con{/@nerﬂldahre IThestinfol@ksi0dathelittobile device determines if the access point

to which it is connected has an entry in the fingerprint table. If not, a current fingerprint

can be generated (see FIG. 3A) and then stored, in block 406. If a fingerprint entry
already exists for the access point, then the current fingerprint may be used to refine the
stored fingerprint, in block 408. As part of the refinement process, the deviations

values, if present , may be refined as well, in block 410.

[0056] The refinement process uses the current fingerprint to modify the stored
fingerprint so that the stored fingerprint, instead of representing merely the first time
that access point was found, actually benefits from the values measured during the
multiple times the access point was found. One example of such a refinement may be
described with reference to the signal strength parameter but applies equally well to the

phase parameter or any other attribute that is used to create the fingerprint. According



used to differentiate between different access points;

however, the BSS ID is a convenient value. Thus, in
wokoki1404, the nobil e device determ nes if theCamse®s/ 028732

point to which it is connegied has an entry in the

fingerprint table. If not, a current fingerprint can

be generated (see FIG 3A) and then stored, in block

6 f ,a_fi rrin lre xi st.s, for, the .
to BifCmetiogS  tpBAR I hE kSR ¥ Rilef T secPhR Y bt i 55
maineaitiedf dswell.h@n gioepehple, e fRgéPtint fod 28RS oA, if\ipdated for
t.of the refinenent process, the deviations val ues,

RaLt.

theil*%g pie& enthe finggypmg inglpdesetheaveoi@n $1(An--bisddk) and the current
[ I; | g%@,n pr ocess e r :

fin X gerlgnlr Fﬁ? s ?P:l)é ?m [ f%/(l’tﬁ'éc)glt opégﬁ?ia%%e?gwen? r%gto{ hl%tupdated

accotdengstodhe tbriouteger print, i nstead of representing nerely
the first time that access point was found, actually
benef i t sndw e [i(Kel)ad sps x{fe&sur ed during the nultiple
times the access point was found. One exanple of such

Thig ty®f oNEARHg MeYagl Geffmtcdnt BEherdly RxERPRIE R RathR dd¥Cthere are
signal strength parameter but applies equally well to

maRhacogpigd angiherastiseleliectiquen yhas cheld betused torefing ladfingerprint value

. d e e.fli rint. Ac di ngto, this
VIRRER, YRS B B BRI e o
findeirmrireripsy alsotesadoemplished dtyestidinge malued &rnededittviBlie. (elg) the

thi s exanpl the fingerprint_ for access point Al is.
nm%‘t?&a&fe‘ae%rﬁ)ﬂ% Bl Figpalricto the fingerger gpstead phrudeadditipn to,

halSak Qkisthé Mies. - - SN(AL) and the current fingerprint
o %g%udless %he vect or X1, ..., Xn. Each value of the s

' r di e Lol a; W. S -
(ONERERS il 8 oL ERAL ALy b R BE i ggviaton
valuesfaebe atdefasltivaivel Buelx esyibrgxaniple, N8tdB Goasigndl Reedsthy & the

n acgept ed. mat henati cal _techni ques that could be )
defadbtatis for ardemation maggé VAR Suphiag & ek the BoceRpal Yalury In this
exafdp%]‘ﬂﬁ@ﬁe%&?d&/fiatfoﬂQze&[)f’ﬁ@c%elg HRCH Qrf‘crg @ﬁctﬁs 123 'Vgaggieﬁtl, s
to the fingerprint may al so be acconpl i shed by addi ng

my.v dlhgesew ceviatioewalat td; iib otleulped by, MAK[(previves & m;, (default

ble pilot signals) to the fingerprint instead
dJS@?IS(K)ﬂ-{ n addition to, changi ng existing val ues.

057] The devi ation val ues may be refined as well.
loﬁr@zg\ e SXEmplesribe PigbladeVias Egeriias thedmegtprigis and stores a

fingdgfrit! datdbabd!e HosHGh: %%mefd\?;aflﬁgf‘;ﬁgér fing HfS rﬁ%ﬁ slrtre;l;gggly be

strength) or the default vi at
storgd spmbivbersufotthersupbtie ofide hea fwingdess monmhunicdtioa network 3iich as a

database 111 accessible by the MSC 110. In this instance, the processing requirements

O0—

and storage requirements may be reduced for the mobile device. In operation, the
mobile device would create a current fingerprint and transmit that fingerprint to the
MSC (or BSC possibly if the database was there). The MSC would then perform the
fingerprint comparison and instruct the mobile device whether or not to search for an
access point beacon signal. In this arrangement, the MSC could receive fingerprints
from multiple mobile devices and have a much larger database of available access
points than would be found in a single mobile device. Alternatively, a personalized
fingerprint database may be created for each user of the wide area wireless

communication network and stored at their home system.



exanpl e, the neasured devi ati on vector between the x

and s vectors is a vector m, ..., m. The new
wdevi7atsion val ue d is cal cul ated by MAX] (previ 8as/U82006/028732

m, (default [0058] Ih the @bove exanples, the nobile

devi ce generates the fingerprints and stores a

fingerprint database. However, sone or all of the

0050901 10 IR o BHL QY B Sl SRR At dovic
det&r@iingrthatSit 6howld seardiafeneaekislL AL egSblotle 50Y, thBend¥BE device

11Q. In this instance, the processing requirenents and
deteipesqdl theji pusmany sinasprings ravadahle o5 compparisemi | While this

det%ﬁﬂﬁaﬁﬁn x*x&f BRIk 2 vxgliéﬁlem&é Ere?aﬁx ita‘?r?iléﬁﬁé' mg%ﬁﬂt{s gat a1, it

urrent fingerprint and transmt I 'ngerp
may hiso bB@ detarmiBBfiopas $0 Wwhetherf thedeere adyafimgeprints agsoeinteyl with the

The, MSC wou n perf.ormthe fi, rprint conparison
cursEiGb R SEHAR Dt FECRBERT EOUEUTS K BLIT BRGSO ghen & cutent
finge@tinft s bGlerA, 36 GRYR 509 bAd ulBaE 08hret Pt stbfbdtftﬂgfé rints for a

arrar;)g;ment, the MSC could receive fingerprints om

mafeh) mibioak T06bilf @ nepdeli is deundntheh dveemabibe ddvideanagecan for the access

rr AR Vi R A GETACHAL R g B, v

accp8 soamal Oned cénreera Pihe thotiRt @Rasereihsb@nas@ed aatill ®hand-off
.each user of the wide area w rel ess comruni cation
trigget gpReouatrEek Which gauses e perforankhandseft seargomdiloqk d6. 5
depicts an exenplary algorithmthat is perforned once
IOOéOﬁ{fbm elimgevprids chse eafvml%é@ foh ssearchinghisubdooke 402 horf ne  ored
i lock v L il e device
findlb SRR bl AEEPR e BB SeRY b nepfom a giobal
seafohnpalocto 810. Wiihrughhihs gltsbiak béhird1a tth® moblly dee@icBaas @iScdver an

whet her. there_are an%ravai | able fingerprints_at_all;
accpgsibig irgless, LivaN.dn dackr Hinand eamngdt to shewwaelesy Ladbindlagke514.

‘ i r i -ASSACI . C .ent . .
oo B OB AR T I e
encoumpadiveteh causesit o parformnthahiogesearchrit biask geer at ed,

in block 504 and used to search agai nst stored

[0061BES. 6 degicts faoflowctimkf 6han exenif1@6§km&B6d fbf péformtinghibeSglobal
found, then the nobile device can scan for the access
seaﬁcgi af b

taskotiOat ¢tp dptoRibechdn b PRIVARPSY mesatipRechend feporporated
appHRReS! thg'rﬂolﬁieoﬁéﬂziéol%ay WE\HT%}; Ralt BF SRTELRUAS arglgl‘fqnnels to
, t ed until "a

connect e e nobi|l'e devi ce renmal nS connec
scahamdrdef to tacaiggenearlsy emeksni.ANe dThvs, dhblaki$62, tht nidbile device

erforma hand-off search in bloc 16. [ 0060 . ho )
DeERAPHRE RS SCaPelithy PTG AP K ianﬁﬁ?lﬁs#é@ils%eﬁnd, in
blo6k 604) SEmestidnl RSB PRdBliStedBAE Bokd®6te@ U A18Mugh not shown in the
fingerprint, then the nobile device nmay perform a
floyj¢hsitaef FIG. 6, the scanning of the scan list may be limited by a timer or some
other parameter so that scanning does not constantly and continuously occur. In block
606, the mobile device determines if the newly discovered access point has a
corresponding entry in the fingerprint database. If it does not, then that access point

information and fingerprint are added.

[0062] FIG. 7 depicts a flowchart of an exemplary method for performing the
fingerprint search of block 506. In block 702, the mobile device, or some other network
system, determines a list of access point fingerprints that potentially match the current

location fingerprint. With reference to this figure, one possible alternative matching



search in block 510. Through the gl obal search, the

nobi | e device may di scover an accessible wrel ess LAN,
wonowleeik7512, and connect to the wirel ess LANPCI/USR@®6K28732

514. Once connected, the nmoji | e device remains

connected until a hand-off trigger is encountered

whi ch causes it to performa hand-off search in bl ock
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distRRRA] arfd! Sénnzctg&ﬁd) Gh D16k 47@8’\"3 hend vatelan I?Kﬁnigl &éébvered then
met hod for performing the fingerprint search ck

scagigg afhthp| lisé lcomtnmuesy kre biaski 71, detil dlee list iss g:daausmthmr a timer

L f
N T L

whé06 atitelds LIANIRI disdontred bl BoriretRA s e tarréliffagbipdidf B used, in
one possible alternative natchi ngal gorithmis
blogle d &ﬁﬁwéin%h%@ﬁﬁmréﬂ forghispgeesyPOipl.G 3B. In this

exanp a fingerprint includes, for each pilot
[00§ﬂbE‘a¢ntuat11h’ea e @QWG@ Ivaﬁsencmnéemqndttloml vdfefs ét nay ne longer

sta {frgeatseg tgnt %gﬁ% pok nt (e}g gla gacsofla%ci, o UE‘T‘ ﬁgetzsfa htgsrtgmes the

wn@feﬁssdﬂvmeabﬂ@nw‘ othélﬁxe&izéml’t@ nétit] i@itia@ds A RAGH fripRtr even that
fingerprint, find matching ggerprlntslnthe stored

- caupesige mpbiilgdsvice fo pesferm pdandrolseueh dotrgighiborng vitaless LANS.
u f £ u )
I S Hehich] PR U o, BRIl AET By Bordyflifle W Biteort
seathhsafibidekd 1 et hod i nvol vi ng pi I ot strengt h and pil ot
phase (if available). In this manner a list of

[0065] Bibloekt 8Q2 areéamlisngs rcstge 0P il MieSadcBssqRies 8 Sshrch for M@ try to

mat ches are found, then a global search is perforned
dlsg:qyem aoglr@ar)vgdrw?reless LAN. Ag described iIn the earlier mentioned and

m

CXpi

incorporated applications, the network may maintain a neighbor list for a wireless LAN.
Using this list, the searching for nearby wireless LANs to hand-off to may be performed
more quickly and efficiently. For an 802.11 wireless LAN, for example, the neighbor
list typically includes an SSID, BSSID, band, channel, and mode. With this
information, a mobile device can narrowly search for the access point without scanning
through a lot of unnecessary alternatives. In block 802, the typical neighbor list is
augmented with information from the fingerprint database. For example, the current
fingerprint may be used to eliminate one or more of the access points on the neighbor

list based on their respective fingerprints. Alternatively, the current fingerprint may be



[0063] In block 706, the scan list is scanned

sequentially until a wireless LAN is discovered and
woamTtaased to in block 708. If no wirel ess LANPCE/US2006/028732

di scovered, then scanning ef the |ist continues, in

bl ock 710, until the list Is exhausted or a timner

expirers If this occurs, then a gl obal search may be

use(? ?o %ecf g‘g]%eeérge I écﬁfékr%g% i”é&gfbc&n%ﬁgiafef \#{é El%rn\gfé'x &e RS, |In general,
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registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. A storage medium may be coupled to the processor such that the
processor can read information from, and write information to, the storage medium. In

the alternative, the storage medium may be integral to the processor.

[0068] The previous description provides certain exemplary aspects and embodiments.
Various modifications to these embodiments and aspects are within the scope of the
disclosure 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,
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di sk, a renovable disk, a CO-ROM or any other form of

storage nedi um known in the art. A storage nedi um nay

be coupled to the processor such that the processor
can read information from and wite information to,
the storage nedium In the alternative, the storage
medi um may be integral to the processor. [0068] The
previ ous description provides certain exenplary
aspects and enbodi nents. Various nodifications to

t hese enbodi nents and aspects are within the scope of

the disclosure and the generic principles defined

herein nmay be applied to other enbodi nents. Thus, the
clains are not intended to be limted to the

enbodi nents shown herein, but is to be accorded the

full scope consistent with the | anguage cl ai ns, wherein

reference to an elenment in the singular is not

i ntended to nmean "one and only




one" unless specifically so stated, but rather "one or
nmore." AU structural and functional equivalents to the
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t hroughout this disclosure 4hat are known or | ater

come to be known to those of ordinary skill in the art
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based o ofid H15thoaBTaMlce 3lghle Frofe ¥aRoKd c@fithudichli BaREAIk.
configured to nodify the information stored in the
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. second comuni cations network. 2. The wrel ess
incydpmufingeapiigred thpelist eonghugiations netwogker ei n t he

informati on includes a fingerprint of the first

commaini chhd wirslesetawmknicgionFdevite o cldn 2 ovherain et firggesprint

. vice of.cl.aim 2. wherei he.fingerprint includes a

incfie] & BeGichiplinatiod Aeried T (o il e BF 1t oSS ik Tor an

accbi§obf e fiRFR st RERmitMondHetdedess point in the first
comuni cations network. 4. The w rel ess comuni cations
device of claim3, wherein the processor is further )
conf#-gur B Vaelepsanpmnieations deyipe phelaigy 3.auhereinithgpropessor is

iy b0 1 MR R RASAR Y 36808 8, Bifion information
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i nformati on base

6.  The wireless communications device of claim 5, wherein the processor is
further configured to modify the fingerprint by adjusting the phase information based on

the current phase information for the one or more reference signals.

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

comprises signal strength information for the one or more reference signals.

8.  The wireless communications device of claim 7, wherein the processor is
further configured to modify the fingerprint by adjusting the signal strength information

based on the current signal strength information for the one or more reference signals.

9. A wireless communications device :



the current phase information for the one or nore

reference signals. 7. The wirel ess conmuni cati ons
wdevirma410f cl ai m 2, wherein the fingerprint CORPTIUSE®6/028732

signal strength informationfor the one or nore

reference signals. 8. The wrel ess conmuni cati ons

device of claim7, wherein the processor is further

configured t [ the fingerprint b justing the .
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reference signals. 9. A wireless comunications device
netwgrky@dhry configured to store a first fingerprint of a

first co i ' rk based on one or nore
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the second fingerprint. . The wreless

co [ 1932 .
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and t i rst conmupi cations network.and determ ne the
dediEcasiidfio G EYPRURICat RS RerK idStermpe; the segAd Spgrrprnt after
establishihB eheWohfécgidd. conmuni cations device of claim 9,

wherern the first fingerprint includes deviation

| nf ofmat41qn Fighak ehbRuhidfiots” Edale SFZ8uR o NEherein the first
coverage region for an access point in the first
fingagpnni nincladésodsyiatmnwimfdrmatian rélatedwior the edsual size of the coverage

co ni cati ons devi ce of claiml1l erein the
T IR SO % e TP B GIOPS IS APry t he 11 r st
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t he 13.r sThd iwigdessr carhminyicatihnss evige tolfieclihn®e wherein the first

i nformatian . i .
fingerprint comprises phase information for the one or more reference signals.

14. The wireless communications device of claim 13, wherein the processor
is further configured to modify the first fingerprint by adjusting the phase information

based on phase information for the second fingerprint.

15. The wireless communications device of claim 9, wherein the first

fingerprint comprises signal strength information for the one or more reference signals.

16. The wireless communications device of claim 15, wherein the processor
1s further configured to modify the first fingerprint by adjusting the signal strength

information based on signal strength information for the second fingerprint.

17. A method of communications comprising:



based on phase information for the second fingerprint.

15. The w rel ess communi cati ons device of claim9,
woher@iai7the first fingerprint conprises si gnaPCT/US2006/028732

strength information for thg one or nore reference

signals. 16. The wi rel ess comuni cations devi ce of

claim 15, wherein the processor is further configured

to nodify the.fdrst. fingerprin dj usti t he .
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ﬁrsfgn%?&ﬁggioigg%&k' 21. The nmethod of claim 18, wherein

the tingerprint conprises phase information for the

one or nore reference signals. 22. The nethod of claim

21, ZfherBiemethed bf clgn pP) wherein theofinddrpdnthy madj fiedttiyngljusting
thetdhe1 ‘?han in{ior tion based on the current phase
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The met hod of claim 18, wherein the fingerprint

conpri. seBhes n@tedd SF rasigt N sl niesamt th@nﬁﬁgHrpﬁﬁ’cep&ﬂgri&% phase
. .more reference signals. 24. The nethod of clai m 23,
infoxpatien for theeomeios grarp reipenpessigands.f i ed by adj usting the

signal strength information based on the current

sig [ ar, A

o ?énigﬂegﬁgﬁg? gf&&ﬁﬁ@i, WherLBthd ARt % mEBlRd by adjusting
the phase information based on the current phase information for the one or more

reference signals.

23. The method of claim 18, wherein the fingerprint comprises signal

strength information for the one or more reference signals.

24.  The method of claim 23, wherein the fingerprint is modified by adjusting
the signal strength information based on the current signal strength information for the

one or more reference signals.



