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generally to wirel ess comuni cations and, in particular, to a nmethod and
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as code division multiple access (CDMA), wi deband CDVA (WCDMA), Advanced
Mobi | e Phone Service (AVPS), d obal Systemfor Mbile comunications
(GSM), GenefFigld gibpdavention o Services (GPRS) or High Data Rate (HDR)
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duration of parieulasonactretiodwaric appeatus rfet edtcientymsolectatg and ®ysiram and
whet her the bile device is |listed as a subscriber of the wreless
conmmuni cat i BFEETEHVERFSS[OTRYNIGaHORSNISEM-wi t h t he sel ection of a desirable
Wi rel ess communi cati ons system conventional nobile devices store data
descri bing known systens in a preferred roamng list (PRL). The PRL
typically ipglydes acgyst | e which stores a system identifier (SID)
and a netwo T or each known wireless comrunications
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be available to the mobile device may vary from system to system depending on the

equipment used by each system, the features of the mobile device, the distance
between the mobile device and local base stations, physical obstructions such as
buildings and hills, and the volume of communications traffic on each system. The
wireless communications systems may also support different multiple-access wireless
communications protocols such as code division multiple access (CDMA), wideband
CDMA (WCDMA), Advanced Mobile Phone Service (AMPS), Global System for
Mobile communications (GSM), General Packet Radio Services (GPRS) or High Data
Rate (HDR) technology (e.g., 1XEV technology). In addition, the fees charged to a
user of the mobile device may vary depending on the time of day, the duration of the
connection with the wireless communications system and whether the mobile device
is listed as a subscriber of the wireless communications system.

[0003] To assist with the selection of a desirable wireless communications system,
conventional mobile devices store data describing known systems in a preferred
roaming list (PRL). The PRL typically includes a systems table which stores a system
identifier (SID) and a network identifier (NID) for each known wireless
communications system, and an acquisition table which stores acquisition parameters
including band, frequency and mode, for the known wireless communications

systems. Within the systems table, the wireless communications systems may be
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until a system acquisition and registration attenpt is successful. The
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be | ost, requwidvaboftdigliacqui sition of a new system by the nobile device.
In addition, the wireless conmunications systens that are available to the
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sur roundi ng
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I'nation of high quality an ow cost; nmany no e devices
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system that,is re_desirable than the current wreless communj catjons
syst em used 96yice ;}E““f’rﬁ‘b‘itﬁ QUIEERY BLOgraPRIfrCRIOR 2D rﬂ?f@\ﬁit‘i?é ﬂﬁr)%fl%}bg’ﬁe?trheééf} Ufies the
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that are nore desirable than the current system used by the nobil e device.
| f nore desithabtast desirghie systenf ounttie i identifeed geographic region, until a system
acquisition and registration attempt is successful. The mobile device may also
attempt to acquire and register with a new wireless communications system during
operation. For example, the connection between the mobile device and a current
wireless communications system may be lost, requiring the acquisition of a new
system by the mobile device. In addition, the wireless communications systems that
are available to the mobile device may change as the position of the mobile device
and its surrounding environment changes. To provide the user of the mobile device
with the best combination of high quality and low cost, many mobile devices
periodically attempt to acquire and register with a wireless communications system
that is more desirable than the current wireless communications system used by the
mobile device. The mobile device typically searches the systems table for wireless
communications systems in its geographic region that are more desirable than the
current system used by the mobile device. If more desirable systems are found in the

systems table, the mobile device will switch away from the current communications

channel and attempt to acquire and register with one of the more desirable systems.



systens table, the nobile device will switch away fromthe current

communi cations channel and attenpt to acquire and register wwth one of the
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acqui sition sequence, such as the system acquisition sequences described
above, will often include a series of failed attenpts to acquire a signal
and register with the correspondi ng wirel ess conmuni cati ons system

foll owed by a single successful system acquisition and registration. These
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The present i1nvention is a net and apparatus for efficiently selecting
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avoi dance data. The system avoi dance data identifies unusable systens and
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accordance a predeterm ned system acqui sition procedure. e selected
system i s skifiqialyistlecing arip@qdiring aaviedlekaromnomidaéibphasysensat i sfied. |1f the
sel ected systemis usable, the nobile station may attenpt to acquire and
register with the selected system The processing circuitry is further

adapted to add systens to t ReyMMWERY ORGIFINGENBIGNI N response to a

comuni cations failure, and renove systens fromthe system avoi dance data

when cor r es 007 Age grvesentaimentoni is @rmethpd amd appangges for efficiently selecting and
acquiring a wireless communications system. In a preferred embodiment, a mobile
station is adapted to avoid unusable wireless communications systems during system
acquisition. The mobile station includes processing circuitry and a memory storing a
preferred roaming list and system avoidance data. The system avoidance data
identifies unusable systems and includes corresponding avoidance criteria. The
processing circuitry is preferably adapted to select a system from the preferred
roaming list in accordance with a predetermined system acquisition procedure. The
selected system is skipped if corresponding avoidance criteria is satisfied. If the
selected system is usable, the mobile station may attempt to acquire and register with
the selected system. The processing circuitry is further adapted to add systems to the
system avoidance data in response to a communications failure, and remove systems
from the system avoidance data when corresponding avoidance criteria is no longer
satisfied.
[0008] The mobile station preferably includes processing circuitry, a memory, a
communications transceiver and an antenna. The processing circuitry includes a

control processor for controlling the operation of the mobile station, a signal



satisfied. [0008] The nobile station preferably includes processing
circuitry, a nenory, a conmmunications transceiver and an antenna. The
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acquisition/registration atterpt the no e station entifies the
cause of theorresponding avoidance criterion is satisfied. The processing circuitry is also

adapted to detect a communications failure with a currently selected wireless
communications system and add a record to the list of unusable systems including an
identifier of the failed system and corresponding avoidance criterion that is based on
the detected communications failure.

[0010] In a preferred embodiment, the avoidance criterion includes an avoidance time
that is equal to a current time plus an avoidance duration. The avoidance duration
may be found in a lookup table that includes an entry for each of a plurality of
communications failures and corresponding avoidance durations. When a system
acquisition/registration attempt fails, the mobile station identifies the cause of the
failure and locates the corresponding avoidance duration in the lookup table. The
corresponding avoidance duration is then added to a current time to produce an
avoidance time for the failed system. The avoidance time identifies a time period
during which the corresponding wireless communications system is unusable. After
the avoidance time expires, the system becomes usable and may be removed from the

list of unusable systems.
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time identifies a tinme period during which the correspondi ng wreless
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syst em beconmes usabl e and may be rempved fromthe |ist of unusable
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those skilled in the art, as well as a realization of additional advantages and objects

thereof, by a consideration of the following detailed description of preferred

embodiments. Reference will be made to the appended sheets of drawings, which

will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The features, objects, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly
throughout and wherein:
[0014] Fig. 1 illustrates a preferred embodiment of the present invention,
[0015] Fig. 2 is a mobile station in accordance with a preferred embodiment of the
present invention;
[0016] Fig. 3a is a systems table in accordance with a preferred embodiment of the
present invention;
[0017] Fig. 3b is an acquisition table in accordance with a preferred embodiment of

the present invention,



t hroughout and wherein: [0014] Fig. | illustrates a preferred enbodi nent of
the present invention; [0015] Fig. 2 is a nobile station in accordance with
a preferredosnbice nrent of the present invention; [0016] PCE/USBR0G37 a
systens table in accordance with a preferred enbodi nent of the present
invention; [0017] Fig. 3b is an acquisition table in accordance wth a
preferred enbodi ment of the present inention; WO 03/061327 PCT/ US03/ 00697
6 [0018] Fig. 3c is an avoidance data table in accordance Wth a preferred
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8, which is part of a larger wireless communications system that supports at least one
multiple-access wireless communications protocol, such as code division multiple
access (CDMA), wideband CDMA (WCDMA), Advanced Mobile Phone Service
(AMPS), Global System for Mobile communications (GSM), General Packet Radio
Services (GPRS) or High Data Rate (HDR) technology (e.g., 1XEV technology). The
mobile station 2 may be any wireless device, whether stationary or mobile, that is
adapted for wireless communications with at least one base station 6, such as a
cellular telephone, pager, personal digital assistant (PDA), vehicle navigation system
or portable computer.
[0023] The mobile station 2 preferably includes a preferred roaming list (PRL) 10 and
systefn avoidance data 12. The PRL 10 is stored in a nonvolatile memory of the
~mobile station 2 and includes a list of wireless communications systems and
corresponding acquisition parameters that are used by the mobile station 2 during
attempts to acquire and register with a wireless communications system. In a
preferred embodiment, the PRL 10 is updated by the mobile station’s wireless service
provider and includes a list of wireless communications systems that are available to
the mobile station 2 through its wireless service provider or other wireless service
providers that have agreed to provide roaming services to the mobile station 2. The
system avoidance data 12 is maintained by the mobile station 2 and includes a list of

wireless communications systems and corresponding avoidance criterion. In a



system avoi dance data 12. The PRL 10 is stored in a nonvolatile nmenory of
the nobile station 2 and includes a list of wireless conmunications

syst ens am0 03pe3eespondi ng acqui sition paraneters that arecuwasds/mnsst he
nobile station 2 during attenpts to acquire and register with a wireless
comuni cations system In a preferred enbodinent, the PRL 10 is updated by
the nobile station's wirel ess service ptovider and includes a |ist of

Wi rel ess conmuni cations systens that are available to the nobile station 2
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that have agreed to provide roamng services to the nobile station 2. The
system avoi dancE dauaushBlel sndrailittal medddady by hiee nidhiileeststiat Roas Bngnd thacl udes

alist of wreless commuynications systens and correspondi ng avoi dance
criterion. CATESPORSIDEAYHIAT? CREETIONSHIBOED7 7 preferred enmbodi nent, each
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be avoided by the nobile station 2 and the next systemis selected from
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signal and register wth the selected system After a successfu
acqui si ti onfac@gsison ptaceduret fiea nwibid gysetratsisolect2d vayattesept ihmadetcesyee syst em
e e CON L0 SEAYDE el Wi e comrsty
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Wi th correspondi ng avoi dance criterion. [0025] Referring to Fig. 2, a
preferred enbmdtissrenemuiunichéonsolsetvacest at Ifothe? agqpisitipm{vegistration attempt  is
unsuccessful, then the selected wireless communications system is added to the
avoidance data 12 along with corresponding avoidance criterion.
[0025] Referring to Fig. 2, a preferred embodiment of the mobile station 2 will now
be described. The mobile station 2 includes processing circuitry 80, a memory 82, a
communications transcetver 84 and an antenna 86. The processing circuitry 80
preferably includes a control processor 90 for controlling the operation of the mobile
station 2, a signal processor 92, a searcher 94, a system determination unit 96 and a
clock 98. The memory 82 preferably includes both volatile and nonvolatile random
access memories that store a preferred roaming list, including a systems table 100 and
an acquisition table 102, and avoidance data 104. The memory 82 may also store one
or more lookup tables 106.
[0026] The searcher 94 is adapted to identify valid signals, such as pilot signals,
synchronization channels and paging channels received by the transceiver 84 through
the antenna 86. The design and implementation of searcher hardware for CDMA

acquisition is described in U.S. Patent No. 5,109,390, entitled “DIVERSITY
RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM,” assigned to the



be described. The nobile station 2 includes processing circuitry 80, a
menory 82, a comrunications transceiver 84 and an antenna 86. The

processi lgoosoewsetry 80 preferably includes a control precedsos oy for
controlling the operation of the nobile station 2, a signal processor 92,
a searcher 94, a systemdetermnation unit 96 and a clock 98. The nenory
82 preferably includes both volatile and nonvol atile random access
menories that store a preferred roamng list, including a systens table 100
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adapt ed t o idetefhinfityorv ahit D6 igaddpsed susdle@song botmat oniadless caynalicaitingat i on
channel s and pagi ng channels recei ved by the transceiver 84 through the
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102. The systemdeterrru*nation unit 96 is further ‘adapted to forward the
acqui si ti onsyserarettey smobde tderics'saquetiont g@graphin tdgien erchprhent morgcdpsirade one

t he sel ected stens. Ln.an.alternative. enbodi t, the st.em

ot ene i nat PEIETHAE et TRy il e RS RERE SRR, sl asty 3l 2 more
communi cat i @esradlsdySidtn. SAtrh@hs®sid aparatibioe peSysiiafpidfertdiBsysRbi dctectioni ce’ s
current geographic region and, when nore desirable systens are avai] abl e,
initiates afft@msbiletsiationdhatppranablerodaperation 2 phyakityOf Leagfaphic gEiPnsAp| e
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in a nobile station that I's capable of operation in a plurality o

geogr aphi ¢ FOR BBRFORMING ARFHRRED B YSTHM SEILECBION,” 08& ghibto @siightd, ed
"METHOD AND APPARATUS Fg? PERFORM NG PREFERRED SYSTEM SELECTI ON, " assi gned
to assi gnee2nd BiRCqrRORisA SEsHR BY BdCREei n by reference. [0027] Referring to

e o) RS Pl TR g U G i v
will now be described. The systems table 100 includes a list of wireless
communications systems that the mobile station 2 uses during attempts to acquire and
register with a wireless communications system. As illustrated, each record in the
systems table 100 preferably includes a system identifier (SID), a network identifier
(NID), an indication of whether the system is preferred or negative (P/N), an identifier
of the geographic region (Region) and a pointer (AT Pointer) to a record in the
acquisition table 102. Each wireless communications system listed in the systems
table 100 is identified through a unique SID/NID pair and is designated as either a
preferred system that may be used by the module device 2 during roaming, or a
negative system that should not be used by the mobile device 2 during roaming. In
alternative embodiments, the wireless communications systems listed in the systems
table 100 may be identified using other system identifiers, such as an Internet Protocol
Version 6 (IPV6) address or a Public Land Mobile Network (PLMN) identifier. The
wireless communications systems are preferably grouped by geographic region and
stored in the systems table 100 in sorted order from the most desirable system to the
least desirable system in each region. The desirability of each system may be

determined using criteria such as the cost of using the system, the quality of the



comuni cations systens that the nobile station 2 uses during attenpts to
acquire and register with a wirel ess conmuni cati ons system As

il lustratwd,03mecky record in the systens table 100 prefer &bryusosiadégtes a
systemidentifier (SID), a network identifier (NED), an indication of
whet her the systemis preferred or negative (P/N), an identifier of the
geogr aphi ¢ regi on (Region) and a pointer? (AT Pointer) to a record in the
acquisition table 102. Each wirel ess comruni cations systemlisted in the
systens table 100 j.s identifi t.hr j NI i,[_a i

desi gnat ed ﬁgmglmtnhcélbg%g sc%t(%\r'&é 8??%8 b%’ytg?g%t%ﬁh Ogr)laé@ ggee%b etg © %gétf'ﬁ’epu%géﬁl e
devi ce 2 duffomgniq@aféaiiges afd @hethegeakiniebikysatm 2 hah sabetiber ofothe baraissd by
the nobile device 2 during roanming. In alternative enbodi nents, the
wirel ess coﬁﬁmmt@&arlewssxsg@ven@ plfespasiye i embqdimenis Bassysiers| @bleoPOnapy be

identified usi emd if i 1@% n.l t ocol
Version 6 (ll]jlgj\])%% %@]?j‘f@s@%%trn%g]%gﬁa%g (?_egirﬁ "\ bi ngﬁé i/’\oar E&ﬁ%g{@eﬁ%i fier.
The wi r el esachcgyseumandadcijoinsionypataanserar € pref erably grouped by geographic
regi on and red in the systens table 100.in sarted order fro he nost
desirabl e 53@23‘ TR0 Fadp HBEtrg @%%Ofﬁhee%ﬁ{sr@ggtaw? Tos &
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cost of using the system the quality of the WD 03/061327 PCT/US03/ 00697 9

communi cat i eeeessay ot theoddqaisettbrbgf theewglssseenmppuicatomis aystehs distedhia dygst em

support for uniqg f ur es,, and et her the bile station i Sca

subbor i ber oY s tipie Btk oA TuGhaeH G Fsold Gy BRSO R lT 4G pestaoty
enbodi ment s indlitRs SY8b&) Haadlafid AFkqiBIEy. IINGAILEE appraciateiNhevdvRE iteA oBegh as a
desirability rating (e.g., a nunerical score) for each Séitem and

acqui si ti on SpéemEneqstsition pergjelqefBay itsgusas: Fihe Jpstems prbieetflandnthedi nent
of the acqu'a&gl}i%iﬂgn tt%?c]—: elo%ogrevﬁruere}bﬁg}[ﬁope% %%Cﬁdrg%gtile-rp%ﬁﬂlﬁhﬁ' 42faqt fab le

102 i ncl udes ISt paramnet'ers are necessary e acquisition
of the w relpessdicalnbni eatxenal systenuchi &t 8@ mobilhatatioy st wirsletsabireict00. As

illustrated, each record in the acquisition table 102 preferabl i.ncl udes
a node, a bé’Fijl‘éﬁﬁd“‘éO'a‘gbeG%Wé’ﬁs i“tm%iffIW"fﬁ‘geSéﬁBP‘ée&FlaFéH,‘LW&ﬁé\P@P‘?{‘e‘E H&® ot her
syst em acquiish f%nolgetm aneters may be used. The systens table 100 and the

acqui sition table 102 are preferably stored in a nonvol atile nenory and

updated pef0029] capiefertryd earbodithent pétheswordarge datc h04wilt hew oldedcebed withon' s
wirel ess Serre\:/tlefe?lce to Figs. 2 and 3c. The avoidance data 104 is stored as a table in either a
volatile or nonvolatile memory of the mobile station 2. Each entry in the avoidance
data 104 includes an identifier of one or more wireless communications systems, such
as a unique SID/NID pair or a frequency, and corresponding avoidance criterion, such
as an Avoidance_Time. In a preferred embodiment, the Avoidance_Time is the time,
as measured by clock 98, after which it is permissible to attempt acquisition of the
corresponding wireless communications systems. In a first alternative embodiment,
illustrated in Fig. 3d, each entry in an avoidance data table 106 includes a mode, band
and frequency to be avoided during future system acquisition attempts, and an
Avoidance_Time that defines a time period during which the mode, band and
frequency should be avoided. In a second alternative embodiment, the avoidance data
may include historical information, such as an identification of the most recent
acquisition/registration failure for each wireless communications system.

[0030] A preferred system acquisition sequence for the mobile station 2 will now be

described with reference to Fig. 2 and the flow diagram of Fig. 4. The illustrated

system acquisition sequence is preferably performed by the processing circuitry 80



provi der, through downl oads across a w rel ess connection or through anot her
data transfer nethod. [0029] A preferred enbodi nent of the avoi dance data
104 wil | wowsbeiselescri bed with reference to Figs. 2 and BCT/UBh®ow@9yDi dance
data 104 is stored as a table in either a volatile or nonvolatile nenory
of the nobile station 2. Each entry in the avoidance data 104 includes an
identifier of one or nmore wirel ess conmifii cati ons systens, such as a
unique SIDND pair or a frequency, and correspondi ng avoi dance criterion,
such as an oi dance-Ti nme. Ln referr iaent. the Avoi dance-Ti e
s the ti me b0l ARAERPLIT ot 18 Bl i g R s eSS
attenpt acquiséhi onSehp S0ethe GasHIRSROOAI2HGledisIaedyeRm HOMITHEE BRInsable POt ens.
In a first alternative enbodinment, illustrated in Fig. 3d, each entry in
an avoi dancé @gedangs| with gepiedetrupiaed sYviHeacapigiipn spadciceeqlieAcyrefesete

avoi ded duri ; Y. G ST L .S, , J - Ti me
fhat def i nestRobiHiitanE ko St ht BAR IS 0yl ReORAEA:
shoul d be av&jicied. selatted Benahe palfdraxdnatming lesrb daliStepn1 60, tieemabitd statisre2dat a
may include historical information, such as an identification of the nost
recent acqifaFhes dey the griseted sysiem e vaidapse date R04n i ound GivalyarTBE | ons
system [003 RERE SAVOREhneY SERIAC ! Bidrintie SARURPCHE f Rlectde syt i€
station 2 V\/ipl%resﬁgwlﬁé (?escr:]r%lggg V\cllﬁ]th reference to Fi g? 2 eecmg %e fllow

di agram of REngsable. The &l preftrredt ethbodipent mthec quybsian¢eo rergagmenoadudes an

preferably performed.by the, processing circuitry 80 WO 03/06132

bCT! Uso3) DoBS P aHeR dapty UhGh S EOBRIEY fa & SHEEM, (e ég MPRTen ) FESKSBer fui th a
Wi rel ess CORRIAVERIah@NTim8 4§ toeéhter! RaitRP chRbht fiMe HBDIthe s@itaéd QPstemsSigl ect s
a systemfromthe systens table 100 in accordance with a predeterm ned

syst em acquiusisaplsranglestigeldcis. avoided, adedoatrpligturasrisodtieprd A9 wheretherpext ressi r abl e
systemin t . i tation r | C...region is selected from
t he preferrggs‘l%gznglygtgeﬁ}]?é{e]g&@ﬂ etég§%6%§%%clfsé station 2 searches for
t he sel ect e@00313 Ufthe iselettbé s Pverh dkaung €owtaltia tH4v cadhce dhtaflounest,if tieaklezed t he

correspondi ng avoi dance criterion to determ ne whether the selected system

i s unusabl YS9 % fQyndriarthe gveidwse idaEnt04 aneths\ayadaee Tapetis lgss thanBE udes

an Avoi dan?ﬁﬁ% e,"éﬁ%ﬁﬁ'neisél]qigt%eﬂ'@_ & i Bsa%lecéﬁf]cf EMrol bARAR SIEFTHH. S5 BY

clock 98. | e Avol dance- s greater than the current tinme then the
sel ect ed sysgtafenrédsembodiment, the processing circuitry 80 removes usable systems from the

avoidance data 104. In Step 170, an attempt is made to acquire and register with the
selected system. If the system acquisition/registration attempt is successful (Step
180), the mobile station 2 uses the selected system for future wireless
communications services. If the acquisition/registration attempt is unsuccessful then
the selected system is added to the avoidance data 104 along with a corresponding
Avoidance_Time, in Step 190. The Avoidance_Time is preferably calculated by
adding an Avoidance_Duration to a current time as measured by clock 98. After the
avoidance data 104 is updated, control returns to Step 150 where the next most
desirable system is selected from the preferred roaming list.

[0032] In a preferred embodiment, the value of the Avoidance_Duration used to
calculate the Avoidance_Time is obtained from a lookup table, such as an avoidance
duration lookup table 200 illustrated in Fig. 5. The lookup table 200 includes an entry
for each of a plurality of communications failures, such as the identified system
acquisition and registration failures listed in entries 202-214, and each entry includes
a corresponding Avoidance_Duration. When a system acquisition/registration

attempt fails, the mobile station 2 identifies the cause of the failure and locates the



unusabl e and shoul d be avoi ded, and control returns to Step 150 where the
next nost desirable systemis selected fromthe preferred roamng |ist.

[ 0031] | fwoheweBbeCct ed systemis not found in the avoi daneeTd®bxaoik®?4, or if
the selected systemis found in the avoidance data 104 and the

Avoi dance-Tinme is less than the current tinme, then the selected systemis
usabl e and control passes to Step 170. lh a preferred enbodi nent, the
processing circuitry 80 renoves usable systens fromthe avoidance data

104. In Step 170 n attenpt i de to.acquire register with th

sel ect ed syg‘?‘E‘?’?\pb‘P‘Sn¥h M @grfcgnﬁﬁgziﬁf’ st i/ P%lblips?ag?i Z‘%’ at ?‘bnaptpr?fgmg
successful ¢@b8Bmeh8Ahe cdRe ok fa@ufkel iBlilehtifidd bSaketdhiftnifLtIRCHARk &yshiem for
future wireless conmunications services. |If the acquisition/registration

attenpt is thesasquiesion(iegistrasion propedyig) fadede dTheyenresponsingifueidinget Nerationi dance
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updated, control returns to Step 150 where the next nost desirable system
i s sel ect edconsent PhRINBHET Bat s @pplipghp fach nesy entpoin3bg aygidance fep dPd-ed

enbodi nment , i - inO . I e.
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dur ati on | ookugspbadsl ® 200 syktensaaqaisen/mgikirgionSfailliteethlao ok dgedtatie by 260

includes an entry for ch of a plurality of .communications fai , such
2o the | dentioBilE g8 Rertor sxep: B dieamial acuiGLRER bR et Tl ¢HYRq Fh
entries 202524y willFa@dCtheSROVi% diRInUERSunaBleCdl QRO MY idtem’s pilot signal

Avoi dance_Duration. When a system acquisition/registration attenpt fails,

the nobile $eaerdd22 sydelmonizaien chrandaiererdOdher pagingichanapldrécord286). t he WO
03/ 061327 PCT/ U ) /00? 7 c.o%%esgﬁ]ggi ng Arvothd%nge%- Dursa%]onrei irs]trgtpo% rImgokup

t abl e 200. He'élp YRy F&ﬁiewé aa P ACQHS CRUSEHY IRE ARG e ™Y
identified By reledted Bl Mhdgeledied PRidH (REordlOBh Ih hediaoAUitnipton/ fegdssthe at i on
procedure failed. The correspondi ng Avoi dance-Duration is then added to a
current tinecle@edsysene mayfaihgdes @AICECTSS §aNifl AN REREST HIME OYL. SRAKTBWN aceess
alternative i I - i y 1. ned
const ant o PRIRGARBTRHRL et RE uAKBPORDFFEREALLERERY I8 AoRESkEahare,
data 104. [ @Q@Blenddhfequent signd dading aetqad 21 0pkumheiteed28thips tibea sdobived

includes a record that . corresponds to _each system acqui sition/ r_e%i tration
failure thafigna ‘l}@ﬂ’@'c’csdﬂf‘@qﬁgﬂet Hen acquisition/registration attempt may also fail it the

mobile station 2 and the selected system use incompatible protocol revisions and
hardware (record 212). Communications failures can also occur after the mobile
station 2 acquires and registers with a selected system. For example, the mobile
station 2 may receive an invalid redirection message (record 214) on a paging
channel.

[0034] Having thus described a preferred embodiment of the Method and Apparatus
for Efficient Selection and Acquisition of a Wireless Communications System, it
should be apparent to those skilled in the art that certain advantages of the within
described system have been achieved. It should also be appreciated that various
modifications, adaptations, and alternative embodiments thereof may be made within
the scope and spirit of the present invention. For example, it is contemplated that the
mobile station 2 may override the avoidance data 104 and attempt to acquire an
unusable system.

[0035] The scope of the present invention is defined by the following claims.



nobile station 2. For exanple, an attenpt to acquire/register with a
selected CDVA systemw || fail if the nobile station 2 is unable to
acquire twemsmpetsemi s pilot signal (record 202), synchronipzattisenowbannel
(record 204) or paging channel (record 206). Even if the nobile device 2
is able to acquire the necessary signals, registration may be rejected by
the sel ected system (record 208). In add2tion, attenpts to access the

sel ected systemnmay fall due to an access denial, an access tinme out,

maxi mum access probes transmtted or Eﬂmﬁsupported channel assi gnnent.
The nobil e device 2 may experience f?eque t signal fading (record 210) or
otherwi se determne that a received signal quality is inadequate. An
acquisition/registration attenpt may also fail if the npbile station 2 and
the sel ected systlem ude 4 mehmsastptire insleding A1 Prefoired gpamiggdlisthar gyiéee
(record 212 . i i I: .al so occur after the nobile
station 2 a)ga%‘{?ggéwgﬂr?g@&rdég?é é&gsllll%?\}rhgﬁteggggl ected system For exanple, the
mobil e station haimyinicelistof apudabléalirdess @dimmaati¢ationeseagecdchanatydn 214)
on a paging  channel. [Q034] Having thus described a preferred enbaodi nent
of the Met hdts BHcPtAYaRble (yrelgss copmuyniGatinns Bystems nohidiieda AYemSIETE of a

Wrel ess CO'EH&‘Q&&&FB&H%W&&%&&M houl d be apparent to those skilled in
n a

the art that certa antages of the within described system have been
achi eved. |t shostldctaigsowbrelesspmeouracamns hgsteny dmoimothe prefodted ropatinghst,in
adaptations, and alternative enbodi nents thereof may be de within the
Scope and SHRERTGY it BieUSERRAEORTET GrAURE S asciiiceind EPrundfit ARl at e
that the nmabidigtnkahtiPRushbiByseiak kélé@ed;hadavoi dance data 104 and attenpt
to acquire an unusable system [0035] The scope of the present invention

i s defined by thett¢mplirgrongFquiraians regiReosity geaseiecdw veosy GuBDymicatongl Al M5
1. In a nobi] ?estati on including a preferred roamng list, a system
r

acquisiti on%S Gcedur e conprising the steps of: maintaining a |ist of

unusabl e wi r el essvhegsiimtte seRicicdVeiredass cofiBruneatbnediisteyn isrunubdbée if itlsd lisafof
unusabl e wirel ess communi cati gns systens including a systemidentifjer and
corr espondi ﬁgu@p@i Wisgless OMMHGagans systems includes a corresponding system identifier

and the corresponding avoidance criterion is satisfied.

2. The method of Claim | wherein each system identifier identifies at

least one wireless communications system.

3. The method of Claim 2 wherein each wireless system identifier

includes a frequency.

4. The method of Claim 1 wherein each wireless system identifier

includes a SID/NID pair that uniquely identifies a wireless communications system.

5. The method of Claim 1 wherein the step of maintaining comprises the
steps of:

detecting a communications failure with a wireless communications system;
and

adding a new entry to the list of unusable wireless communications systems,
the new entry including an identifier of the failed wireless communications system

and corresponding avoidance criterion.



selecting a wirel ess conmuni cations systemfromthe preferred roamng |i st
in accordance with a predeterm ned system acqui sition sequence and
repeat i ngwohe/ostsep of selecting until a usable system i spsglisos/ed97 and
attenpting to acquire and register with the selected wrel ess

communi cations system wherein the sel ggted w rel ess comunicati ons system
is unusable if the list of wunusable wreless comunications systens

i ncl udes a correspondi ng systemidentifier and the correspondi ng avoi dance
criterion is satisfied. 2. The method of Caiml wherein each system
identifier identifies at |east one wreless conmunications system 3. The
net hod of O ai m 3 whemgknmeded o CeliBSS wH&ERMHed8Rp! bf SfainthiAflgU@@thed
frequency. 4. The method of Caiml wherein each wireless systemidentifier
i ncl udes a SPmXPsphe stepshdt uni quel y identifies a wirel ess conmmunications
system 5. The nethod of O aim| wherej f i nt.ai pi ng conprises
the steps of: dgﬁsé%\“i’%al o %ﬂ?rgtgérla {éﬁ}s‘é P%F?‘%‘?gys\?ﬁnt] Eg?élr?/\,iarrl(gl egs ™
communi cat i ons sygt@ating aRf afdidagesd Gy ebdfore t whidhe dhestfanéd umwifeddske

Wi rel ess comuni cati ons systens, the new entry including an identifier of
the failed @PRBlUAKELMFNFHSITIE BtUnyAPle HRe aYRIdangs tides eRiab EnAICHECH FENUBNE e
criterion. WQ&%{J&Q&?’&&E&” US03/ 00697 13 6. The nethod of Caimb5 wherein
the step of maintarning further conprises the steps of: assigning an

avoi dance duwwhateinthetavoidhrcedeitatinadcisgesttberafaaddnae @meand cal cul ati ng an

avoi dance time before which the failed wirel ess communications systemis
unusabl e, the avoidance tinme equal to a current tinme plus the avoi dance

duration, wherein theayohdaRrer Clih® WRGeinhk YU6RIab eV HRANGEsfidde. 7.
The nethod of Claim6 wherein the avoidance criterion is satisfied if

the stored avoidance time is greater than the current time.

8. The method of Claim 7 wherein the step of assigning an avoidance
duration comprises the steps of:

maintaining a list of detectable wireless communications failures, each
detectable wireless communications failure having a corresponding avoidance
duration;

locating the detected system failure in the list of wireless communications
failures; and

using the corresponding avoidance duration in the step of calculating.

9. The method of Claim 8 wherein the step of detecting includes the step
of detecting failed attempts to acquire and register with the selected wireless

communications system.

10.  The method of Claim 9 wherein the steps of selecting and attempting
are repeated until the mobile device successfully acquires and registers with the

selected wireless communication.

11. The method of Claim 1 wherein the wireless communications systems

are selected from the preferred systems list in a predetermined order of desirability.



the stored avoidance tinme is greater than the current time. 8. The nethod
of Claim?7 wherein the step of assigning an avoi dance duration conprises
t he st epswofo3/oémentaining a |ist of detectable wrel ess cecmusipeishDNS
failures, each detectable wreless communications failure having a
correspondi ng avoi dance duration; locating the detected systemfailure in
the list of wireless comunications fall#ures; and using the correspondi ng
avoi dance duration in the step of calculating. 9. The nethod of Claim8

wherein the step,gf detecti i.ncl ude of detecting faile
attenpts to acquil e a '&Iarrgﬁg%t g?tl%]’tahg}eﬁ]gﬁs%% E@?@&gww llreelFseSsCsongrE%r?}rﬁumho%(S:ati ons

system 10. S)‘l's}e@nmﬁmgaméc&h@ij hekepbebfl the steps of selecting and
attenpting are repeated until the nobile device successfully acquires and

registers with tmaintgiaings by ofupesablevisdernsaMERITIGHONY JysteiteCarBeaRyd iBf
Claiml whegeip.,t ] i I e t. m t he
preferred s;E/hset gsr%sg}f‘fn\gtsgl%%%%pl)e%g e g{ru%?éﬁggﬁszﬁﬁge?ﬁsopﬁ glggly ?i%?%ti&ﬁyl.a%{e?
03/ 061327 Padd tse3pOEeRg avoidante criteriom nobil e station, a nethod for marking
Wi rel ess communi cati ons systens as unusabl e conprising the steps, of:

mai nt ai ni ng a | i Seteetng,dysapManigatidse fulueg Asthmidted i Wil S yuredy, selsedent ry
in the li Ski%ﬁfsy@&ﬁ%h%a%\@r{sesly&éﬁ' @m"muni cations systens including a system
an [ a

identifier correspondi ng”avoi dance criterion; detecting a
conmmuni cat i ons f aidiugea aswotitattee stir¢dh liat ofinmesebley sydrestbd added ebewd

communi cati on stem apd ing a.record to.the stored |ist of unusable
ayot omb. ¢ heeLusaEp dsher P Sl DER Netraht rf B S pgsiel s BTy
sel ected W c6h&pOn&A idaftd @RRriSH BREA 3 Tthe CAUERSEP 0PRgicatensd Bllke:,
criterion based on the detected conmmuni cations failure, wherein the

currently saherimthoviurendy seledehwiteleat fammusigationnsygemris yaiablerhileethe he
correspondi ag. ay8h §R0 GFoifhck Aitedidn iSs AL ed-

13. The method of Claim 12 wherein each system identifier is associated

with at least one wireless communications system.

14.  The method of Claim 12 wherein the step of adding comprises the
steps of:

assigning an avoidance duration to the detected communications failure;

calculating an avoidance time before which the failed wireless
communications system is unusable, wherein the avoidance time is equal to a current
time plus the avoidance duration; and

storing the avoidance time as the corresponding avoidance criterion.

15.  The method of Claim 14 wherein the step of assigning an avoidance
duration comprises the step of:

maintaining a list of identified wireless communications failures, each wireless
communications failure having a corresponding avoidance duration;,

locating the detected system failure in the list of wireless communications
failures; and

using the corresponding avoidance duration in the step of calculating.



13. The method of C aim 12 wherein each systemidentifier is associated
wth at | east one wireless comuni cati ons system 14. The nethod of C aim
12 wher eiwobbec1step of addi ng conprises the steps of: asBCOWUISNEIT

avoi dance duration to the detected comunications failure; calculating an
avoi dance tinme before which the failed wireless conmunications systemis
unusabl e, wherein the avoidance tine isleéqual to a current tine plus the
avoi dance duration; and storing the avoidance tinme as the correspondi ng

avoi dance criterion. . Th d of .Caim1l4 rein the ste f

assi gning an av_oilg'ancxjﬁe dﬁ?tﬁ?ﬁ%ﬁﬁl%rliss‘é@er?‘ﬁ'eatsrég% Bt aﬂ&%ﬁiﬁrﬁﬁmé li st
of identifi gdratiih@heHst of AERHAEE FirklogScon@hliniEffons EAlkiesMal € UBfeSent values.
comuni cations failure having a correspondi ng avoi dance duration; |ocating

the detected systemfailure in the list of wireless conmunications
failures; and using the_ corr ondi ng. avoi dance duration in the step of

cal cul ati ng. VI)62706%§?§& t%gﬁgWﬁgﬁgé- 15 16. The nmethod of Caim 15
wherein at |east two auftderyCothiy abiedersed Riaating list) thehprefdrst rofmingeliti f i ed
wirel ess comunications failures have different values. 17. A npbile
station conprolugdingy:a Hirglebirlityt of isysfem peefifiersednd ogafsspENding acqyjaition

preferred rggghggx§5§& including a first plurality of systemidentifiers
and corresponding dcquisition paranmeters; and processing circuitry adapted

to create and mai nt ai prazetsing cioduiton adapiddeto ayatt emd , maihwinl a $ist of unusaldabl e
systens being stored in the ry and i ncl udi second ural ity of
systen1iden€%¥?g%§ﬁ%ﬁﬁtegPP@gEgﬁﬂgﬁama ?%éﬁ%%fg¥?FéPf@ﬂp’ﬂﬁLF5F mg a

wirel ess COE&&BHH@R&MQ?% §ys‘éérﬁ"iﬁénﬁfiék@‘dﬁ@%ﬁesandiB%h%idér@@@ﬁteﬁbﬁ,d by a system
identifier in the list of” unusabl e systens and the correspondi ng avoidance
criterion is satisfiedhetedn dTheireletsi cemsnaicabensofsy@kmi i Lnusebler of rit tike
processing ?Ae’ﬁgHéé [)?f a system identifier in the list of unusable systems and the corresponding

avoidance criterion is satisfied.

18.  The mobile station of Claim 17 wherein the processing circuitry
comprises:

a system determination unit adapted to select wireless communications

systems from the preferred roaming list in accordance with a predetermined system

acquisition procedure and attempt to acquire selected wireless communications

systems that are usable.

19. The mobile station of Claim 18 wherein the processing circuitry is
further adapted to detect communications failures with selected wireless
communications systems, and in response to a detected communications failure, add
an entry to the list of unusable systems, the entry including a system identifier for the
selected wireless communications system and an avoidance time, the avoidance time
indicating a duration during which the selected wireless communications system 1s

unusable.

20. The mobile station of Claim 19 further including a clock, wherein the
memory further includes a list of communications failures, each communications

failure having a corresponding avoidance duration, and



conprises: a systemdeterm nation unit adapted to select wrel ess

communi cations systens fromthe preferred roamng list in accordance with
a predet evoioseéizgyst em acqui sition procedure and attenpt PCO/UBCIQIGHE

sel ected wirel ess communi cations systens that are usable. 19. The nobile
station of Claim18 wherein the processing circuitry is further adapted to
det ect communications failures with sel éeted wirel ess comunications
systens, and in response to a detected comruni cations failure, add an

entry to the list of unusable systens, the entry incl.uding a syste
identifier for the s&hgf?f‘éﬂ‘eva‘%gag‘éesh@(%rﬁ‘?ﬂ%is@a%%ﬂ%tlg'ﬁﬁﬁgﬂ?aglﬁ%aéw%e
avoi dance t tjgek plud @hEMi BABE Burhii GrEfor e otk pdiird atrAddiQftiodyifdilage. whi ch t he

sel ected wirel ess communi cati ons systemis unusable. 20. The nobile
station of Claim19 further including a clock, wherein the nenory further

havi ng 2 cor respak NG PRI auabonTAT S R U PR B350 6B do6o7

16 wherein hiptéeol e en EntiEfrGA Wid Bstaf biisabRicohinithiasion®astenadvipn thee

cl ock plus the avoidance duration for the correspondi ng conmuni cations
failure. 21comespondipg peoidange gl ipfesethan heoQugEHBEN t he processi ng
circuitry is further adapted to delete an entry fromthe |ist of unusable
comuni cati ons systens when the correspondi ng avoidance tinme is |ess than
the current tine.



