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WD 2004/ 042941 PCT/ CA2003/ 000309 W RELESS DEVI CE
BATTERY CONSERVATI ON METHOD AND SYSTEM FI ELD OF THE
WO DMERTIOON [ 0001] The present invention rel at eBCT/CA2003/000309
generally to nobile wireless 5 conmunications
devices. More particularly, the present invention
relates to a nethod and system for inproving the
batt er ]i)f e of wrel ess conmuni cati ons devices in

f6662]-Ther are mechani sms in COMA nobi | e devices\té

F‘Eﬁfﬁ @ﬁtlt WIO&O whil e operating within areas

avi'ng good coverage and areas in which there is no

rage. -k n areas, havi ng go over.age, . Or, areas. :
RIFL20%; 2bP, SR, BB ORelaP Y ey 2tigd FOig,; pireless
coi@xuazabiedst @&vicep.0 Widre ipartic0RS§) the hr&¥neit eitiohOreRitds| t8 @Pmethod

node using the slot cycle index, as described in the
agsHRRLesR AFoaRIo Vi thecbattiey it verelessicommunigagiongydeviepsdn areas

3 slot cycle index is well. known to those of
Os&(ﬁrrw?’%ﬁe art, and is 15 briefly discussed | ater.

In areas where there is no coverage, the nobile device
BACKEGRAUNDROTEEHEINSGINTHIAN during which it can
occasionally “wake up' to check for a presence of RF
[6103hal s. [Tbe@3re Rrechanitns ithEDVM A curdslealevizes tcheave lbattery power

cle index,.a brief description of th acqui gi.tign .
w6 rEng it reS i S Rb PPGTRE SHEARRd: Hat dhere is no
cORYALE [h areROWRVIRE g08® coidragel of BEcRS WhRreSRAGEly R8 g IRF signals

find a pilot channel. The pilot channel is uSed to

agsprageint, ghotile daviae; balteyaratiasiis aenserved by rantatingta sledpamede using
tati Q. - V] ' es. 10 . . ..
OB 0 ot U HRAL S Aol it e gl gice s i
ai YdIt eyata mha efownoydie iRtk fwatiBkhdwm td tHodé BhtskidNin theldr)Gind is
information and information to find a pagi ng channel,
brigfly diseypspcblater dncaseas yehepniieregs BR£ANERLS, dheamabile dayicerqsa enter
: . ' Bk . o
0 UEcRNE SRR AL Bl BB Bl e A R rcence
of\RFlsignhks. net wor k, for receiving incomng calls,

smtting outgojng call oy for, sending short . .
[(ip(rgg age SEP& @e&’ggﬂféasma’a?éthﬁﬁhf’yﬂ‘é&%ée% %”?E&Sﬁ%ﬂiqne(’f the
allRVdiG6h SRhchiLOr RIBBAE d&vibdsabilbfs SWRALE th@obAE BEVILO S powered

incomng or transmtting outgoing calls, or for
up.aheitatg aSeBcl anedelia fiatl amilos clipmnel. [0 PGt chinmned isotsed yaéstablish

I ndex, operates..in t. [ channel .of the nmobile.
s a1tk BRI, SR o hoh PERRR, TR G aPRS SSitghes to 2
syardiligatibe dhammebtodbt AR eEtap dem.sutihgs §Rkink endigdtivek identification
.set to wake up froma s|eep node at cE)r edet erm ned
infepmaatipn) Gmyng infqyeation and,i@fqrmation to find a paging channel, for example.

Once the paging channel is acquired, the mobile device can remain in the idle state and
“subsequently enter an access state for registration with the network, for receiving
incoming calls, transmitting outgoing calls, or for sending short message service (SMS)
data burst messages. The mobile device can then enter a traffic state for receiving
incoming or transmitting outgoing calls, or for sending SMS data burst messages.
[0004] The slot cycle index operates in the paging channel of the mobile device,
and is shown graphically in Figure 1. In the slotted mode of operation, the mobile

device is set to wake up from a sleep mode at predetermined intervals 20, such as every

-1-



10

15

20

25

30

- 1 WD 2004/ 042941 PCT/ CA2003/ 000309 five seconds for
exanpl e. The device wakes up for a short w ndow of

WO R0ve/02241 0 receive any nessage from a base SPEI/Cam03/000309

whi ch woul d only send nessages during these short

wi ndows of tinme 22 since it is synchronized with the

NN ' [ th i i.cg is technigall
1P deeci T el o 9BGog et Barip iy kS RN of B’ 22 1o
réteive lafy nibeydge Erof0f HaNFRtatidH CRhicE SBulBbdile s¥nddReRhgd WkiRg these
intervals 20 than during wake up _periods 22. OQOS&V.
shast wérfomisan e PtsineeiibibssYRRPRIZEh &Vitholhp meobile\deyice; While the

. . 3 raqQe . \Yj , .

oioi8 8008 i T AN BHCaPURAE iR TonfeR BF RO 08P e mobile
devies combaales amebhcless battsse potviee domibg liteialsi 26 than during wake up
rg@g%edl y |l ose the pagi ng channel. 10 Geographi cal
PF_ t%on and networ k/ system coverage are exanpl es of
[6UokYat i ONg, iaAdithi ©Nsif¥fatiER WinbieOlR ARBI1E&IeSIck Ok & good RF
Wien the paging channel is. lost, the nobile device
ceveragesaren aebe B cnydege ercpetharecpre suatioss pi WhichcRig womlitions are

t he synchroni sation channel . and the pagi channel .
Iespddiee it sHE s PR BRPY® erek i PPetiedy dobe thE Al channel
(e0gtaphioglaidtatitte ah@ debRorkAFReBOOSictdoe Ngre WXARTDIMNOEL Kitldli®ns in

original signal was |lost, the nobile 15 device )
whit REueonditiong «9a etariarae.r Whea ihe sagingnchsnaeleisslogtn thig mobile
oS S B o EpRY e JIF g, i G Bion chanel
andtisapdginglgkartnel. Howessi iveadeahs nefvly hkeadmireé rsignall bars be lost

the periqdic nature of the slot cycle index and ower .
o1y e K ?hep%aa%ﬁ chaditions MRERT WICkHicnerig il enth B josk.dhe mobile
dtN6e OMfRinki&s t‘é_‘?@!ﬂ)é’éﬁt}ﬁﬁ%ﬂé@uis%ﬁ r&¥ksd diitil it Ric@itions improve

active node instead of sl eep node, where It expends
sucdl thattthe p2ginp abammel;is|riot dosg or ttheempbidé deyichberoaies ususable due to

f tl. i ned d . Vi le i RF .
LGN P e SRR T oo i ok g ey nd
pbRat sdviig R frevidey, cRgidt e Bhintaid¥8, Thé@ford@R hRbAEbEEe spends

is unable to enter any type of sleep node to save

mest oleity time i appseiivhmode goEe] of e siesp morey shereef expends valuable

| Habl [ et : [ i |
30 QB85 b bl o E e SRT LY PR, T, e R
caiditipizonhere theSliddARNaO nDHEoPNENT 1dNfdr QA0 der Ipkribd oftime, the
object of the present invention to obviate or mtigate

mgbilp dguiee rgablgie SRFRAYRS Of SIFFPEUPdse SBYR habiey gaRpption.
[66F o vat oy RRLLBAS delifpRatd bﬁ&ﬁtjﬁ% q Ig%thb& 8 ¢ rf%.@iv%?g mobile

?he invention to provide a controlling a
devibé batedepoeer inpanaionsghere RIpomditRAsaonghdri ons such
that battery power is conserved.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to obviate or mitigate at least one
disadvantage of previous battery power conservation methods. In particular, it is an
object of the invention to provide a method of controlling a mobile device operating in
poor RF conditions such that battery power is conserved. ‘

[0008] In a first aspect, the present invention provides a method for saving

battery power in a deep sleep mode of a mobile device. The method includes the steps
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30 [0008] In a first aspect, the present invention
provides a nethod for saving battery power in a deep
wab@ep429te of a nmobile device. The nethod i nchCmea2tobe003o9
steps 2 WD 2004/ 042941 PCT/ CA2003/ 000309 of waki ng up
fromthe deep sleep node after a tine interval to

| t n he
of ARG 5T L A Ao YR HSOTRE Aebdls rr suenn
of ewgbtem, |cnmpaal$g g dalepléd RE dontiion atrehgthttba prREVELGNEF level,
condj ti strength |? Iess t han the predeterm ned

incEcpsing ﬁo‘“&ﬁﬂ%‘ﬁ% e‘él%’%ﬁoﬁﬁé}@n strepgtbig] less than the
pﬁ:‘él@@l‘rﬂ:n@@lév@l taﬂ@eﬁ@ﬁ ﬂﬁ%@é le hbée. pr esent aspect,

t he nobil e device ers t ep sl eep node when a
[Q002hnel oﬂCCMéH?@y@ttbmmbOtﬂmmntsa)fﬂhe Qmserrtmspe:ﬂﬂ, the urdbée device
t he step

’e19terr§p gl I(f'egp ige:pﬂlalggé TRt ﬁer | fl gf the éy%qmtlaq%l 3 gredetermined
niidbérofeimdsheittRiT aGRRebut péﬁbdt thedstd) FURhPAhH GRIMRL H@rppanng the

and the step of conparing includes settlng a nob
sigpalgtotnpiser atie fof ghep uerndisinsie foprqdh@may@d endues add the step of

c?’rﬂéﬁ%@&g%di{)?é@ M@lﬁty% dlffa eag(l) é\forlﬁ) n(?fs tge system is

uniotoivin by ifofhet tnebibe deviee @temo@mg. [Ophe b iRNPRBAE Noi& can be
t he enbodi nent, the nobile device returns to

01%6 a‘{%ttquP‘@néF&béltﬁﬁﬁtheﬁ@kﬂeld@t’mi?eveI deep sl eep
[(ﬂﬁd? whengd z!&?as%@ i dfihey, Ifeée"ﬁgeﬁlﬁo&ﬁm%ﬁt tl?er}ﬂobﬁehfev%‘ eru&s to one

conparing i ncl udes |nc ement
of mreidiokate ang the figstilevel Sedpaslsap, modmwhem ﬂg: ﬂnbblhboﬂ@g 1s true and
val ue t.o.the .maxi mum | o count er val ue,

TSR SR EBEhPS e EBie S S G S8dhinoRAdy fag is
fAldel rcBmpy tl‘i’@%psl:&ﬁ]@ernpﬂﬁes to ‘fﬁheﬁlatxﬂﬁuﬁl%ep %ﬂﬁ@eie value, and

val ue equal s the maxi num | oop counter val ue.
sWrsBng thegmpbide devige savione lof ttlee sdvond endritiird denl ddepa pleep modes

oPAE: TRECCANEE g DR S5 b {4 e movi

dém&eedande&tphscb Ehep;edimﬂlaem deef d1ee é’ ﬁsd%‘g??i ﬁlledﬁwlrté%ebﬁe idlin the
n e

d | | d |
i G akdeonsiset fmcge: @em&agrsgvirgh&? theisbind ol decpialsen maggeothen the
moBild 88HAGs it ﬂl%lse lé\fetihé Iprﬂ?&i gmum tineout period

to a predeterm ned tiI neou ue associated wth one
[091} he fiInsyet amethendspenidoft tfhe rpdesb&tvahb@iﬁmamﬁ kiRefeT Bl &®itching

RN, NN AL i

VAU SO N 1 RGBSR EI s
devicet tpeottg pEthe sacond digg phisdl dexsl mbcie Sleapdnades t ilgent therldammum
tulngglﬁ pegi%S pexp1res. The mobile device switches to the second level sleep mode
when the mobile device is in the first level deep sleep mode, and to the third level deep
sleep mode when the mobile device is in the second level deep sleep mode.

[0012] In another embodiment of the present aspect, the step of entering the
deep sleep mode includes switching the mobile device to one of a first, second and third
level deep sleep modes, and the step of switching includes setting a maximum loop

counter value to a predetermined counter value associated with one of the first, second

and third level deep sleep modes and setting the time interval to a predetermined time
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sl eep node when the nobile device is in the second
| evel deep sleep node. [0012] In another enbodi nent of
W b@4psmgent aspect, the step of entering the PAEEN2003/000309
sl eep node includes switching the nobile device to one
of a first, second and third 30 |evel deep sleep
3 e i ' Iy D tti;ng a
R R, ST Tk 5 ML O S AR B U Bages. e
prslewenbed dimavalde wisobiaedevidf thehecdridr ivel deep Gledp n&sié is greater

b T b R ek S et
R GAR AR DERS leu\é%éb%ial?eﬁs'@ilffﬁ ﬁ{eecﬁirg\”[lé\)al Qé,{% dsgéé:ptr&(ﬁdee is greater

first, second and third level deep eep
thandbepredetceiged fime vahieassoastolovith the seidnd leved deepcsieeg mode.

| dee | ee de Js,.great t han, t he i
[(%)(ﬁéﬁet er mﬁ%g’gl’e?{')%ggrv h%dllg‘glgto%ﬁ'eg]f’e@em ASRTE t*‘? step of waking
iohudek deteﬁﬂinﬁige@?stmﬂﬁ)r abghisiiRefrBmaded: OF 50k dské®Bated with one

val ue associated with the third | evel deep sl eep node

of the firgta pegong apg alird leaelyesp sleep madest Thienlist 98 byséems can include a

fi?sg%g%n‘ﬁtl?sg, MR Stélﬁcl%g gn | %\éﬁi%d g)?s‘ffrﬁ zisg rgegsg(gg%gwith the first,

I'nyet another e
saopéatd thitidesdlasfrep imotiek rasgectivelyl THe Sirsd €V REMliRi @ 1R a subset of

system for acquisjtion froma |ist of systens _

e SeGRh XS E L h aksh e Gird Seewy sty anck e Sigonsheysiom Figk can be a
SURVEN (HEBdSyGeR 1edes. The |ist of systems can

include a first systemlist, a second systemlist and

[M1dhird s ¥ taepachid taspess othie apresknwiin ventioe grovides alfobile device
oS A PR TR, et
as¥iak@Mprocebsornsl dbdpesledp EhtriRt, Mvaridble s@fifly tHRAREOIM a low

system|list can be a subset of the third system i st.
Ppver1gqntioler, Brec ehpanelsprocesson provisiee seflag isipnehindinating loss of a

[ 4l | C ttery. power_.savi ng system,
SRR el TH dep 2D APy BB MG RS e R s
sylsfera lash axin €lag pTloc esadle soltimgeantd|l@eqtL Qabpl sMepahodedvariables in
“variable setting controller, and a | ow power ) )
TESBORSE 3P 1 B¢ SYStR@ tostpFik flag randcadisits Hreodeaesieep fiiodg variables in

j ltol BSHifAL d; ) . h p
B S OB, R o A NP vl il e
cenditgynsparamkios tat exine fritayal detfimed dyi thbldees sletp mghde variables and

PG ST D b S PaR SE ERRM R MR o

f&ﬂk@@ﬁnﬁa{ﬂ@ variables in 20 response to contr ol
si gnal's. The | ow power controller iteratively sanples
[00ASRF  cofararilias tp shesarehasiments gf therpeesent aspect] the efstere ¢hannel

DUhL G500 EERIRE St TobHNSHaH o BEh L5 e e
inshuele attieerRFalwofodistitiap the time interval and a loop count value for setting a
number of iterations, and the RF condition parameter includes a signal to noise strength
ratio. ,

[0016] In a third aspect, the present invention provides a method for switching a
mobile device to a deep sleep mode. The method includes the steps of monitoring a

system channel, counting a number of times the system channel is lost within a timeout
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fails to inprove. [0015] According to the enbodi ments

of the present aspect, the system channel 25 incl udes
wo@p@4/0§2981 pi | ot channel and a pagi ng channel , PCECAZ®PE/000309

sl eep node variables include a tiner value for

setting the tinme interval and a | oop count val ue for

[ r pt.erat i condi tion

PETid Bl Suorlig LR odeB b When H0E it SR b CBauats o
pfedétethined nambbi. r d aspect, the present invention

i des met hod for switching a 30 nobile device to
[@ﬁgiep s| iféfsn ﬁ%‘gaﬁllmf?ﬂ@%? RESCRLASPEbcibe sisR of maqpatogpg includes
nfBRRbARE biWofeh pifl ShEMeLARAN RlginS@iRhd

tinmes the %ys em channel rhinlgzlglmost g\nﬁétlﬁ?géas%}ﬁg%gdga?[{e}'4
(44381 004/ 0Zpon alieeaAe EMPOABIDOOBME pesentadpeaitie srepef nmmitoring
.1 he, deep_ sl eep,.nod en the system channel count
gt S8 ene BB ORGP [GORE IPfl s e value, and
iREeditiNg Mhe SHanhB10RREMBE eRANRSES thelshRet @R is lost. The step of
nmoni toring includes nonitoring one of a pilot channe

ingFranentin g dneladestegiing| the chanpel legisstarhiinleamis to asfifspeursint Global
: I e e [ h resent aspect, the .

P SR O DlpaBl, BC BT B R, e

cleomelt lest @nidtie vhimenel seasid si@nt GldbabPydlictng 89étem time when

incre ting the channel | ost counter each tine the
theyFBeegnel sk iohuveryvalie s rearhesl e @psclgtorming PermbeR. Thgmobile device

ett}§ e d8Sp s3Rp oY whHhE RERRE bb@REn b Bdndl 1dTB0iH S afu® and the
first current d obal Posi tionin gglstemtlrre when
rq 1

a . 1 ; .
chafeel Lvhtifre mp 3ape Batlves fhevimeqe nesodrad tha sbrnaeltlest pepnter and the
chbéndt RANALRE tith@Sdluerebe: MRer VIR!MDIlE Bevice2BERNEL &H}% él?éﬂltmode.

A gbal Positioning Systemtinme when the chan ost

[Q0d8ht er vQMhes appesisiand depseres plsth peasentdnyantion will bberme apparent
T, ' [ t he. de . ode en the ..
D g T

embedinehauf ¢he inoattiontiacénjtnonen withube hscoatpah Giag Fighfes.
ti meout period, and the channel [ost counter and the

sRiEFIEschibriofiop S DI “hode” 16 [ 0ois)
I TS P o 5 WA o
eXdiI@bAlYURAR réBNeh &N oQhe & t‘a%héd)ﬁéﬁi@s NOhdeRcri ption of

t
speci fiC _enbodi nents of the | vention I h conjunction
wi th the Higedipaslpt eyglefindex iningBRIGERN DESERIrPT N OF

THE DRAW .0020 odi nents aof. the. present .
i nvention W |'2|[1s %ﬁﬁ/&’bcggég%‘?’ingéld?&ﬂV %ggyggpntrgdng;@q.@chrdlng
tocddl gtmbodlithéntlof tiey %At infedth@; at t ached Figures, wherein:

Fig. 3 is a block diagram of a mobile device control system according to

another embodiment of the present invention;

Fig. 4 is a flow chart showing a process of the channel processor of
Figure 3;

Fig. 5 is a flow chart showing a process of the power saving controller
of Figure 3;

Fig. 6 is a flow chart showing a process of the variable setting controller

of Figure 3; and,
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Fig. 1 is a slot cycle index tim ng diagram of the

prior art; Fig. 2 is a flow chart showing a nobile
walewioegsont rol net hod according to an enbodi PERCA{03/000309

the present invention; Fig. 3 is a block diagramof a

nobi | e devi ce control system according to 25 another

enbodi nent.. of, t he, prese invention: Frg. 4 is a flow
chart sh OEI%J 3 apf}(g‘% gg%l{] él?d‘{lﬁ% 4 S P% %‘Fc}@é@%‘)&e” 5P titroller of
FidugeiBe 3; Fig. 5 is a flow chart showing a process of

the power saving controller of Figure 3; 30 Fig. 6 is
show a process of the variable setting

@#ﬁ&ﬁﬂ}%éwgﬁe 3: and, 5 WD 2004/ 042941

PCTiCAZOOB/ 000309 Fig. 7 js a flow chart showing a

[MR2dEess ofoepmally.othie Bemsnt WpRtion providss appeihpe far detecting poor

i Red n]glﬁ s i
R B S kPRSI of Bl Dby i
theoRBiconditiens tnghve hagery pywai.f¥lebidntiedtebgtenptife tavied sonserved

ibep 05 B8 ER BhERE Pl REc-abaicgr gof iepisraderuslesp Thode of
op&ABEL. IR this %’ﬁﬁsl&é’b@nﬂ@éﬂ ShefRNhGRe HRLAS HSviBOPLriddically samples

conditions and enters a deep sleep node of operation.
thenRF rriogdigieny and gegsuphb ncofasespide areriod heheeenoiairpesdeldncthe RF

.. 0di ca I he RE condi,tion radual |y .
oBE3E EeruDRER, Bieants Rl CERHnBO R rdortigr biretes
dedogli dvieQria aikeas iltgdodTRIO¥EverfRs eSRobP dvitd opditindaN@e deep

the RFE condition for wireless devices even In areas )
slgep B1ode crirdetes dhia grobility andrifis leBhansg theeprobabilityiof gniering an idle
stald H%RBmail g GaBndE Riter 1A B! With BARE RidRdition
enhance ?he p o%a Ity o ntering an 1dl'e state, or
irmproges) ahé wedbyle demicereixitg fnl dregéeeppsdvepr mody androctarns Woahe idle
the RF condition inproves, the nobile device exits
SEfom t he deep sl eep node and returns to the idle 15

G2y e. [0022) rdiag 4& Bo& esent inventi
[en‘%%di mantgge ofrd?%g@péﬁlgi%nt ipﬁl\?g%tei&gn{) ﬁ?rhlggfjrrglgiplrgsem invention,

theandbite doricesiichesgoa déeppleer mege whee podrdtF pawlitidRE are detected,
SFRBRSRITS e 95 SE AP AR e R o e
ROf cdrid@tion is then compared to a predetermined level. If the strength of the RF
condition is less than the predetermined level, the variable time interval is increased. As
the variable time interval is progressively increased, the mobile device conserves more
battery power. A variety of conditions known to those of skill in the art for entering the
deep sleep mode can be used, such as the number of times a system is lost by the
mobile device during the idle state, for example. Those of skill in the art will also
understand that the variable time interval can be increased after a predetermined
number of failed sampling attempts have been made, and that the variable time interval
can be increased any number of times and by any amount.

[0023] According to a preferred embodiment of the present invention, the
mobile device first tries to acquire systems from a Most Recently Used (MRU) Table
list which is a part of a Preferred Roaming List (PRL) with a better signal strength
(RSSI & Ec/Io) than the signal that was initially lost. It is understood to those of skill in
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RF condition is then conpared to a predetermn ned
level. If the strength of the RF 20 condition is | ess
W ban/osdeel predet erni ned | evel, the vari abl e tiPE&I/CA2003/000309
interval is increased. As the variable tinme interva
'S progressively I ncreased, the nobile device

i B2 ARAE aspRele PR bRl PR o St

fetleePDM £ eignamd erdeilfo &Qluits €it, sySal) Isuctdisful) URDLObIY device goes

times a systemis lost by theé nobile device duri ng

intp dhg iflle satesingthats gystepy Sprraviser gsmobile deyire gp4s lpwea Sirgt level

a t V-

o8 18 RGE RIS U, 8 RO diffoce, e movie

dﬂumbqnlenodhcﬁ]sy wedtess appioi sanpde ttkeTRES chwdittorh €l nthereRIe, coadition is

that h | ab t| me interval can, be increas an
fisble. Gren i g &ewe Hirh oSt ArsIsnpbahenio dos it gfateof the

p@orpRch%hﬂﬁféneﬂE?sqgk MR& (1R mbBfe REGEERhtetNY %Egdn? Nevdl Ilfacep sleep

nmobi | e device first tries to acquire systens froma
nidst foneweﬁbw thjs@ttv(ell\tlew steap imede 30hd insbilamiivide dxeciges the same
ar.t a Pref.erred
AR s T GG PRY (RCLRRRP e i, i Teh oo T devel sleep
nWSs, ieRbdpt @lak yhel vasibble tiimd iitevill B SieeR Barhfled MefeRsRfwistkédch sleep
in 6 WD 2004/ 042941 PCT/ CA2003/ 000309 t he art that the
mpdsilevel gad idifereni fysiems arhattgmpionh fc_frra@qmléw@p Morg precifically, the
e #
n*g)‘é)ﬁg ﬁégi%tg Chi)&élﬁ zﬁ{e[‘rg)?n%o F%‘ﬂér&g% et tr\r/g%[? ﬂgf ﬁS? da the first
legreb sheni in tvall hiuﬁnpuib ac@jlaat @systent hﬁﬂhe SMRUGI‘ableCﬁJI%E \Me$leis systems

i iR GieaE R CaRFfien (U REQ L) OB the HEbparn] tep it wil
aff&ﬁﬁb tola 1f50$3§}'lsf%n§fr9ﬁ\éﬂciﬁe BRIdnRdh ¢ Pmawakes up to

anple the RF'condition. It the RF condition is
[Qil%]apt abl &igurdéh illystrates hihe edatpvsleep HMCgmcc&ssd@scribed in the

d t th | e tat If t
PR R ePbris, PG o B gt b far svipe mobile
d&wEd Baktdre RweH LR sHufedh wiBRepook HE MRELMS @sdlhid § loss of the
| evel deep sleep node. The nobile device executes the
sysare or pagieg Phangela¥Vhien thenpaging dnnadislosts th@epomw@vm iinigiates a
s*sﬁear{l rﬂcfSﬁ lé}%\?/ gr;aﬁla Pgnaﬁrlmr?élqlné] e‘r%v{ug t@ee O%l(i)e gc%s\fl%set)r(ﬁﬁg Eo operate

i mciddasede iirbin Faob %thﬁocdng@ms%t&Eepamﬁ vdlhe‘ré arieadsumed that
systens are attenpted for acquisition.
t@p@@b#ﬁ é%l?eyhasméere% HpeReslarn mede of ppera@% r%fstep d02 the mobile

9%9& 'bh@ﬂ ae v & r\)@'c{EeE hagp MW T&bh& ! él éap hfadé he sz.frllﬁ)gahgle RF

en It Wi attenpt to acqu system
chled'raaﬂtee aldelty tase ll\hﬂsl passed sirst entsring thetdeep glaep mode in step 100.

AR i 10 oD B Rt ek oF sAmpligAdrasAne, G ep 104,

tHehBusk&t 8Msainplitd)teliions [i9 Qéfpafdddiy & [?reéétl Mﬂlﬁﬁh?%umber of
the deep sl eep nbde process déscribed in
iterations. If the counter is less than the maximum number, the process will proceed to

step 108. At step 108, the condition of the sampled RF condition is determined. If the
RF condition is poor, then the process proceeds back to step 102 for another sample and
the counter is incremented. The loop of steps 102, 104 and 108 continues until the
counter value equals the maximum number of iterations. When the counter reaches the

maximum value, the process proceeds to step 106 to increase the delay time i by a
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previ ous paragraph, and in particular shows the
general nethod for saving nobile device battery power
WO pooa/0g98uat i on where poor RF conditions resul PCT/QA2003/000309
|l oss of the system or paging channel. Wen the paging
channel is lost, the nobile device initiates a 20
RS teRilink e Shiue X4 i ' NGy L&
PRSI o The CQur ety Y e YBop O Wah T2, 14 and 108
cpixtomes-agaim or2itheihibe pae es 8 diffgém snadimsmamniidd oMieragons. If the
i S .a d that., the nobile device has_entered a deep
siEd Ko tendonsis e Akergcd (9,0 gane sosick IS, Bpiprasess proceeds to
s@BVI10Q0 REdel fHeYdeh liMaY @8d tRén WSS 11D whs:
sl eep node to égﬁ%ﬁe_fhe RF - condl t1on afﬁg%%g&ﬁgﬁggnwdeOf
OperaRor] istpaded dadasdtine n deprefarably nnpredsed dp ép tisbe timesyté can also
' 0 A counter is used to keep track of the
b%ahﬁgégrg&o%%sdfrsr%% %‘blﬁtfetrg?gﬂe%'ns, ~and at step 104, the
[002sber of Thepwipbstgoti dhefighg Gedelsy tRAIPR IS Capitre IPMBBRity status
Xi mum nunber of iterations. If the counter is less
ot Hignmpbide Aexirsnm the pbpdiment shewe i Figwe R, fecoiiad delay time i
St& Ofnt | tiop of the sanpled RE. .
coraRotdi B (TR oop B SR RS bR RS oy time i

cornespondsdo thosessd pvecdmegsldepakodepasd e séCohdfi@treaRahnBeE delay
er s increnented. The | oop of

. I d 30 t t
igReeSryopondioly e dF T et e SO AHEEhEOIRRBREY of RF

coitith SARRIy, WiRn TRy A UG Ofs *nft(%rd@& 0 "&ﬁ?tu}@ BI® situation
the counter Teaches the naxi mum value, the process
whergdRie genditgonstasgp cHa@gingorapidty. Fas exdoygle,dhé aobile nevice bayn be in a

7 04/042941 PCT/. 003/000309. predet erm ne
e FTe 86 1A PIRITE figh WMoY FHECD GEM ofregee e RF
cdfdtion] @dloaRrelfrdfinc £ ONRF RBR 89 Sniplind! whkd 884y LRR 138 Rreased,
. or a different maxi num nunber of iterations.” If the
isigiepfehtorepisn die siBwtipn whereeihaiRiegonditidne ago changingsslewly. For

t p t e 10 to, rreset the
il Paf b RERDLLLEE R e BU5R 400 T 0BTkt Efan ot RF
comiiiionosarripliogevtadni detnyi tinenid éigh, Rehayidéd @@raptutsthe situation where

pﬁ er b%éi ncreased up to three tines, but can al so )
the &Y erndgias grempngas VP lowirss mobat all Fpgexapis sTherrke mobile
ddVideP | h&i b Wnkiitibfs. ¢ r

RaED e Bal AR s DS R Tty Py 00K, Ll
steprhiegl loren thessrowpting fregenoye th2, batthey paveriodlthalmobile teviee tan be
SRLLESPANGS. 1O tﬁg. first level deep,.sleep npde, the |
oot R inbee sy dochapiag amence qibeeyl. adembiasor ghan the
systegn 8€oUths! Rx¥bledBE eShEBIR AR, SPEEridlS, Fake %btilﬁidre\éice is

i ncrease in the del% time i correspond$ to the
mpyipg) theseps ¢ bighempipdabilith of feaeountesinge uyrovéd RF conditions or

aORIh DR tage%:;(gllgi RORFAE G54 Wenbli BRriba bP S fr'the Iidbile device
is stationary, the probability of having the same poor RF condition over a longer period
of time is higher. Naturally, the specific delay times for i can be selected to be any
value in seconds or minutes.

[0026] The following embodiments of the present invention describe a system
and method which is suitable for use in a mobile device for saving battery power in

poor RF conditions.
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where RF conditions are changing rapidly. For exanple,

the nobile device can be in a noving vehicle, or in a
weankiosg41 ot where noving vehicl es can change PECECREN03500309

condition. A lower frequency of RF condition sanpling,

when delay time i is increased, is intended to
[Gpapjure t F?gu?é B'él%\}vé)g bR gtrﬁ}ﬁ B &8P gfe{aff( szﬁenqragcording to an
changi ng slow y. For exanp en a Mg user
emhﬁdm@st oh élenp;rbsdne irdeuiioe. Tha dlaep/_ sleep Gyetamy208f sifwn in Figure 3

d|t|on sa I is high, is

I t
nfoR Rl ofoiRion HHanntie Cufhias et h Eprh i@t Gaeand controls the

nfobilei del/ 28 Sin ahe &Bﬁ@weﬁ%y&é D&poMbeh HfstddP 208 inlubies & c2:'11annel
exanpl e, when the nobile 20 device'is stationary In

PEIcesson% aglesp SRED ComicnLicE 4, & Viriabis sidg myntyilar2ed hI}d a low

t S lin fre ncy e battery
PSR ot BB AR LBPORS ALY st o
1rE-mntdmeh IfEeone oné bidtk de anether, b8 fERBHRR GRfofthhtide bther blocks. The

atte to attain the system as_soon as possible for

BthSo i §agh lerkeean byl ?IP%I&PCF yithirf ap Applipeben epetifid ingegrated
XYY r
Clgﬁlétount ef %léﬁ Pﬁ:p(?%%@g@&ﬂé con %ﬁg}? go rTLh%S eg‘giatl—: @lufc(t)]ﬁn S each
blank &rmeay désciibedo RF si gnal over a short period of tine.

1098 avi noChHel eSS 208 Duntier | Uk tudera, Pamgelr sbauisition
- fudefiédfor @peratin® tHeSmeﬂkh ﬁévmé\lﬁlt eahdoed hbk §Ip81€éa%ticﬁl The deep

delay tinmes for i can be selected to be any
sleerr ePnieolisr 20 rmaeaives {Hﬂ?l%ﬁlgﬂdhsmﬂmating\m ngsseab doti pﬂaaittSr paging

entl cribe a system 3
dﬁﬁlfl %11%3' t\% %%1515 swsfogbﬁg ?%f Difiees;a sy Wolﬂftl eé(ltg’é’\?‘?cg‘@’on preset
cdnditionaVinlispattictlay eB®oBimdnd, deBP SleepREortRIMEt 2040 BSuntSth¥Qumber
%q?OM 042941 PCT/ CA2003/ 000309 [ 00 ] Figure 3 shows a

1BEXhe PHET rRrsmE£hartsh issloeleqyes ¢ peréed @fd:t,im d'ﬁh@g:htanneéprocessor
2Rk i%g t@&oﬁtﬁ‘fﬁe Qé%&ﬁﬁé fdr% s?rgtte{no ‘the gse?rﬁ%rﬁqlt& eeagehnot met,

syste m own 1 n moni
bwhwitinteb 8 systerabdse sxis lfah@pméellcoﬁdiﬁﬁihme alet. @hod l&@ystem lost exit is

. Con%{ &’ 3&&?9 A Clﬂe?gg %’/Flt:@CQ?‘dléQe ggr&bﬂ%???é‘lmségé}t@@g 206 sets the
appPcpriafe QR F%le% %%e%ﬁﬁﬁl@é F'eadP8r @ ryar e%mug 813(?&%%{19%1 deep

contr ol I er [ ow power control
sleapr madesi r':[therlc‘ﬁrprngtr@llm ZﬂIScnakmm&n tho ®RF t@elitidroiadcdrdance

f from one. bl ock not her, or . feed-bac

wlfifit Rt Sep afGlen Bt ciee o8 Vopible bing Gamogtien 206, and
sviitobek theafiobiR doVieQORIYE Ssdoddl hid thiRiNePRRIchS 8iek? Pnodes by sending

specific integrated circuit (AS with the ot

coRgB] Fignileyp dbe variele spsing metrgléqxez&t It llilfrﬁcpre@enoof ofeacghod RF
condition, the low power controller 208 returns control of the mobile device to the
channel processor 202 for normal operation.
[0029] The control processes for each of the aforementioned blocks is now
described with reference to Figures 4 to 7.
[0030] Figure 4 shows the control process for channel processor 202 of system
200 in Figure 3. The present control process performs the standard functions associated
with the slotted mode of operation, such as acquisition of communication channels and

handling of data traffic between the mobile device and a base station. The present

-9.



10

15

20

25

30

10 bl ock is now described. [0028] Channel processor
202 executes the standard channel acquisition
wo eovgvixms for operating the nobil e device i n PEECA2003/000309
slotted node of operation. The deep sleep controller
204 receives a flag signal indicating a | oss of the

B PRI SRl Hioh 5 HRS0AE, BLERSP BRI S i

t€ eeliten om@Emal Mmodbio$ opattiong Bhell asethib dle BB for eeaHpls] Aeftep 300,
controller 204 counts the nunber . of tinmes the pil ot

sy mMokHs HgvienahReveied upork theviadioCifssits gie Brned g, ATehennel lost

cERABNELNPL QREFRPost B4 tir?e {yrb?é f#Gd186a P r(%.gmo' AU value in step
searching for a systemi he preset conditions are

302t Inrstep 30duthei miobilatdesica enyest ensyseat deteiminafion phase where it

oPHEde SN AT GbigeCR A BoeRH G hapae] o aystem. Once the

pYaf cRdngl 8fd siMGhrSREHE0R! dahnad ORe S8gBirddN$aglie channel %rocessing
appropri ate deep sl eep node variables for each of the

Proceeds instepcid varege thei mebileedezicegateps asidiegiatowmrd operfites in either

o _gontrol l.er 8 sanples the .RE candition in
Siél)gt\g% rog\éfoéleﬁ&\?ﬁdt Fq{‘ofd ke Wéjglg pmgﬁ%gogﬁlgn@a & li;zgralngbl’?egéngs &hanggls. The
nidbéle\davicalil seth itd) theCarbiss @hhiftfel 20&ep 308! whilwinh&ifi@Sink e pilot
nobi | e device to the second and third | evel deep sleep

chyymekans,may geybagk tognepitasng dheyprging ¢hsnpeldf thgreaspn for access was
ot ] f . .

SBEAIROISRI B R L0 PLSRASF s MR v e

neiwtirk.dlhegfrotdse progbedseto deepi 3O dnd sivitehesab ahn ehfferohamss &hen an

ohigpinggal ToPahe S B UREW Lo Uy G Leh B ntel o5 counter and

cHARel IBCHarthibfe r&bBMRES af RepBEN &3 the A % confIAAN at step 314.
Figure 4 shows the control process for channel

Vigriebles s and 202re gl waysstesahat 3@p 340 if a se¢agsafel @l iFlwempleted. After

o R SRR R RSTE g BRI e an b

depeg atdpan306 4ad 308, aeGutifg tih Othe Oproc@RMPIdCERinO Mo step 316 for
channels and handling of data traffic between the
detsppinatiereof the rsaenop Migesystert losh . Otiprerepsans dhe spstaapcan be lost

: . 9 . .
PR AT R, G AP oo o s
faresthert systemsniflithd eystiew ickst due todosnifehe pilopsmpdgingeenad], then
operation, sych as the idle state for exanple. At step
tgbFocess (REOGRS o THRRRRGEAS 819 ovinr GLNCETBiSG g REPCPEFegIS (o step
3ggrcuits are turned on. A channel |ost counter x and

a channel lost start tine y are initialized or reset

[90314 nul | Figuirei& shows thepcdti®Dprocess fot e @6d steep condodlles 204 of

evi ge _enters a stem det ern nat i hase re.jt .
FEe o Ehat BeGuRiCv B PR ST B f P s OF Biepilot or paging
cBatimeNfromi th@ bbbl Reaiedf Mburd 45 FEdie Mtelhteieatd Bep “A”, channel lost
counter X is incremented in step 318, and a determination is made in step 320 to check
if x is exactly one. If true, the channel lost start time y is set to the current Global

Positioning System (GPS) time in step 322 and the process returns to step 304 of Figure

. 4 via intermediate step “B”. Steps 320 and 322 capture the situation where the pilot and

paging channel are lost for the first time. If x is greater than one in step 320, then the

process enters step 324 which checks if x is at least equai to a preset value. If not, then
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pi |l ot channel and synchroni sation channel are

acqui red, pagi ng channel processing proceeds in step
wWRB4mkoue t he nobil e device enters an idl e stetECAR®3/000309

operates in either slotted or non-slotted nodes while

nmonitoring the pilot and pagi ng channels. The 10

AR5, SR 5 W a0} Ik e BESIREIE8, lg, o

pgmedsqucehdls ot IX6 Wl&ré e jpadieh Qnsﬁétﬁl’\ﬂilﬁb rbéorﬂé't?wﬁ &agstle z, is
for .access go into the traffic state. One

Sel i Grgnt S dinmo The Grosg tausestablishes angiconditionifotemtériag the
Ekg)t é’léé"pkmoag‘ SvHREP &e§ ﬁux@ﬁ‘[\%}%{e ﬁﬁilﬁbér%fs( Ln‘? e ?)113{1% ﬁ glﬁr%gm%%nel is

the traffic channe en an ut goi ng-ca
last bairthé mubie npvical lAtlsB:prﬁﬁelthﬁedlfferfma Heheeenhediables | 08id vy is

| bot h t
cGEpErElp el ineonbouind 1 ait Bifsreecs 3 Feripavghip e preset
tiMREhE PR, Xhé &k ¥ndlye aftl YRYS i %ﬁa?t 330 a4 CHRe :iﬂrgcésg éﬁ‘oceeds to

successful call is conpleted. the cal
intermegiatrc 8ieB (G0 Athperdse, tthe splr@]ﬁSS%MuthtOl gem30R bft Rigtre 4 via

ST 8 B B B T DB et

a dpdten Hosn @kit ditl ndt Haper! @BEQRMhE re-ddTmmed XEidM p&FsH. TR deep
reasons t he s%(sqtem can be |l ost 20 include access

sleeh poptiodlendecidegithatthe BR conditing ifBefi Soepagswp é Weyrantiratering the
d&%S?%eE JIiEH Bf BB ue ! gﬂ| e fiflo tp@ﬁf)d %ﬁ’tﬁﬁ? 3 a seccgnla cond1t10n for

SYyS O st 0SS O
etbEmgibk de¢thdeep mhée jr cooddisation m&ﬁﬂs fike cbmllﬁbllitﬁd Io&teﬁwords the

t "A", .oth i he process returns to step
ool LS e

hiHigt opPasag Shagel i éosa @te fpast a
mhifRE) HARbdr O |tlﬁ{es %Qﬂurpﬁ ma%fr‘nd:rh gé’ﬁ@d Shebi ch i's

executed when the systemis due to | oss of the
[G932bt or E@gt@n@ shagtsethe edpntfol @mcesksdon thetvaghblp settiag somifoller 206

Fro nternedla hannel | ost . .
of G T Lol PR BBk Lo frod i ipedinte 85 . s wan
bﬂ ﬂisetism:ch RitdrOthel Sonf®H BrdcBssSIfeMgRd® fseCn@Féd 1didr via '11§termed1ate

actly one. |f true, the channel lost start tine

stepy Vo SR e B2y Frosminicirashtte sRoTQ dninas @ygttbfws(e@:(MRU) table
t
AR 8 TR L AR R L e o

inagtiep 33222 In:dpipme&nt bmbsdiimeat, Ithm%mh?é Beiteestptek @Iﬁ RBden to twelve
[ h I r the first time. X is_

Sﬁ%ﬁ&ng’rﬂgﬁt %ﬁﬂgﬁ%@ ﬁt%@ﬁ &bgezcﬁ veigfe fiper Tgs gepsst torp s value

t1Sh@Rp334, a‘ﬁ'ﬁl‘ §%r%f§1lﬁ§x1hfun¥ldo§ c@l{l/%!s Srde, %%gtggffh%b@set to four in

preset value. If not, then -
Stﬁcﬁmwsl)@@s)m emtezs prdeeresap proe¢ss tivuglo irstraedaded stop “Deep

gff,gééré%pgd%grﬁo@eg tnﬁé#“afﬁ}%%tée@ﬁ% ?g e ﬁré%gxﬁlefl%giode From

inGsMhediat¥estep GO RIES sMR fYGH IROMR U and SurrdiR Gebo@raphRal Region of
current GPS tine. The preset val ue establishes one

the bl [dgvice ave lepltedrunigr aegaiisition attempts in step 338. The variable timer
T is then set to a second value t2 in step 340, and the variable maximum loop counter

value n is preferably set to four in step 342. From intermediate step “F”, all the systems
from the PRL are looked up for acquisition attempts in step 344. The variable timer T is
then set to a third value t3 in step 346, and the variable maximum loop counter value n

is preferably set to infinity in step 348. This is practically achieved by setting n to the
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deep sl eep node, which is a mni mum nunber of tines
the pilot or paging channel is 5 lost by the nobile
waelewitoe4At step 328, the difference between veeT/ahbws/000309
z and y is conpared to a preset timeout period. If
this difference is at Ieast equal to the preset
ri i . [ t 3 an
hiér%lgﬁg-\?’ig\ggglse 1%%5 %hglgbe? 6‘} ?é'rﬁedﬁlﬁg% € Hle?s @Ep gﬂhougﬁ steps
388 heddd amel 34t4he 398 aﬂaemeﬂaﬂy tlrermmeta@ s&pe BSBQ)ZSEW reEpe@tN&y steps
|ate cating that th

33% 22 gstanii blﬁﬁgquﬂéﬁ %?@6171 %Vﬁél?e@rrﬂ%%f e gieps 344 t0 348
e§t¥l§§sﬁrfhé Qﬁltlalﬁé‘é for Qhéjtl{ﬁﬁt 1 ARRRP n%ﬁ'e' ] ectlﬁ@alllelr Gariitld BfMr T is

timeout period. Thus the deep ~sleep tontrolfer
sefde itigest2tin atept3|4@ viRiclcis pakéferably greaterathars ol , pod vamsbld tmer T is set

e 3 St Pt B SR €SB B ac e R i gy counter

velnt alié pefdrily deap f&lres BepBUE ahdtheR mﬁd"@tlh @!&P wygh the
first condition. In otherwords, the déep sleep node

[0033¢nt er edigyie ¥ shhws tlteh@nppl process fpmiierlgwatearenebntirgller 208 of

ré% 3 %MCE ‘?Ssé)g:% tfe& 5aftn} {ﬁe ? 'll“J%l)rféd tg{agﬁ%bém l(ﬁcn) counter value

nca-nmertdh P}Dglme éskh étep 35mehw afobil |d9V18@gb¢snl@ deepsledp @ the time T
206 of, Figure 3. This control process is initially

frteatsyng iPQWFJh t%%? Hfve Tsexyires, @;he mgabilgfevice weakes up in step 352
afld BodssRo s gg54 I \Gerf 954, 13851?&&@@%0%1%&5 %%g%@ de%nmnatlon

re- entered ter via'lntér late st
pEaserand attempts do at@iistsyptethCiequantialist asrdeceemined hysthel lit\dRy stems
tabl e 20_.li st} t he systens to be npt ed
b kg, En e bl ey ot 146, feiesa! tapoiseratio (SIN)
iS4s8EssB B stbllﬂ 35820MeBFBA the Fsi\é}gegsrﬁe&eeds ks ezplyeheh{i&&s 888, the

stores the ast tentotvve systens it
SAY glithecagqpivied systauRis eommaged to mdefmkldevql i theTSANG strdmgth is at

R AP ok b b e e e «

iritdsrmeﬂta&ps@fﬂ 6D Mieer® tiecasksld (hﬁ'[be&mit@ Hfond t Ng@ﬁil@p mode. If the
ocess through internediate step "Deep 2 St eps
S% sirengiiy i belavAbe pexsicrined (garh dit Bioces rpr@wéds 1o s5ep PEY ayhere a

' Xl t S
oA ISR ] BSOSl ST s o
mobfity ageviree Rirse if the Pechdo |Ndm:r (P&I)qxﬂ it athmmechst}ts&:i’fpba&e station
is then set

B a Hang e devicecbenits Aot 1o Bte: Sesbmomihihe PN

ph£e Hn&@&’t@;ﬁ Ql'iat HAIHSHIR #s SmbViRS,CMhaR e %b[llﬁt? i?]agufs il to true. In
step 342. Fromintermediate Step syst ens

CWAr&ynﬁeﬂheenRLbaac etation kel ba pdﬁfllhllfleddl}’l,ut‘?s iniqoe PAt scgnprics. The

t 44 T T th
ol s T LR R ek i Gpreenl S SN RestPripecause
tHeOB1Pnd Q6 INdide R@IAIR bt satssfm&9 TRk She LIS HENALS Will Rot re-
step 348. This is practicall % achi eved by setting n to

afqrept apquigiiop of 4y Hany hat e a8/Nooetprred” while it is operating
within the process of Figure 7. In step 364, the process checks for any systems from the

lists in Figure 6 where an acquisition attempt has not been made. If step 364 is entered
from step 362, then the result is automatically ‘no’ and the process proceeds to step
366. This allows the mobile device to try the other systems in the list and find systems
with a satisfactory S/N ratio. If step 364 is entered from step 356 and there are systems
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hi ghest al | owabl e i nteger nunber, or by inplenenting

an endl ess | oop. Although steps 338 to 342 and 344 to
wa4@4as®4general |y the sane as steps 332 to 33BCT/CA2003/000309

respectively, steps 338 to 342 establish the

vari abl es for the second | evel sleep node, and steps

h r he_third

e O oA itube TP Ml B B Srep 354 for

a@pmsﬂumn ofi thre nbﬁ systemt iaphSUd film Bigureso.phestep 366 theghshlig flag is
variable tiper Tis set to tine t3 in

Cl%etcgf)d i iEffent] 0P FOUREF BRSPS ot Steh S (Qthorppe, the process

FR¥ATD st 62!
D s op Sas aind TS e il B L Logt e rffagroccs

of-Figyree7. 7If§hf®v3§0t Wes intially @lntepﬂfcbmasatefmedmth atdpd i’ pibovarFigure 6,

8 of gcuted aft
oS BBl ERPl s F Fadrliis sheoine chbae hegocess
rdurds €o step “O7 IFilpire & Stdp Bt ARwWAHe nidhleMRPick 8o ALY it current
goes to deep sleep for the tine T for conserving
QIR rProgesEn Rﬂ‘ﬁ@ eeificatlye xbe rraebile evigetsither defwinseto a normal

é@gtﬁ'ﬁg\g@lgdé BF, e@rbtgﬁ%el dp?e@ﬁ sfer er ?}f gteg §§ gv?ﬁ?ése%’tered’] from either

mﬂfa‘tnedmmtp " opfiéisfeom Ithlmé 6 eH@ie& th@m@ﬁﬂél HEvaceSHBHRARE a higher
Ily as deter ned by the list of systens

BB eFerdniB gu 0 e in Sipstions woerscbeiRF oniios e to

in¥bve bAE cﬁéx%ﬁ%pltdﬁl r}ﬁte? Ghd ?50? curiteMis ﬁérérﬁerﬁédsﬁg ﬁgg g§§ it is

step 358. Orherw se, the process proceeds to s
cqrnpagcdapp @58nammem JSchotﬁntemmllm:mmtepaW(B JE thentoos counter has not

re%a{g&atés g?aXér&H %S%%{)I %&H]e fe|pté€cg>§ss qugg ac?lﬁ%)t step %50 to
stRft @fGBer bttt th@p&&&l@ C&Qﬁ)l ?f‘ocEésg %Qhé]fofflblahand if the max1mum
i ntermedi ate step " where the nobile device exit

lopp sRimtee velae ps gqael@qgl thsaethe pfoomes«eproeatqu 40 ﬁ@pg&m i1 Step 372 the
PIBELS USRS SHRLA D6, Rt hosd RSP RSRIRAIRTESH ity n. 1

the nnmnkerdefvaiese cutcéritlyein thd flt‘s\MbV@Dﬂéﬂpt dJle¥pSmadeas e By sps 332 to

t. th mobi | it flag?totrue First, if the Pseudo
e FpRIOCETS Wkenkes i fesand eeludiecn alsep soseivomintarmediate step

“E‘ﬂif‘rﬂp¥\f@;t)§ 938 RE3PBE fé:e(Y']?‘ﬁ?] ﬁ%ﬁl‘ nggscgﬁlb%d e}%ﬁ élll At second

is se o true. Seco
levﬂadeephfdeﬂmbiolde, the provesmgyillt &reer tH&ethlfdbllert Jeepl Agepi ode via

N R R Y
inRh® GeRiSleVd) ABePSI0GEAE, HRnSt WAL 1%9?&11{ i tHE Eljﬁrdt 1@%1 QeEd ﬁé%p mode

system as " Not Pref erred’ because the Si gnal to
singet the procasst wilhtlped declorty stepaed4d to S48t vie imtspinkdiate step “F”.

l‘ijﬁﬁgfogﬁ‘grﬂﬁg érégFrEP)groEeess Qﬁ%{g%g)& Og)i':)Fq | SI ] (i?(:‘lr%%’%‘:lcl?es&?/ lglmeber of times in

eaoh) eleqt slegp muidt Nével bhgdnipos eBs nakinfil Y66h dountd? valRM set in the
t he process checks for any systens fromthe

V%fﬁaélesseFthﬁogHPHer@%fé@gwﬁ 3addigrosd syseem SN éﬁ‘pligth assamepled in
cabR %bﬂrﬁgﬁheﬂﬂores tbg&ugcﬁ&mlasf i§ msﬁlsgﬂn?ff?e Ilz{r?agl &ng c%%troller 206,

t hen e resu I'S automat’l ca
eaph dompeid extautet eply aBBO6timENT sxprtes oAs thiehRF rofhditien ths emprove
h nms in the |ist d find systens
th‘é gortltgc}i ptroc%sso(t) 1gure)9sw1?l proéresssve?y enter dl?fgrent deep sle%p mode levels
where the mobile device wakes up less and less periodically to sample the system.

Hence battery life is conserved under poor RF conditions.
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15

with a satisfactory SINratio. If step 364 is entered

fromstep 356 and there are systens -12 WO 2004/ 042941
wERONALA2O03/ 000309 renmai ning for acquisition apCEOALG03/000309

then the process | oops back to step 354 for

acqui sition of the next systemin the list fromFigure

n ste 6 Ly I [ c ked d if

o3l g = o dobrelaRarBRbodinknl, B9 coltpol REFE 0L TR 7 ses o
tidehelr wiriod, to dhtermpine vdsa thepranteb dtcess showld edikd thhesxe sieBemode

1npll;i.lg ge%ice prﬁpares to gxit fromthe caontrol
Prodsladot ypimg;ayigpp countey THe dimepsbpegiad Gam e waniaply set for each
s1eét b8l levkRin it SInfEdhAhe 16835 Rdunfer is@é?f?i‘ﬁ%ﬁngge 6, then

t he process returns to step 306 via inte iate step
[0035] O hefwaswhert prefepred codwdimett utha svatue dt@p BeC30 oéconds, the

' t .374 al J,ows, t he bile_.device to exit
V%ih%ﬁ%(j% ?éénnl_fse ngd?ﬁt? 8’I1A {Sﬂe&‘]élg 3‘.“ t%&alé lbgaé%lp?‘ie%al ly, the
[0086] | € deTheded) 166 mb&d &thbSdikenBd T WBleser® Rfedlibi Gapture the
mpde or the first [evel deeP sleep node if step 350
a8

mphility plats of thepabils device. Tie fastee theadobilealesice is thBvingy the higher

= L gur hil e. device have a
e ATy PR o DB ot el Bk bGno G S 5ol so
thei usenatanosead/rdveive dale Where oovbiridedn pbRGtdddly tpdor, ith® fR¥Re device

and change rapidly. After the | gop counter is
cith EMENarteR SarPSEEfe 308te fhe pisoulls Gipaomovered Hiown for several
mites M ngop counter value in step 370. If the |oop

counter has not reached the maxi mum | oop counter _
[093VLie, t hEhe ahyeplesaribed einbopsndmscéf the petsep iBGAtibO adbintended

art another iteration of.the present contro
ot bGP Mthecahonl RaS aBimpdsfcted to he
Acilhesmbatiments by tigRe RedkintineRe hl ibACEDARTRRR
pstep 372. Fn stey 372 the ]processldeternine§ whi?%z&BPeOf

thg deysntip aphighiselefingcbsolely by il rignsagpensted ihsregur r ent | y
in. If the nobile device is currently in the first
| evel deep sleep node as set by steps 332 to 336,
then the process will enter the second | evel deep
sl eep node via internmediate step 20 "B" and steps 338
to 342 of Figure 6. If the nobile device is currently
in the second |evel deep sleep node, the process wl|
enter the third | evel deep sl eep node via
internedi ate step "F" and steps 344 to 348 of Figure
6. If the nobile device is already in the third |evel
deep sleep node, then it will remain in the third
| evel deep sleep node since the process will |oop
back to steps 344 to 348 via internediate step "F'. 25
Therefore, the control process of Figure 7 |oops for a
predet erm ned nunber of tinmes in each deep sl eep node
| evel based upon the nmaxi mum | oop counter val ue n set
in the variable setting controller 206 of Figure 3,
where a system S/N strength is sanpled in
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each | oop. Furthernore, because tine T is also set in
the variable setting controller 206, each loop is

wez@eismdi only after tine T expires. As the RFPCT/CA2003/000309

condition fails to inprove, 30 the control process of
Figure 7 will progressively enter different deep sleep
I ...Where the nobile device wakes up | ess and
V@%gsﬁgaﬁg%%fséal ly to sanple the system Hence battery
life is conserved under poor RF conditions. -13 WO
2004/ 042941 PCT/ CA2003/ 000309 [0034] In a preferred
Lo SRATARGOT s3viRg Basisty RAWSS i3 d82p Beeprngdn of aymolitasdeyice
tidm- riod to determ ne when the control process
shoul'd gﬁ?er the next sleep node Ievel, instead of
_usi ng) a | seakingaprten thekeep ticepniotle pier axfine Anerval to sample an
vari ably Z{g._i for egch sl eep node | evel in the sane
way the | BEPTERSHROLA SYL et in Figure 6. 5 [0035] In
anot Ber  pe&hpiiRthe SRSl ARBtcond; ' :
secongs, t.heﬁ val ue forbfgpggﬁ&ggn%@érﬁém?ea%ﬁgetgﬁgg& level,
val ue) f or incgeagiag thyetige imteryelds the[sonpBY Rheonditim stieagth is less
node enbod t t he present.invention capture the
mobility gkg?%%&gg&? 5 Vﬁea eévi ce. The faster the
mobi le devnteging theriByp slgep hbé. hi gher the probability
that it enters a better coverage area with i nproved RF
conditions so that 10 the user can send/receive calls.
> J . . | V
2 o R4 B AP RBROMIRR e G R b when
povaaecel db e systemsie st apredaterntined namber dfitiges WildB8 7 kimeout
The .above-descri bed enbodi ments of the present
i MPEAti on are intended to be exanples only.
Al terations, nodifications and variations may be
effected to the 15 particular enbodi nents by those of
3 skiteim¢thod pEclaim 1 wihenein theograef anteginrtbenl¢cipeslesp apeledficludes

the.ipvention,. . which .is defined sole . the ai
Sl M PP 005t 5as b b, saritshalad Sesen oer
Wiaddess clainmed is: 1. A nethod for saving battery
power in a deep sleep node of a nobil e device
conprising: 5 a) waking up fromthe deep sl eep node
aftar ' s r . S . R h of a.

45y LRanding OB Wieih SR Sy D g i St Be Ranfiimom
t doep @uatketvelunitme gradetemhined counter value associated with one of the first,

second and third level deep sleep modes.

5. The method of claim 4, wherein the step of switching includes setting the time
interval to a predetermined time value associated with one of the first, second and

third level deep sleep modes.
6. The method of claim 5, wherein the predetermined time value associated with the

“second level deep sleep mode is greater than the predetermined time value

associated with the first level deep sleep mode.
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c) increasing the time interval if the sanpled RF
condition strength is less than the predeterm ned

wo eaveloz29and, 10 d) entering the deep sl eep nDdBCT/2A2006/€00309

nmet hod of claim1l, wherein the npbile device enters
the deep sl eep node when a channel of the systemis

I i . i 1 i .
7ol e h LT i AT Bl EF 0 Rl
oLthﬁﬂ ﬂelgﬂe} d@gkhﬁp flexlp isgrestpr tian ]fl_ld' p’tedlduﬁﬁﬁned&md Wwhé gflﬂhﬁ _@ssgciated
t he, nobil e device to one of a first, second and thir
| eVith thgeseppnd) lgvsh despdee® mogs- 4. The nethod of claim 3, .
wherein the step of switching includes setting a
maxi mum | oop counter value to a predeterm ned counter
8v alheemetbsd of cnied 1 vwhdreioriee s€p ohwalfing stcludes detemainaugch system
third evel deep.sle des. 5. The neth f clai
a o e o bR 3 B S5 s ER Esqcied Wb et Be ffver s Soripand
ti fiRd 2&vel MdePlskeRb nide® Predeterm ned tinme val ue
associated with one of the first, second and third
| evel deep sl eep nodes. 6. The nethod of claimb5,

v 9M]ﬁ§eelingthé§ gf @r%i\?/rg s ,t \gﬁe%iﬂ%ﬁe ltigt o ms)%sgelznl{se ing g Cgleﬁ}sf gpés\r{]gré E%t, a

t he™” 'sec eep sleep 'sgr

predaidedyRicneiist hhd'® thifd systedDlish associatidand thht lirdthechbnd &id third
| evel, deep sl eep node. -15 WD 2004/ 042941

PAFYEAEED 31990DESRECHVelYhe net hod of claim 6, wherein

the predeterm ned tinme val ue associated with the

third | evel deep sleep node is greater than the

10r Baeahethod nEdain Hewvhatinehafsosystne st ing slibsehef thessmodd system
| evel ep, sl ee de. 5 8. The nethod .of cl ai Lo
o e AT P Pt HE Soche SHRCSM GG Heh) G third
SYsk@M litor acquisition froma list of systems

associated wwth one of the first, second and third

| evel deep sleep nodes. 9. The nethod of claim8,

rein,the.list.of syst i ncludes. a.first system
1S Enb A5 i R e OES AR R 40 PR e
ass@el &t eslseMrdtly dftilee RFIcehditise &onpheadtemiinéd vhlud.evel
sl eep nodes respectively. 10. The nethod of claim?9,

wherein the first systemlist is a subset of the
15 P e B¥S bPOhim 4, wherein the step of comparing includes setting a mobility

flag to true if a Pseudo Noise of the system is unknown.

13. The method of claim 4, wherein the step of comparing includes setting a mobility

flag to true or if the mobile device is moving.

14. The method of claim 12, wherein a phasq of the Pseudo Noise is monitored for

determining mobility of the mobile device.

15. The method of claim 12, wherein the mobile device returns to one of an idle state

and the first level deep sleep mode when the mobility flag is true.

16. The method of claim 15, wherein the step of comparing includes
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list and the third systemlist, and the second system
list is a subset of the third 15 systemlist. 11. The

woreiohoeaf claim 1, wherein the step of conparP@QCA2003/000309

i ncludes conparing the signal to noise ratio of the
RF condition to a predeterm ned value. 20 12. The

hod - im 4 ' . i
o] aeirefeftifh f0oB bR AP LERIRY BETRNID. o
Noii$e ofonifacing yistloop teunterkamsno thenaximanebpeduér value; and,
SR T Y
devi ce /8dd¥BtieAShe l%gﬁ éeéunté_lhﬁal o 1 makidium i'o%g counter value.

wherein a phase of t Pseudo Nolse Is nonitore or
determining nobility of the nobile device. 15. The

17otfepa Gl 16 G Sl ilidTREs iRt BRenSibidiVice o

s| thePedshd &veh@Rp tshkep MYk ey tid @BbileSddvideas inle filftSevel deep
met hod of claim 15, wherein the step of ‘conparing

i ngfepdeede. 16 WD 2004/ 042941 PCT/ CA2003/ 000309 (i)
increnenting a | oop counter when the nobility flag is
false; (ii) conparing the |oop counter value to the
18eRhenmethbd ofclainu bé,evheveih wep (i) dhcludek switcling tiehhotgle de@ice to
rmetgi I edgevi ce tqQ one of Bhe second and third | evel

dbp tiyddeyr! deepideensmede vhen the gppbils davies 1s/a thesseaepshlexel deep
t hgedpahdgum | oop counter value. 5 17. The method of
claim 16, wherein step (iii) includes swi tching the
19pBid metied pdaino3, wikeeisdlostep bfsraichibedpclatesespttimgdemaximum

en the mopile device is.in the first, | evel dee ,
o1 BB Brrdot oy et tei it Sfiog PPl i et e first,
StPor{d dnd)thirdRveldRep SWep &lddeg the nobile device to
the third |l evel deep sleep node when the nobil e device

is in the second | evel deep sleep node. 19. The

L: .ei e st f i.tching ..
2o 5 A B SR b sl YD o o
prmodigiteatavicaed ohd ofhe secoal uad gsRidevalidesh siedpmods vitfentthe
first, 15 second and third |level deep sleep nodes.
2 OPaXFRU NG PEHOCPERES19, wherein the step of

conparing includes switching the

21. The method of claim 1, wherein the step of switching the mobile device to one of
the second and third level deep sleep modes includes switching the mobile device to
the second level sleep mode when the mobile device is in the first level deep sleep

mode.

22. The method of claim 1, wherein the step of switching the mobile device to one of
the second and third level deep sleep modes includes switching the mobile device to
the third level deep sleep mode when the mobile device is in the second level deep

sleep mode.

23. A mobile device battery power saving system, comprising:

a) a channel processor for providing a flag signal indicating loss of a system channel;
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nobi |l e device to one of the second and third |evel

deep sl eep nodes when the nmaxi numti neout period
wexpined41 20 21. The nmethod of claim 1, wherei PCT/KA82003/000309

step of switching the nobile device to one of the

second and third | evel deep sl eep nodes includes

&\%ﬁﬁ&ptcﬁﬁtr&? 'f%leregeggllhg ?he i?a% strl]é}tea}l] §1?cf ﬁ {dnfeg\;%e/ l@fs&:l&ggdgt exit

slﬂgp node. 25 22. The method of claiml1, mherein t he
smntchlngpthe nobi | e. device to one of th

Wfbéﬁﬁt% Goptrplerdir Hide dacR &lserBiods Varihlefdggesponse to the
SV‘& yisteH 136k dxerl Id 1){ tﬁlg dee %Igfeef) Hleg vhENM s 1qg§s$onse to

sl eep node whe evi c I'n the secon
IeMEmDHsgmMS§Méep nDde 30 23. A nobile deV|ce battery
|S|n

bl BN R TP e Ghaft Rt ESemerpcg o tme

Of inferdd YbHAB B@bep sl M&@%‘)Qﬁl 48¢Hor providing the control
PCT/ CA2003/ 000309 b) a sIeep controller for

r etighalg teghe M@‘la‘bﬂfas}ttmggq@arro eravisnahe BEregndition &ilsrto ioptove.
exit flag; c) a variable setting controller for
setting deep sleep node variables in response to the

24y Shembbisdevios Hattblyaghvesd daving syaeinust dlhigh X evickean tisd SelRm
nmode variables in response to 5 control signals; and,

d) chenned\ipgheds ong gh ¢ pHPY changed and 8 paging ghanpek anpl i ng an

RF condition paraneter at a tinme interval defined by

t he deep sl eep node variables and for providing the

26 oblbe mbbilsdeyne! attexy pdv&rvmh@msmm of ¢laing23; ovtierih kiexdeep sleep
t 0 i.nmpr.ov

when .t he. condjition fai

OB b es SRl et s ok i 8y Giccfestal and dopgount
whedi@d for k&tenS X ah@Ber SNeRiRhs| NCl udes one of a pil ot
channel and a paging channel. 25. The nobile device

battery power saving syst em of cI al m 23, wherein the

mode . variabl es . val u
PR ROBER e B AGs RRaneStSafrbds TR, Vet el
f ogongitfohnipagingeterinEledesaf s1gﬂa@fcﬁﬁd1mengtﬁ-raﬁ3]e nobi | e
devi ce battery power saving system of claim 23,

wherein the RF
27. A method for switching a mobile device to a deep sleep mode comprising:

a) monitoring a system channel;
b) counting a number of times the system channel is lost within a timeout period; and,
c) entering the deep sleep mode when the system channel count equals a

predetermined number.

28. The method of claim 27, wherein the step of monitoring includes monitoring one of

a pilot channel and a paging channel of the system channel.

29. The method of claim 27, wherein the step of monitoring includes resetting a

channel lost counter and a channel lost start time value.
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condition parameter includes a signal to noise
strength ratio. 20 27. A nmethod for switching a nobile

waelewitne9snp a deep sl eep node conprising: a) nROIT/CARG0B/GO0309

a'system channel ; b) counting a nunber of tinmes the
system channel is lost within a tineout period; and,

30) TR EFroB 3¢ e SUS e, e

O o i 28 Rk 187G Aiab UEABS HGhmepgng he
Thehame¢lfiosd cofintet eachntizie, thevkystean chdnhel ist®@p of nonitoring

i ncludes nonitoring one of a pilot channel and a
pagi ng channel of the system channel. 29. The nethod

30f TRd Akiod 6f cIMiR B! WhdiBR B &8 6f inBRMhRE Bl éﬂ?fgs
resetting a 30 channél Iost&%odﬁterE%ngégggﬁ%%%e the

| ogtangeldest startibne walueto a fi8t Whrep0GLotal Pe4tioning System time when
Pq%@g@%@g 9&9@0? 33; The nethod of claim 29, wherein
the’step o cCOURT ngF ictGdes i ncrenenting the

channel |ost counter each tinme the system channel is

| ost. 31. The method of claim 30, wherein the step of

3 nEhemethod g claie Bhowkereiatthe sigp efiacsmentingincludos setistga t

ti I .a first t |, PQsi ti oni .

oy SRR oA ehd e Vol o SRELRE b o R ol e ime
oneherBPe chiimmehipkh@aintt valuaha Bidchewhies gredetédngd @antsd:.

i ncrementing includes setting a channel lost end tine
value to a second current d obal Positioning System

381 TR hOmBA 8P il 38 NARREH hRbbiFOHRY

reached the %redeternineé nun%%r#gﬁégéd¥%%ﬁﬁé?%%§e%%dee
c| wihen B2 difidrenrceibatwdee thmodiiaheel dest endtimetvalug ahti ehedh@pnel lost
sl eep..node. when th i fference between the channe
Id%?Pgﬂﬁ‘?Pﬁés@QFﬁ%ﬁﬁﬂHmFﬂép?ﬁﬁhnel lost start tine
value is at least the tineout period. 15 34. The

met hod of claim 33, wherein the step of entering
3tnEhaaedod eSelaim A Whrseis thmtien of dngsrmgdneindesiresettthg the channel
C BBl -0 B Shdnsll 5 AR o S8 ekl ie TRUBIE GoFEY biEss e
deep sleep mode. ‘
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