; tue3e’ N . 6TNAH) Syst em And Met hod For Sel ecting A Cellular Network On A
Wreless Local Area Network 5 FIELD The technol ogy described in this patent
docunent relates generally to the fields of cellular networks and wrel ess
| ocal area networks (W.ANs). Mre particularly, the patent docunent
describes a system and nethod for selecting a cellular network on a W.AN.
10 BACKGROUND A system for integrating a third generation (3G cellular
network with a WLAN has been proposed by the 3rd Generation Partnership
Project (3GPP) in the standards docunent 3GPP TS 23.234, entitled "3GPP
systemto Wreless Local Area Network (W.AN) Interworking; System
Descrlptlon (Rel ease 6)," which is incorporated herein by reference. 15
SUMMARY | n Sxgtemsr-AndhMethgd Fon Selecting ah ellpaniNetovorls &n AdVireless kst anep and

met hods are provided for selecting &Netaeptkul ar network on a wirel ess | ocal
area network (WLAN). A network list may be used to identify a plurality of
preferred W.ANs and one or nore 20 cellular networks that nay be accessed
via the preferred W.ANs. A cellular network may be sel ected by using the
netwobfk list to identify the cellul aFliid works) that may be accessed via
the preferred WLANs within coverage range of a nobile device. A W.AN may

then be sel ecThe tdohseogyodestiifedaia ABS atedt dodiiseht PilRELERAND o Refigiabt abl e
cel lular networks. 1 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

di agr am idilukstdetidrRgamwRYBEbE: $3a e dr& (WEARSE 'Mgreapaﬂ?éuhdﬁgafheqﬁie‘ﬁpf k on
a WAN, 5 Fig. 2 illustrates an exanple WLAN |ist that” may bé maintal ned on

user equigpaRitnt déf}bxgbes% s%t%_ﬁls&l& HeBDa 0 LKA @ce‘ﬂhla%é@oﬁ?&f{? WINNI n the

w rel ess network

10 BACKGROUND

A system for integrating a third generation (3G) cellular network with a WLAN has
been proposed by the 3™ Generation Partnership Project (3GPP) in the standards document
3GPP TS 23.234, entitled "3GPP system to Wireless Local Area Network (WLAN)
Interworking; System Description (Release 6)," which is incorporated herein by reference.

15
SUMMARY

In accordance with the teachings described herein, systems and methods are
provided for selecting a cellular network on a wireless local area network (WLAN). A
network list may be used to identify a plurality of preferred WLANs and one or more

20 cellular networks that may be accessed via the preferred WLANs. . A cellular network may
be selected by using the network list to identify the cellular network(s) that may be accessed
via the preferred WLLANs within coverage range of a mobile device. A WLAN may then be

selected based on its access to a most-preferred of the available cellular networks.




based on the exanple cellular network preferences of Fig. 2; Fig. 4is a
flow diagramillustrating an exanple nethod for selecting a cellular
network on a WLAN, and 10 Fig. 5 is a block diagramillustrating an exanpl e
nobi | e comruni cati on device. DETAI LED DESCRI PTION Wth reference now to the
drawing figures, Fig. 1 is a diagramillustrating an exanple systemfor
selecting a cellular network on a WLAN. The system i ncl udes user 15

equi pnent 12 for accessing a wireless network having a plurality of WANs
14-17 that are networked with a plurality of cellular networks 19-21, 23.
The user equipnment 12 is preferably a nobile device, such as a cellular

t el ephone, a w rel ess-enabl ed personal digital assistant (PDA), a two-way
pager, a w rel ess-enabl 8RIEEDHESORIBTHION &, Tl DRIAEINGHIch devi ces. The W.ANs
14-17 may, for exanple, be | EEE 802. 11b networ ks, Bluetooth 20 networks, or
other types ofigshas i dfa@ﬂﬁﬁillh@(ﬁﬁti@ghﬁ@ﬁﬁﬂﬂ)l@@%f&@@n forhelet@ld ddeliflan abivariksn 19- 21,
23 are preferably third generation (3G cellular networks, such as UMIS
(Uni ver salwigii | e Tel ecomruni cation System) networks, but could al so

i ncl ude ot her types of cellular networks, such as GSM networ ks, GPRS

net Wokks, or @fNehfsirdtes anl: Q&ﬁﬂl A3 15064 W&éi}e ilr%irﬁ%igecgo?’n &s@f‘%c&u?@%fte Plgma

accessed by the user equipne are eac I gna as el

network (e.qg. i - s..a Visi twork (e.gd.,.VPL . Th 0
network 23 for 1g1{‘ ﬁéwuméug?gsea%uﬁxﬁ%ﬁto 1%?%%“8&(1? Ltll?ea‘?’”ﬁlgf% Wo%hogftﬂﬁnnfnt ai ns
subscription information for the user equi nt 12, and the visited

net wor ks T?HQH ° ZPBP éFPHVﬁPﬁﬁﬁgﬂBg%§mﬁ§@$E§F%baning agreements with the
home network 23. Thus, the user _equipnent 12 may obtain cellular access
through ei t hefi& HelSndo™nategrspk ilbstrgiingaer, exqraple aupthnst fardelerting 2. ceflpiar
addition, the visited networks 19-21 may include preferred networks 19, 20
t hat hav&cops ef e MledNrasdni ng agreement with the home network 23 and ot her,
non-preferred networks 21. Cellular networks that may not be accessed by
the dSer 10 efig prenblodedifgan.illustiatihgiiraexanplamobik dohatundationtietieve roamni ng
agreenents with the home network 23) may al so be included in the wirel ess
network, but are not illustrated in Fig. 1 for sinplicity. The WLANs 14-17
may each be internetworked with one or nore of the cellular networks 19-21,

23 to provide cellular networkraagess dexdfIeTHSEr equi pnent 12 via a 15
WLAN 14-17. The particular celTular networks) 19-21, 23 available to the

user equi prientyid 85 8 AEASAIRN! RGN (K 61 OF e AN A4 17 15 11

comuni cation wth the user equl prment 7127 xanpl'e, rat ed

Wi rel ess I 14) rovi de the.user ui pnent. W th

cel lul ar eg%ﬁcﬁgg s?%tt% eF{ ﬁ%‘?&l\r}lgsal @élaﬁ&e%(’rrg °r a(“ﬁtﬁeN‘or i%?tlﬁ‘é’dmﬁ ot 2

(20) , - WLAN .2 rovide.access to .either the ho network 23 or

Vs 12d S0 Rt loPid R e B iE AR Ty S CUbAN e A 'St
network 3 %}H%, and WLAN 4 (17) does not have access to any cellular

net wor ks ERAEk ey the Bty &f dsljulanactyorss E4a1-pdntThe2usen cipipmened Ails ed
description of a wireless network having WLANs 14-17 internetworked with
cel | ul ar Préerally legnatgledevicosuck ape eollderdelephaniea wirlesmentbledqrertsrpaltdigtal 3GPP
TS 23.234, entitled "3GPP systemto Wreless Local Area Network (WAN)

| nt er wor Risgagant SYBemaDesewayptpage, @Relirelrsecrhled laptop computer, or other such

devices. The WLANs 14-17 may, for example, be IEEE 802.11b networks, Bluetooth
20 networks, or other types of short-range radio technologies. The cellular networks 19-21, 23
are preferably third generation (3G) cellular networks, such as UMTS (Universal Mobile
Telecommunication System) networks, but could also include other types of cellular

networks, such as GSM networks, GPRS networks, or others.
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In the illustrated exanple 10, the user equipnment 12 is wthin coverage
range of four WLANs 14-17. In order to identify the WLANs 14-17 within its
coverage range, the user 5 equipnent 12 may passively scan for W.AN beacon
signals (e.g., SSIDs) or may actively scan the band for specific WANs, for
exanpl e by sending a probe request to solicit support from specific SSIDs.
Once the avail able WLANs 14-17 are identified by the user equi pnent 12, the
user equi pment 12 determ nes which WLAN 14-17 to access using a |ist of
preferred WLANs stored in nmenory on the user equipnment 12. The list of
preferred WANE collylgrenatyorke d 92he2t Biat tian be petcitsdiby theuset eq@pmantali2 &bl e vi a
each of the listed W, ANs 14-17. Using information fromthe WAN |ist, the
user equi%gftedesigpiedess ethice ot hamaniaiNodA(clg, HREMN)oor sshe vésriad lnabweek ekl ul ar
net wor ks 19-21, 23. For exanple, a WLAN 15 havi ng access to the hone

net wor k 28PLMY).b&'hsdloant madworke?3 WrANS uddt, eqlifprivay 1D ds decasiaiak dedvtlly it Si t ed
networks 19-21. Simlarly, a W.AN 14 with access to a preferred visited

net wor k Ifkintafls 38bsomptiddeinERm@GoEfbr @Neetﬁseﬁs%\!iﬁ%rg ToWartd tha GEReS nbiRofRl -2
non-preferred visited network 21, and a WLAN 16 wth access to a

non- pief enred cMivtdriRevdes WRkike %%m%yaﬁc%n%;ﬁg,%i%ﬁﬁe%\éﬁ{e VN1 A B8he MBY

not be used to provide cellular access. |'ustrates an exanpl'e W.AN
list 30 that ' ' ' t.12. Th N list 30
ot 11 ot SRR 1P 5 Leila! R o B BERRE 596 mifora g b ehEL ar

user equippent T ist of.preferre Ns 32 is. preferably ovi si oned
by the hoRER inehfork %?f'ari[a Rl 55 Rl geary 1933 PhE St wRliae
preferred R¥ %pibqifﬁle uipnen&géé operator. In addition, the WLAN |ist 30
i dentifi &8N 11T DHE WBTERETeS A0 NS AFPFICHa Y Ithdle heme seaeded? wpd each
of the preferred WANs 32 in 4 the list 32. For each available cellular
net wor k SHeL HE-RigiENed peitvodts HayCelhdaryweverks thet kay dehbé hicessed b therissr mat i on
(NTWID) 36 and a hierarchical preference status 38 for the particul ar

net wdfk. cuwemeel 13 (cag, erblnlao mktworls thatedicrotdiaat neanBBe apyerhentusédl thohsmtect a
WLAN based on the desired (i.e., the nost-preferred) cellular network 38.

I n the i nberk 2d)edaybalexaniptladed ihehowitelessafetvesrkf i erapt fiRkuitheinamai | abl e
cellular networks 34 is HOVE, PREFERRED, and NON- PREFERRED. For exanple, if
t he user sagplicppent 12 is within coverage range of both W.AN 1 and W.LAN 2,
then the user equipnment 12 may select WLAN 2 for short-range comuni cati ons

b he h R - b
ecause the hawe WEANGIK-(7 @ eaéhrﬁe iRshawehen et Bﬁé Byﬁiﬁﬁ%ﬁ’é"{e@{a@y e

accessed via WLAN 2. 10 Fig. illustrates an exanple o se fon in
the wrelessnetywi Kook, Higiq he exanple cellul-ar nefyork
preferences of Eig. 2. (())#ée 't gggg%?n%gﬂ]itkp%é’g S%fzéh%a%sersgﬂlgg?qg {%,1\213 4

nost wpre of~ t val I abl g W ANs n,jts.cellular network access
O a2 LR e B R om By Tl o Bl i sPrremet o

net wor k 3 then%ic ti,on ﬁgocedur .wWth the selected W.AN 15, for exanple by
gener at i 39§H& 15°¢ Aensailene (o Whichel Wt TN L 1T dfeintGommapniqagian yitithe The
network authentication data (NAI] 52 may be constructed by the user

equi pmentST ZREMERE Lddof KEapRewidr the ilbustrated v ¢se metwirdor WasAhd ((ATMey D) f or
the selected cellular network 23. The network identification information
(NTW | D) Praxide the pses gawipment 2neithueidlutan ecavsbiol egtherowisiter ynetvamtie 1 (MG vasited mobi | e
network code (MNC) of the selected cellular network 23. The WLAN 15 may

t hen 20 wswvorh2 (M1 WIrAN 2dént mfy pavidenciass ar ikt tie Hofhealdtii@R DB Gatviitkie user
equi pnent with the selected cellular network 23. Upon successf ul

aut het i eewiodn3 (2o WISEN 36q6) PR Piovi ATB%s tdeRiEPRIWBICALA) oMW AR 4
sel ected cellular network 23 via the WLAN 15. 5 If the sélected W.LAN 15

rejects (IR &b 2 hatd @Bt MhANefidaMBYwloianaal &n%@%z;@% ANy} fhet & USEr

equi pnent 12 indicating its avail able cellular net 'S “may occur,

for exa L ear ! agr f e 4\ h been
changedng%ﬁgg&?ﬁgbpﬁé@ggag%MS@ﬁﬁgﬁﬁgﬁﬁéﬁafﬁﬂaﬁ%lkggé%ggﬁFlﬁ@%%é%bﬁ%z% | ast
provisio i vai |l abl e cell uyl.ar, networks fromthe
W.AN 15 %‘%ﬁ%@tﬁ(gﬁp‘g@g%ﬁ@aﬂs k“%&%ﬁj‘*oﬁ% u’sSeIPr"(‘é‘c?ﬁi!lj A S?Q\AQ%IE% dpcyngen o
validated with the hone network 23. The user equi pnent




12 may then either generate a new NAI 52 for the selected WLAN 15 based on
the tenporary |list of available cellular networks received fromthe W.AN 15
or may select a different WLAN fromits preferred WLAN |ist 30. If
selecting fromthe tenporary list of 10 avail able cellul ar networks

provi ded by the WLAN 15, then the user equipnment 12 may determne fromthe
preferred WLAN Iist 30 which is the nost-preferred of the avail abl e
cellular networks. Fig. 4 is a flow diagramillustrating an exanpl e nethod
60 for selecting a cellular network on a W.AN. At step 62, the user

equi pnenBGPE pBo¥3 33 neatitled 'I3adPudstan po eWarclesd LbBal\\AAN Nettork NAYLAN)
identifies the cellular networks avail able for each WLAN, such as the W.AN
| i st desdntedvedkiafzByeteni Déscripticer @ekasd€)."Fi 9. 2. After being activated, the
user equi pment scans (actively or passively) for available W.ANs at step

64. At decisi ontstie@u@fd ckhaplRabhod useteghiphRas] 2 & valin &Rra8k rdié 6f MhANS
fromthe preferred WLAN |ist are detected by the user equipnent. If one or

mor e prefyer ARE 1YWANSH &rGerd6 i Roti8Hmat 6, i eeds
to step 68. Else, if né Sr eflgﬁlﬁlggth\%\[%%ﬁgrlgqge%@g%2%?*%%%%%%?%%5
procegds

WA deteéﬁpil%ﬁplnf%%?%SSE“ESQ%? S WA bRoT IR TP 5D %ﬁ BT or s,
i i th. Figs. 1-3. 6 Ne : ' i
Gata (o o AP bl GURARR Bu it B soptearbroht il 40P P sor

equi prent, with th | ected cel lul ar network, At  decjsion step 72, the

et hod ddiogt RERES SHRY Fonea e avehis KLAYE R iaesidensicd dy Ahg weaT SAURENEE cept ed
by the selected WLAN. |If so, then the user equipnent is authenticated with
the cel | JRathe peansaripmen] saddertincs [vdieh WoAMIht-¢Ate ansessiusingiadise st riblersthed

bet ween t he user equi pnment and the cellular network via the sel ected W.AN
at step MLANEswored fintthemyiyAdh diee ssemotquizomapt] 2t h@hedishvorf korefatrbe WLANS | on
data (NAI), then the nethod proceeds to step 76. Alternatively, if the WLAN
does 1ot idamoépdt thehellnkt werworlaut h2ht 23 axtdilablc dad aachNAl the lisfe@rWLABs sl ECt ed

W, AN may be renoved fromthe preferred WAAN list (e.g., until the WLAN
list is Ny exrshonedobytht VeLAN thenge nﬁ\e@ﬁiFﬁaeﬁtlzsﬁﬁp seléot aalwd AN e4-TRt hod
returns to step 68 to sel ect another avail able W.AN fromthe preferred W.AN

list 68. phied (RE SfBRbIELIANRNAGRs B8 | ADI R, CS1eRs 6/ AN F@ﬂaviﬁg{}%?es@t

steps 76 and 78, the user equipnment may select a cellular networ rom

net wor k [}gft}grl{gﬁ;é I%W{,&Cg' ﬁﬁ?;gg{, E&E&ﬁ‘&re? WITRGE IWMa\%r%Qc?%sg g%’ \‘c}@%%&%ﬁ}% e.

At step a [1st of avai e cellular networks is

WLAN. Networ k, a ntJ. cat i on .d,, NAl) is the ener at ed ep 78
and tr andiresh i SET SuSGrhR BB b pRoiedt s par B SRR kRt Bhe” o
t he ailable cellular n ks at step 74. A cellular network may, for
exang e, " %ﬁe?eget?fe &Weﬁa&ﬁ%&?% wihAgeeehE ey |amoarpr?¢§¥rs£mlt BETEP s from
‘the WLAN |ist _30. Fig. 5is a block diagramillustrating an exanple nobile
communi c&P nVHAN L With s to TRenpEReTe delsdaeteab@limey beiedectedprvst essi ng
subsystem 2138, a conmmuni cati ons subsystem 21l 1, a short-range
comuni c WLONs! 7shiggyast eirbe uskd to gravileselulandssesst em 2124, 2126, and vari ous
ot her devi ce subsystens and/or software nodul es 2142. The nobil e device
2100 al so i nclFigiesillusustes an rekemiplacw . AN listh3orehyat ints] b eaintgih&pbayh 122, a
serial port 7

equipment 12. The WLAN list 30 identifies preferred WLANSs 32 (e.g., preferred SSIDs)

20 for a particular user equipment 12. The list of preferred WLANs 32 is preferably
provisioned by the home network 23, and may also include a list of available WLANSs
preferred by the user equipment 12 operator. In addition, the WLAN list 30 identifies the

cellular networks 34 (if any) that may be accessed via each of the preferred WLANSs 32 in
4




2130, keyboard 2132, a speaker 2134, a m crophone 2136, one or nore
auxiliary input/output devices 2128, and/or other user interface devices.
The processing subsystem 2138 controls the overall operation of the nobile
devi ce 2100. QOperating system software executed by the processing subsystem
2138 may be stored 5 in a persistent store, such as a flash nenory 2124,

but may al so be stored in other types of nenory devices in the nenory
subsystem such as a read only nmenory (ROM or simlar storage elenent. In
addi tion, systemsoftware, specific device applications, or parts thereof,
may be t épplest 2 IFgr pashdeelable esllnlay ottabil ¥4, shoWd AN listhB lasaninchidd ostwadc es s
menory (RAM 2l 26. Conmuni cation signals received by the nobile device 2100
may al so idsatiftatioe dnfoomd@orRANVI B1HB) 3T hed pr beesdicag psefbeyst stad B38for ithe
addition to its operating system functions, enables execution of software

appl i cat ipamisul2d Adtworc.t hedaVuke n2d@Hk pPef@tfeﬂ&eﬁt@mm%eﬂ?f et Rtd appbleaad i ons
that control basic device operations, such as data and voice

conmuni cayi. AR Sasd¥Bh 16 dbdeli . 4 afle Hdsi e Chual AwaH N IMROHfuEie e For
exanpl e, the device 15 applications nmay include a WLAN sel ection nodul e

212405 an@xﬁnlﬂé,ehﬁr bR X&Eﬁ@keﬁ%‘m&‘kﬁ 2130%41%ef Wailglﬁ% e(%hg@? r%_t\%{gfﬁ%oﬁngs % l El ar

net wor k, as descri bed e reference nmuni cati on
function ! i j onmuni cat..gns, are.perfarned.through
t he conn%ﬁﬁ?gﬁlon’gg%gﬁﬁggﬁgg?%ﬁgﬁgn Ohgg@ﬂﬁ$ﬁ%&Wﬁgﬁbﬁy?ﬁgmgﬁgﬁ?yP e 20
communi cati ons subs e Th ni gati on subsystem 2111 incl udes a
recei ver “211%8° 4"§% éﬁ@%ﬂ@ﬂ&h@ﬁa\g{g%& g’r"“ﬁ’bﬁ" useL RABipeat 33 epy sshepg. | n
additionyaéﬁ% co ni cati on subsystem 2111 al so i ncl udes a processing
modul e, a% 197 YIRS sogHBINIGHigRe deeusy HsPhome 2uetyprkofifer ther ®ewssi ng
device(s), and local oscillators (LOs) 2113. The 8 speci fic design and
i npl emenPEfiEd ceflulphreteoriommay bandcossed ubSWEANR. 21 11 i s dependent upon the
conmruni cation network in which the nobile device 2100 is intended to
operadbe. For Exadpllestragesmobixampiiesfi WEANL 8dectivy in Ml witeless GORBINI{CA.I DN
subsystem 2111 designed to operate within the MbitexTM nobile

conmuni cabdednsiys templé bellhatahAGE MréteRhd® oF FEQMIUOLEAhE ABer Y Sipaith: 2 GSM
network, a GPRS network, a UMIS networ k, and/or an EDGE networ k. Network

access I GEUIRMRNESMYStcURREHHE GvARAIR WDENS YRR Oh i QEIHAY faldRAcQ¥sSt em
For exanple, in the Mbitex and DataTAC networ ks, nobile devices are

regi ster t n i i gue rsan j.d i L i.0 er or
PI N 25900, Ko it hEan S adphh) BERE" S hedy BRG], o Re W vy er

net wor k & jo t . th S i-b r user,of a device. RS

o o2 EERRalich BRRGRIE LGl thd DBt SPEANPE R &1 by detitub ety
f d. t . Sl USI M. d, i t t ) GSM GPRS

rUﬁ/ﬂ'grllg”lgt %ﬁﬁgﬁaln% anetwork access I&E%[[‘.lger h\?AI? rS(J? rTheOne?vegr aéutehegtrllca%on data (NAD or

52 may be constructed by the user equipment 12 to include the network identification
information (NTW ID) for the selected cellular network 23. The network identification
information (NTW ID) may, for example, include the mobile country code (MCC) and
mobile network code (MNC) of the selected cellular network 23. The WLAN 15 may then
20 use the network identification information to authenticate the user equipment with the
selected cellular network 23. Upon successful authentication, the user equipment 12 may

then communicate over the selected cellular network 23 via the WLAN 15.




When required network registration or activation procedures have been
conpleted, 15 the nobile device 2100 may send and recei ve comruni cati on
signals over the communication network 2119. Signals received by the
antenna 2116 fromthe comuni cation network 2119 are routed to the receiver
2112, which provides signal anplification, frequency down conversion,
filtering, channel selection, etc., and may al so provide analog to digital
conversion. Anal og-to-digital conversion of the received signal 20 allows
the DSP to perform nore conpl ex conmuni cation functions, such as
denodul ati on &nthedwtesidnyLAMN 13 rsjeets |the Nreinbdsrthers tgnBILaAN d Shway frarsenit t t ed
to the network 2119 are processed (e.g., nodul ated and encoded) by the DSP
2120 and iaioendtiverto phovied equipmetthi? indansmg it4 evailaHld 4ethdar thitgoitkal This mmal og
conversion, frequency up conversion, filtering, 9 anplification and
transni ssian, fod ekdheple AN RbAGh] afrcABEMObKthe kdEtéOWIREY 10 hkw) beéh ahdnged
antenna 2118. In addition to processing comunication signals, the DSP 2120

provi des sfee thepRifrRE WA #8036 iaedThdc Qbuidhl EPRNAEAhst JrNisiE@PIR. gai ns
applied to comunication signals in 5 the receiver 2112 and transmtter

2114 58Y WBear@ARRI M EQBHEIRL ARToAD HOHIRC AL RTT S InGaAR! b Rify ford GOT T L PITE

i npl emrented 1n the DS ata comuni cafio cel ved

si gnal , C t sage . of b _page .downl oad. ..s .processed by the
connunicz .@ﬁ9§‘ﬁ%@%ﬁé&ﬁ%@f?q%H%“Pﬁ§d¥ﬁl%wﬁwgwﬁFﬁgggéﬁn&HﬁéWFE@“ ' The
recei ved signal, is then further pr ssed by the pr ' 10 device 2138
for out pl}? 'g?)y i giffien penerats a 6‘F‘Q’aﬁ?\zr5§agqrv'é? yse]FBtgg 8‘&@3‘%{ Egrb"‘é‘?ﬁ( PRty 1/0
device 2128. A device user nay al so conpose data itens, such as e-nail
messages SHRIFHY 15t REYY0abla coler aetypde rewsined diame theaiAN Ap yr map sglegt e

21 28, such as a_ touchpad, a rocker switch, a thunb-wheel, or sone other
type of idipuentdELAdeflromHts wekered Md.ARitlist 36.c Mbsalmying fiom the tempersryi list el over
t he conmuni cati on network 2119 via the conmunication 15 subsystem 2111. In
a voilBe evnthli chivlaometvoules poveked|ty thpWBANON, ahert the e eqdpment 12 may
substantially simlar to the data conmuni cati on node, except that received

signal s deermint fiim tie prefped RELARIBA, 30awBichiig R ModiPretefraN diiiRSivaNatae €
generated by a m crophone 21 36. Alternative voice or audio |I/O subsystens,

such as @cVQilGRnREsage recordi ng subsystem nay al so be 20 inpl enented on
t he device 2100. In addition, the display 2122 may al so be utilized in

vor e ConTUT 540 el YT i ek 1 LI e 119
i nformat i,006i O & WLAN. At step 62, the user equipment is provisioned to include a preferred
15  WLAN list that identifies the cellular networks available for each WLAN, such as the
WLAN list described above with reference to Fig. 2. After being activated, the user
equipment scans (actively or passively) for available WLANS at step 64. At decision step
66, the method determines if any one or more WLANSs from the preferred WILAN list are
detected by the user equipment. If one or more preferred WLANS are detected at step 66,
20 then the method proceeds to step 68. Else, if no preferred WLANS are detected, then the
method proceeds to step 76.

At step 68, a WLAN is selected from the preferred WLANSs detected in steps 64 and

66 based on the available cellular networks, as described above with reference to Figs. 1-3.
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The short-range communi cati ons subsystem 2140 enabl es comuni cati on between
the nobil e device 2100 and ot her proxinate systens or devices, which need
not necessarily be simlar devices. For exanple, the short-range

comuni cati ons subsystem 2140 may i nclude an infrared devi ce and associ at ed
circuits and conponents, or a BluetoothTM 5 comuni cati on nodule to provide
for communication with simlarly-enabl ed systens and devices. This witten
description uses exanples to disclose the invention, including the best
node, and also to enable a person skilled in the art to make and use the

i nvent i olNetWrk qutheaticatibh dagdoge NAD tineehreesmatednt steyy 70 ried andieenditdimg thxanpl es
that occur to those skilled in 10 the art. 11 Claims 1. A nethod for

sel ecti ngsa eplipmdrarwite tthw skleaad aeliilae hes@rit.ocal dedigen repwWol, kihe \Mhahhd
conprising: identifying a plurality of W.ANs within coverage range of a

nobi | e delfenfined Mhethee Rhedhetwdek ad@Bhtidatiss d%AW )Gl@ta% ¢l BY thd selB&ePr nore
cel lul ar networks may be accessed via the WA |dent| ying a nDst

pr ef er redyeek ulrat, RRRURE ksdr@phiG: RELIHAL BELNEI kS LAk, PBYoREyRCEessed

via the identified WANs; selecting one o entifie at may be

used BO %fé@é%§ CB g}%ﬁﬁorpﬁlﬁﬁ q£ re &l%ﬁéd %(L,‘tweerg%e SET ﬁ%‘glipﬁ’l gndgﬁiat(!eﬂglat he

nost preferred ce et wor K access deV|ce 7 at he

sel ect ed n%’%N{ vi% "the se‘fecn%t\%ﬁgﬂ\f)at s%epa}4mE11ée 1tu tEle Q&&Al& RIS C(%pt the network

authentication data (NAI), then the method proceeds to step 76. Alternatively, if the WLAN
does not accept the network authentication data (NAI), then .the selected WLAN may be
removed from the preferred WLAN list (e.g., until the WLAN list is re-provisioned by the

10 home network) at step 73, and the method returns to step 68 to select another available
WLAN from the preferred WLAN list 68.

If no preferred WLANS are available (steps 66 or 72), then at steps 76 and 78, the
user equipment may select a cellular network from network information received from one
or more WLAN within coverage range. At step 76, a list of available cellular networks is

15 received from a WLAN. Network authentication data (e.g., NAT) is then generated at step
78 and transmitted to the WLAN to establish a communication link with one of the available
cellular networks at step 74. A cellular network may, for example, be selected in step 78
using the cellular network preferences from the WLAN list 30.

Fig. 5 is a block diagram illustrating an example mobile communication device

20 2100. The mobile device 2100 includes a processing subsystem 2138, a communications
subsystem 2111, a short-range communications subsystem 2140, a memory subsystem 2124,
2126, and various other device subsystems and/or software modules 2142.  The mobile

device 2100 also includes a user interface, which may include a display 2122, a serfal port

7




provisioning a list of preferred W.ANs that identifies the cellular network
that nay be accessed via each of the preferred WLANs; and sel ecting the one
of the identified W.ANs fromthe list of preferred W,, ANs. 3. The nethod of
claim?2, further conprising: attenpting to establish a comunication |ink
with the nost preferred cellular network via the selected WLAN;, and 12 i f
the attenpt is unsuccessful, then selecting another of the identified W.ANs
fromthe list of the preferred W.ANs. 4. The nmethod according to one of the
claims 2 to 3, further conprising: attenpting to establish a comrunication
link witBI3hekembsardpRtiera egedket 234y anetiovophonei 21 Wheonsebeated AMkANry and i f
the attenpt is unsuccessful, then receiving a list of available cellular

net wor ks ifipu@outphiedes ket BdadANtian dsdesbgnrtdevigespne of the cel lul ar
networks fromthe list of available cellular networks for access by the

mobi | e devi ceThé protBiEeduBeicar & 01304 ReolsQhO B opd1ftidH & B ndbblle ddvicd ur t her
conprising: generating network authentication data that identifies the nost

pr ef er 1 o466 dplHind SHUAI dithf ARSI bNGhe LR OSEIBLK AU IRRLLEAL Qfeflat a 0

the WLAN; and using the network aut tion a'to esta

Govi op. 1o el g R € R oS 282 kPt o0 MESRR okl sl ©
Cel | 0l ar HBIBARE SR B L GRS BUhE ¢ AEePACBATARL IR 6 ITieF e of
the cellul ar networks, the nobile device conprising: a nmenory subsystenm 13
storage element. In addition, system software, specific device applications, or parts thereof,
may be temporarily loaded into a volatile store, such as a random access memory (RAM)
2126. Communication signals received by the mobile device 2100 may also be stored to
10 RAM 2126.

The processing subsystem 2138, in addition to its operating system functions,
enables execution of software applications 2124 on the device 2100. A predetermined set of
applications that control basic device operations, such as data and voice communications,
may be installed on the device 2100 during manufacture. For example, the device

15  applications may include a WLAN selection module 2124D and a preferred WLAN Tist
2124E for selecting a WLAN and cellular network, as described above with reference to
Figs. 1-4.

Communication functions, including data and voice communications, are performed

through the communication subsystem 2111, and possibly through the short-range
20 communications subsystem 2140. The communication subsystem 2111 includes a receiver
2112, a transmitter 2114 and one or more antennas 2116, 2118. In addition, the

communication subsystem 2111 also includes a processing module, such as a digital signal

processor (DSP) 2120 or other processing device(s), and local oscillators (LOs) 2113, The
g




a communi cati on subsystem operable to transmt and receive data over the

W reless network; a processing subsystem coupled to the nenory subsystem
and the conmuni cati on subsystem and operable to store and retrieve data in
the nenory subsystem to execute instructions stored in the nmenory
subsystem and to cause the comrunication subsystemto transmt and receive
data over the wireless network; a network list stored in the nenory
subsystem the network list identifying a plurality of preferred WLANs for
access by the nobile device, the network |list further identifying one or
nmore cel [spdcalic designopid implamentajorbef decessmunivitant fubsysteef 8t et Sdpandent and a
WLAN sel ection nodule stored in the nenory subsystem and executed by the’
processi mgors tHesyeatnamicutidn aetwairk &1 ndichnid mobile dedcopBitabligtchdzdaawperatche
nobil e device to identify a plurality of WLANs within coverage range of the

mobi | e dewi eempldanhélil dvide st 0Pmed aichad a%hin&ﬂnﬂfati&%%\!é\{éferﬁ nOM dRBmaet wor k
list that may be accessed via one of the plurality of ANs wi thin coverage

range of 4 mgerazab@vitﬁnd@wmmeﬁﬂd nﬂﬂ‘on@r%ﬁﬁhmg&m&seni%@%@@@wmoqﬁ a for
use in establishing a communication link wmth the nost preferred cellular
net wokk. mpi evi i pn t e r ks
dent 111 SOENERR e fenbid 8 SR LCBRs VAT 8 RIS REBIR
preferre%ﬁéﬁhé@gr network, and a non-preferred visited network. 14 8. The
nobi |l e device o cli'ai m 7, wherein the network list includes a preference
status for eaﬁp of the identified cell HI ar _networ(l;% t hat i ndi cat es whet her
the cellul ar NEPVBKKALES TABFENRET Xk derandipe rppr ¢ VIRS OF FORBIURAARON or
non-preferred visited network. 9. The nobile device of claim8, wherein the
W.AN sel 88§78 Faioaramels: gethe Mobitex epd Dasd i Conesarks.arobils| devicay ara seahterrd f r om
the network |ist based on the preference status of the cellular networks.
10. The mBBh¢ actyerk ewnge eoique persowl ddemtiféativhepibar osPIN ssso@atedvvathedaph t he
network list includes a |ist of service set identifiers (SSIDs) to identify
t he pDur dkvicy bif UNFES adr@SMXEPRS networks, however, network access is associated with a

subscriber or user of a device. GPRS and UMTS devices therefore require a subscriber
identity module, commonly referred to as a SIM or USIM card, in order to operatc on a
GSM/GPRS or UMTS network.
When required network registration or activation procedures have been completed,
15 the mobile device 2100 may send and receive communication signals over the
communication network 2119.  Signals received by the antenna 2116 from the
communication network 2119 are routed to the receiver 2112, which provides signal
amplification, frequency down conversion, filtering, channel selection, etc., and may also
provide analog to digital conversion. Analog-to-digital conversion of the received signal
20  allows the DSP to perform more complex communication functions, such as demodulation
and decoding. In a similar manner, signals to be transmitted to the network 2119 are
processed (e.g., modulated and encoded) by the DSP 2120 and are then provided to the

transmitter 2114 for digital to analog conversion, frequency up conversion, filtering,

9




11. The nobil e device of claim 10, wherein one or nore of the |isted SSIDs
include a list of one or nore public |and nobile networks (PLMNs) to
identify the one or nore cellular networks that may be accessed via the
SSID. 12. The nobile device according to one of the clains 6 to 11, wherein
the network list is provisioned by a hone cellular network. 13. The nobile
devi ce according to one of the clains 6 to 12, wherein the W.LAN sel ecti on
nodul e identifies the plurality of WLANs within coverage range of the

mobi | e device by passively scanning for beacon signals fromthe WANs. 15
14. The rwblifieatignind draagroiosian ity theocammreundéatioh ectt aak 28 19 (eronet8orke)ep éhen t he
WLAN sel ection nodule identifies the plurality of WLANs within coverage
range of atteena@IBRl e devi ce by actively scanning for beacon signals fromthe
preferred WLANs identified by the network Iist. 15. The nobil e device

according to angldetont tbradessiifBcotnriuthidefion W18 the DR 2VEPMoSREE o k@pivepdul e
establi shes a communication Iink with the nost preferred cellul ar network

by gener a i Ngh@urHRENRYE 181 86 68%%1.1 HSNkbhbR! odiNApplit DAt cdnitfrldidsn REhNP K
identification information for the nos preferred cellul ar network and

transg t g difie HNY fn‘id)tr&rﬁﬁnt?é?ﬁl o4 grtdpﬁﬁ ghﬂﬁﬁ!ﬂ?%%lﬁ?ﬁh g}]éﬂ]? it m&ichaﬁrp the

nost preferred cellu net wor k wher ei n
t he NAI ti i (MCC) and a nobil e network code
(g 1 or el irf EFEN BRI wor 367
. AF, . AF, . Ac g AF. AE. AFk AF Ac, ﬁ« Q}iAu TW % kbgs" DI
1 xsni d_2Z] ca] cﬁ% Ez;{f]2 a‘]‘oé%f]“é‘aTaélﬁ]lé’é‘ﬁ?ﬁa]rE‘é’f‘@g] S&%]a SPERPEA] ] %ﬁségea‘]rc‘éﬁ alcalc
a] ca] c’\a] ca] ca calcal]cMaljcajcalca @U T
age download, s processed by the communication subsystem 2111 and input to the

processing device 2138. The received signal is then further processed by the processing
10 device 2138 for output to a display 2122, or alternatively to some other auxiliary /O device

2128. A device user may also compose data items, such as ¢-mail messages, using a

keyboard 2138 and/or some other auxiliary /O device 2128, such as a touchpad, a rocker

switch, a thumb-wheel, or some other type of input device. The composed data items may

then be transmitted over the communication network 2119 via the communication
15  subsystem 2111.

In a voice communication mode, overall operation of the device is substantially
similar to the data communication mode, except that received signals arc output to a speaker
2134, and signals for transmission are generated by a microphone 2136, Alternative voice
or audio I/O subsystems, such as a voice message recording subsystem, may also be

20  implemented on the device 2100. In addition, the display 2122 may also be utilized in voice
communication mode, for example, to display the identity of a calling party, the duration of

a voice call, or other voice call related information.
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comprising:

identifying a plurality of WL.ANs within coverage range of a mobile device;

for each of the identified WLANS, determining if one or more cellular networks may
be accessed via the WLAN;

identifying a most preferred cellular network from the cellular networks that may be
accessed via the identified WILANS;

selecting one of the identified WLANS that may be used to access the most preferred

cellular network; and

designating the most preferred cellular network for access by the mobile device via

the selected WLAN.

2. The method of claim 1, further comprising:
provisioning a list of preferred WLAN s that identifies the cellular network that may
be accessed via each of the preferred WILANS; and

selecting the one of the identified WLANS from the list of preferred WLANS,

3. The method of claim 2, further comprising:

attempting to establish a communication link with the most preferred cellular

network via the selected WLAN; and
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4. The method according to one of the claims 2 to 3, further comprising:

attempting to establish a communication link with the most preferred cellular
network via the selected WLAN; and

if the aftempt is unsuccessful, then receiving a list of available cellular networks
from the selected WLAN and designating one of the cellular networks from the list of

available cellular networks for access by the mobile device.

5. The method according to one of the claims 1 to 4, further comprising:

gencrating network authentication data that identifies the most preferred cellular
network;

transmitting the network authentication data to the WLAN; and

using the network authentication data to establish a communication link with the

most preferred cellular network.

6. A mobile device for use in a wireless network, the wireless network including a plurality
of wireless local area networks (WLANSs) and a plurality of cellular networks, each of the
WLANS being interfaced with one or more of the cellular networks, the mobile device
comprising:

a memory subsystem;
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a communication subsystem operable to transmit and receive data over the wireless

network;

a processing subsystem coupled to the memory subsystem and the communication
subsystem and operable to store and retrieve data in the memory subsystem, to execute
instructions stored in the memory subsystem, and to cause the communication subsystem to
transmit and receive data over the wireless network;

a network list stored in the memory subsystem, the network list identifying a
plurality of preferred WLANs for access by the mobile device, the network list further
identifying one or more cellular networks that may be accessed via the preferred WLANS;
and

a WLAN selection module stored in the memory subsystem and executed by the
processing subsystem and comprising instructions operable to cause the mobile device to
identify a plurality of WILANs within coverage range of the mobile device, identify a most
preferred cellular network from the network list that may be accessed via one of the plurality
of WLANSs within coverage range of the mobile device, and generating network
authentication data for use in establishing a communication link with the most preferred

cellular network.

7. The mobile device of claim 6, wherein the cellular networks identified by the network list

include one or more of a home network, a preferred visited network, and a non-preferred

visited networlk.
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cach of the identified cellular networks that indicates whether the cellular network is a2 home

network, a preferred visited network, or a non-preferred visited network.

9. The mobile device of claim 8, wherein the WLAN selection module identifies the most
preferred cellular network from the network list based on the preference status of the cellular

networks.

10. The mobile device according to one of the claims 6 to 9, wherein the network list

includes a list of service set identifiers (SSIDs) to identify the plurality of preferred WLANSs,

11. The mobile device of claim 10, wherein one or more of the listed SSIDs include a list of
one or more public land mobile networks (PLMNSs) to identify the one or more cellular

networks that may be accessed via the SSID.

12. The mobile device according to one of the claims 6 to 11, wherein the network list is

provisioned by a home cellular network.

13. The mobile device according to one of the claims 6 to 12, wherein the WLAN selection
module identifies the plurality of WLANSs within coverage range of the mobile device by

passively scanning for beacon signals from the WLANS,
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module identifies the plurality of WLANSs within coverage range of the mobile device by

actively scanning for beacon signals from the preferred WLANS identified by the network

list.

15. The mobile device according to one of the claims 6 to 14, wherein the WLAN selection
module establishes a communication link with the most preferred cellular network by
generating a network access identifier (NAI) that includes network identification
information for the most preferred cellular network and transmitting the NAI to the one of

the plurality WLANSs with access to the most preferred cellular network.

16. The mobile device of claim 15, wherein the NAI identifies a mobile country code

(MCC) and a mobile network code (MNC) for the most preferred cellular network.
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