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BACKGROUND
Field ,
[0002] The present disclosure relates generally to telecommunications, and moare
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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cellular communications to the unlicensed spectrum using the infrastructure of the

wireless LAN.

[0006] Recently, various techniques have been employed to enable mobile devices to

communicate with different wireless networks. Additional techniques have been
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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, frequént 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 vs)ireless
LANs. 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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of illustration. As will be realized, the disclosure is capable of other and: different
embodiments and its several details are capable of modification in various other
respects, all without departing from the spirit and scope of the present disclosure.
Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not as restrictive.
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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



.communi cations system [00141 FIG 2 is a functional block diagram
illustrating an exanple of a nobile device capable of supporting
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DETAILED DESCRIPTION

[0022] The detailed description set forth below in comnection 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 descripti'on 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 bandoff 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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to coordinate communications between the BSCS.

[0025] The WAN 104 may also include one or more wireless LANs dispersed
throughout the wide area wireless cdverage region. A single wireless LAN 114 is-
shown in FIG. 1. The wireless LAN 114 may be an IEEE 802.11 network, or any other

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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the wireless LAN 114. The mobile device 102 may access the WAN 104 by acquiring a

pilot signal from the BTS 108. Once the pilot signal is acquired, a radio connection

" may be established between the mobile device 102- and the BTS 108 by means well

( known in the art. The mobile device 102 may use the radio connection with the BTS
108 to register with the MSC 110. Registration is the process by which the mobiie
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
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occur at intervals measured in tens of milliseconds; thus, the mobile device must remain

awake and searching for at least that period of time per channel and considering that the
wireless LAN access point may be configured for different frequency ranges and
channels within those 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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station signals. t he case of CDVA each-base station uses offsets
of sﬁlcﬁromzeé rc‘ietermme e spreading code group and sprea }ng code in use by that

7 base station. The set of spreading codes and their signal strengths may be used to create
(\, the fingerprint to identify a location in WCDMA coverage corresponding topilot offsets
and pilot signal sirengths in the CDMA system. Relative timing offsets of neighbor

base stations may also be used corresponding to pilot phases in CDMA, however, if the

base stations are not synchronized, their clocks may have relative drift making the

timing offset an unreliable indicator.

[0033] HoWever, 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.



‘the‘ sanme pseudo-random spreadi ng sequence. In the case of WCDVA, each
base station transmts a nunber of signals designed to allow the
nobi | e sta 7t pidly acquire synchronization wt
transmttegﬂdb%got/ 4a{ﬁbase stati on“and (C)?nce synchroni zegPéd’B?Sezr%lr)r@%g%t?he
spreadi ng code group and spreadi ng code in use by that base station.
The set of spreading codes and their signal strengths nmay be used to
create { fin ri.nt I dentify | ocation in, V\(%DI\/A cover age
COrrespo n@?%@f g’g‘? %S‘f‘?"s ébg mah W%tP%geagP@ #a¢ Pdet siggelndrom the, é’a“@DI\/A
system Reiaaéﬁsvcﬁr thd WA, ThéwalighalfcalehdiiRgsilot Qﬁﬁ&gﬁg&ﬁ 0S TRYmbiRO
be used corresponding to pilot phases in however, |f the base

stations éﬁ@ceha%onggrﬁéh?ssrﬁlm tOt PipYIre PHERE Al neighhor rsignal istrengdhsi tot
maki ng t NGerfld e gf fb%ﬁ&eeﬁaaéermbhébmo RAdLGRY J&r%elr%é%hsmmﬁ\es bre DY

limting searchln beacon signal's to peri ods he nobi |
device is smchmnrze Hhe mobide davice may dlgnivkisyene phwas/ dingsh photsignal to assist

consumpt | SRR aof EALEEGE: TR St 15AL GRLL EAEH £, HBpovit
periodi cal 'y "awakes en e paging ¢ annel of a
pagi ng chédevied IQZI’DbSd!TECS\MMO |ntbama:;tatadns wvithebasurable sigha strenpdlisi winch tdn bet
determ nes th iti gwcatton s wWthin the ar 140, .then it can 1
search fofPHET 88 59 KO8 Sk on 290l - OFhe PRFS Fach ¥ Vallg 138 slege
u g_r;/ecgg 8 ggt}r%ngﬂsgﬂéx pi’gldnr'@gﬂab]ﬁoid”lsbb)@asrb | #idoningd reaéhoy Wu@@@ibﬁ%lcﬁ'ghe pilot
P U ¥4 ile device 1 noni t or beacon
gd pilot® éﬁ@l%a}”?stﬁ[rﬁag g@?g%‘%? e P tp o gbse g‘ﬂlr“eg}?r?in@‘ﬁléﬁgs
N incl ugglugy 4roket 30 Aulp BekilBe HeGRk Signal I BavERYiloCphad@ Y e asiBFihle@ Wnith
t hese signals to neasure r| margqsand nei ghbor  signal strengths to

per f or m h&ise dhy sizpal tsifers gt mgKde Wbbldemrﬁqéeasm nEFEn ehe
base stat baiguidl BaseSHAA! Qﬁ“o%l’?éi' Wi mﬂabgeﬁmée fmgmeahﬁghmﬁwee a

phase of each pilot signal to assist wth hand-of eterntnation
Thus, at afatonsgeantiedAeniifiet by theircfropuennyrdaamghor atiws bassistdtion idretificand02

obser 1o Al SrRBE 38k ok lohlh BRIMERR' Cpotafll oSLEENH gth' o
can be terized as vecto , ..., X,, an >$n
Wher e eac htﬂxzeda”bmqmsntlan,stmgng,l or tlst lulerrgaybeoitllmqudsl thé s1gnay tat isfutidinedeto

base-stati d_each lyue is a phase of the pilo g froma
base st at POA aiRiaieatdp dSind fie buf RERSH s B irbirted ghdied Fortes B0
r emai ni Ngvedtérk e AdtbeSFOEmAdQ statdd] or ﬁi@@z%u 9 tWd Qedbork @ dsdcHib@d, Br MRyl
pil ot phase .offset assocjiated wth_ them_ the signal strengt hs and

phases najtedatonaaionyn thriqrmatidegeribed 6‘?‘?"61 s, iy SqRoRpgCts, fRfornationdhat
base stat iRpifidsh Q@ andAlY 168¢ BROLRBAESistid b 1HeFMerdnBE 73198 RBOpRotRAS €
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[0035] The information may be utilized as a conceptual a fingerprint, or a signature, of
a location of the mobile device 102. Thus, if locations within the area 140 have a
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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[0037] FIG. 2 is a functional block diagram illustrating an example of a mobile device
<‘ capable of supporting both WAN and wireless LAN cémmurﬁcations. The mobile
device 102 may include a WAN transceiver 202 and a wireless LAN transceiver 204. In
at least one embodiﬂlent 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.



be t‘hought of as trigger paraneters such that a match of the
paranmeters triggers a WAN search. The WLAN paraneters can be used

during theW%a p?(ﬂﬁf@st he search paraneters for the trip%ﬁﬁgze?ﬁz(ﬁ?%gh.

[ 0036] The at may be calculated in a variety of

ways wi t hout departing fromthe scopé1 of the present disclosure. For
exanpl e, an instantaneous neasurenent may be taken of such
attributes as pilot signal strength and phase and used as the
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more software applications supported by the microprocessor based architecture

discussed earlier. Alternatively, the algorithm may be a module separate from the

( processor '208. The module may be implemented in hardware, software, firmware, or -
| any combination thereof. Dependiﬁg on the specific design constraints, the algorithm
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



wreless LAN, and (2) interface the processor 208 to the keypad 210,
di splay, 212, and other user interfaces (not shown). The processor
208 may al J a digital signal processor (DSP) &%%%
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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



\[0041] Referring back to the previously nentioned fingerprints, the
nobi | e device 102 al so includes an al gorithm executable by the
processor eating multiple fingerprints and c '
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In the exgRPBAbnpA Snfy"§EMI strength information. Also note that although each
fingerprint in this table is denoted by a vector of length n, there may be less than n non-

null components of the vector. That is, several values may be null so that the fingerprint
comparison is restricted to the vector components that ate not null. In operation, a
mobile device may awaken from a sleep or idle mode and calculate a fingerprint for its
current location and compare it to the information in columns 4 and 5 in the table. The
mobile device typically limits the fingerprint match to entries corresponding to the
WAN ID with which it is currently registered. Thus, when registered with WAN ID A;
( 4 only fingerprints associated with WAN ID A in the table are used for matching. The
fingerprint creation and comparison may take place during ongoing calls as well. Based
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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[0047] In block 306, the mobile device captures the values for those attributes that
’ comprise 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 the

currently connected wireless LAN as well.

[0048] The comparison 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
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ubscri bedingapmt. connects. However, the creating of a fingerprint may
e automatically initiated by the nobile device as one of the many
functions performed when connecting to the wireless LAN. [0047] In
bl ock 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
advant ageous to store attributes of the currently connected wreless
LAN as well. [0048] The conparison of a current fingerprint to a
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ontinuing the exanple where the fingerprint has a vector for Si- gnal
strengths and one for phases, a pair of vectors are collected xi ...
and yi[0051] Tke ahovE (Hbﬁ'Zl}Lc]hﬂeskH deviatid Ralué Foe tieusigrei stroddtih 4nd 4 parate

X5,
checked and.the t abl e es f.or ocC ted h t.hat
AN | D o Bt vafti e (ethhash BpreQn af B Fhaerp iehise of Bibge Valtics % Splathat

with respect to the flowchart of FIG. 3B. In block 320, the mobile device awakens or is
otherwise controlled to capture a fingerprint of its current location. Continuing the
example where the fingerprint has a vector for signal strengths and one for phases, a

pair of vectors are collected x; ... Vi

Xpand g ...
[0052] In block 322, the current WAN ID is checked and the table entries for access
points associated with that WAN ID are determined. Further search refinements are

For the
CDMA network the search criterion can be PN phase offsets of the observable pilots.

possible by searching the database for identifiers of the observable pilots.

o~
’ \

Next the fingerprint for each of these access points is then compared, in block 324, to
- the current ﬁngerprint to determine if there is a match. Algorithmically, the comparison

and determination is performed by:

Fori=1ton:
determine if | x; — si(*)] < di(*)
determine if | yi ~pi()| < i)
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.



‘posei bl e by searching the database for identifiers of the observable
pilots. For the CDMA network the search criterion can be PN phase
of fsets of wihgoMhzesvable pilots. {._ Next the fi ngerpri,@f/ngﬁBG/(ﬁ%p
of these access p0|nts is then conpared, in block 324, to the
current fingerprint to determne if tWere is a match.

Al gori t hm cally, the conparison and determnation is perforned by:
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and 326 ape, satisfi a wrele L oi nt..i t he tabl e,
Fhan the B teEts Boyf detible i il 2 ook S G 8 BP bt evicr opigey,
z’;gnal s ofo loblh@&r AeRREnRbker fihferpiarer iirﬁ)tHb@ Bt Bi abimekse wB&e OF

, the nobj B’ dev ce continues _to |look for a match on. anot her

fi nger pr i PSS m%trﬁé enegeessy point fipgsrprinhaptghesdhewirept logeion; fxgemprish e

than one @egans spRkNf fHenQidkRhEA! omh&fkﬁﬁl bhene laﬁfe?a{ceé 0&@5619? other
fingerprint, _then the sizes of the differences, or thé sumo

di f f er enceeicrnynation raasobe made i seledtithe aocsss pmg/t h rﬂmﬁnmpmnbmmme
access p0é18§e19%&a'£bht9§1%1efb il @ihgélignﬁth%’i xgg%aﬁe &ﬁﬁ@/ %ﬁ] DCihe

current fingéerprint. |s C

nmobi | e demplite §ceme fonmcﬁs poipwiitngy lot:aterage ¢ron<abecccmepcmmts nor e
access points. [0055] FIG 4 depicts a flowhart of an exenplary
met hod f ol00FHfHIGN Hodepictd adlemgharhbf ae ekeypladyrméthed For468ning hefimgehirine

devi ce, r for d.acqu acan

connect sa%ntg%’t h%elg?:cgg@s?gp g device, Wﬁ?reﬁ%@rgginﬁ% ?Cg‘”l{’ﬂ‘g\% ° psrcohe

art. Th e signal, connects to the access point of the wireless LAN as is known in the art. The
access point has a MAC address that is used as its BSS ID. Other identifiers may be

used to differentiate between different access points; however, the BSS ID is a
convenient value. Thus, in block 404, the mobile 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 ﬁngerprinf, 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



.access point has a MAC address that is used as its BSS ID. O her
identifiers may be wused to differentiate between different access
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merely exepERgFxsting¥alisse and there are many accepted mat hemati cal
techni ques that could be used to refine a fingerprint value wthout
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[0058] In the above exémples, the mobile device generates the fingerprints and stores a
fingerprint database. However, some or all of the fingerprints may alternatively be
( stored somewhere further up the wide area wireless communication network such as 2
_ database 111 accessible by the MSC 110. In this instance, the processing requirements
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.
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connect edensavitkred whinhdaudet it tCpetforigiendosf searchimitleckesliowhi ch causes it
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applications, the mobile device may develop a list of available bands and channels to
scan in order to locate a nearby wireless LAN. Thus, in block 602, the mobile device
begins scanninglthe scan list. Once an access point for a wireless LAN is found, in
block 604, a connection can be negotiated and connected. Although not shown in the
flowchart of FIG. 6, the scanning of the scan list may be limited by a timer or somé
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



‘seafch in block 510. Through the gl obal search, the nobil e device may
di scover an accessible wreless LAN, in block 512, and connect to
the wirele ILn-block 514. Once connected, the nobj '

remai ns coﬁﬁ)eég?’gbddl}rztil a hand-off trigger is encount eir)ééﬁU%m{é(/fﬁgnz
causes it to performa hand-off searcBin block 516. [0061] FIG 6
depicts a flowhart of an exenplary nethod for perform ng the gl obal
search of blaock 510. As described in the previously nentjoned and

i ncor por atEQrithh 5 desgited 38 compared fe Hiat of By i3Be Irethiszamplepa ngerprintof
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7 depi ct s ‘38 FABYE R ob potgpiially apairhipg, SRR Boengrélefo i gnaithes are
fingerpri Tdunﬁﬁtﬁé&&'gl@ﬁal@k&@fkis?@ﬁbnﬂdﬂiﬁ’bl@)@lkﬂ?@zy the nobile device, or
sone other network system determnes a |list of access point

fdf ‘nger pri poow3f fablopR 78] Rl doin MRt G sédfed Wql&ally [ RERLI Veless LAN is
fingerprint. Wth reference to this figure, one possible alternative
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as conpar ggnhie tdradh. & .in/ ' o I :
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fi nger pri blosk 712, tdvefint thediohgérprigefopthisdesess pbintyor e t han a predet er m ned
maxi mum nunber of potentially matching fingerprints are found, then
they can [86dEvenbullysi mobilchdevigereill elssimterdesditiohe dhametih athyiddviehyedr ng
pilot strength and.pilot phase.(if avajlable). | his manner a |i st
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bl ock 706, the scan_list is scanned sequentially until a Wreless LAN
i s ~ causes the mobile device to perform a hand-off search for neighboring wireless LANS.

FIG. 8 depicts a flowchart of an exemplary algorithm for performing the hand-off
search of block 516.

[0065] In block 802 a scan list is created of all the access points to search for to try to
discover a nearby wireless LAN. As described in the earlier mentioned and
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



di scovered and connected to in block 708. If no wireless LANis

di scovered, then scanning of the list continues, in block 710, until
the list i dor atinmer expirers. If this oc

gl obal seaﬁgﬁﬁﬁgg Z performed in bIock 714. However, ‘?ﬁﬁ§§4¥%ﬁkfh
wirel ess LAN i s discovered and connectled to, the current fingerprint
Is used, in block 712, to refine the fingerprint for this access

poi nt . [006§L%Eventually a nobile device wll encounter conditions
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and ef fi cj0866]l The Fanouwmnillp@tativd logicall bloekd, Ahbdulesy c&mﬂple&mmﬁe and/or
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fingerprint database e c |f the wireless LAN already has
a finger pHHPTEREPY, @ ?ﬂéﬁ"?gfyhg e‘ﬂg’f‘?r?"gssf)gf i FPEOT PHOTE HBICIHPFPESEE AN

access nobjihciResiinoDSPave, @az‘nwﬂﬁfafch%n@ga&z{tﬁbn then a new entry is
added to the dat abase.

[0067] The methods or algorithms described in connection with the embodiments

disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash " memory, ROM memory, EPROM memory, EEPROM memory,
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 sﬁch 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,



[0066] The various illustrative |ogical blocks, nodules, circuits,

el enments, and/or conponents described in connection with the

embodi ment §,oHesidi1956d herein may be inplenented or perlt‘%(g%g%ygzgﬂza
general purpose processor, a digital iignal processor ( é , an
application specific integrated circu (ASIC), a field progranmabl e
gate array (FPGA) or other progranmmabl e | ogic conmponent, discrete
gate or transistor logic, _discrete hardware conponents, or an

conbi nat i SHECHLISESPRGESR 2 flapepbindls Figwag 1ot misnded @n@eﬁbs%lﬁiaﬁéenl}’

herein. Acfiénanidhs ByHcRERY RbOGASE Obut 'B¥hel &ofe Br GheRMOCRASuctil andl N
the alternative, the processor may be any conventional processor,
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be inple folag o1y i ete¥secTIGN &?ﬁQ P
conbi nat ingﬁg %?clgﬁ‘f)%%?gn d a(l;wliimblglrgt SE{"’OC esso rlé,nggn g(f){tjﬂrga I't gf‘ﬁ%‘ﬁ skiflin the
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menory, EbhlBéherelsbieyt is ekf@isht Rtifed Riigdhélplikse ‘@ndatdoyady, & e Skse o a

CD-ROM or any other formof storage nmedium_known in the art. A
torage nﬁ%ﬁ"%ﬁ%%@e‘%&ﬁmﬁéeqtﬂi?ﬁgfg%?ﬁféréﬁ%éwpé’%h that the
Btocessor can read information from and wite information to, the
storage nedium In the alternative, the storage nedi um nay be
integral to the processor. [0068] The previous description provides
certain exenplary aspects and enbodi nents. Various nodifications to
t hese enbodi nents and aspects are wthin the scope of the disclosure
and the generic principles defined herein may be applied to other
enbodi nents. Thus, the clains are not intended to be |imted to the
enbodi nrents shown herein, but is to be accorded the full scope
consistent with the | anguage clains, WO 2007/014177 PCT/ U52006/ 028732
22 wherein reference to an elenent in the singular is not intended to
mean "one and only one" unless specifically so stated, but rather
"one or nore." Al structural and functional equivalents to the

el enrents of the various enbodi nents described throughout this

di scl osure that are known or |ater come to be known to those of
ordinary skill in the




art are expressly incorporated herein by reference and are intended
to be enconpassed by the clains. Mreover, nothing disclosed herein
is intended to be dedicated to the public regardless of whether such
di sclosure is explicitly recited in t28 clains. No claim elenent is
to be construed under the provisions of 35 U . S.C. 112, sixth

par agraph, unless the elenment is expressly recited using the phrase
"means for" or, in the case of a r@tggﬂ,[%_al m the elenent is
recited using the phrase "step for AIMS 1. A wreless
comuni cati ons device, conprising : a nenmory configured to store
information relating to a location of a first conmunications
network; and a pr 0Ges$@fess SsthintHic8GbrsAetRE! dotpkifagi:Nf or mation stored
in the nenory based on one or nore refeerence SI gﬁal s froma second
conmuni cat i ons net wcmﬂmow cofifiguseid te sssinfomation celatingte adlevativa affa first
claim1l1, wherein.the i rrrl%l on includes a fingerprint of the first
communi ¢ SPTOHEGH E‘f’ ‘%EW % e W reless comuni cati ons device of
claim2, wherein theyrbéREf dnifighredith ThddHShe 1ﬂ6ymﬁ1dnogioﬂe&f1@ HPhERBry
related to the virtual size of the coverage region for an access
poi nt i nbesrd qnj gugtor mnreriRipicaes ©emplnenusrskeond comeunifatione setwork.
communi cations device of claim3, wherein the processor is further
confi gured to ﬂodi fT)hetVﬁ@M&iswgmmﬁmﬁowdﬂtqetﬁtclam 1t, éherkaw thatinformation
informati.o d on. he. 0 or nore r.efer signals. 5. The

Wi rel ess 1%3 g ’5@6%@“’8@%%‘% ﬁf’ %@&m n the fingerprint
conpri ses phas ma.tl on for the one or

(i nce ]sl %Bal S.. 6.
The wireless ¢ é(‘flf%??é‘ c&gg?%cagpn%ﬁgnqﬁ C%H% eW eremdhe, E@E%"r
is  furtheuds Iafdeguﬁsﬁi lﬁfenﬁaﬂinfﬁaatéa%ftwﬁaﬁ%ig offe e@&éﬂﬁge goﬁ

phase information based on the current phase informatio fr e one
or nore Pegesy poinkinghefiest sommuniraionsinet¥@ks communi cations device of
claim2, wherein the fingerprint conprises signal strength
|nforrrat|onfor th i L The.wirel ess
cormunt cat | ons tdevi b8 Warthr Db ERicR R, Saa et bl et

confi gur eﬁniﬂleo dmnﬂgdryd tthembdifig ehe fingérphyt Bdlj adfisting thé @leiaftralinfoimarat h
i nformat| ed on the current, S|gnal strength information for the

one or Pig r"é‘ ¢ e Ig?rﬁﬁ etence signals.

5. The ereless communications device of claim 2, wherein the fingerprint

comprises phase information for the one or more reference signals.

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 :



9. A wireless conmunications device : 24 a nenory configured to
store a first fingerprint of a first comruni cati ons network based on
one or nore reference signals froma second comuni cati ons network;
and a processor configured to a) deterdi ne a second fingerprint of
the wirel ess conmuni cati ons device based on the one or nore current
reference signals, and b) nodify the first fingerprint based on the

second fingerprint .a thémorktonyil HQ§§to§@£’Hﬁ9Eﬁ§égbﬁﬂ%ﬂ%ﬁ%ﬁﬁﬁuﬁééﬁoﬁb

9, wherein the ocessor urther configured to establish a
 connecti dﬁ’%&l\g@ﬁdt%oﬂﬂr@ Bwie gelferanee cégriabsn romd av sesend repnirheni¢stions
conmmuni ¢ . wor k and determ ne the second fingerprint after

est abl i shing the connection. 11. The wirel ess communi cati ons device
of claim9, wherei mprbesforicohfigiredger print includes deviation
information related to }ase virtual size_of the coverage region for

an access point in the dete WF%%@%P@&@W 958 COHBNYHIGAE0BRS 5
conmuni C@ebﬁ@%aﬁg‘ﬂp‘%ﬁeﬂﬁ &ﬁb@c&enm%&cgs (F}{(acessor is further
0 no irst

configured t I ngerprint usting the deviation
informati on based on déynmdifyrthe fifst fingarpont Hased tbmﬁesmdcﬁngerpnnt
fingerprint. 13. The w rel ess comunicati ons device of claim?9,
wherein the firnét Thervgesigsicomnamigitiosedevideasieldinfd) whirtdi® thefpRbcebive is
one or %referenc Si gna%s 14. The wi rel ess comuni cati ons device
of claim 1 E5iptlishs 8 (sonneclion Peffesn EhenPritslRse FORBIYRRPYS

the firstgelicBafd Me ikt Q¥nthibsida8 etk aﬂ@aaeﬁr%e %b@ﬁ @P%?grﬂlt Qfter

phase information for the second fingerprint

comuni c #stieblighingthe cenngftien.ai m 9, wherein the first fingerprint
conprises signal strength information for the one or nore reference
si gnal s. 16 The Wheewiskse eomuminicitions detiei ef chimchaiwheldn thbefirei n

t he proc nfi.gured.to dify the first fln erprint
by adj us g“’s"’r‘ﬁ#fé%’eg? rm?‘i‘ﬁ”o?ﬁi%?‘% 6‘?\: ﬂFaé”é’B‘a{) fizeqf e coverage

Stfengthré@&@fd?%'a@&séﬁémiﬁ&héﬁfs@@gmhiuﬂﬂﬁﬁ&s'ﬂ&wo&7 A method of
conmmuni cat1 ons conpri si ng:

12. The wireless communications device of claim 11, wherein the processor is
further configured to modify the first fingerprint by adjusting the deviation information

based on deviation information for the second fingerprint.

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

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
is further configured to medify the first fingerprint by adjusting the signal strength
" information based on signal strength information for the second fingerprint.

17. A method of communications comprising:



storing information relating to the location of a first

comuni cations network; and nodifying the stored informati on based
on one or nore reference signals froma second conmuni cations
network. 18." The method of claim 17, wserein the information includes
a fingerprint of the first conmunications network. 19. The nethod of
claim 18, wherein the fingerprint includes a deviation infornmation
related to the vir Sinfénati i f.0 .
point in the firsFﬁggﬁwunicaP?%EEhﬁg%agﬁggl%%g&$ﬁgEthﬁgﬁﬁ%%S§%§PH$
19, wher gichvarkeandi ngerprint is nodified by adjusting the deviation
i nformati on based on the one or nore reference signals. 21. The

nmet hod of claim 18 i i rprint conprises pha .

i nformation for the on ﬁﬁ%&%@é‘?@%@%@&%‘f%ﬁglo&? o§gﬁ%ﬁ%€%f%ggn%§
cl ai m 21 fronhhe sedond chanfunivgtopyrneivorks nodi fied by adjusting the phase
i nformati on based on the current phase information for the one or
nore reference_siqgpals., 23..The thod of clajm 18, wherein the
fingerprint coﬁrﬁri gg‘gné‘?“@?fgi)fdé’{?gﬁg erefy the pformatignoinciudes a fmgerprint
mor e r ef @F eRGRsEdodiRScatidfs ndiiedfet hod of claim 23, wherein the
fingerprint is nodified by adjusting the signal strength infornmation

based on the current signal strength information for the one or nore
ref erence si gndPs. The method of claim 18, wherein the fingerprint includes a deviation

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

first communications network.

20. The method of claim 19, wherein the fingerprint is modified by adjusting

the deviation information based on the one or more reference signals.

21. The method of claim 18, wherein the fingerprint comprises phase

information for the one or more reference signals.

22. The method of claim 21, wherein the fingerprint is modified 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 ﬁngerprinf is modified by adjusting
the signal strength information based on the current signal strength information for the

one or more reference signals.



