W RELESS DEVI CE BATTERY CONSERVATI ON METHOD AA SYSTEM FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates generally to nobile wreless
5 comruni cati ons devices. Mire particularly, the present invention rel ates
to a method and systemfor inproving the battery life of wreless

comuni cations devices in areas of poor coverage. BACKGROUND OF THE

| NVENTI ON [ 0002] There are rrechanl sns in CDVA nobile devices to save
battery: powe 0 0 | eas havi ng good coverage and
areas i n Whi-cfMe p) LMY 1L DA 4L HE GOINGE R A HION ME THOD AND SX ST gde, or
areas where relatively strong RF signals are present, nobile device
battery powrIELB OXOTHENAENFIONtering a sl eep node using the slot cycle

i ndex, as described in the CDVA standard, while the nobile device is in an
idle state. {cmma sI ot Rhycl;aresicmdemvbmoneldelate@omnetrm)t has e nfbils Kiwitelds t he
art, andis elf discu ed a%jﬁ | [N areas where there is no

cover age’ tﬁ 'qu ndices Mo pafpiaarly, g ncesent yegtion, prlates to; agetied ch i t
can occasi ol dyytemviakimpipving the Gagel FO6f Wirdléss ses@nicafonRe fitanalaseas [ 0003]
Prior to the. discussion of the slot cycle index, a brief description of the
acqui si ti on®FEILENEREGt robi | e devices fol | ows. When the nobile device is
powered 20 up, it enters a search node to find a pilot channel. The pil ot
channel i s BAGKGROUNDOFIFHE INVENTION conmmunications link with a base
station. Then the device switches to a synchronisation channel to obtain
setup data H083 as s{htrerramdchasine ik CDYeAniobile advi@s to siveWati@ryipoder ti N ng
informa o] d arma.lontofn:da channel , for nple. Once the
pagi ng cdna%@% ératméw red ”“taﬁé‘anB%lgP‘g‘?g%V? gﬁ“‘ﬁédﬁﬂ?@ﬂ?‘h?‘?ﬁeiﬁ%ﬂ e state
and 25 subsegeregd. |ly aeat bavigyg@dRseragd, at emﬁs)wmrregﬂ&wcgl stiomg W fighdle
network, for_ receivi call g, tran tt|n outggl ng caIIs or for
sendi ng shott pﬁ?&dﬂ%gﬁﬁ%@t werd %P%“sfﬁﬁ %"g%g% PrREdGBIIE e devi ce
can then enhesloscycledfiddxasSdeséribell @ the STNIXIi sBdard, nﬁlﬁf@tﬂ@nﬁﬁﬂé &a&%rn i i ng

out goi ng cal | or fﬂ? ﬁendi 0 SMS data burst messages. [0004] The sl ot
cycl e i ndex®® o'gl? Hites erﬁ?th%’cgdﬁfl‘ﬁ‘glsc‘fﬂhh'&w“otp those gipkil] i Hhevireend 30 and i s

shown grsaplireal ikcastedTa@H R arbas berk Bresib g E@\Qra@%e RlobPEERe! Qf enckNe MDD 1 €
device is set to wake up froma sleep node at pre eterm ned intervals 20,
such as ev élrgfeep slegp mode during which it can occasionally ‘wake up’ to check for a presence

of R¥ signals.

[0003] Prior to the discussion of the slot cycle index, a brief description of the
acquisition sequence of mobile devices follows. When the mobile device is powered
20 up, it enters a search mode to find a pilot channel. The pilot channel is used to establish
an initial communications link with a base station. Then the device switches to a
synchronisation channel to obtain setup data such as system and network identification
information, timing information and information to find a paging channel, for example.
Once the paging channel is acquired, the mobile device can remain in the idle state and
25  subsequently enter an access state for registration with the network, for receiving
incoming calls, fransmitting 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,
30 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
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five seconds for exanple. The device wakes up for a short w ndow of tinme 22

to receive any nessage froma base station, which would only send nessages

during these short wi ndows of time 22 since it is synchronized with the

nmobi | e device. Wiile the nobile device is technically "on' all the tine

unl ess turned off by the user, the nobile 5 device consunes nuch | ess

battery powe i 4 S0 i K p.. periods 2 0005]

I n addition ?%é?ibirc?ﬁgtﬂoghgéﬁ{vﬁérgﬁ ﬁég%%&e uggf\(/)%l\%es%lo'LsE ‘?“HR wggggxeRé toE:over age

area or no ReEceipanyassage dom 4 bese etationg which matidondy send wits@igesinrifi@ tdid | ons

are less th i . cause.. the, nobile.device 1o repegtedly | ose

t he pagi ng cﬂ'gﬁrfgﬁidv?gaéeugg%ﬁmc%élm F%](‘fléﬁop‘gﬁé %‘g th%?%ﬁ???’}‘gt %IEMrage '

are exanpl esmoileglevicats cimically ‘oiall theRme onldist thBS ofHy HELRF, I AbKile Wen

t he pagi'né; c E:annel i S Iosi},lt e nobile device enters a search node to

re-acquire tha picPBYER ML less, baltey hpwer GRTINE: inerials R fhen durmgdakseippagi ng

channel . Howewieds 22because the newly re-acquired signal can be | ost again
.under which the original signal was |ost, the

due to the s condi ti ons. ) al

nobi | e 15 de@{g@é cont%‘hﬂg‘i‘“?‘b 10 Spuations pihere, (e gRgkiles devigenispinor gged Bt i |

ei ther RF coseiérhgendi®a o RF @overhlehhrda terel 26 siBRBbAGInGRRRRE cbritiddk a%OSt’ or
the nobil e devi ce hecones unusabl e due to excessive drain of the battery.

Thus the perlfSdhat ificy aRd ot caupraths mpbile devies toremogtediydosepbopagingactiantpli t

provi desig Cametaphigal BEsHOAI ﬂﬁﬂnet%&k?&ahecowﬁg&‘agé kfﬁﬂé&' §E5itRAGHS;, Most of
its tinme in an active node instead of a sl eep node, ere i1 expends

val uabl e 20 Wgh BFcongitiony, san Heterinraten i hem &b phgins chanaguisnivity thganotdlt and

| ost. Wil e geficSttitts RE: it o QL j ' | .i.s not cqnpletely
| ost for a Ignéer p_eri%acri&g'fﬂgétk%ﬂ#eq‘?§%%W§§{h%3gpfceﬂa§%\£’ﬁlé§yiq§%ﬁ'ﬁ%%%gw8“ nter any
type of sl eedd tisdpaging chapeelpbHowevey, beomse st nevly refaOf@6d sighali an Hehiestef or e,

dosi rabl e_{ Qg i 4P o7 OEAE WS89 A0 SRR SN £, BB LSEY POVE

in situations where RF conditions are poor | ON
[0007] 1% i dlediee esivfinests tefepedidhipreemquititivmprondss entilteithetRE anditioss itipidvaat e at

| east one i 0 Vi 0 atter r. conservatiqn nethods. In
particul ar, q}"?ﬂﬂ%qg%]%gﬁ %hg?ﬁ egf s %#Zos? H%gﬁt‘ff%’ﬁ'%\tﬁg‘“ﬁ? g?ﬁoﬂlés ‘é““ﬁ&l‘ﬁg‘ff Bt
control | i ng eacensts Himindef/ thechattpgr Thisthe iperiodio @atuRF o MBI 9aS isdekhmtihat
battery po t he_ present

i nvention p S é’s%g%ﬁé%/ﬁgdﬁs’?‘g@[‘og}g?‘%ﬁ’h&ﬂg\c{'I ! fﬁtﬁﬂgs egﬁt"wleadﬁéfépﬂ’@déep mode
of a nobi | e mbevefds. tinldm ae4dio€ mob€ Iny@B ot Hfled) AB&, where it expends valuable
20 battery life as the paging channel is frequently gained and lost. While in such RF
conditions where the radio signal is not completely lost for a longer period of time, the
mobile device is unable to enter any type of sleep mode to save battery consumption.
[0006] It is, therefore, desirable to provide a method for comserving mobile

device battery power in situations where RF conditions are poor.

25 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. .

30 [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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-2 of waking up fromthe deep sleep node after a tine interval to sanple an
RF strength of a system conparing the sanpled RF condition strength to a
predeterm ned |l evel, increasing the tinme interval if the sanpled RF
condition strength is less than the predetermined |evel, and entering the
deep sl eep node. 5 [0009] According to the enbodi nents of the present

aspect, the Jmbiing Shevd of the
systemis lost a prlgdetxg?ﬁ dg&?u&ln%% ﬂéfguﬁﬁggt rvﬁ %n Etl neo HI[%H%EH od,
the step of @@nqyatpnmgommngdh@sm@iaw conditien steenghath atpj'edmnrmmedaweb of the

etting a ol TEry PramE R W alRe' ABaRbR Ry e SOTRF e 10 1"

unknovvn or mrectcmmmvet d@wht;dngsleldmplsﬂ@pnmdphase of the Pseudo Noi se can

noni t.or rdetr Ny e nobil e dev 0 In an
aspect 0;5 ﬁ esent ﬁ ‘ﬂ mﬁ??m&;?‘&%ﬂ%}% Gw(?é?f?%t a8 ﬁhg“"f‘i? ‘gﬁ’é’l’ of an
idle state ant;trstthe deep steepb awdk wiesm alaaeg ofotle syhan i ﬂkﬁst AOfedetdrivinkliag i s

true, and £ of c ng, i ncludes increnmentin | oop counter when

the mobility %rgo IS eiguﬁ?lgﬁ’gtém 038 ‘gf StEh 8 W&?&ﬂ&%ﬂ\%l@?swpa%ﬂ&'&et he

maxi mum | oomguaiwntmisevaituﬁof akF &Nﬂﬁl@ﬂlt@g fréRteimbliell &/aReVaraetht Qepe of the

second and third. | ev sl ee m) es when the Iogﬁ count er val ue equal s

t he maxi numCP'B‘B?F“édﬂﬁP%“r* gam Bitp &ue He, Preude Neise wf thersystemiine second

| evel daep shegiwvi®dif mhe:mbﬂélaeﬂww oWy Apbase b tHe®eudd Noke eV 8L deep

sl eep node, and %&?PSVVItC_h to the third [ evel  deep sl eep node when the 20
mobi | e devi &@nfiared fordatermining mpbrlity of theymepiledavics. npde. [0011] In yet anot her
aspect of t ipgo1py esentm%taqs&mrme resla@tesﬁtﬁmt,%wﬁlsﬁuenﬂméfb?drm%%aéett' ng a

maxi mum t i meqQut erl od to predet erm ned tineout val ue associ at with
one of the PfA%id %f%&ﬂ@ﬂ@rfasttlh‘tei deapesieep mede when gepmehiliyflagdntius wad chi ng
the nobile yiexd Lo dompasy Rbuld I | £eR modes
when the maxi rrur%c‘gS ti meout Ser%ﬁ%ﬁgaﬂgoﬁrﬁdl{n%rﬁ\égmgl\?}lg@g&smﬁ?%hes to
the secdfd fsfelcompaig thedeop epratertvabiientobtht anakéminpelopp Cﬂimt‘tfh‘eﬂlfel. msd | evel
deep sleep RAGunARE dbbil | (obi | e
device is in the g?glcon(g) }egi\%‘éwé%gné Sfﬂe Sg&)%g anﬁ[tgg&?ﬁ@ﬁjﬁ 6%ig'nbodl ment
of the presafhen él@p’@@? copiier mi@peqslfalsethe emaxngum Heop d@m{mrslahepmd@bﬂacl udes
svmtchlngtgg\, | d thi 0 level
deep sl eep nod c?gﬁt\é t}%sste'ée(ghdq‘T[;k%I e agﬁ’e%m i ncﬁ des "%f’g?? devéce ¥ mum | oop
first level deep sleep mode, and can switch to the third level deep sleep mode when the

20 mobile device is in the second level deep sleep mode.
[0011] In yet another aspect of the present embodiment, the step of switching
includes setting a maximum timeout period to a predetermined timeout value associated
with one of the first, second and third level deep sleep modes, and switching the mobile
device to one of the second and third level deep sleep modes when the maximum
25  timeout period expires. 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 Jevel deép 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
30 level deep sleep modes, and the step of switchihg includes seiting 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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counter value to a predeterm ned counter value associated with one of the
first, second and third | evel deep sleep nobdes and setting the tine
interval to a predeternmined time -3 value associated with one of the
first, second and third | evel deep sleep nodes. The predeterm ned tine

val ue associated with the second | evel deep.sleep node is greater than the

predet er m negide! AR cHIUG: ] ] t ' vel . deep s| mode
and the predeternined tidﬁgﬁé\?g‘i t&%?gsst,‘é\%%%hgt%g tjv‘\}r{l?iévf geepﬁfarea (ﬁl&%?ﬁgeep
sl eep node ipsedgieamingd timetvalug asdociatod adibtthe sicnadllevelndeey sleepemadsairaiterd Wi t h

t he second | : . e ot her enbodi pent, of the
present as pedgétﬁtaﬂhte gge?%f?gﬁ%&ﬁmggiﬁ%%aé?ﬂg%%ug@ tﬁ/eé%&%’%!aﬁﬁ] SE“EJE?%E or ’
acqui si ti on the paleteriined tigle Wwtagrwsiated stk the thitd\vehdep aleepinoli B gréatest

second and thir Gi6 I The |ist of ste can include a
first -sygflem ki #ﬁgﬁéecoﬁﬁ%yvgﬁgr%s@gg@ ‘a’i’htg?lhg %‘?"ldge?%etegﬁg?ﬂ 2pdeyssoci ated
with the firl8@13110 seboys aaodiert émbodicheny ef tisd pegeniagies:, HRSREE bi Waking The
first systeq}]él'%; nﬁgrpniblﬁ a ssbe{:t of . .1 h@g)seCﬁndfs stemlist and tﬁe third
system | i st PSS frienninie 8 sySIRHLoL agquisition Siom glist of s¥siems apsopiated pithyqae g
system | i st .of {igp(fird] secondarslahioh tvelsiegrleeptiiedep BRaRt of S¥RRE cANinRlu@Yhdes a
nobi | e devi (%f}stsbqtt?g power, savi ng S st@gj The nobil e device battery power
savi ng syst eMUSKETH&ES 2 syeond syyign l]ﬂﬂé d spyem distassoriatedowith thanfimbl j er, a
var i abl el0s etsédond axbihird t8veksleep adedrehb RGP\ ahe GO EysRim Bt canl Ba SlIRGNE!
processor provides a fl signal indicating | oss of a systemchannel. The
deep sl eep EBAEFHY sgf’teﬁn:l%éi‘*‘)‘g erthid pysteap. Ustoangd the dgcopd systeradishcamslsse em | ost
exit flag. Titeetwdttieabir®syehilisng controller sets deep sl eep node vari abl es
in responsiméglthe stem I@st exit flag and adjusts the deep sleep node
vari abl es i r espofist S¢9n¢ GiReF | thes PERsent snvepan | sqyidrs vie mobde tdewice er

i teratively batiPhofer3ivil sys@a dhé nRBild&N AR aREry Fowdr Sav s}&éxﬁ "iﬁ(c"f'A}degef I ned
by the deep sl eep node vari abl es and rovides the controf signals to the
vari abl é”seft gL Beesss a desqhdeep: qpatrpdfer.ch Nariablasettingagongolies, anipa dowe. [ 0015]

Accor di ng t gobdeccbd] TRALRnAYl FriGsRF BR3Mes BOREE i fBNGEOMLCHAINE! 25
I ncl udes one of a pilot channel "'and a paging c ngfl, e ep s?eep node
vari abl es  PYflamy gangel (The degmsiger tontroblent receiges the dgnsighahtaed iadvidesda a | oop

o o AR S U LGOS B b T GBI
response to the system lost exit flag and adjusts the deep sleep mode variables in
20 response to control signals. The low power controller iteratively samples an RF
condition parameter at a time interval defined by the deep sleep mode variabies and
provides the control signals to the variable sefting controlier when the RF condition
fails to improve,
{0015j} According to the embodiments of the present aspect, the system channel
25  includes one of a pilot channel and a paging channel, the deep sleep inode variables
include a timer value for setting the time interval and a loop count value for seiting a
number of iterations, and the RF condition parameter includes a signal to poise strength
ratio. )
[0016] In a third aspect, the present invention provides a method for switching a

30 mobile device to a deep sleep mode. The method includes the steps of mwonitoring a

system chanoel, counting a number of times the system channel is lost within a timeout



[0016] In a third aspect, the present invention provides a nethod for
switching a 30 nobile device to a deep sleep node. The nethod includes the
steps of monitoring a system channel, counting a nunber of tines the
system channel is lost within a tineout period, and entering the deep sl eep
node when the system channel count equals a pr edet erm ned nunber. [0017]

I n an enbodi I t ect the or|n i ncl udes

moni t orj ng e&%)faﬂg e}.!&ﬁn?aﬁh&ig g fipds ‘B}('f | ﬁﬁ““ﬁ# COURL %St &m

channel . 5 P@@&@imlhwlmmlatt er nate enbodi nent of the present aspect, the

step of noni ng cI ud ese n hanne| | ost_counter and a channel
07 09, A SRRt Profenf ot

| ost start t1ne val ue sep of wopitrmginelydegach ti me
the system olvaivonidg dos ofmpﬂotcﬂ'dnaelaah&a paging tH@ha FEME kyienh Brdndeles setting the

channel |os rt |l ue to, a.first current dobal Positioning System
tine V\:hEIl:’l tiumﬁgﬂann ﬁeﬁB?‘ﬁe’Eﬁﬁ ArRediment of thepresent aspaely thestten eigmenitogng hannel

| ost end ti ieiuded usetting a &aﬁmdost%aﬁelt afd @bHandf20 st 15 AEeVahleCThg | M when
t he channel .| ost Counte | ue has reached the predeterm ned nunber The

mobi | e devi FSemening Ge e é%ﬁs COYT Fachoiifae %mémst%m ghamnekia fosh dde pepwen t he
channel | osincfiiféntibgmidcadsiSu@dp thel dMnnet ﬂﬁf‘ﬂﬂ il Sh1us kR tﬁrgt Hﬁ?]n\f %Jll&ﬁl ''s at
a

| east the tineout period, and the channel |ost counter nnel
| ost start {P¥RONAY %‘e&? Smecwhan the cchanneh lostragyintes thl@ll@@ne.nmelr setﬁdgea deep

sl eep mpgle. chhandi Q6st 8hd &np %.Iu@ % §éc§n@&ﬂ‘refn? @&dﬁfﬁ{ﬁﬂfomfn{é é.Q{eﬁ;ts 8/:1]1 pvention

wi || becone _ap Eeé@ent to those ordinar T evi ew of
the fol |owi g chragellps comer yalug pasgeadhed merpmutemncdsmmaber mnemumnemem in

conj unct i ONexédrd the & GRIDHLY 1 Qi e Tl QN OF
DRAW NGS [Oen20 Erf%%df&ﬁrrents of the %@%{%ﬁﬁwﬁéﬁ?ﬁﬁq\?\ﬁ?mm“ﬁ% escri bed,

by way of Llashstd tige vajue i ptilepst the Grpesptoreripds andifhe chpqngllng dotmien andetbe
wher ei n F| @anntlIbssmﬁmotal@)&felr&eum&%erhwﬂbﬂ&odbﬁ%ﬁ%&ﬁsl@é}ﬁn&@' or art; Fig.

2is a rt sh a_n evice control pethod according to an
enbodi msnt V\fooﬁfbghe pr gﬂéeﬁgspeﬁ%&?‘f“eﬁmm ﬁfé‘e preserd inyepfiopckill hegpe,sapatenty nobi | e
devi ce contuoaihoseyﬁhmrdjaskﬂlbﬂ@l fhg aﬁ@po@évﬁ%f'ﬂ%foﬂdmﬁgﬂ%ﬂh &fogtsﬂé‘cﬂﬂf esent

e channel

i nvention; Fi i S %flow .chart showi ng a process of t
pr ocessor b%ﬂxw © IpyegHiowin; conjynglion iy igyile campamying figupsocess of the
power savi ng controller
BRIEF DESCRIPTION OF THE DRAWINGS
[0020]  Embodiments of the present invention will now be described, by way of
20  example only, with reference to the attached Figures, wherein:
Fig, 1 is a slot cycle index timing diagram of the prior art;
Fig. 2 is a flow chart showing a mobile device control method according
to an embodiment of the present invention;

Fig. 3 is a block diagram of a mobile device control system according fo
25  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;

30 Fig. 6 is a flow chart showing a process of the variable sefting controller
of Figure 3; and,



of Figure 3; 30 Fig. 6 is a flow chart show ng a process of the variable
setting controller of Figure 3; and, 5 Fig. 7 is a flow chart showi ng a
process of the | ow power controller of Figure 3. DETAILED DESCRI PTI ON

[ 0021 Cenerally, the present invention provides a nethod for detecting
poor 5 RF conditions, and entering different sleep node |evels or phases

I n accordance with thg .copditio t o save battery power. Mobile device
battery.life can be coﬁl§?r7: \}sé?jﬁo‘m”k?gﬁpfsq?é“%?)ﬂogesdé\%ﬁleeb&’dp@’ﬁ sontealler gf-
condi ti ons arftigueed.ers a deep sl eep node of operation. In this deep sleep
node of operation the nobile device periodically sanples the RF conditions

and gradual | mﬂf%ﬁﬁfﬁﬁs&ﬂi&g&fé&‘-’d bet ween sanpl es when the RF 10

conditions do not I nprove. Because nobility can change the RF condition for

wreless deyypgp evengi e o F coverage, the nobile device
operating i n\{t heFd_errGésr%%%’ arr%oﬁgésg%nlﬂ & 18'(1:?’ r‘%vhéeg%n’gﬁti‘#{? ‘%ﬁ&“?%ﬂ%“renhance >
t he probabBi | iRRcopditiens; and pafedae difflerent Peeptragdedeveld beptnads ivakdordot Xithng a
| onger power 2 t F condjtion .inprove t he nobi | e devi ce
exits fromthe e%‘%ﬂagmé‘égg]%aebqg% PP ru%&”l?ge‘f‘ﬁ%&%ﬁfel‘%“ &ewseryed22]
Accor di ng t o Wherithepnoltileafevive deteetipooti REE nbnditfons aeid RhRESN Bedp WRP thhéd.of t he
nobi | e devic i L.C . tp a.,dee | eep nmode when, _poor RF conditions are
det ect ed, aﬁ pr‘%’c@e g cfeeop g%‘??p‘ﬁ%&taﬁé'gﬁﬁu‘i%ﬁﬁ Hﬂgﬂgd%‘tm%?eﬁaﬁhpém samplefp
interval . ThéeRF eonglitionsfand lxeaduilfy mioreabict HRMperidd (0Bl QHRAILS WhbR 1@ RE
predetermned level . |f the ss/éen th %E_the RF 20 condition is |ess than
the predet er WSRgns 4Q et improve, Becalysmebjljty gan theags, de REscanditior fwavirelots  t he
variabl e ti mievides evensin dréasTQ@bERH d0bnigd, M BB8IRIdevid%iRih V4
conserves nore b(?d(tgt erﬁ powe_%bA, vari et%,of condi t?oér%_go kno %%g%tc}]egée of
skill in the™5Pm9dscaptetactthis mohdity ddiyisenbangse thsdwohhilithef enesilg as il as t he
nunber of tisme, & ApelaERIySedtéifde ;pyan oW B RbE QY| e'g%g“'i Rﬂct;[D?‘gfii dl e

al'so unde

state, for exanple. Those of skill in the art w &hd t hat
the vari abl e™BES the &abile devige peitsi frem daesdatp ssleer rmedepmddetiasniorthel idlaunber
of fail eds saggabi ng attenpts have been nmade, and that the variable tine
I nterval can_be increased any nunber of -tinmes and by any anount.

0022] According to a deep sleep mode embodiment of the present invention,

the mobile device switches to a deep sleep mode when poor RF conditions are detected,
and proceeds to sample the RF condition at a variable time interval. The strength of the
RF condition is then compared to a predetermined level. If the strength of the RF
20 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
25 . understand that the variable time interval can be increased after a predetermined
number of failed sampling atternpts have been made, and that the variable time int-erval
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
30  list which is a part of a Preferred Roaming List (PRL) with a better signal strength
(RSST & Ec/Io) than the signal that was initially lost. It is understood to those of skill in
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[ 0023] According to a preferred enbodi nent of the present invention, the
nobi |l e device first tries to acquire systens froma Mst Recently Used
(MRU) Table 30 list which is a part of a Preferred Roaming List (PRL) with
a better signal strength (RSSI & Ec/lo) than the signal that was initially
lost. It is understood to those of skill in 6 the art that the nobile
device tunes;toQ t kno f uency of the system and searches for a CDVA
signal in or Bg At tha gbedﬂvgglgd%ﬂge t@ﬁ? e knowg %"s“gfﬁfg'ctsﬁﬁe‘ﬁﬂﬁqf‘%%ﬁli ce
goes into tfoea cmMAstgaman ofllef tb&&qtﬁx}éfﬂﬁeed%tcﬂ fTetovesstul, thd fobidviedpid Ce goes

into a first. g)e el, .. deep. sthee (S I mredi at el y. Wiile in the first |evel
deep sl eep nBfete gl sifsin that sysicmy; Qtheryise; Hﬁl@%ﬁlﬁcﬂeﬁﬁk&%‘%%ﬁ%#ﬁyﬁe the RF

condition. Ideep h&cﬁ&cﬂ!@ Mghinfeliaidly. WhiRCigathé Ft Qevel Bé‘éi) 40P ABR, 'u?e Hﬁydece
re-acqui res %HSI gha qrJf enters the idle state. the  poor RF condition
persists,” th ‘CPH?“HQB Yo VAR | We toe fAT the Bgc%émlo@vgl thde%lf) Cglltté?n ismode,

f ol | owed by @cépidbid] thepMad nﬂ@&%&ic@@@a&&ﬂﬂ@s a Igﬁal'm@'eﬁt@rsqﬁé’icﬁ st S eSS the

same functions_as in the first |level sleep node while I n the second and
third | evel RPEEY amditigndsrsistsy thepithe Wabﬂet frevicgaaniea k secanddevehdeepy sibepbet ween

Sampl es | T RaRE Rl R8P ihep TREFmE Y e RIS LA SR SYRL R, 2°

attenpted for acquisition. Mre spec Ice
attenpt to dueions ag insthet G eyadrsleeh encvdRUVHi@binethb isedond rand hkird level sledpevel

thenitmlléfegeégmlp %gmlnthe MU, Tabl e List vveII as-
systens in the cur é%‘?t%eggiagﬁmea?{é P ORC AR RS oY b‘f ?"ﬁe PRI,
and t hen it mgde|leve] andhdiffergpt syistamcamnttemyﬁ:ds&sa«qmsfﬁoﬂnmkd s;iebiﬁc #ReNs in
the PRL. [O E Shrates t he de ocess descri bed
in the bpr e\%ﬁijs dﬁg#ég"r’%p#&[anda PS5 & PRIEMm %&mé*‘i%s@“?ﬁgﬁﬁgﬁbfna efitthod for
savi ng nobi [level, Glmnlltwﬂbattetxxpty)apq)ﬂmra dystem ifi itlieUMRIUOTubIM ¥t @s el bs HfstepRnNdi ti ons
result in a S .of e syst ar i chaonel . VWen the pagi ng_channel
is |ost, theJl %Bb‘f”ﬂé’“%@\??%?f'ﬂ%f?fw‘%?'é@ﬁ% égosljs}?SE‘HW e Py qnd f‘ﬁ HWE main
routine IsSn whémpt tb heyuire hisyseentlfiin @l twasgstbiy intge PRLOPerate in an idle node.
From Fi gure he pracess b |ns step 100 where it is assuned that the
nobi | e devi (E&)Zﬁjis entgilg %“eﬂ%d@%f’“&e?@?%&rﬂ“ﬁ@%t’@pﬂlEOZ t he
mobi | e deVIpﬁimdnﬁllﬁfdgmpﬁ,Cﬁﬂd\/&tﬁﬁHmﬁi' NOHE Shell Benetd] QRH I (HEGRng [ RSAe TOde T O

sanpl e the ?B cEndltlon after a ,delay tine I has passed sincé entering the
deep sl eep SBHE P3HIeTY BYWergp 2 32‘33%“0‘6'&%? porj BF genditiqng ressltpinta lpek obthet he

nunber of s gayspdnh ﬂ@dgh%rcﬁﬁﬂn@ﬂ Whed i paging Eﬁﬁné@ﬁ%sg &Q&dﬁﬂ@@&ﬁce%té@@l Ing
iteratiqns is conpared to a preset nmaximum nu
0 system lost exit from the mam routine in which the mobile device was trying to operate

in an idle mode. From Figure 2, the process begins at step 100 where it is assumed that

the mobile device has entered a deep sleep mode of operation. In step 102 the mobile
device briefly activates, or wakes up, from the deep sleep mode to sample the RF

_ condition after a delay time i has passed siﬁce entering the deep sleep mode in step 100.

25 A counter is used to keep track of the number of sampling iterations, and at step 104,
the number of sampling iterations is compared to a preset maximum number of
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

30 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

-7 -



iterations. If the counter is |less than the maxi mum nunber, the process
Wl proceed to step 108. At step 108, the condition of the sanpled RF
condition is determned. If the RF condition is poor, then the process
proceeds back to step 102 for another sanple and 30 the counter is
incremented. The | oop of steps 102, 104 and 108 continues until the

counter val ug.agual: i er of iterations. Wj t he cqunter
reaches, t he SIme nuﬁn?dfl‘gﬁ?'e, é[%glmﬁgiégg%nsmfﬁt 88‘%&830‘{!’0‘[’}53‘{5@5 1&%6‘"?6‘“11 A8 case
t he del ay ti nentinugs\again forrithprtbel sitmer oriandiffervet| mieximdin @umber Y Seratisng, foRe I €S et
and the | oop 104 and 108, conti nues in for either the sane
or a di ffer_e%agﬂp%(iﬁpn%%&ﬁ%dr% réeéff"q"f e GRad af jtey fl@g CEHPRESES MR tion -
i s determ nestep 310® e cheadelayttime LA, theh e ASPLESFhRE ARARES slefp mdligRr 110 tO

reset the,de] i e | then 1o step 112 where the deep sleep node of 5
oper ati or i SO%J%)B.IS f%lf‘ggﬁjetl‘fyntgn‘?lls?'fff’%?lgr‘%?afcq PR fodtheee ginigs, hup camilae ti nes,
but can al sobe inereasad apdesiedaiynbdestitingd. nunber of times. [0025] The purpose

of changi ng @Wi‘fdel ay fime i is to capture the mobility status of the
mobi | e devi @04 t he TAFBYRPSTOh changiBgths delay; time ids B captee theynobility stabay ti e

i corr esponefSth andbile dbvies tin IRV GhbAdBRt ShAGP i B 4, Hiéqitdeia%{ngga?e in
the delay tine i 1Q corresponds to the second | evel deep sleep” node, and
the second iSFEFERPRES [othe fisstdeyel gieep sleap modep thecfifsh ingeraseoint the delay rtand evel
deep sl emp ra@RspohddodhetechiERved A6 QepRiodeC AUt | %a' g n del ay
time i is short polﬁg i ntencded to ca%)t ur«g t%dé' SI tu%%%g%éﬁ' ere Igfm@egﬁdi tions
are changi ng'P&piamrspordsy toethe thirds levelhdeeppibiepemadsy iA dighen fibguency af RFOVi ng
vehi cl e, or doRdfioR 3&kbl L &m0V el can _change the. RF 15
condition. A |ower fr%g%’e%yn \g%lgf?F colng?s{g?%’nﬂslglﬁg eidntﬁ,caﬁﬁé% T e i s
i ncreased, Where RF epribiégpns erecchpngivgraphily. ot eraipbm thehmohéletdeeicREarciidiat | ons
are changi ngu&; iclEOhr %2 a wal ki ng . user carries th bile
device. A |l ow flﬁéggﬁhelﬁlg’y&oﬁ éFHméiglﬁd’H] S‘g]ﬁmsé\{ar%ﬁngn ,hm e‘f‘f’"d‘éﬁaﬁ? {h i is

hi gh, i si3i nteendition. tolowapiiequendyted REi conditiormsampdiiag, avheh ldelaREme @ idinkle@eg, ar e

o atat Lonary Rt Buftihe Thufion wieRl o B Rufitof e ging, Spy ghdiaual |y
st eppi ng downample, wherph i wrikifig @sprenayes thbiendbilt tdevite. PANSK Béquche BPRIF €
attompt o 1o “SRUAPTSFRAFE sl AT pidicls e SRR FEpBRe B aon mecttei co.
Speci fi cal | yhe RF caridétionniic cangiigivesy siGwly B0HbNG all L bRaniple, avhzh 8RSHhobile
pr obabi lzbt y dg*r'icee AW '{En%{:y! Pngaxll rLPéao%ﬁﬂ p%'{:)r %(i:'ngtl);{‘:llit(i)()rtllg. '(I)'lrxerefore, by gradually
stepping down the sampling frequency, the battery power of the mobile device can be
conserved. Furthermore, this decreasing sequence diligently attempts to attain the
system as soon as possible for the mobile device. Specifically, if the mobile device is
moving, there is a higher probability of encountering improved RF conditions or
25 detection of an area with no RF signal over a short period of time. If the mobile 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
30  and method which is suitable for use in a mobile device for saving battery power in

poor RF conditions.



25 detection of an area wth no RF signal over a short period of tine. If
the nobile device is stationary, the probability of having the sanme poor
RF condition over a longer period of tinme is higher. Naturally, the
specific delay tinmes for i can be selected to be any value in seconds or

m nutes. [0026] The follow ng enbodi ments of the present invention describe

a system 3 met had ich is sujtable for use in a nobile device for
savi ng Jbatt QP@J'EOW F ‘ﬁ“‘%&@?wﬁtb%maﬁaah%fﬁ{eﬁgsmsmemcgmd@gamgnom a
bl ock di agr ambofinendefhe presaip ibyaliciITAE Geidilng syoem 200 ARBRF i Rurds the
present invention. The dee | eep system 200 _shown in Figure 3  nonitors
comuni cat i,dﬂonétﬁﬁrfﬁﬁ‘l“gl,‘“céw&tﬂ gnels, eables syncesstil RAIARMBRICItOR and gowtre thel s t he

mobi | e devi afobile debie AE@R SdepSRepTRc. BREP s SRtRY 366 TR iNGlaHsles 2

n
channel 5 processor 202, a_ deep sl eeg controller 204, a varli abl e setti ng
control | & FOREeHAUZEE p 66 sonepntealisr 204, popiigidgsettingconirolian@0f nndndomnect i ng

the bl ocks giowhe todtfigh 208, WAl arrdvdf %t%&ingéhr{gr 8 G18¢ks béi@-‘éﬁaf%%%ﬁﬁ%ﬁer A

feed-back information to other blocks. T unctions o can be
i npl enent ed MHPRAtian A9maens| bleckttp enotheseer feedbacktinfgrmatiou to othec blotks ABEC) wi t h
the other mpickiGnsAFVa@E LN G R i ' ifi8 350y Pl ock
i's now descri bed.s 0028 Chg%llnl%l %S}e-(l);tc}g‘tsegg{rm@gén é@%&to&g—@ %{ggs"?tea%gggd
channel acq@ireyit {ASHIC) withdkd ether mobileogryicatfumugions Thatgendral fitastioneofi each he

slotted 1ﬁDd%1dEf:is%W(1%§édB£h The deep sleep controller 204 receives a flag
signal indicating a loss of the pilot or paging channel by the channel

processor 208028hnd i rffhanael eproceswy s2Wmekamites eshiet sthataald chpmel picgsisitior 5
condi tions. glRudRiE d l&ll‘ |.oen i sleep controller, 204 counts
the number of trPrrers F#etlhgi %E‘O@rgb%giﬁgﬁ'é%ehs ??%glm?@ q?(?g?mﬂ%r 96&R i od of
time. The cH&ememtplacMsereiveaOR fiag signalt indichtigy 4 doss @itthd pelos 6ApEHNY for a
systemif the b ndi tions not .net, but initiates a system /| ost
exit if the pr eés@ <§l%:P'ocni'g Fxﬂ ](%rﬁ%es%?f 26‘?115‘?8'%%‘ %ngﬁﬁ??b@ﬁe‘iﬁﬁn Rreset
i nitiatefl byorditionslde thispaeiqalas embodink dékB4leep behtioaér 280 cBuiS tiel daghpePNt r ol | er
206 sets t hgf 20$38¥r.F0Er | ate dﬁ%‘% | ?eF node vari ables for each of the
first, second and tHiT 8 PEPec 8’;‘3 St ¥ 2 peefdof tiee Thesthanegherocesat r ol | er
208 sanpl es2étie iffruaain@ichitiiie bdardAGRFOHLERM WiteprdsBE o6 BnS4cE fbk fZde
vari abl es S@Etibﬁatt he vari abl ehig tting controller 206, and swtches the
mobi | e devi ¢8 FEFHEYERBIR® HPIGSE qoaditipnsupicls Paey sHsweslopexiténdi ng
initiated by the deep sleep controller 204, the variable setting controller 206 sets the
20  appropriate deep sleep mode variables for each of the first, second and third level deep
sleep modes. The low power controller 208 samples the RF condition in accordance
v_vith the deep sleep mode variables set by the variable setting controller 206, and
switches the mobile device to the second and third leve! deep sleep modes by sending
control signals to the variable setting controller 206. In the presence of a good RF
25  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.
[¢030] Figure 4 shows the control process for channel processor 202 of system
30 200 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

bandling of data traffic between the mobile device and a base station. The present
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control signals to the variable setting controller 206. In the presence of
a good RF 25 condition, the | ow power controller 208 returns control of the
nobi |l e device to the channel processor 202 for normal operation. [0029]
The control processes for each of the aforenenti oned bl ocks is now
described with reference to Figures 4 to 7. [0030] Figure 4 shows the

control proc 0, 30,200 in Fjgure 3.

The present g@rim{ %F’ce%ér@%gag gs ‘gg‘rtﬁgr%an@r ?lﬁc sf){atf 5%?%’1 \RFEEt %‘Lecd@%ﬁ? ed
with the sl otmedntmdeorm‘al mpéy aft dperetios,sath ashaidtpstae forGranpleC ANFRI3OAL | ON
channel s and rbqﬁ dr1%cegls data fraffic b tween the nobil e device and a base

station. The'l O “%PBJ:}ES@ ’Prﬁ"&?‘&c‘frg tneth opne oenwsl 195f ocks of -

the systemt mupter Riahd & hbamrelubkt&taieumE@ ard MitlalizeN\drabsed t@@&nﬁﬂ'vaﬁ@‘i’@st@ﬁb I
ile

operatio h.as, t | e t for exarrple At step 300 the no
devi ce i 25 po ET’B}E@“ '?‘ﬁé"‘? "t‘ie DTt & sYpemy aten phasehwherelit | ost

counter x anatempcshaamhe b A6 @wa ad §BnihrékiSation chdnbl ek yQem! O5&lnd O 2
nul I val ue in, st 5@5 30 In step 304 the nobile device enNters a system

det er i nat i OPH9BIF gyackronigatiopchaanel @reaew% Ragpig ehann¢lapraesssiatd a
synchr oni sat pxﬁébeamrsfeg 1306 Whére WShBBite R cABR an Rk %tecé?.ﬁ

synchroni sation channel are acquired, paging channel pr02§53|ng proceeds
in step 306 YRHEALT IRS-shastsd imodeewhile wemitoriog he ploteansk paginpcbianopler Bhes i n

erther  f) Olib@slieQevONupbttchd tiPRsss Wil RIS 'Wifhe ShiRlih bn i P3Y! NG

channel s. The 10 nobile device w SW t c he access c I'n step
308 whi | e nofvpenst anmm baick e monitnging dhe mantg nhqnngaf Beakaspo forainéssowasng t he

pagi ng channgl ¢ do 15@%J@§ﬁ9ﬂa&o(?%€ ar &0%%&:&3%{’&590 t@%ﬁ%ser %raf fic

state. One exanple a reason ess is regis th':network
The process fshukede praestepcesdoaty Hliand hreicchtototthe rhffidfchinmer Whenal  when

an outgoin nco cal I. i.s receive Then t he, channel
| ost cognt egr;b? d-lglégﬁ %e?‘rﬂf%& lstqﬁ%veg“r %FB%ESEQSQ?"@FEF%M and
t he cal I15i s chanmel bttes(hlﬂilmshre[boﬂﬂléset at\/aép 3 aﬁimeaﬁlﬂlsycoﬁﬁﬁctai Wp Figset at
step 312 if G %llccessé cg n‘g gﬁg After the call ends, the
process | oop5s 8% L% g’ﬁxf’ ref‘ft af step, 314 & Fyggessfplecall is campleted. Aften ot
during stepshézam emm tlﬁ()ﬁpce&selﬁuﬂ)ﬁbdagtdﬁeﬁm nﬁ@ﬁﬁ&&ﬂﬁfﬂﬁ%gﬂézﬁ&aﬁgeﬁhep 316

for determpnation o on far the system|l oss reasons the
system can BeTHSt p?é’"ﬁn@d g@’s aesuuee F‘élq“hrpé%ceﬁr PYOSERAINE: (9 StePoPl& E robi | e

device by t hlen:ehmmcsltcﬁtth@fbai(ﬂ BE HeYsteh Qbss ODNRF re%%(o%% 0B systdm EQELSHSL €M 1S

| ost due to.loss of t pil ot or paging channel
% mcu € aAcCess gﬁurc p g g

s or redirection of the mobile device by the base station to search
for other systems. If the system is lost due to loss of the pilot or paging channel, then
the process proceeds to intermediate step “A”, otherwise the process returns to step
304.

[0031] Figure 5 shows the control process for the deep sleep controller 204 of

25  Figure 3, which is executed when the system is lost due to loss of the pilot or paging
channel from the control process of Figure 4. From intermediate step “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

30 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 nof, then
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the process proceeds to internediate step "A", otherw se the process
returns to step 304. [0031] Figure 5 shows the control process for the
deep sleep controller 204 of 25 Figure 3, which is executed when the
systemis lost due to loss of the pilot or paging channel fromthe control
process of Figure 4. Frominternedi ate step "A", channel lost counter x is
incremented [n step 318 and a determ nation is nade in step 320 to check
if x is,exac %ﬁ*gw‘P‘F‘St‘?ﬁ@P 3048t Evgurs fbyia igermediate step ‘Be (thervisgethet o ¢ he

current @ Ob[&bcesﬁﬁﬁctebdls(lﬂls&ﬁ 359 Sh& S tHe Gianhell bdfend Amd! BRrdedifMdiablas, Rr 0CeSs
ure 30 4 via intermediate step "B'. Steps 320 and

returns to steg 04 of 5‘%9
322 capt ur e ¥ht 19 ¢ursps GRS Hmer Brermiesetyalustestablishen,ong ogditipm fovehteging theost  f or
the first tideep sikdp Modes whichak § mihitamh ﬂﬁﬂ)ﬁfﬂf§ﬁ1€§&é%90t «Srgfzg] glﬁanngf Cess

enters step 324 which checks if x Is at |east equal set va | f
not, ther -19¢ byrhe mofHe device. At ateps328othstdiffersuce WWﬁngmblds giaad y is

i nt er medi at pofdpied i prébGHNE Bendi' R ERESRAL 3F Kl attﬁgpﬁ,eq wher e

the channel lost end tinme, reco Vi a varla current
GPS ti ne. T%“%Pbﬁ@?mvéh%exe@ﬂablarﬁsm Ianaseazéﬂﬁllmﬂouhefpmcempmceadg tohe deep

sl eep node, uhhgRiatesSs Al B the channel
is 5 1lost by the 1raflt)bltlé’l?amgew ce. %‘r‘q g%?éég}a@n E’ |[%* éfﬂier?ge gé?we%ﬁ
vari abl es z istpanegiafesstepc ‘Eﬁiba‘ﬁieaimg@haaﬂpmambtr thltmmsuhe qnebﬂeo:léwcb peifdrioed

differenge i I se n,x and y
are resglt% in ?‘L‘e‘B l(‘%g%ht &g%hh&g?&t@&' &P&%‘&% ﬁ'edg?"ﬁ?ﬁe &erp o

Q her wi se, tsleep pmtrobersierideunhnisthe BFSbsditia0ia nof sd:pmmetoélwmt enterfigy fedi at e
step "B" ing at. the .nu of ti blledV|ce formed 10
a system | oshébgél ?g%&% s ?peﬁgﬁ%nﬁwdﬁ’?mﬁtgpﬁ“ﬁa E%Pﬁgi?“ i ‘EPF Eri od.
Thus t he de@pem:gthe}ieepmtebpniokiefnddﬁmmdﬁm\idﬂﬁﬂleﬁﬂﬁcﬁﬂfdxwméﬂn&&ofc@ et so
poor as to ant enferin sl e node of operation. The ti meout
peri od esta\a?g he® B! éoer‘?%“?hm f“’?‘B‘E i?’I?é‘ hPagnE ghannel wdey at|leasha node in
conbi natlﬁonnumtduutdimbfetdsﬁjm@aﬁtﬁiﬁdﬁﬁkmhﬂ tibeof tvag.ds, the deep sleep node

e

Is entered @Iéé when .t he r pagi ng channel is lost at least a 15
m ni mum nurrg bt ti ls ﬁ”vﬁs e sREPRIPRepior Big varialle FFé‘ilﬂg[@BGQl}efﬁp@ure 6
shows the cofiFigtle 30 This@8Ht:d ProdelSs Mﬁc{du?taht%rea%& (G me @A s . £9%ig Of

Fi gure 3. TB % control process is initially entered via i terrredl ate step
"CT. As wi | Pe disensipddates dagjcqugrobprocesh af Fighterdis 1srentesaddlatet viai igigraedintt s

' ;aegnt er edabﬁﬁ;)f:D’:/ g:@eir‘]}_?’lf ;!/Trﬁ gg@%?ﬁg&&t ﬁaﬁ“C’D a RB6 refently QMRS RS at e
20 listing the systems to be attempted for acqmsmon in the deep sleep mode is looked up
in step 332. In the present embodiment, the mobile device stores the last ten to twelve
systems it last acquired in its MRU table.. A variable timer T is then set to a first value
t1 in step 334, and a variable maximum loop counter value n is preferably set to four in
step 336. The process then enters a deep nap process through intermediate step “Deep
25 Nap”. Steps 332 to 336 establish the variables for the first level sleep mode. From
intermediate step “E”, the systems from the MRU and current Geographical Region of
the mobile device are looked up for acquisition attempts in step 338. The variable timer
T is then set to a second value (2 in step 340, and the variable maximum ioop counter
value n is preferably set to four in step 342. From intermediate step “F”, all the systems
30 from the PRL are looked up for acquisition attemps in step 344, The variable timer T is

then set to a third value 3 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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20 listing the systens to be attenpted for acquisition in the deep sleep
node is | ooked up in step 332. In the present enbodi nent, the nobile
device stores the last ten to twelve systens it last acquired in its MU
table.. A variable tinmer T is then set to a first value tl in step 334,
and a vari abl e maxi mum | oop counter value n is preferably set to four in

step 336 The hen enters a .deep na ocess through internediate
step "Deep 2%' %ﬁg Ow&%d@”@%f“’?‘ ersgrd)yelg{%(ljfhﬂqggﬁg fhendiess 1oopy g’s‘h‘?"@F Step® first

| evel sleep mdeurmuummﬁegmmymweﬁssteﬁmzwsw@pef:ﬁ@m lsieps MRU and
current GEO%R ? hﬁlgfg&lg t} hLg@pbll device are | ooked up for

acqui si tion 8#% &4 pariables fof sendipyel sleppvmpde, pnd stepsidd tadd8 t o o .
second val UeestaBlishths tveabldFor &B%ﬁd‘l@vél%lebﬁlﬁ{oﬂc "Spebifdany, QRRbEORRELST 35 Val ue n
is preferably set tq four in step 342. From intermedi ate step "F", all the

systems 30 f¥bi tl“I‘Fe'%PPQE"eEPé“ WBGR@on%fﬁfaP]drg“‘d’éﬁ Ghagitl anel variabderiimer T is set ep 344,
The vari abl Qotdnims il siep 346 th%@f;re?e?abﬁ' &th&%&ﬁ@%& FoaxPudth ER %%ﬁncha”d the

vari abl e maxi mum | o counter va referably set to infinity in
step 348. Th‘fa§‘°|“s‘SBﬁﬁ'é%hibéﬁtﬂ/fomlnlsﬁpéﬂlzmﬂ mﬁn@msmme -11 hi ghest

al | ovabl e i1y Ui Pihody A BIESPRLLA0 A SRS SRR OGN

st eps 338t032and 44to are ge ne as
respecti vel igue dpwhicly %Wtwteeﬁt aplidbihtimp & andnmahhum Iciuprcouﬂmer wheond

| evel slgep e h t bl es.. fo t he
third Iedol @ggﬂ iR e g SHp 35 %%Q‘éer SRR doBy 1o g ¥tk RS 6T [ 12
in step 340 fwmooh’:msg po\eérewabi gheguedtapmem&m mdb,l[eaadce/aﬁkeabbﬁn depm2 T is
set to ti e |ch r ef eater than t2. The
maxi mum | oggnégmcgedﬂo Rea‘? % \ﬁh?tgp% 42?% "3'\‘? e‘i"‘é‘tf?’“?‘ﬁ EERnAIeR and -
t hen i nfini tphaserand hagoEBdR acﬁﬂﬂ:as&}tenﬁs spquentialls E@ﬂﬁerhﬂﬁsdqgﬂ:hé Bit oPkREARS for

' I s.executed after the

the | | 8 f [ wh
va(ral angept? Y\ﬁ% %g%fiﬁ? it Isof)eﬁ“ @ég‘i‘ﬁ“ﬁl “?/%ff’%égglf@ signg} to nolse rati0 (BNjur e 6.
I n st ep 1350,is adsessedini dtep 388V DURr@IeE Thd Qod@@@rcﬁ:h@ﬂﬁo fsRp J6hEInt dtdf3sR, fe"

conservi ng When the tine T expires, the nmobilée device wakés up in
step 352 aﬁ%gﬁ{?@&%‘&"‘?&yﬁ?‘gﬁ %‘@?ﬂeﬁﬁoétpé%’e@ﬂ leyel If thsnf/Nestgaathdseatent er s a

system det endﬁkmhalqa thdolha@eeinacmévélt BTN DrécRs el 66 SRy 6 TP F%%%'@Ofa' ally as
determned% 3|IS'[ of stenms described in Figure 6. a systemis

acquired in igigesten Y ‘§ G the mepily spvige pxitsi feorp Qlel\s;eenslemmaé@ééﬁned in
step 358. Osheewéngt lstﬂaﬁmoﬂl@%&éﬁwdqe@%e rpﬁ)césts oceeds to &ﬁ?@j‘]vﬁé ﬁet ng

S/'N of the ac U|red systemis conpared to a flnedle
st rengt R0 s mepility Hag 5 cdthemtet fomeer false dathen twﬂe@mﬁl,tlotlhan us¢rbtoprebthes s

returns to aloBilit?A% @firukl BHE 8 e Bieddo Noise (PN) of the acquired system base station
is unknown to the mobile device, then the mobility flag is set to true. Second, if the PN
phase indicates that the mobile is moving, then the mobility flag is set to true. In
. CDMA systems, each base station can be identified by its unique PN sequence. The
25  process then proceeds to step 362 to mark the current system as ‘Not Preferred’ because
the Signal to Noise Ratio is not satisfactory. Therefore, the mobile device will not re-
attempt acquisition of systems that are marked as “Not Preferred” while it is aperating
within the process of Figure 7. In step 364, the process checks for any s;ystems from the
lists in Figure 6 where an acquisition atterapt has not been made. If step 364 is entered

30 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 raﬁo. If step 364 is entered from step 356 and there are systems
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i nternmedi ate step "D' where the nobile device exits fromthe deep sleep
node. If the S/N strength is below the predefined | evel, the process
proceeds to step 360 where a 20 nobility flag is either set to true or
false. Either of two conditions are used to set the nobility flag to true.
First, if the Pseudo Noise (PN) of the acquired system base station is

unknown to- the npbil.e device, then the bility flag,is set to true.
Second,.if tRE*PNE %%a%cgmf‘ﬁ'a? AHFBRG ttgf‘ﬂt Hi%hgmﬁ‘ﬁ‘ﬁl Ipeps; Backntm sigp IefPrt he

mobi lity fl agqiisitisrbf dhé)néﬁt@ﬁterd i th IRV RoRYELEES, LEACHICPRE mdbility ﬁ? g#an be
The 25 process then proceeds to step

identified by it sequence.
362 to mark ﬁﬂ‘“@iﬁ“ﬁéﬂ%ﬁg’ aguter igpcremenfed ip step 36% Qtbarwiseithepicgsial t o

Noi se Rati O rir6ces@¥ tos Plssi%aem&emaﬂ"u%evh@ésre Ao TR o @EW rﬁl%léé snot re-
at t enpt acqw%tlon of systens that are rrarﬁ as "Not Preferred” whlle it

i s oper ati ndf B¥a i siee 35? Heeitally epfergd via mtﬂﬂmﬁﬂl{@éwpé‘& fromhBigpredsess
checks for ameh typiRES r&ﬁﬁn@ﬂtg Elep 30¢ ﬁmtérﬁwEia& e.g) Dyt RE tﬁé?&g;ggés“on

attenpt has not been made, ep 3 IS enter rom st ep t hen
the result FEMERSt!®AHEP(Carf ylgmf?cﬁ S&’ﬂcﬁﬂhﬂow w@@@mmmemuhspmpenw%

This al |l ows chingol"BBEdsE HIBW Gfec W){hé %bﬁg @lcgy%%gmetﬁ the i%Imland find

systens wth a satisfactory i S5 ent ered romstep
356 and t herpergtige gpds emthe ﬁrSlEVGI deemdmm mgdeftfrsteadqﬂlmtcmareda’tmeame; t hen .

the g pry gcegﬁe&&g&&;}% lgi,,tp‘?tﬁ&%g%“ 60i1e c u%“f?"{ﬁ?‘g&m%fgm& Vg@ Systemin

the list fromFigure “Tand i f
false, al oop)b@buhm@rremsnngmmmtsmb 1nrmt;aatm|ns 8468ce tha RBrciditon lielgﬁ;sms ocess

proceeds to;g bi devi c pre ares ta exit _fromthe
control pr oceél%‘;’%:ﬂ(fl %’gg ngf'ﬁ)e %5@“ Fﬁr‘?ﬁ‘egmﬂ,‘ﬂéﬁ? d%Fa

i nt er medi at eompapd toChe fuamimui pap EOLﬁter valoe in ttbp’es’m AL &8 JodpdouiitBShdsGost €p 306
via internme SO O herw se rocess .returpns to step "C' of
Fi gure 6. S@a éﬁ% g}o {998 <R V@“&g&?’&@‘%l&"’@ﬁq ]tooP‘%ga glﬁ? Fféﬂtg's“é%nt r ol
process.15 I\/bstmtapmherfnefaabh vf thé blesem)&dntrel $1636sS; ©Ondhd btfiér Hafd, 4 MRS nfaRinfin OF MBI

operating de or the first deep sl eep node if ste 350 was entered
fromeit hepPOfB ORRET VAN lét“éacL‘ ﬁl'@“ﬁ*’ PCQSFP"OF?QS‘%“FF@%%Z@“ sisenté thée nobi l e

devi ce can paessaicltinginey whieh Q@@mlécgtrﬂod@fle‘feﬂﬂéﬁﬁbﬁiﬁ deQick hﬁcdrﬁh@y .gke in

Ater the | EgOUlsAERE isEomAGR Y PTP deee Banode s et YRR 1 0 | he
maxi mum | 00836, ﬁwﬂttﬁtf pré@dstIRill hedt tiRechid level ddBB1ckP ARAE OAhEmdIRs QS
20 “E” and steps 338 to 342 of Figure 6. If the mobile device is currently in the second
level deep sleep mode, the process will enter the third level deep sleep mode via
intermediate step “F” and steps 344 to 348 of Figure 6. If the mobile device is already
in the third level deep sleep mode, then it will remain in the third level deep sleep mode
since the process will loop back to steps 344 to 348 via intermediate step “¥
25  Therefore, the control process of Figure 7 loops for a predetermined number of times in
cach deep sleep mode level based upon the maximum loop counter value n set in the
variable setting controller 206 of Figure 3, where a system S/N strength is sampled in
each loop. Furthermore, because time T is also set in the variable setting controlier 206,
each loop is executed only after time T expires. As the RF condition fails to improve,
30 the control process of Figure 7 will progressively enter different deep sleep mode levels
where the mobile device wakes up less and less periodically to sample the system.

Hence battery life is conserved under poor RE conditions.
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reached the maxi num | oop counter value, then the process | oops back to step
350 to 15 start another iteration of the present control process. On the

ot her hand, if the maxi num |oop counter value is reached, then the process
proceeds to step 372. In step 372 the process determ nes which deep sleep
node | evel the nobile device is currently in. If the nobile device is

currently in first, | evel deep.sl.ee de as _set by steps 332 to 336,
then the pro[:éggg‘ will Bt g;e% eg@mgf’gtg"elco'&ggr?rg?eégﬁfmeyi yses a
i nt er medi at etimbep pafiod B derAtinG WhesthS 3shtiod préids Shoukl &hitrehdnext feddRodDi | €

device is cuyrently in the second |eyel deep s]eep node, the process wll

enter the th{e?’ -Pé'éd%&%%@%f?%&?ﬁﬁ%wpﬁwwﬁﬁmaw@w reaghd steps -

344 to 348 oOfledp rfdtiedeve! inlthe dah wiD e 180 @ herisis& iRFlg8RGY [N the third level

deep sleg) na}g then it will remain in the third I'evel deep sleep node
pr S

since th wi | 1 Resher paefrrederabogiment ghe valug digcan be 3hsenondalithe e st ep
"F . 25 Ther efigyfor 12lda8 b6 PRk adtRCRSS 101 13Ch $rmfnukOPs for a

predeterm ned nunber of tines in each deep sleep node |evel based upon the
maxi mum | 0opl988nt er V&P deenrslesp madp embedimerts of tieepresenttinvegtioncaptwt: ther 206 of
Figure 3, wWhahsiiig stabed @ MeShibin ' bfi %Re. b

Furt her nore, be(:lgjuse time T i stdé‘ﬁggtﬂsq%?ﬁﬁe?]ﬁl%&gg?%é%ﬁg&ggin% tﬁa‘mggﬁli rol | er

206, each |Wbeprobabilitydbalitegtersra betterf qomeragd aven Witle kpproes RPwntiitientEo dandi t i on

fails toyg | wRL f. Flgure, 7 w | rogressively
ent er di%‘df gﬁgg}é&égégs%‘ eeec%&rgm e’@&gﬁg‘?&%& et e r%#gﬁ%%of’élwdg\?%%gﬁ‘ﬁ%es up
| ess and | S q3ardntediacdéepysleep malepiiert e ciycsite nremaihigroeered atowar forl sef@all S

conserved ungen: P9/ conditions. 13 [0034] In a preferred enbodi nent,
the control process of Figure 7 uses a timeout period to determ ne when

the control B0¥Fdess sAbahibvedtseribedrembodinients|of g prew@et inbedlioh arel ilgh&ad of

using a |l oo T i.re- out iod can be vari abl t for each

sl eep node ﬁg\%gllé%ﬁiﬁ%ﬁga‘h% ; %’E’tlﬂg&‘fl‘é@ﬁ“i‘flﬂg{n‘@gﬁu?@ I’éaé(t%l %%ﬁeﬂlﬁ? feg, 5
[0035] 115 arpattivelar pmbddimentsbenibedifnkilltin tiehet wahoe dijartipTde d3QcgRcands, the
val ue for t?thé:an e 1 m.nute agd tlh?: valye for t3 can be 3 m nutes. [0036]
The deep sl dEpREHEnSHES Jelied sgely Pféhepfhj"é@éﬂ?pefl ft®n capture the
nobility status of the nobile device. The faster the nobile device is

novi ng, the. higher the probability that it enters a better coverage area
with inproved RF conditions so that 10 the user can send/receive calls.
When coverage is persistently poor, the nobile device can enter a deep

sl eep nmode where the circuits remain powered down for several
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mnutes at a tinme. [0037] The above-descri bed enbodi nents of the present
invention are intended to be exanples only. Alterations, nodifications and
variations may be effected to the 15 particular enbodi ments by those of
skill in the art without departing fromthe scope of the invention, which
is defined solely by the clains appended hereto. -14 Cains: 1. A nethod
of switching a nobile device having a nonitored system channel to a deep
sl eep node, the nethod conprising the nobile device entering the deep sl eep
node characterized in that; when, within a tinmeout period, a count,
perfornmed by the 5 nobil e device, of system channel |osses is a
predeterm ned nunber. 2. The nethod of claim1l, wherein a channel | ost
counter is increpgipd-ed each time the systemchannel is lost. 10 3. The
met hod of clai m?Z, erein a.channel .1 ost start tine value is set to a
first current O obAMBEYPITY 'rﬁ’ga'@fi}’g?‘ger‘ﬂc‘fﬁwg\?ﬂ?ﬂ'tqr%esy‘gﬁﬁﬁw&wﬁpc?st count er
has a val ue of &sfe sleepmodphie metherordmpfising tag meblle defvige eering therdper sidepg setting a
c_hannalh IosL englodd dBraMérzedin trat; wherh RRIMNAIIRIOUT R, &@h@b%rlaﬁﬁdﬁb%i ng System
time en t % -t . es the
pr edet er m neg n@hﬂ%#%cgig%?%%?@gHL%g'8%§fe%a%mng rédrr"gnl%ﬁ t he nobi |l e device
enters the deep sleep node when the difference between the channel | ost
end tinme val ue and Themetharufidkiml 10®bersit arhiannd iosteowntdr isendredneated kahdimet he
tinmeout period. 4n2QusBm higenN®hbgiiod of any one of the preceding clains,
further conprising: waking up fromthe deep sleep node after a tine
interval to sanple an RF condition strength of a system conparing the
sanpl ed RF d®nd$ti onhemeteesypf Haim@, wheseirel chapnahiostetirt iiwe edive i9 et tarfirdtasi ng t he
time interval idureReisbanRkiRmMingSy&em thé whdh tsd dhargllidht bounteSes alvliadlorlohe
predeterm ned | evel; and, re-entering the deep sleep node. 7. The nethod of
claim6, wherein con'ﬁ)ari ng the sanpled RF condition strength 30 conprises
conparing the stgnaint Bethgs)ofeaim; fughes porapisipgseltis a Fhanegh losleng tpe wakett@r ni ned
a second current Global Positioning System time when the value of the channel lost
16  counter reaches the predetermined number.

5, The method of claim 4, wherein the mobile device enters the deep sleep mode
when the difference between the channel lost end time value and the channel lost start
time vafue is at least the timeout period,

20
6. The method of any one of the preceding claims, further comprising:
waking up from the deep sleep mode after a time interval to sample an RF
condition strength of a system;
comparing the sampled RF condition strength to a predetermined level,
25 increasing the time Interval if the sampled RF condition strength is less than the

predetermined level; and,
re-entering the deep sleep mode.

7. The method of claim 6, wherein comparing the sampled RF condition sfrength
30 comprises comparing the signal to noise ratio of an RF condition to a predetermined
vaiue.

8. The method of claim 6 or claim 7, wherein re-entering the deep sleep mode

comprises switching the mobile device to any one of a first, second or third level deep
35  sleep modes.

-15-



value. 8. The method of claim6 or claim7, wherein re-entering the deep

sl eep node conprises switching the nobile device to any one of a first,
second or third level deep 35 sleep nodes. -15- | 9. The nethod of claim
8, wherein waking up conprises determining a systemfor acquisition froma
i st of systens associated wth any one of the first, second or third | evel
deep sleep nodes. 5 10. The nethod of claim8 or claim9, wherein conparing
the sanpled RF condition strength conprises setting a nobility flag to
true or if the nobile device is noving. 11. The nethod of claim 10, wherein
the nobile device returns to one of an idle state and the first |evel deep
sl eep node when the mobility flag is true. 10 12. The method of any one of

claims 8 to 11, gV\heFrﬁé RetRdd & SR whdeiRRkirgR scaﬁpﬁe&edetehﬁ.ﬁ.r. asy3femagd or third
| evel deep sleeg nodes congrlses settl ntgﬁlvwrram mum t 1_meou e

[ a
predet erm ned t PIRYEIRN oM a8t A S¥slsers 583062 aBﬁB“eo‘fftrleﬁ@t PP °rtr¥gg55‘?ld or
third | evel deegreepskeopodendes. 15 13. A nobil e communi cations device
conprising a nobile device battery power saving systemfor inplenenting
the method of any o ed ng ¢ ogr am
product for tgnab in ﬁlﬁe th%J](fefldg@ vrglg'mhaWLeremcomr?gmgttﬁésaalnggk Ietirr'?channel
to enter a deep“@ﬂ@'éﬁ?"??ﬁﬁ@seﬂ'maa Behitpfeeto tr}ﬂ?@@ﬂﬁ%ﬁ‘ﬁ?"@dﬁr{ﬂe sd'@RYf)‘& sing a
conput er readabl e medi um embodyi ng program code means executable by a

processor  of t Jp,e ”‘?Pé G LG 1f00\&he|remheerﬂﬁd1£ bk riSmd B ALY 2R dle%%Ye one of

clains 1 to 12. A wrel ess commini cation System comprising at |east one
nmobi | e devi ce ?"5‘ 'é?@é%fed?'ﬁﬁeptséfeefna?erf’t’rfgthe mpgility flag is true.
10

12.  The method of any one of claims 8 to 11, wherein switching to any one of the first,
second or third level deep sleep modes comprises setting a maximum timeout period to a
predetermined timeout value associated with one of the first, second or third level deep
sleep modes.

15
13. A mobile communications device comprising a mobile device battery power saving
system for implementing the method of any one of the preceding claims.

14, A computer program product for enabling a mobile device having a monitored

20  system channel fo enter a deep sleep mode, the computer program product comprising a
computer readable medium embodying program code means executable by a processor
of the mobile device for implementing the method of any one of claims 1 to 12,

5. A wireless communication system comprising at least one mobile device
25 according to claim 13.
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