WO 01/ 33870 1 PCTI US00/ 30387 METHOD AND APPARATUS FOR ACTI VATI NG A H GH
FREQUENCY CLOCK FOLLOWN NG A SLEEP MODE WTHI N A MBI LE STATI ON OPERATI NG
IN A SLOTTED PAG NG 5 MODE BACKGROUNP OF THE | NVENTION_ 10 1. Field of the
| nventWO®8153830%i nventi on general ly rel ates to nobi | e 'comRSHYSHPRA®T syst ens
and in particular to techniques for activating a high frequency cl ock
following a sleep period within a nobile station of a mobile

comuni cat g S%F@meTIVATiN@%m@HOH of the
Rel at ed Q@ﬁlﬁ(ﬁm i , such
as Code g !-‘ @? gw%t f%%l ng to”
al l ow nmbMOBILEiSEATHON ORERACEI G)INMLO : & BAtGBNGgl ng node,
pagigg -20 signals are transmttedN[YMR base station to particular nobile
stations only wthin assigned paging slots separated by predeternmn ned
intervals of time. Accordingly, each individual nobile station may renmain
within a sleep node during the period of tine between consecutive paging
slots without risk BAGK EEND O FE BHEE INVIENAIOMyY particul ar nobil e
station can switch from 25 an active-node to a sl eep node depends, however,
upon whether the nobile station is currently engaged in any user activity
suchn~as gproc | nds entered by the user or processing a

tel g%horln c c;ﬁn%&rq&d | oh’egﬁgmhal f of the user. Assunming that the nobile
station i s nQheduvertibh gensgdleftlates t@nyohileotmasngcation spsteinsaind be user,
the nobile. station automatlcal |y powers 30 down selected i nternal
corrpoun@gfféﬁ}rlﬁh@ tei?é\lfnu@éﬁsl f@éi a@flVﬂTlﬁﬁ aaigheaquensys elogkifolowing 3 slesp

5 308, oERiof i & mREHk R bEH Bbls SSraRCRiaRiors Syl e ok Bt on

in a Nbgldt@dﬁgggqhg_er | ssued February 21, 1995, assigned to the assignee
of the present |nvention and incorporated by reference herein. WD 01/ 33870
2 PEY/ USOQO 30387

I1. Description of the Related Art

Certain_ state of the art wireless communication systems, such as Code

Division Mulﬁp_le Access (CDMA) SYstems, employ slotted paging to allow
mobile stations to conserve battery power. In a siotted paging mode, paging

20 signals are transmitted from a base station to particular mobile stations only
within assigned paging slots separated by predetermined intervals of time.
Accordingly, each individual mobile station may remain within a sleep mode
during the period of time between consecutive paging slots without risk of
missed paging signals. Whether any particular mobile station can switch from

25 an active-mode to a sleep mode depends, however, upon whether the mobile
station is currently engaged in any user activity such as processing input
commands entered by the user or processing a telephonic communication on
behalf of the user. Assuming that the mobile station is not currently engaged in

any processing on behalf of the user, the mobile station automatically powers

30 down selected internal compounds during each period of time between
consecutive slots. One example of a slotted paging system is disclosed in U.S.
Patent No. 5,392,287, entitled “Apparatus and Method for Reducing Power
Consumption in a Mobile Receiver”, issued February 21, 1995, assigned to the

assignee of the present invention and incorporated by reference herein.
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cal cul at e power, low frequency clock. Frequency drift within a mobile station can be
particularly significant if there are temperature variations within the mobile
20  station caused by, for example, heat generated by the operation of components
of the mobile station or by changes in ambient conditions. For example, during
an extended telephone call, internal components of the mobile station may heat
to 87 degrees Celsius. During an extended period of inactivity between
telephone calls, the internal components may cool to an ambient temperature
25 of, perhaps, 25 degrees Celsius. Moreover, if the user places the mobile
telephone in either a very hot or very cold location, corresponding temperature
changes within the mobile station may occur. Typical low power, low
frequency clock signal generators are affected significantly by even slight
changes in temperature and are even more strongly affected by the wide
30 variations in temperature that can occur in a mobile telephone. Indeed, the
amount of frequency drift within a typical low poWer, low frequency clock

signal used in a mobile station may be so great that, if used by itself to calculate
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of the inti ahtire cycle of the low frequency clock may elapse between the beginning at the
sleep period and the first edge of the low-frequency clock signal detected by the
20 counter. The initial off-set can have a duration anywhere from zero to one full
cycle of the low frequency clock or, in some systems, possibly even more. With
conventional systems, it is not possible to determine the duration of the initial
off-set. The uncertainty in the duration of the initial offset further increases the
amount of error in the determination of elapsed time within the sleep period
25 resulting in an even greater risk that the next paging slot will be missed: In an
exemplary system wherein the high frequency clock operates at 9.68 megahertz
and the sleep clock operates at 32 kilohertz, there are about 300 cycles of the
high frequency clock within each cycle of the sleep clock. Therefore, even if the
system can reliably compensate for frequency drift, the high frequency clock
30 may still need to be activated as many as 300 cycles of the high frequency clock
earlier than necessary to thereby account for the unknown duration of the intial
offset. Also, because the re-activation of the high frequency clock at the end of

11



of fset. Al so, because the re-activation of the high frequency clock at the
end of WO @BBBE70 PCT/ US00/ 30387 the sl gep period i s syREFMUSHI/I0387 wit h

transitions in thelow frequency clock, the degree of precision by which
t he high frequency clock can be re-activated is ‘1imted by the precision
of the | owthe slpeppeyiod is skncismnizedwithetransitons in theclovs frequencyetioek) theand

' ly det ' that th t. d ti f t | 5 ' .
553, 44y cIGERReR Of BECGMEBPY. MR A E-FRTD] CIREE So o4 8= BT HEPS: ho
-high f I I Ll d
cyele and PSS the el of DI el “FRk Qailc, A% BT

hunber of  sg¥Eneselidblf andrecReB} BeRImifds B4t the colethdabaivn dDthe yleeps of
the high frequency clock occurring within each cycle of the sleep clock,

in the &xamperiod isd5Biddtrytipsfafdhe sleep dodc khe systhey wild need e gedctvaterthe
additional |1 cycl es rlier. th cessa | n _.anot le, 1If ,the
correct du rha’(gﬁ é&?y%lﬁnfiﬁ gl%gk Mat&;?ﬁﬂaa Qﬁ% e&%;vdggaeyﬁpgﬁ}gﬁe gﬁ%@?@% afdge
clock, the fedliold GRS pRoy cbbul® o i demhillg HrhotioH HUAbEP of
earlier than necessary. nce, ‘when using a | owfrequency clock signal to
track time ogdles)ige. she ddmainbep 4daryicled, With abolnt BEO sycles ofthiecshigh dfsdduency
configured to_ return to an_active node well in_advance of a qext %pect ed
pagi ng sl otcleck eeravEng Within sach cyeleseiihe sleep slpdsy i the exaawlethe faghency

drift ibpt low fr nc t f r | ack
of  pr edDsi dfed ek TR afRie, Allfled oh ABTRERRRNG) 130, /e Farblek Bt
occur  ever \hedbssavy.MIh! drefth@négample iFWhe lcoretatuestiorf 4he kfedpr pariadned to
activate the high frgjtﬂ;crsie clock after only, for exanple, 25 mlliseconds

of sleep t®@58Muyeles epertodeagrly thediighdremieney sdeck wilkhecturnedt i nal
power savings_ar hi ev One technique that has been proposed for

d.
conpensat i ]F’%ﬁr&?ﬁ?yg?ese‘?afﬁ?%mwgww'n | ow frequency, |ow power clock
signal gener at ot Whatfaihg 2fnd-thaithiy Slodanlingl EPRABRHHA duBsRyaUPOn
S S eriod. Mor

a timng accuracy of a previo eep specifically, if *the
nobi | e 16el epeepnperiadetheimahile statienvist hsunllyneonfigured fweretodntto aretaetive
‘pagi ng signala, thlf,m)b'le station is adjusted to V\fike ugl arlier in the
next sl eep IReAe o¥ell 18 afvance; Mlea it HRPested paginge. plod o therely |19y8EOm8e t 00
short, the ' St.at i t - L .t hi
received pagi gfgheglhgﬁgé,eggﬁéggpg§n%§%§§;¢%§%:ﬁégmﬁé |é£4rcl P’Jlkghslg?ﬁe

to compensate for the relative lack of precision in the low frequency clock. For

example, if paging slots occur every 26.67 milliseconds, the mobile station may

20 be programmed to activate the high frequency clock after only, for example, 25

milliseconds of sleep to ensure that the next paging slot is not missed. Hence,
optimal power savings are not achieved.

One technique that has been proposed for compensating for timing

errors inherent in low frequency, low power clock signal generators is to adapt

25 alength of each sleep period based upon a timing accuracy of a previous sleep

period. More specifically, if the mobile telephone wakes up too late within one

sleep period to detect paging signals, the mobile station is adjusted to wake up

earlier in the next sleep period. To determine whether a sleep period is too long

or too short, the mobile station attempts to detect a unique word within a

30 received paging signal, such as a message preamble which signifies the

beginning of an assigned slot. If the unique word is not detected, the mobile

station concludes that it woke up too late and therefore the sleep duration is
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corrected without relying upon the failure to receive portions of transmitted

signals. Rather, the system includes a frequency error estimation unit for
20 directly estimating frequency drift in the low power, low frequency clock. In
one example described in the patent application, frequency drift in the low
frequency clock is determined by timing the low frequency clock using a high
- frequency clock during periods of time when the high frequency clock is active.

For example, during each paging slot when the high frequency clock of the K
25 mobile station is operating, the frequency error in the low frequency clock is
calculated based upoh the high frequency clock. The system operates to
synchronize the activation of the high frequency clock very precisely to

transitions in the low frequency clock signal. '

Although the system of the aforementioned patent application provides
30 a significant improvement over systems which rely on the detection of unique
words within signals transmitted to the mobile station, considerable room for

improvement remains. For example, the aforementioned initial and final off-
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to those endsat aSphddiSY thEindntioN\VdpgriNarikbdirectedc dnqairtieuldat tib i desirable
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wake up time using the sl eep-node clo conpensation unit is provided
f or conpensnvendionmaretdiracher tf thoseends.rors in the esti mated wake up tinme
caused by differences in precision between the sleep-node clock and the
active-node clock. An active-node clock activation unit activates the

active- 25 node clock at th ' to term nate the
%m&m@@rmﬁrm

sl eep node. In an exenplary e I ment, station operates in a
mobi | e 1Zommuni cati ons system enpl oyi ng sl otted pagi ng. The device includes
® frequency drify SooRfance with the 'ivention, & device B provided for use i
activating an active-mode clock following a sleep period for use within a mobile
station wherein selected components of the mobile station operate using a
sleep-mode clock during the sleep period and a faster active-mode clock during
20 non-sleep periods. The device includes a wake-up estimation unit for
estimating a wake up time using the sleep-mode clock. A compensation unit is
provided for compensating for timing off-set errors in the estimated wake up
time caused by differences in precision between the sleep-mode clock and the
active-mode clock. An active-mode clock activation unit activates the active-
25 mode clock at the compensated wake-up time to terminate the sleep mode.
In an exemplary embodiment, the mobile station operates in a mobile
communications system employing slotted paging. The device includes a
frequency drift compensation unit for compensating for an error in the
estimated wake up time caused by frequency drift in the sleep-mode clock. By
30 compensating for both frequency drift and timing off-sets, the active-mode
clock is activated at a wake-up time closely in synchronization with a next

paging slot and significant power savings are achieved as compared with
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I ment of the invention, for activating
an act i 1&®- noek isirank thah compegsated|for pyoywensérvingssachigved by permiiting
station of a,nobil conmmupi cati on system enpl oying slotted paging. FIG 2
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Method and apparatus embodiments of the invention are described.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The features, objects, and advantages of the invention will become more
apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:
FIG. 1 is a block diagram illustrating a device, configured in accordance
25 with exemplary embodiment of the invention, for activating an active-mode
clock following a sleep period for use within a mobile station of a mobile
communication system employing slotted paging.
FIG. 2 is a block diagram illustrating the device of FIG. 1 in greater
detail.
30 FIG. 3 is a timing diagram illustrating selected clock signals controlled
by the device of FIGS. 1 and 2.




detail. 30 FIG 3 is atimng diagramillustrating selected clock signals
control I¥QOVBRE he device of FIGS. 1 and g. WO 01/33870 8 PRTWS0SICIB0387
FIG 4 is a flowchart:-illustrating a sequence of steps perforned by the
device of FIGS. 1 and 2 for-activating the active-nmode clock signal
following a sl eBiGptis adlowchartsillustratingrd sequeingg ofsters perfpaoed iy the

I mpl ement ti @n .of eyi c 5 FI GS. and, 2 configured far. use wth
CDVA. - DETAI ‘@%ﬁ%@ggﬁ?gﬁ‘ dﬂ%cﬁemf [?C%MB@PHIEN%i sgnal foflowing a ne
figures, exgegperognbodi ments of the invention will 10 now be described.

The exenpl ary "enbodi nents are first described with reference to the bl ock
di agrams of FI G FIGahis 2 timingodizignami ofha spetificimplemiengtion of gh@ediceFdG 3.

The operati éf the invention is then summari zed with. reference to the
flow chatt g&; | land 2 copfigured fox usgawith COMdpl enent ation of the invention
is described with reference to FIGS. 5 and 6. 15 FIG 1 illustrates an
active-node clock activation device 100 configured for activating a high

frequency cl oc DEPAILED MESCRIEFIOREOFPHY PREFERREDY EMBOTYINIENTS NOt

shown) operating within a nobile comunications system enploying slotted
pagi ng, such as a CDVA wirel ess tel econmuni cations system The high

frequency cl ock 4 s. sho in EFIG 3 and is identified by,20 reference .
_nurrgral ?1/01. Theﬁ%ffgé%él\g%rtﬂﬁélﬂfﬁ'nﬁ‘W%WFan‘i‘ﬁ@nfﬁ gh the dnyentign "Y:‘ilock

i s deaqlpi val&W be iqdeitibdd. edTiRy e&e{@ﬁv% Fridhts! @7 fﬂ%? éés%ﬁe&%iﬂﬁat hon
device is configured to activate t I“'gh frequency cefoc as cl oSe as :
possi bl e t creferenexto theghlogk diagratrs ofdbliGrizend Qv contbihagsn ovith fige tibeing! eep

period while still fﬁf‘bl [ D[%Sthe mobi l e station to wake up in tine to
recei ve andlipSAsR R ¥IG-ahy 19 opsyatignofgihe inventiag s tther susmatized byith

ive and PGP REngh B then spurRBzedbii
el udes. comseram o 1 Aokl 3 Pt ¢, iRl Aoinedhe RRpRRlp AR e

powver, | owihvesgicmisydescabid OWIEh faferbridd td FIGSDS andlgep period and conponents
for conpensating for initial and final timng offsets clock to thereby

perni t 1Phe hi gh HlGeduitlvsiratescrk activesmader elodk entivation degivei0§hcoidigured of
precision qgsRLGaddl agh thddflent] USACEMONnE Wslbso berd WihAY a mobile
station (not shown) operating within a mobile communications system
employing slotted paging, such as a CDMA wireless telecommunications
system. The high frequency clock is shown in FIG. 3 and is identified by
20  reference numeral 101. The sleep period during which time the high frequency
clock is deactivated is identified by reference numeral 103. The clock activation
device is configured to activate the high frequency clock as close as possible to a
next paging slot to maximize power savings during the sleep period while still
enabling the mobile station to wake up in time to receive and respond to any
25 paging signals transmitted to the mobile station within the slot. To this end,
~ clock activation device 100 of FIG. 1 includes components for compensating for
frequency drift within a low power, low frequency clock employed during the
sleep period and components for compensating for initial and final timing
offsets clock to thereby permit the high frequency clock to be turned on with a
30  high degree of precision despite the fact that the sleep period is timed using
only the low frequency clock. In the following, the high frequency clock

employed by the mobile station during non-sleep modes is referred to as the



only the I ow frequency clock. In the follow ng, the high frequency cl ock

enpl oyed WO 01B3870r0bi | e station during non-gsl eep nodes i s PefrasomI3gO as the
WO 01/33870 9 PCT/ US00/ 30387 active-node“clock and the | ow frequency cl ock
signal enployed for timng the sleep periodis referred to as a sl eep-node

cl ock. The sactibe-mode dddcand ehelow frapteney chickatignaliemplogedifog tintinlg theeep -

peri ods and rion-sl eep .per.i oda. Con'ﬁ)ensation C];;-‘i: frequency drift and for
timng of f setleer pprpd dy raferred fo g5 assleep-modg glack: Fiheslerp-rada dlagk remains
frequency pr ahly .aq o f ot h tiye- cl ack e |k d
dock si gnal ?‘{stﬁ{ee% é_rra gd%e%e?ﬁeﬂﬁga?ogﬁ tglggéi blglgﬁglgr:ggéd gﬁ%@egﬁdp ‘%JS%MS'
enpl oyed at Compeasitich fer feguend; atifeasd fot ﬁﬂﬁn?%ﬂfsé@ is iperforfaed, in tjaet,
transition-nmode clock signal is i'dentified by reference nunmeral 1057and the

sl eep- node cusing a thirdielackfhavingya frefjuerey preferablylequel7to tkatcoftiscactisten,
the 10 transiti,onsnmpde.cl ack .r ins active for, at, |l east a few.cycl es
fol loving . dR9Bg; otk oRhethidLcIgek sigmal e tefermaefohereim as @ HRBFAPBMAGR.

dock is re j ‘ﬁ%ﬁ“‘ e PO [ ' of
the active- ﬁd;%%lé’?%f%cﬁﬁpll t eta?%ﬁil@gw ngggég(répﬁ?pét Cg Sééc%i égl?&n%'dggggb%li and
the transitithe-trarditiorchosde dotk siprel & rleatifiall byt réfefeBcerngaieral 105 ahd xhend
t he sl eep-node cl ock 15 operates at. about 32 kil ohertz (khz). However

different cldeep-modgudadk isidangifiesby rpfesgnce npmeralii07ends ic)ﬁﬁmrmtth@ns.

In FIG 4, t | ve- I ~ ngl tr L L1 gnzmd 0 ' l's
bre gondPar SRS BEI Hodk® ERind MR8 o’ hENBAG 9" R Gyt HUGWHY
gener at or cldletiggnen adPrethéO04ctivdrenctld rdded tadre -theod@nsitRekm@dee chickr id.06,
respectively. 20 C ock activation device 100 of FIG |includes a wake up

ti me esti matreastivajed at l@@efaofeve sladkeayicley piier tnteastivatien f the active-moded

| el | | t ed_psi,ng the sl eep- nmpd k, i.e. th
R G B e S
frequency drdddk BOIPEPERkE AR ABdht 9.@@9\@@&1@&&%)@&%&%{%&&0&@%8& for .

conpensating for frequency drift within™25 the sl eep-node clock and applies
t he adj U5t maperdtas ababast 3Rjkilohents (khz)n Hodevere Hifédrent goek figiienties nay 3.

An offset tine copmpensati¢ uni t 2 proyvides_a addi.ti onal adjustnent :
factor for B ceplREd: et mp it ElG o L Bie Safvesmods: SBepveen

L1200 o ahd ot BBt dtald s et byl bl e
generator 102, a sleep-mode generator clock generator 104, and a transition-
mode clock generator 106, respectively. -

20 Clock activation device 100 of FIG. lincludes a wake up time estimation
unit 108 for estimating the end of a sleep period based solely upon clock cycles
counted using the sleep-mode clock, i.é. the number of cycles of clock 107 of
FIG. 3 counted during sleep period 103. A frequency drift compensation unit
110 calculates an adjustment factor for compensating for frequency drift within

25 the sleep-mode clock and applies the adjustment faster using transition-mode
clock signal 105 of FIG. 3. An offset time compensation unit 112 provides an
additional adjustment factor for adjusting the wake up time to compensate for
an offset between the beginning of the sleep period and a first counted clock
cycle of the sleep-mode clock based upon clock cycles counted using the

30 transition-mode clock signal, i.e. the offset time compensation unit compensates
for the offset occurring between the beginning of the sleep period 103 at FIG. 3

which commences at time 109 and a first rising edge of sleep-mode clock 107



30 transition-node clock signal, i.e. the offset tine conpensation unit
conpensaWod1/33870 t he of f set occurring beltq/\@en t he begi nnirgr/us0036887s| eep
period 103 at FIG 3 which commences at tinme 109 and a first rising edge
of sl eep-node clock 107 '. i~ fl WD 01/33870 10 PETI USO0/ 30387 counted at
time 111. Téountedat time 11 TFs¢ vake mpoﬁmeieiamd dﬁgmvideg:lqg;;]a;ﬁtlﬂ(ﬁoglgmtm t he
adj ustment fagtors, provided by units 110 an are bo or war de 0 an
act i ve- modeAnd thaadibsiment rrommprovidad Bl EHtscHidans! Hl2anei hosh forwarsiedcto
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the base station. The active-npode clock activation unit

upon t hé pa@ﬂmwpmponentﬂdefrm aﬁbﬂﬁhﬂm tsud:lll ad aGDIMJAi {mm:mmttaﬁ%uep mc)ngle
| ock fficiently in .advance, of .the next. paging slo o] r
go?rgonZﬁtslrS:celﬁ’ﬁéyaﬁb‘Eﬁ? a%d” therpagies slods ?Itﬁgs M%iﬁﬁé%ﬁ%?%ﬁerm%-y.
Thus, cl ockrgehd | ' : C -

ook 1011 ouns SR MRS S SicHh ublinal: 16 oAk 8d Upofiihe igrffeifar

i npreci se isiplementatior;| anitrdiléd asljacsivatk e edtiveanode adodneuffitiérty and
timng offse adj ystnent factors using the nuch faster transition node

cl ock whi ct? V§n$sjo the-nextpaging slot te pepwit Wﬂrrﬁ_ne dlj@@}pqmnt@d_f thmnmbilte

' ' .ne achi eved over previous systens.
E?Qanerz’lg(r:g\r}‘?é@fg@{%‘ghgﬁ‘g‘%\r@a‘é’f@f' geq\"s%gi%{lgﬁgmen_ts of the wake up tine _
estimation unit THite dé@auenvatich deticeoToreas # e H&i%aég%%r%;ﬁfeiﬁ‘ahet | me

conmpensati on unit of’. FIG 1. An exenplary sl eep peri od o _
m | | i seconddpckofollawingea sieep period daded grimatityn upeint theugdlathvdipringireeise

i i | Iler, 116 initiates the
Creep per | ARy BB IpUs ERRPOISRE HesRd e SEaUgBRE i Andotmming affeet

o bper MARBHERE | Qe deinf RN GO TRASS ALRBIHD KDAE BRI R

begi n operation. Wake up tine“estimation rovi des an

t he endSof dehetiwdted pdpringamobly of dhatsleep tpeeiod> Tntbes ndnridroebnsivietAse

Wi thin the sleep-npde clock (107 of FIG 2) and conparing the count to the
expect ed nW%V“ESdERYE’FQﬁé!%’eéPHSEP&WW%ﬁYPfteHﬁhe sl eep period assuning

.t hat the sl eep- gpge chn%%déssdgﬂhs %Hg&%‘iﬁg e %(nﬁﬁponents of the wake up time

estimation unit, the frequency drift compensation unit and the offset time
compensation unit of FIG. 1. An exemplary sleep period of 26.67 milliseconds
20  will be used in the description, although other sleep period durations may be
employed.” A sleep controller 116 initiates the sleep period by deactivating
active-mode clock generator 102 and by controlling estimation unit 108 and
compensation units 110 and 112 to begin operation. Wake up time estimation
unit 108 provides an estimate of the end of the sleep period by counting the
25 number of clock cycles within the sleep-mode clock (107 of FIG.2) and
comparing the count to the expected number of clock signals expected within
the sleep period assuming that the sleep-mode clock is not subject to any
frequency drift and assuming that a first rising edge of the sleep-mode clock is
synchronized with the start time of the sleep period. To this end, estimation
30 - unit 108 includes a memory register 118 storing the expected number of clock
cycles of the sleep period minus any necessary warmup period and minus a

maximum amount of time needed to adjust for offset errors and frequency drift



frequency drift and assumng that a first rising edge of the sleep-nobde

clock is nized with the start tinme of the sleep pgEidoosdssst his
end, est iwn"gyil}%ﬁfogo unit 108 includes a nddory regirster 118 storing the

expect ed nunmber of clock cycles of the sleep period mnus any necessary

war mup perio d Al I toftbyidd e xRS
of f set errorégﬁgllr%'d ﬁ%@%&?ﬁ%ﬁ%%&%ﬁéﬁﬂg% 83%%0387 %Irnfrogrhé
The war mup psfrddjestiviend réduieed &5 compensaté £ anfingtialroffsetiat thetbeginning of the
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maxi mum anount of tine necessa 0 Lyst for fraguency. drj r s a
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based upgn ¢ aleutatd ChgEd! IAhKERIANERRUR] dFFF i daits - babb@sepaml ues
may be cal culated, w thout undue experinentation, based for exanple upon

'|[: est tshusi ng maml 'mu'vmhe expeq&e?ﬁmnqaefaﬂugremgt poximpﬁnatiation?m:ﬂxeaet gmah183eaangiaa’t bgnts.h'
or e exanple wherein the active-node ¢l ock operates . z an e
sleep 10 nogaleulafer, wtost s8dze experimentaion, fased {01 cople UPOR (eSS YSE
nunber -300 __nmi.RuUs rJ LRU ' ct Lt
and of fset = g}ﬁl}gs?&%gs, ﬁg“ﬁ@ﬁ%&% F%gg?"[s}\?gﬁ%%%é% %%g%&ag? Iﬁ?og}é

cycles of th&afdpieavhéfedte the aekivé-afiode tlotk gisurated 4te$.83 trhhn dnlde thee Sleap-
expected sl eep-node period by an amount sufficient to permit a war mégo
1a 300 -

peri od dAd troogercheak pherates at 3Askhz, dhempemary oragister BOres e mumpbe

preci sely conpensate for tinme. vari;ations, A counter ' e r y
sl eep node chrTﬁHso e AR EP BT Fﬂd_mﬁlﬁﬂf‘gﬁlﬁé‘ %’é%%éédéfi ;%glg(glogfe‘%?node
clock si gnalyaidest OridL thén RBHIMESordsEnGRIbRE of BIdck @ERE ©F thé1glepunt
wi th the expected nunber of clock™cycles 20 stored within nmenory register

118 and out pnbde alocknior @atiime paripdhlesaiiban the acitlab ekpedied sieeptmode|pasiady t he
menory regi i{yer to indicatge estimated ¢conpl etion of .t(g(eﬁr}s({/%e)pgoerio . The
i

i ndi cat or sityn@n ARQuUI,sutficleny {1, permiy, & YRR R0 o e 14
for pergbt tipghGEAEHIHR | kO‘;t/o the Rl ¥ -mBAE p}@éigelzu%ﬁﬁbnsdt@ fd2e time

adj ustnent factors provided by frequency drift "conpehsation unit 110 25 and-
of f set unit vhiidtioBecause the indicator signal is generated based upon the

nunber of evel€s | Meounier 100 15 friggared by sleep Mods-contiotler T16 BEEI
counting rising edges of the sleep-mode clock signal. A controller 122 receives
the count and compares the count with the expected number of clock cycles
20 stored within memory register 118 and outputs an indicator signal when the
clock equals the value in the memory register to indicate estimated completion
of the sleep period. The indicator signal is transmitted to active-mode clock
activation unit 114 for permitting reactivation of the active-mode clock subject
to the adjustment factors provided by frequency drift compensation unit 110
25 and offset unit 112. Because the indicator signal is generated based upon the
number of cycles in the memory which take into account any warmup period
and any maximum expected adjustment period, the indicator signal therefore
does not identify the actual expected end of the sleep period. Rather, the
indicator signal is transmitted sufficiently in advance of the end of the expected
30 sleep period to permit warmup and to permit the actual end of the sleep period
to be precisely set using the adjustment factors provided by the frequency drift

estimation unit and the offset estimation unit.

“TiT



and any maxi mum expect ed adj ustnent period, the indicator signal therefore
does nokyd ekt Y the actual expected end of the sleep pggeragoossdsgher, the
i ndi cator signal is transmitted sufficieé®ly in advance of the end of the
expected 30 sleep period to permt warnmup and to permt the actual end of

‘the sleep peri OdFrghﬁF{Q@y ggi%haﬂ! Y6 flcliddd g £ ? gafe* WriffRetin{lAdnOnAitPr2av i ded

by the frequency tl'mation unit and t oftset estimation unit.

~li ~ WO 01/£38%%AmbRingCir bEMAM aFadrift Ainefprenamplej parts peir tmillion iwithindie a
.frequency drift estimation unit 124 for estimating. an arr(gugtéﬂ(f di%ft in,
for exanpl es,le?mm@iep@mkﬁsl@GﬁSWﬂfitﬁnm%ah%?eW%ﬂ% FMpiRe d<ey (RORNE of
t enperat ure_variations and the,Li . . Qne_..e . .20 grift
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sl eep-node cl ock sighal and the acti've-node cl oCk signal and counts the
number of doothvihersbekp-uiostekclogk ignaliandi the ewtiveanode clsfck: signall anep coonits

clock to maintai n,a rynni.ng average,of the agtual frequen of .t he
Sl cep- mode eI BERber 6} Ay eanade S1rK, FyResvartia e ol CHRDF SaRrBOd%ay be
enpl oyed. 18,406, h(aﬁg&myr ihd 98HEE MR 4Pl EQIRACG o HMe

e .
nunber of active- nobde clock cycles eep-node“cycle with

the actual do¢iheTo thidltidsd rbthirppaeerage esindoir AJUENT filter nhdy baetrployed.
accordingly. In the exanple wherein the active-node clock operates at 9.83

nhz and® helke drequenege diife ertimasionaunl cmparekan expreted ayupbesy of artive-
estimation uni,t ks.configured ta,expegt .15 abo 3 cycl of th

ot ve- modBHE A S iouR LR BEH pihep FROM cie yH E pBual Mmber
preferred i uineaaindl tAlPulabéd 8 fRdquend dFfiROfdeiiYadbtdihgBp! iTHBHeOdkaniplet 1S
configured as described in a U S. " Patént Application entitled "Method and

Appar at us fwhexeimphe agativergndds clock qpenates bt (983 mhzaand the-slegprenege 2kl ock
Wthin a Mbile Statjon Operating in a.Slotted. Pagi Mode", fil ed

cont enpor arfgsFates ﬁedoe%‘?'ht%ﬁfftﬁe‘ﬂgeﬂcﬁn%ﬂ 15§ loé‘sg*‘ﬁ?féé:o&%gpﬁeéi b? &¥BRtt

i nvent iqgn. ' ifatd | Sk I oAk i I

esti matlg’d f%ﬁﬂgwg{%fqﬁ@glaﬁgﬁgﬁéggfg&d&by est ?gnﬁ ?gﬁglﬁﬁ?gls%ﬂ fsﬁ‘:(‘)dgut put
to an expeaddleck.ti m ng error cal culation unit 126 which cal cul ates a

In a preferred implementation, however, the frequency drift estimation
unit is configured as described in a U.S. Patent Application entitled “Method
ahd Apparatus for Compensating for Frequency Drift in a Low Frequency

20 Clock Within a Mobile Station Operating in a Slotted Paging Mode”, filed
contemporaneously herewith and assigned to the assignee of the present
invention. This application is incorporated by reference herein.

The estimated frequency drift value generated by estimation unit 124 is
output to an expected timing error calculation unit 126 which calculates a

25 timing error in milliseconds expected to occur between the wake up time
generated by wake up estimation unit 108 and the next paging slot. For
example, if the output of the frequency drift estimation unit is a expressed in
parts per million, then the expected timing error calculation unit converts the
parts per million value to an actual time value based upon the known length of

30 the sleep period. The expected timing error is transmitted to a timing error
adjustment unit 128 which controls active-mode clock activation unit 114 to

delay activation of the active-mode clock by an amount sufficient to



25 timng error in mlliseconds expected to occur between the wake up tine
gener at edwoy1/3askee up estimation unit 108 .and the next pagPOTyUSeNR0387For
exanple, if the output of the frequency (}?'ift esti‘matdion unit is a
expressed in parts per mllion, then the expected timng error cal cul ation
unit convert coumsamfdrSthpeasﬁm&téd ¢iming| ereort laseelapsedi aTo thisenda theetitrdag d

upon the known Tength of 30 the sl]eep period. Tge (fx ected ti ml'ﬂ[lg errfor S
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transiti on-node ¢C commencing at tine 113 as shown in FIG

control | er 136ckeyded ttittintthe expeatted tirhirg errer ! ihen cupets alconkrot pignas to
within the expected timng error, then outRuts a control_ signal to the

acti ve- node tecativeunpderdesk ativatignennithwhen the copnkmaningaingd o genrter 10
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only where an enabfing control signal is received fromthe frequency drift
conpensat i oradlivationamdt 1Heisofonfigawed tto petive Heactina-modgrmileck eplycwherean
active node clock is 15 del ayed at .| t uptil the cont.rol signal. ou t by
control | er 1%ggthq-‘?@tr°llls ﬁ%?}ecﬁf‘fq%fﬁemrgbenéﬁﬂ}lﬁcyuapﬁ @gnp%&seqhygtd;x% ¢ '
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rising 20 edge of the, sl eep-node clock and tq output a control signal to
the active- %WGWMS%‘F‘P?&?“}W BRitds 1&5eY8fust t he active node cl ock

act i vation accor dhpgleicorhBendaBEncafitPi10 MElude ardinitiiP oH5@Nfiridl oS
prior to the initiation of the sleep period

and is ther ajrit a38patdiahoofisetadrrohadhegment nanito140 which together operate to
calculate an offset between the beginning of the sleep period and the first rising

20 edge of the sleep-mode clock and to output a control signal to the active-mode

clock activation unit to adjust the active mode clock activation accordingly. In

the example of FIG 3, the transition-mode clock is activated sometime prior to

the initiation of the sleep period and is therefore operational at the beginning of

the sleep period. A counter 142, activated by sleep controller 116, begins

25 counting cycles of the transition mode clock at the beginning of the sleep

period. Counter 142 continues to count cycles until a first rising edge of the

sleep-mode clock is detected by a detection unit 144, i.e. the counter 142 counts

cycles of transition-mode clock 105 occurring between time 109 and time 111 as

shown in FIG. 3. The number of counts is stored within a memory register 146

30 and the transition mode clock is then deactivated by a transition clock

deactivation unit 148. The transition-mode clock remains inactive throughout

the remaining portions of the sleep period until reactivated by a reactivation



t he sl ee&qoeri od. A counter 142, activated by sleep controller 116, begins
25 count M1 Pes of the transition nodggcl ock at the beRffI{H$M8G0B7 t he
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count s that niade deek. stored in register 5 146. Upon expiration of counter
154, a control signal is sent fromcontroller unit 152 to active-node
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synchr oni zedotk ares toecomyperatate fonany heffdee Betweds tbE b BE Ehe §léef
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0
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FIGS. 1-3 cwhateeip peliyd givingtif pkesidficRne BRbagl M RSANEW coblpdiitits of the

' mobile station to warm up prior to the next paging slot. In this manner, power

savings are achieved over devices which either do not compensate for

20  frequency drift or do not compensate for the initial offset period.

Thus, FIGS. 1-3 collectively illustrate an exemplary embodiment of the

. invention operative to reactivate a high frequency clock signal at the end of a

sleep period while compensating for both frequency drift and initial timing

~ offsets, in part, using a transition-mode clock signal at the beginning and end.s

25  of the sleep periods. The method employing the transition-mode clock signal

will now be briefly summarized with reference to the flow chart of FIG. 4.

Initially, at step 200, the mobile station activates the transition-mode clock prior

to the of a sleep period. At step 202, the high frequency active-mode clock is

deactivated thereby initiating the sleep period. During step 204, the device

30  counts a number of rising edges in the transition-mode signal occurring from

the point and time the active-mode clock is terminated until a next rising edge

of the sleep-mode clock, which remains active at all times. The number of



I nvention operative to reactivate a high f requency clock signal at the end
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appropri ate nunber of cg;:l es of the transition-node, cl ock have eI apsed,
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tt
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Telecommunications Industry Assoc1at10n (TIA) is briefly described. According
to the IS-95A standard, a CDMA “subscriber station” operating in the slotted .
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20 mode maximizes the standby time by going to sleep, based on a parameter, Slot

Cycle Index (SCI). The subscriber station wakes up every (1.28 * 25CI) seconds

to monitor an assigned 80 ms slot to receive pages. For example with SCI = 0,

the subscriber station ideally remains awake for 80 ms and sleeps for 1.2 sec. In

practice, it needs to wake up a sufficient amount of time ahead of the next slot

25 boundary to take care of events such as RF warm-up, synthesizer stabilization,

clock settling, CDMA pilot search and acquisition, finger reassignment and
decoder warm-up.

In each sleep cycle, the unit sleeps in "catnaps” to allow a good response

time if the user presses a key while the subscriber station is asleep. The sleep

30 cycle length and catnap length are chosen to be multiples of a psuedo-number

(PN) roll (e.g. 26.67 ms) so that upon wake-up, a search may be made at the

station find the pilot at approximately the same position. Each catnap is further

HIT



Cycle Index (SCl). The subscriber station wakes up every (1.28 * 2SCl)

secondswo@/3®era t or an assi gned 80 ns slgt to recei ve paB€Es/USPI3I03&Kanpl e
with SCIl = 0, the subscriber station | ally remai ns awake for 80 nms and
sl eeps for 1.2 sec. In practice, it needs to wake up a sufficient anount

‘of tine ahehdidetl irfte: (Bxisledpotingd” heherdahy dntire aleit darputoto eleept andu(@ as
RF warmup, synthesizer stabilization, clock settling, CDVA pilot search
and acqui Si Wiaém’uPltH@@r Whﬁ%sﬂ‘grﬁ@ﬁ!‘ afinlog dinjtre Are iimRedpon Ifi‘?lr SR YP=ep

ler “prossdtReh " SRPresthencBelRBCH sRlell: e CER HRICH Srpronfalsly 5o°
cycle | eng%ﬂaﬁ?ﬁn@&?ﬂ(}aﬂok thedéRurtBRSORAt IReparaeN bf Qieég dhrafion with a

psuedo- nunber (PN) . 26. 67 ns) so that upon wake-up, a search may
be made5at cohinatien iofra Slqu Ct‘lbek 8Ch foratoape rtimingn (mhymuum sesobutparsiofi on.

gl Rl Mt S o el ol
time," géuqﬁgsig@ ?@ig&)unlts are turned on for warmup. Wen the

subscri ber at i on €ep, 'the systemtine is approxi mately maintained

by clocking the mafdmg ke bfiie dveffs thatedngitutd £eleep wyalei i BhowninFIG. 5.

conbi nation of a Slow Cl ock (SC) for coarse timng (maxi mum resol ution of

1/ 60k = 16Wag@f@;maﬁmma;ksgwm#m indhsleep cwlﬁ@sﬂeﬁmigﬁctb@l@m ution of 1/
(8*1. 2i§8e6) 0.102 sec). An exanple of the events that constitute a sl eep
cycle i's shown in FIG 5. \WaveformE narks each event in the sleep cycle

as described belgpysrel: Bghenat tid tines dide %otftvl?@ret& e 8lbsc el ithgoR the
subscriber station shuts off all unnecessary clock reginmes except for a

CDVA denodul at oshutsnoff dl:lauﬂmcesslaqc klackgegnnes?ési(delpt:’f(& { ChMpodemBdulatbrch i s
based on the actiyv ck CHP 6 6.7 I S
split into sl eef™d ngﬁacf%g,ﬁeggn%,l ]ﬁcgﬁgmp{%f"éﬂﬂg(ﬁaym lﬁzl]a?%t%i% of a

first catnap 'nttﬁéX@tkvé-H{o(Hégﬂock%F&E GNTERVAL and WT TI ME registers.
Software running on a m croprocessor of t he subscriber station wites an

15 - A multiple of 26 67 ms is split into sleep time and warm-up time and
prdgrammed as the duration of a first catnap interval through
SLEEP_INTERVAL and WU_TIME registers.

- Software running on a microprocessor of the subscriber station writes an
ASIC_SLEEP_ARM bit of a SLEEP_CTL register, indicating that the

20 subscriber station can go to sleep on the next PN roll (indicated by t1).

- All along, the sleep clock (SC) (Waveform D) is run asynchronous to the
CDMA clock regime CHIPXS8, while the SLPCHIPX8 (Waveform C), i.e.
the transition-mode clock is in sync with the RXCHIPXS8, having been
derived from the same source, CHIPXS.

25 - At time t1 when the next PN roll occurs, the RXCHIPXS8 clock regime is
disabled putting the subscriber station to sleep. From this point
onwards, the sleep period should be very close to multiples of 26.67 ms
as determined using counters SLEEP_INTERVAL and WU_TIME
running off the 5C. To account for the asynchronous SC, a counter called

30 CHIPX8_SLEEP_TIME starts counting the SLPCHIPX8's that have
elapsed from t1 to the next rising edge of the SC.



ASI C_SLEEP_ARM bit of a SLEEP CTL register, indicating that the 20

subscri bewo1/43876n can go to sl eep on tha,]next PN rol | (i npdmasseesesy t1).
Al'l along, the sleep clock (SC (Waveform’D) is run asynchronous to the
CDVA cl ock reginme CH PX8, while the SLPCH PX8 (WaveformC), i.e. the
transition-nmode cAotime 2,ithejing wdge offC B¥EidsPSwhitdhviifie HrReSLPAENPX8d
fromthe sanme source, CH PX8. 25 - At time t1 when the next PN roll occurs,

t he RXCH PX8 cl ocHoglegegime ds disabled cfrepzingi the CHHPXSuSLEEBSFIME athergby o

sl eep. Fromthis L At. 0 nds., t sl.eep,peri o ul d, be ver.y close to
mul tiples of 26. égr%%&m%a%\é%tu@%eﬁgﬁﬁt’fr%d@rgﬁlﬁpﬁétﬁlﬁﬁbﬂﬁ‘gﬁ%& and

WU_TI ME  runni ng Af Hnld'8, After HalP &k SO dukor, HESBEEPCRY 8 aﬂwgeﬁrﬁpﬂm er
called 30 CH PX8 SLEEP TIME starts counting the SLPCH PX8's that have

el apsed romt| tgpesHewrmxtherfallingredgiyef thie SCheTlSE putiilielothas digital, analog :
PCT/ USO0/ 30397 - At.tine t2, the rising edge of SC occurs at which ti t he
SLPCHI PX8 cl ock a¥gRRecqrapanenis| it ef%‘@éﬁ‘.%?@f %qa&lomqnmég‘smgrrm@e-'}? .
t hereby providi ' e [ T ! E . [

units. At time t ,eg%]?rg?{r%gﬁb%*rgs f'%lsﬁr:é |ot§_?gla E’@E%%‘Ii é% gﬁgpomgﬁ%?m A)
5 goes | ow on thq%%iﬂ/éﬂ BY: 9998 (2tihheB%2) I CHIPKS_SPREPITIMIED % NBIG )}
anal og and RF conponentS in the subscriber stationin a Tow power node. |f
there are NSC chidx$ss. TNnyShe Adied tRhekrom TRisCHERIGONALT,! Mgl R 1 11é
time is given by: TA = (t2°tl) + (t3-t2) CH PX8_SLEEP TINE + i NSC }

chi px8s.10lt nay hengebfi-1%slow clockidytles dStibséquentcathdpyshouldebe adjuseed O

range of 1h-11h sl ow clock cycl es. Subsequent catnaps_ shoul d be adj usted
to account for tHpsaceRunt fen FRissexira tisg slgrt PWing 1@ jhe spRewenous ssleep

crystal. Also the ntar  SLEEP |.NT j of f_ t.he St ant 0
count o donn. At rHRe 4350 B et pLEE pept TRARATA it ol ol &0 et 1y
interrupt 15 wheBuhts d®@ahes a zero count. The m croprocessor of the
subscri ber station wakes up and determ nes if hardware needs to be awake

at the next sl otAtdimed4sthe\dounter HHEHINIERN Ahtassdrts thei whke-upfintdregpt

condi ti ?g SIS m:"tWhetnh‘:ft %gaf Vélgrae z%?g ucro%%t.t te rtnri]c?roprocessor of the subscriber

station wakes up and determines if hardware needs to be awake at the
next slot or to service a key-press event.
- If neither of these conditions is met, the software ensures that the

hardware can remain asleep by keeping the SLEEP_N signal active

20 during the warm-up count down (via the WU_TIME counter). At this
time, the software estimates the number of SC's needed to sleep in the
next catnap based on several factors such as next catnmap length,
asynchronous lag in the slow clock, drift and truncation errors that arise
from the use of SC to approximate a multiple of PN roll.

25 - At time t5, when the WU_TIME counter expires, a new value obtained in
the previous step is loaded into the SLEEP_INTERVAL counter. The
WU_TIME counter is a precomputed constant specified by the RF
hardware warm-up requirements. The microprocessor goes back to sleep
awaiting the wake-up interrupt from the next catnap.

30 - At time 6, if however there are any pending interrupts to be serviced or
if this is the last catnap allowed in this sleep cycle, the hardware is

woken up to be ready for the next slot by causing the SLEEP_N signal to



har dwar e can renmai n asl eep by keeping the SLEEP -N signal active 20 during
the war WOB1R¥IHt down (via the W3 TIMEgounter). At thiRETUSIB/3038he
software estimates the nunber of SC s needed to sleep in the next catnap
based on several factors such as next catnap |ength, asynchronous lag in
the slow clock, B8PimacHNe aty the avalkuprindersuphaWhile dhe qumtef SC

to approximate a I ol PN ol . - At tine t5,  when the WJ TIME
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specified by the RF hardware warmup requirenents. The~m croprocessor goes
back to sleep avatnaprand liee GECHIPXSregimepis furnedtdre abdiche d8t Aapa side - At
time t6, if however there are any pending interrupts to be serviced or if

this is 2 he |astnetg thgtosal time¢lapsedduring ald thesathaps,idemoted yaTe =i t8-t3woken
up to be ready for, the next slot by causing the SLEEP N signal to WO

01/ 33870 18 PCT/ WaBha6 Ejbmﬁge%lilv‘@ﬂmlﬁﬁé ﬁ@-%%ﬁﬁt&ﬁﬁ@Yerath@r& he
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the SLPCH PX8 regsually betaltestdusinambuht B tirfe (ASfractidrilof ST)'RfrwhidhetHeot al
time elapsed during all the catnaps, denoted by TB = t7-t3, will be close
to integer nultipikscebesctatiompeeds toestildvramainf asleeps Thienfractienal SC

previous|y that into the sleep caljbratjon, there will usually be a
r esi du;ﬁJ amount $tenEF bYéFCf)rl%t‘é‘PIi‘YﬁTt‘%f* indechink8 it and peogrammeediipta the

station needs to | | eep.. This fractjonal SC 1Q (denqted _by Tc)
is converted i ntgfﬂhkbx%f@#:gﬁ%d%gﬁtoﬁ?ﬁe?w{% tﬂ%wnCI-ﬂ?‘PQ@ESL'EEPt_hFI VE

that starts coungjipgrapxg, cl ocked by the SLPCH PX8. At time t9, the

CHI PX8_SLEEP_TI ME expires, and the hardware turns on the RXCH PX8 at tine
t10. The | ast ti At tioe 49, the CHIPKBSIEEEP iHME expiré, 41 tthe hEb@waxe mphar v

enbodi nents have been _prinmarily described with reference to schematic
di agrans il ust ren thgyRXSHIMEt timgitl®.cBhelast time duration of interest is T, =

15 t9-17.

The exemplary embodiments have been primarily described with
| reference to schematic diagrams illustrating pertinent features of the
embodiments. It should be appreciated that not all components of a complete
implementation of a practical system are nécessarily illustrated or described in
20 detail. Rather, only those components necessary for a thorough understanding
of the invention have been illustrated and described. Actual implementations
may contain more components or, depending upon the implementation, fewer
- components. The description of the exemplary embodiments is provided to
enable any person skilled in the art to make or use the present invention.
25  Various modifications to these embodiments will be readily apparent to those
skilled in the art and the generic principles defined herein may be applied to
other embodiments without the use of the inventive faculty. Thus, the
invention is not intended to be limited to the embodiments shown herein but is
to be accorded the widest scope consistent with the principles and novel

30 features disclosed herein.

WHAT IS CLAIMED IS:



enbodi nents. It should be appreciated that not all conponents of a conplete
i npl ementwiDid33870 a practical systemare necessarily il | usichadRei@dky
described in 20 detail. Rather, only thoségconponents necessary for a

t hor ough understanding of the invention have been illustrated and
described. Actual inplenentations nmay contain nore conponents or,

dependi ng upon the inplenentation, fewer conponents. The description of

t he exenpl ary enbodi nents is provi dedQloAIMS8bl e any person skilled in the
art to make or use the present invention. 25 Various nodifications to these,
enbodi ments will be readily apparent to those skilled in the art and the

generic pringiples, defin herein may be appljed to, .ot her enbodi nen
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accorded thheq%\n'eo‘fgst sgél?)%b%%ﬁglﬁ?t?gﬁlt‘é%ﬁ% ﬁe@'{}g&%ﬁj?ﬁ%ﬁ? Pgsg&aﬂ{frr? gyielfe %?%Fbon
features di scipesstd usingiansledfflodeSclotkdMring fhie 6P Hediddd4hd @ faster active- .

PCT/ USOQ 30387 CLAINS 1., A devjce for actjvating an active-node cl ock

fol | owi ngta snedgcleekdpaingmon-slegp peyiodssaidderies FaMprisingon wher ei n ;
sel ected conponen f &h . ] tation er i a_skeep- npde cl ock
during the sleep ﬁ?%gﬁgﬁ%ggggéﬁgécﬁa\? -e}iglg&g&ﬁ‘%é@geﬁ“aﬂ? ?ﬁ’&ggon- sl eep
periods sgid devi efedi@Tof toinPensdtRa forle@fors th ti@édtiflaedWwakie u? tih8Rakisddg
the sl eep-node cl ock; 6 nmeans for conpensating for errors in the estimated
wake up ti mebyadiffetendey inliprecisiondewswiean ghe slespemode tolasknand éhe hetiye-myste

cl ock and,the ag_tiv -node 8 clock; and nmeans for activating the

active- m)%e 5108 K t he conpensated wake-up 10 tine. 2. The device of

claiml wherein the BatE IR HYeNoUE CIG At Bmpens ARG hidRped
wake up time caused alﬁn%aigl??%eraen es in precPs?Sn&%(et we%n t he gfeeep-rm
cl ock anti0t h&maxti ve- node ¢l ock includes neans for determining 4 the

duration of an initial off-set occurring between a begi nning of the sleep
period and a first counted cycle of the sleep-node clock and for adjusting

;23 6 estinmpted YRKCINRd 4 B9 5PnORir e tHEaREBP cShpbR&atinY FdrdrrisfmsS et :
2 the estimated wake up time caused by differences in precision between the
sleep-mode clock and the active-mode clock includes means for determining
4 the duration of an initial off-set occurring between a beginning of the sleep
period and a first counted cycle of the sleep-mode clock and for adjusting the
6 estimated wake-up time based on the duration of the initial off-set; and
means for determining the duration of a final off-set occurring between a
8 final counted cycle of the sleep-mode clock and an end of the sleep period and
for adjusting the estimated wake-up time based on the duration of the final off-

10  set.

3. The device of claim 2 further including means for compensating for an
2  error in the estimated wake up time caused by frequency drift in the sleep-

mode clock.

4. The device of claim 1 wherein said means for compensating for an error
2 in the estimated wake up time caused by frequency drift in the sleep-mode

clock comprises:

g



means for determ ning the duration of a final off-set occurri'rll“g bet ween a
8 final WOWMBEYW cycle of the sleep-node g ock and an endPETUSHE3S$%ep
period and for adjusting the estimted wake-up tinme based on the duration
of the final off- 10 set. 3. The device of claim2 further jncluding neans
‘for comfensat i ngneans o estimatipg the freguenay; MGCM@&HH&‘%I%MQW

frequency dgj | . - . A e device of claim1 wherein
sai d neans (fl%ﬁt‘ﬁ 8%%%’% éﬂrngé)?g{rﬂéﬁserggr&m?’ fn-r{]-&t he estinmated wake up time
caused lgy frequemeynslfor éalttﬂah'hg &l @)gkd@ij Eimiﬁ?@i‘koﬁb@ﬂ%éefi\e&n abtuall klebp
LEELEE Phijglh Tilt! 1IN L WO 01/33870 20 PCT/USOQ 30387 4 neans for

esti mati ng peéréod degation pndra duration of iangje¢m petiedsascepunted by 8|sieap-Biosier ri ng
during singl.e sl.eep riod. and. 6 nmeans, for calculating an expected

tim ng gr roﬁr‘]g%f‘%ﬂ%?’f tﬁﬁﬁ%ﬁﬁtggﬁg%qdféﬁﬁue%rcm " duration and a duration of a
sl eep period as ﬁ@ %Eg Y. hﬁ&ﬁ . ' ﬁﬁwtait' ted
frequency drift; ti %grograr(ﬁ?ﬁa ] usrggrr%gst fc%e‘?ﬁ@%%ﬁg?gﬁﬁﬁﬁ ffgﬁ? e rr’glgns

f or actlgvatthectiie-thbde atddkvie- adjdet ehoaktivaticrdfinsd badeel that exppdcted tinning
based the expected timng error. 5. . The device of claim4 wherein the
timng errc?T@j ust ment neans 2 conprises: nmeans for activating an

transition-node clock signal at a start tinme prior 4 to the estinmated
wake-up time, said transition-node clock having a frequency substantially

greater thag thafhofddvi® of eaRmIDewhbRGH; tHe MRERE EfforCadRYtAbi ndardunber
of clock cycles of the transition-node clock signal occurring between the

transit i2on-comalprisdsock start tine and the 8 expected end of the sleep

i od; f | cul ati mber. .of clock cycles of the .
[ ansi 11 on. mode MERG 1o AFRURE ARCEEHTIDRTORE ROk SR A ActieH e pripT

error; peany dafesarlsliiad wie-ByHhARE, &fid ARGV EIGR BBENHAVAg hetuRRd e

substantially greater than that of the sleep-mode clock;

6 means for calculating a number of clock cycles of the transition-mode
clock signal occurring between the transition-mode clock start time and the
8 expected end of the sleep period;
means for calculating a number of clock cycles of the transition-mode
10  clock signal occurring within the expected timing error;
means for adding the number of clock cycles occurring between the
12 transition-mode clock start time and the expected end of the sleep period and
the number of clock cycles occurring within the expected timing error to yield a
14 combined number of clock cycles;
means for counting an elapsed number of cycles in the transition-mode
16  clock; and
means for controlling the means for activating the active-mode clock to
18  delay activation of the active-mode clock following the transition-mode clock
start time until the combined number of clock cycles of the transition-mode

20  clock have elapsed.

6. The device of claim 2 wherein said means for determining the duration

2  of an initial off-set occurring between a beginning of the sleep period and a first

AL



12 transition-node clock start tine and the expected end of the sleep

peri od aRrfgeiAsgrgrunber of clock cycles occurring wthin theresqossyd tim ng
error to yield a 14 conbi ned nunber of HHock cycles; neans for counting an
el apsed nunber of cycles in the transition-node 16 clock; and neans for

cont 10l 11 ng_bdienia 29eleldFthaldepainoie clduk aid foradjusting tiecdstimated dvaled-a

activation of the attive-node Clock following thé transition-node cloc

start tinke utitrid basbé ondibicherdtion i ghe imitiall aff-ketoponprdsesf t he transiti on- mode

20 cl ock have el apsed. .6. The device of,claim rein said negns for
determini ng the dEeans &y genegatng, an-mw&}orbmd«feﬁgﬁ%%a%%% ey
begi nni ng. of ' fid y 111 (11 111~111-1-~11-~
Ms WO 0% 33%%%ﬁ%%§%%£%t%g§&%§%§ﬁ%c e&%%ll't he sl eep-node cl ock
and for adj usti ngmiehfis €6t bovaitat whkdapsed4nimber bfispdenin the trinsitionamode t he

initial off-set conprises: neans for generating an transition-node Cth%Ck
i%b 4 e

si gnal hadi ngoek prayuimgdetween astartaf the pleep periodrand,a mexhEsingredges

sl eep- node cl.ock; ans for counting an el apsed nunber of cycles in the
transition- nﬂﬁ%p’n@r%cgeﬁk'occurri ng between a start of the sleep period and

a next riging edgg.ofs dtstodhs The BB Red IeiberldF B/ cledf storing the
count ed 1n(l?;nber of g?%%k cy%l eg; nmeans for de-activating the _
transition-node cineaks fdrtevectivating thedramsitioratiade clods;t r ansi ti on- mode cl ock

signal at a start time, prior to the estinmated kes-up t.inme; and. 14 d
means f ok2 cont r ol MiEARs ferereragiicating a!fctrPJ(}%lflPﬁgmﬁﬁs s %!‘%aéa Sé?lgctkmfo
del ay activagj. Off ol B | D . until the counted nunber of 16 .
cl ock cycl eglgiagp’f%@etérgansﬁ{a#\gﬁqm t]ngfeg% dhave el apsed. 7. The device of
claim 1 uherein tdeapabeats $ormtontrolingr tieemeans dortdrtivating thenautiveembdens
system enpl oyi ng sl otted pagi ng and wherein the sl ee

subst ant i al | sloektdelay activiak npgrﬁhﬁcﬁcﬁg‘!?\m@@ﬁ é@ﬁgégmqitbg%rﬁé%g?dgrs‘WE of
:3;2,[ ;2,[ 6af |h odK E:)Irc\igs_ SRS 15 R5or St di& ﬁgv@élaﬁsé(@ke up time
7. The device of claim 1 wherein the mobile station operates in a mobile
2 communications system employing slotted paging and wherein the sleep
period is substantially equal to a time period between consecutive paging slots
4 such that the active-mode clock is activated at a wake up time substantially
synchronized with a next paging slot.

8. A device for activating an active-mode clock following a sleep period for
2  use within a mobile station wherein selected components of the mobile station
operate using a sleep-mode clock during the sleep period and the faster active-
4 mode clock during non-sleep periods, said device comprising:
a wake-up estimation unit for estimating a wake up time using the sleep-
6 mode clock;
a compensation unit for compensating for errors in the estimated wake
8 up time caused by differences in precision between the sleep-mode clock and

the active-mode clock; and

10 an active-mode clock activation unit for activating the active-mode clock

* c L M § *

at the compensated wake-up time.
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synchroni zed wth a next paging slot. 8 A device for activating an

acti ve- saslgymnmck following a sleep period for 2 use w porwseusme | e
station wherein sel ected conponents of t# nobile station operate using a
sl eep-nmode cl ock during the sleep period and the faster active- 4 node

‘¢l ock during, nonTHeRRRIRESS Q4itn 8 WhdteFHeCD alifi it Fchided- Up
estimation unit for estimating a wake up ti using the sl eep- 6 nobde

cl ock; a2conpensahiinitialnoff-séocompepsatioat uni} foordetermining rthe huretion rft and
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The devi ce @in€bhaied dh tMredetationhst the imeiaboffisag amdi t i ncludes 2 an initial

of f-set conpensation unit for determning the duration of an. injtial

of f - set ®ccurri ng finalsbretacampensaition wiit fordetesminingr thedduration ¢fi 3 final 4

counted cycle of the sleep-node clock and.for. adjysti.ng the, estijmated

vake- up 11 RE-SAEEESING REMRRLA FBRL 690RRd Rle Dhihesfpehmode g andian, o

of  -set gOoMBRAALthOBleeP! deridt aflG k6 HHfisAlg the estithatd Prakb-1ip tikdtAbaseBldn Set
i

occurring between a tihal counted cycle of the sleep-node clock and an 8

end of the shedypraimm cfitharfthal off-sedj usti ng the estimated wake-up tine based

on the duration of the final off-set. 10. The device of claim9 further

including 2 a frequency drift conpensation unit for conpensating for an

error in th estn %@ ' y frequency drift in the

sl eep- node g?ocktﬂ\g‘af%gc e a%@?%%ﬂfé;f%‘égfﬂ]n wherein said wake-up

estimati®dn unit gdrafueney drift lompehsitein it f6f e6mpensatii@ tat A1 Sirdeth terber

of clock cycles occurring within"a single sleep period for a c|ock
operating aestimptesiwalse tiprtémeicausashbyl frequency drift in the sleep-mode clock;

4

11.  The device of claim 8 wherein said wake-up estimation unit comprises a
2 register for storing a predetermined number of clock cycles occurring within a
single sleep period for a clock operating at a predetermined intended sleep-
4 mode frequency;
a counter for counting an elapsed number of cycles in the sleep-mode
6 clock during the sleep period; and
an indijcator unit for indicating when the counted number of clock cycles

8 equals the expected number of clock cycles.

12, The device of claim 8 wherein said frequency error compensation unit
2  comprises:
a frequency drift estimation unit for estimating the frequency drift
4  occurring in the sleep-mode clock occurring during a single sleep period;
an expected timing error calculation unit for calculating an expected
6 timing error between an actual sleep period duration and a duration of a sleep

period as counted by a sleep-mode clock subject to the estimated frequency

, A



4 node frequency; a counter for counting an el apsed nunber of cycles in the
sl eep- nondWO @/338%ck during the sl eep peri g; and an i ndi c®CIvUSsnB3e387 or

i ndi cati ng when the counted nunmber of clolk cycles 8 equals the expected
nunber of clock cycles. 12. The device of claim@8 wherein said frequency
error conpensati ora diming erroorauljusteent auiit équaonyrodling tthe sddtivetmode udotk f or -
estinmati the frequengy drjft .4 occurring in the sl eep-npde clock

occurri na%durqcﬁgaﬁo’éﬂ%qtgaéil‘é%rﬁh?)é?q“fﬂﬂorhwnéﬂﬁé@ &ke expaciryl BRyiRg error.
calculation unit for calculating an expected 6 timng error between an
actual sleep period duration and a duration of a sleep period as counted
by a sl eep-node clock subject to the estimted frequency 8 drift; and ii
IN CL WO 01/33870 23 PCT/ US00/ 30387 a timng error adjustnent unit for
control | i ng tlBe ackheyaleringeof|daim 1D wibereimtthen tioring erroadadjustmerst unit
activatiog time based the expected timng error. 13. The device of claim 12
wherei n tfie PHBTYPEY ror adjustnent unit 2 conprises: an transition-node

clock activation uhi {rahtioRGhbdat ek %tibaﬁaﬁ!aﬁi@rrbr%laﬁ%ﬁngl &@ktrm‘gﬁ- at
a start tinme prior to the estimted wake-up tine, sai transition-node

cl ock havéngnaode elpeknsignaludis b asstdrit etitng priemtethe festintdted vodkd-tp tifae, said

sl eep-node clock; a first calculation unit for, cal cy]ating a, nunper of

cl ock cycl es tepsitipn-medededs havRg olrequeraksubsigntialiycgieaferfhapdhakeabhthene

transitiop- [¢ rt tine and the expected end of the sleep period;
10 a secoﬁdngfaéggajflggégﬁtcg’nit for calculating a nunber of clock cycles of

the transition- rradﬁrsclcalmlaﬂ(ﬂnaiﬁtomLufarléxﬂatm? thinanibee fxgeek e§cles ofnthe
error; 12 an adder for adding the nunber of clock cycles occuriing between
the trandit itansitiosemodesitoas signalk ¢qenrring behwees pae transition-mpde ielock stap

{Z):E;r: gg Zp(rjor%?rbet h:a% un%%reegd_ecr{ jo XV ée%speol"fgcij;r ring within the expected

10 a second calculation unit for calculating a number of clock cycles of the
transition-mode clock signal occurring within the expected timing error;

12 an adder for adding the number of clock cycles occurring between the
transition-mode clock start time and the expected end of the sleep period and

14  the number of clock cycles occurring within the expected timing error to yield a

~ combined number of clock cycles; '

16 a counter for counting an elapsed number of cycles in the transition-
mode clock; and

18 a controller for controlling the active-mode clock activation unit to delay
activation of the active-mode clock following the transition-mode clock start

20  time until the combined number of clock cycles of the transition-mode clock

have elapsed.

14. . The device of claim 9 wherein said initial off-set compensation unit for
2  determining the duration of an initial off-set occurring between a beginning of
the sleep period and a first counted cycle of the sleep-mode clock and for
4  adjusting the estimated wake-up time based on the duration of the initial off-set

comprises:

iy



conbi ned nunber of clock cycles; 16 a counter for counting an el apsed
nunber efoeynsms in the transition- node  clock; and 18 apcousecsoBsr f or
controlling the active-node clock activétion unit to delay activation of
the active-node clock followi ng the transition-node clock start 20 tine

until the conbi nedidekdighalogeridraft foy Gehbraling! AR trdrdftidri-nesderolbekdigad
have el apsed. 14. The device of claim9 wherein said initial off-set
conpensat i dhavinga frequengy gubstantiallygreater thandthabef Ut sleep-madeglodsf - set
-occurri bet ween a beqginning of the,sleep period_.and,a first counted

cycl e 01%g the sl eaeSQHB%g @Fcﬁfﬁ%‘r&'ﬁ’@ A elapsg jﬂﬁﬂrbﬁﬁ Ayl %&rqﬂgi}éqrﬁp

ti me based ' 2 ; i vt disihol 11 1
T T T b o biuhe Shovilh b3 B 0 et brral B 8 g ook

si gnal Xenesfthersldeprmgdaeladi ng an transition-node clock signal having a

frequency substantially_ greater than that of the sleep-pode ¢lock; 8 a
counter for countTegistahfazisiprng the rprntedmumgbereaf dock ¢yeles; andi ti on- node

To of (Fe ol cop-hservamion RjtJbr dbhcdiits GFE, AnAROnTuRAE cptk, AT O°

10 of the sl eep- egrster orrng e cou

clock cycl egherdifl sdid o¥f-Her eebt AdubBRetidit E@apeigact i vating the _
transiti on-node cl ock; and wherein said off-set error adjustnent unit

conpri dds 14 a rarexactivatioronniffor ré-activatingcthetzansiton-meode glosksignal mbde
~clock signal_at.a start tinme priagr to the.estinpted wake-up tine; and 16 a
del ay unit ﬁtﬁtt%ﬁPWF?ﬂb‘*gﬁﬁﬁ i ¥ -?THHSHE?'C?&%BaCt ivation unit to del ay
acti vatjigon of thegact i ¥e¢ m divelg oae e Waeeh it & a8t

cycl es 1gf 18 tﬁ fé(ra r}glﬁtfgg%?nnlgﬂ(?e C gg_ik ig’t\% 8P§psecg(.dac%5. Tﬁe &e% gelégf

cl ai m 8 wheactivativhefrthbiakévenaddodockemtil ¢lse countedndimber 8f cloekwyiclstdfons
system enpl oyi ng sl otted paging and wherein the sleep period is

subst ali alq?‘?téad\%HOQ‘H‘oéetﬁ%géY?%]épb%{-V\een consecutive paging slots 4
such that the active-node clock is activated at a wake up tine
substantially

15.  The device of claim 8 wherein the mobile station operates in a mobile
2 communications system employing slotted paging and wherein the sleep
period is substantially equal to a time period between consecutive paging slots
4 such that the active-mode clock is activated at a wake up time substantially

synchronized with a next paging slot.

16. A method for activating an active-mode clock following a sleep period
2 for use within a mobile station wherein selected components of the mobile
station operate using a sleep-mode clock during the sleep period and the faster
4  active-mode clock during non-sleep periods, said method comprising the steps
of:
6 estimating a wake up time using the sleep-mode clock;
compensating for errors in the estimated wake up time caused by
8 differences in precision between the sleep-mode clock and the active-mode
clock; and

10 activating the active-mode clock at the compensated wake-up time.
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synchroni zed with a next paging slot. 16. A nethod for activating an
active- nepigop3semk followi ng a sleep peri 2 for use w tPCHUS00BOIR?| e
station wherein sel ected conponents of t nobile station operate using a
sl eep-nmode cl ock during the sleep period and the faster 4 active-node cl ock
during non-sizep Thé ntthod i dlaime 16 whereipthestep dfmpeamatingffor @rrors in '
estimating a wake up tinme_using the sl eei)- ngg cl ock; conpensating fao
errors ir? t hthecestimateddwiakr aup Sime eaused, $¥q ?ﬁre%ceéilF‘fEF"é’Fﬁ!‘é% etWBeR € on -

b h | - npd I d t.h L Ve- : | [ .
Che act i ve. rijee Fieiacar and BackineRERe MR Gudes 3 stdBortedtinintAg, 19,
1110 1 1131114 bufmadR OF4A33870:1256RET bHSRHR0BaHvekR 2 Begirhios tHe sleapm 16

wherein the step of conpensating for errorsin 2 the estinmated wake up
time caused perio Bhdreficstcounted epileiafrthe slegpemodaelod ang fonadjusting thand

t he active-node cl Qck .i ncl udes, the steps.of determni.ng, 4..the duration of
an initi& cﬂSFm%%tﬁgdfﬁ%lEﬁ’PP ﬁﬁn‘bgﬁﬁge‘?f‘ &P%‘éﬁﬁ%?ﬁfgf tg% upﬁgl gﬁfé“sﬁ anIlfi\eri od and a
first counted cyc . 1 l.egpns |0 Lor ' | Bidwle inal
esti mat ed vvake-up(h(tgrma age%‘eo‘g&t' e dgfeft ?Aéﬁp% %ﬁ‘rgeocl%ir?idtqliSi I off-gge? ;qmand
det er m nigng ddimtadicgtliest thie stedp-ndecdibels ahd crcemd iof ghe slespeperind and| for 8
counted cycle of the sleep-mde clock and an end of the sleep pe i&d and
for adj ust iadjusting ths ¢stimatad weake-up mwbaﬁés@aﬂ&dwwomféﬁﬁ 5’1‘5‘&[)? Rk
final off-set. 10 18. The method of claim 16 further including the step of
corrpensa?tq ng for 2 an error in the estinmated wake up tine caused by
frequency drift in the sleep- node clock; 19. The nethod of claim 16
wherein said step of estimating the wake up 2 tine conprises the steps of:
storing a pridet éFime mexthod rdf elaiot 16Ifucﬂhecjrmlédil@ﬂm$tEPg>fvﬁ0FmP¢PSaﬂ§8rf§Fe 4

1 eonemer O%n fror in the cstihated wake Up Arfe’ GUE6S HY AEGuddly iR tn The SfkePRe

mode clock; :

19. The method of claim 16 wherein said step of estimating the wake up

2  time comprises the steps of:

storing a predetermined number of clock cycles occurring within a single

4 sleep period for a clock operating at a predetermined intended sleep-mode

frequency;
6 counting an elapsed number of cycles in the sleep-mode clock during the

sleep period; and
8 indicating when the counted number of clock cycles equals the expected

number of clock cycles.

20. The method of claim 16 wherein said step of compensating for an error
2 in the estimated wake up time caused by frequency drift in the sleep-mode
clock comprises the steps of:
4 estimating the frequency drift occurring in the sleep-mode clock

occurring during a single sleep period;

-



6 counting an el apsed nunber of cycles in the sleep-node clock during the
sl eep pwoadssamnd 8 i ndicating when the 2§ount ed nunber oPCTAUSGIB08YC| €S
equal s the expected nunber of dock cycles. 20. The nethod of claim 16
wherein said step of conpensating for an error 2 in the estimted wake up
time cagsed by fdadeilating alt iekpedtadt timing eapormbdeveat eek actimb sleeps pehiedst eps
of. 4 estimating the frequency drift occurring in the sleep-node_clock
occurring dlittatignaand agduraticsepf pesleeri peripd| ag coymted, by |3 sleep-mode clod | M
ATrrrrily, WO Q1/ 338740 26. PCT/.US00/ 3038,/..6 cal cul ating an expected timng
error b& @%lﬁg%@%ﬁqﬁ%éﬁwﬁw%ﬁg@a on and a duration of a sleep
period as count e}V ﬁ%% ' Stk @%ﬁ
frequency dri ft?%ﬁ%tug%jafﬁfcﬁng t e&ggﬁf\%fiang tiﬁ%def)(?o%@hga%gﬁhve- g(Cjteeclcl ock
based tlfe etiymireg ertor.10 timng error. 21. The method of claim 20 wherein the
step adjusting the activating tine 2 conprises the steps of. activating an
transition-node clock signal at a start tinme prior to the 4 estinmated
wake-up timng, saj it {cOR: [ ERCY. 1§ ially
greater the?n\1 “t hﬁﬂowﬁqﬁéasqfeég%@ng e&iclg%(ﬁtlﬁ% S(E:% g‘&f&as?i?l g@% arﬁﬁ%%@?‘ %o ¢l ock
cycles of tdeen ﬁgé},schbisggpsra;de cl ock signal occurring between the
transition-node clock start tinme and the expected end of 8 the sleep

peri od; cal cul atadtiyatinguam dransitien-owddec glock ssigiialt afe at startstimeopriande theock

signal ,10 occurri,n ithin.the expected, timng eryor;,addi ng the nunber of
dock cyd e BEAIR MERGLRCUMS, (I r FASFIEOBNORS Fiogk BRYHIE @ JFEatSTiy and
t he expect t ' i . of dock cycles
occurring \;’ﬂbﬁfﬂg\ﬁtﬁ?‘lg ég)@(%%g?lgdg\?ﬁ%oﬁghﬁérlggéﬂf%éwy?%@% a conbined 14 nunber

of cloclé cycl es;calaulating@ mumbenp$ elbckuwykles aff theytrdmsition-mdde clock signal

transition-node dock; and -
occurring between the transition-mode clock start time and the expected end of

8 thesleep peﬁod;
calculating a number of clock cycles of the transition-mode clock signal
10 occurring within the expected timing error;
adding the number of clock cycles occurring between the transition-
12 mode clock start time and the expected end of the sleep period and the number
of clock cycles occurring within thelexpected timing error to yield a combined
14 number of clock cycles;
counting an elapsed number of cycles in the transition-mode clock; and |
16 delaying activation of the active-mode clock following the transition-
mode clock start time until the combined number of clock cycles of the

18  transition-mode clock have elapsed.

22.  The method of claim 16 wherein said step of compensating for an error
2 in the estimated wake up time caused by an initial off-set comprises:
generating an transition-mode clock signal having a frequency
4 substantially greater than that of the sleep-mode clock;
counting an elapsed number of cycles in the transition-mode clock
6 occurring between a start of the sleep period and a next rising edge of the sleep-
mode clock;
iy
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16 del aying activation of the active-node clock follow ng the transition-
node cl oskoet/3s810 tine until the conbi ned#nber of cl ock PYL/USH/30387t he 18
transiti on-node cl ock have el apsed. 22. e nmethod of claim 16 wherein said
step of conpensating for an error 2 in the estimted wake up tinme caused

by an inigial offsiegingcibepbuntst ngeber of tlogk aycles;andi t i on- node cl ock signal-

having a frequency 4 substantially greater than that of the sl eep-node

clock; counting afledctpating nthepdrangitianymade iclpakpeang awbereBnsaigdsten ik 6

Sl oop. e oAU echyEmod i8R EBffier eiepeaf <) b uithe Rl Ak, "

PCT/ US00/ 3038 4nsifiohlAbodB ¢1dcRSigiail At 8 Gtaiy tibes dpﬁbr £0 @ekestintdted waltdup time;
de-activating the transition-nbde clock; and wherein said step of "~ 10

activatily téaed delaying artivationmof the aptive-asodedock apdil dhe counted numbey afhe
transition-nmode cl Qck signal at a start ti rior to the estimted wake-up
time; 12 anddBélFSWﬁﬁﬁo the trapstien-g10 eh%lo'élép‘g‘éé?t?ﬁﬁ%&cl ock until the counted
nunber of clock cycles of the transition-node dock have el apsed. 23. The
met hod of claim 16 wherein the nobile station operates in a nobile 2
communi cat i opg: SyThe methpdl of chaimsleovhestin dy m@bils dtativer gperatesdn almebile
period is substantially equal to a time perjod between consecutive paging
slots 4 Suchcammunieationsisysierneapleyipgslotiedpagingand wheremheslgep t i ne

]S:JPIS Uam T | il :\geprluﬁ E]SCQJb%?ainZtlea(iilyvgcfugl B Deile ngc')g Beti@ni cdrlskRidive }I)&éih%)slots
4  such that the active-mode clock is activated at a wake up time substantially

synchronized with a next paging slot.
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