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[0003] Accordingly, it is known to maintain system timing during sleep or power
saving modes by using a sleep controller having a much lower power usage (e.g., a
clock with a current draw of 200 pA) and a lower frequency (e.g., 30-60 kHz) than
TCXO devices. This is typically accomplished with a cost cffective crystal oscillator
clock at the expense of some accuracy in time keeping because the clock frequency
tends to fluctuate. This clock is otherwise known as the “sleep clock” or “slow clock.”

[0004] When a transceiver wakes up from a sleep mode, it is important to have an
accurate system time as kept by the sleep clock. Since the slow clock is used for System
timing during sleep modes, the accuracy of the clock timing will directly affect the
system time when the mobile transceiver wakes up prior to re-acquisition of timing
based on information received from the wireless network, such as a CDMA based
network. A good estimate of slow clock frequency is therefore desirable. Known

timing estimation utilized by mobile devices, however, is typically used only for initial



timng estimation utilized by nobile devices, however,
is typically used only for initialcalibration and. the
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Noi se (PN) code timng. In certain wireless systens

not enploying PNtimng (e.g., Othogonal Frequency
Division Multiplexing (OFDVM ), however, this timng in

not avail able. Thus, in such systens the accuracy of

the sleep clock timng is evengrmore inportant. In the
case of OFDM in particular, such systems are nore
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and to output a full count signal when the first count reaches a predetermined number.
Furthermore, a second counter is included and configured to receive the full count
signal and increment by a count of one each time the full count signal is received and a
third counter is included and configured to receive the first clock signal, increment a
second count for each first clock cycle received, and output the second count; and at
least one register configured to store the second count for each clock synchronization

pulse received by the first counter.
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pulses reaches a predetermined number; a second counter configured to receive the full
count signal and increment by a count of one for each full count signal received; and a
third counter configured to count fast clock cycles , and output a value of the number of
fast clock cycles to at least a first register for storage by the first register for each slow
clock cycle. Finally, the wireless device includes a processor configured to receive the
count of fast clock cycles during a measurement time period from the at least one

register and determine a number of fast clock cycles occurring during the measurement
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m the at least one register; and determining an estimated frequency of the sleep clock

based on the determined number of sleep clock cycles and the determined number of
fast clock cycles stored in the at least one register.

[0011] According to yet another example, an apparatus for estimating the frequency of
a sleep clock with a fast clock includes: means for synchronizing a sleep clock with a
fast clock and forming a synchronized pulse for each slow clock cycle synchronized
with the fast clock; means for incrementing a sleep clock count for each cycle of the

sleep clock occurring during a predetermined measurement period as determined by a
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[0018] FIG. 7 is a flow diagram of an example of a method for estimating a sleep
clock frequency.
[0019] FIG. 8 is a block diagram of another example of an apparatus for use is

estimating sleep clock frequency.

DETAILED DESCRIPTION
[0020] The present application discloses apparatus and methods for estimating the
frequency of a first type of clock (e.g., a slow or sleep clock) using another, more
accurate type of clock (e.g., a TCXO fast clock). Additionally, the disclosed method
and apparatus provide an up to date, continuous estimate measured over a

predetermined length that minimizes clock drifting effects of the first type of clock.
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present application discloses apparatus and net hods

for estimating the frequency of a first type of clock

(e.g., a slow or sleep clock) using another, nore

accurate type of clock (e.g., a TCXO fast clock).
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the estimator 102 to
operates contmuously in active or awake mode in one example. In one example, the

microprocessor would read the data prior to the microprocessor 112 directing that the
system 100 enter a sleep mode, for the purpose of setting the sleep mode timer before
the mobile 100 is put to sleep, for example.

[0023] Estimator 102 continuously counts the slow clock 110 as long as the mobile
100 is awake in order to minimize the quantization error as well as the slow clock
fluctuation etror according to this example. Due to the asynchronousness between the
fast and slow clocks, the measurement error of Npc ranges from -1 to +1 fast clock chips
or cycles. The estimated frequency of the slow clock Jsc may be calculated by the

microprocessor 112 and derived based on the following relationship:
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and s S%}IS error of the slow clock 110, such as s
ARG 1 OnEPRORBOR G Bl I EOR2B0uE ek nARGEEfisoN drift ocours

decbridraiap 1640 glariizhiibn 88SHERGedsBE£ONt i NUOUS measure
time is short enough that no'significant drift occurs,

the error due to. 1 guahtlzatlon can be exegessed as: s
( 3) . Tmeasure FC

[0025] As may be seen from equation (3), the error is inversely proportional to the
continuous measure time and the fast clock frequency. Thus, as either the continuous
measure time or fast clock frequency increase, the error will decrease. FIG. 2 illustrates
a plot of this relationship, showing that the error, measured in parts per million (ppm),
decreases rapidly for longer measurement times and is less given a higher clock
frequency (e.g., curve 200 showing 44.4 MHz verses curve 202 showing 66.6 MHz).
As an example, if the fast clock frequency is 44.4 MHz and the measure time is 4 msec
(which would be equivalent to five OFDM symbols, as an example), the estimation
error would be approximately 5.5 ppm, whereas if the measure time is increased to 40
mscc, the crror is reduced to approximatcly .55 ppm.

[0026] From FIG. 2, it is therefore apparent that the longer the measurement time, the
better the estimation accuracy. The advantage of a longer measure time is diminished,
however, by the fact that if the time measure is increased too much, estimation errors
can again be introduced due to frequency drift of the sleep clock. Thus, estimator 102

according to the present disclosure is configured to balance the disadvantages of too
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[0029] A slow clock counter 304 receives the sleep clock synchronized pulses 302
from the synchronizer 300 and counts the pulses 302 as they are received. For every
slow clock cycle or, in other words, sleep clock synchronized pulse 302, the slow clock
counter counts 304 another slow clock cycle. In an example, the slow clock counter 304
may have a capacity of Myc bits and, thus, has a maximum or predetermined count of

M . . . o .
2%s numbers, which is, in part, used to limit the measurement time. As a further,
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storage regl ster regls
@gn et ro qs’g_;&gmﬁcant Bit (MSB) counter 314 via connection 316, which

Increments the MSB counter 314. Thus, MSB counter 314 effectively counts the

number of times that the slow clock counter rolls over, i.e., each time the MSB becomes
“1.” Concurrent with issue of the MSB, the slow clock counter 304 (as shown in the
example of FIG. 3) triggers the fast clock counter 306 with the MSB via connection 320
to read the current value of the fast clock counter 306 into another, second register 318
labcled as “Register 2,” via conncction 321 . Additionally, when the MSB counter 314

is incremented, the first register 310 is reset to a count of zero (0) via connection 320.
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N=(2"/32 kHz) x 2 = 128 msec. This is merely an example, and more registers than
two may be utilized to achieve longer measure times. Additionally, one of ordinary
skill in the art will appreciate that a single register (e.g., register 1 (310)) could be
utilized in the estimator of FIG. 3, but that this would only provide a short measurement
time of a maximum of 2%¥ number of slow cycle’s worth of fast clock counts

(approximately 64 msec). It is further noted that the combination of the fast clock
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interruption until the mobile 100 goes to sleep.

[0036] It is noted that the portions of the estimator 102 that are used to derive the
counts Npc and Ngc are all part of the domain of the fast clock, as indicated by dashed
line 328 in FIG. 3. This ensures that estimator 102 only uses the fast clock 108 to
perform the counts in order to achieve a more accurate estimate than could be obtained

using the lcss accurate, less power consumptive slow clock 110.
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counter 516. The MSB counter, in turn, 518 then provides the MSB back to the sleep
clock counter 516 to reset the count to zero or, more specifically, to reset the sleep clock
register 517 to a valuc of zcro. The slow clock counter 516 and the MSB counter 518
deliver their respective count 522 and bit to an adder 524, which is external to the fast
clock domain (and the estimator 502 is no adding logic is contained therein), to

determine the number of slow clock cycles Nyc.



wakeup signal froma m croprocessor, such as

m croprocessor 112, for exanple. Simlar to the
wexerpker7eof FTG 3, a synchroni zer 504 recei veBCTS2006/060747

sl ow _cl k signal, synchronizes the slow clk signal to

the fast_clock signal, and outputs a sleep clock

synchroni zed pul se 506, |abeled as slow cl k_sync,

which is akin to signal 302 in the exanple of FIG 3.

The fast_clk and sl ow cl k_syncigignals are input to

the fast clock domain portion 508 of the estimnator
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to account for counting delay in the fast clock counter 514. . This timing coincidence is

illustrated in FIG. 6 by arrow 600 showing that the shift of count information from the
fast clock counter 514 to the first register occurs after the fast clock counter 514 has

started counting for a next slow clock cycle. When the slow clock counter 516 reaches

the count limit as detcrmined by 2% the MSB is uscd to resct the first register 512 to a
value of zero (0). Simultaneously, the MSB enables a second register 526 (termed
“Register 2”) to read the count stored in the fast clock register 525 prior to reset of the

register 525 to “1” through the operation of multiplexer 520. Thus, the second register



cycles. As may be seen in FIG 5, the fast clock

counter 514 includes a fast clock register 525, an
wadderos&27, and a nul tipl exer 520, which recei Pes/Uam06/060747

i nput of the MSB. When the value of the MSB has not

yet been reached value (i.e., the sleep clock counter

516 has not yet counted 2Mc nunber of sl ow clock

cycles), the multiplexer 520 out puts whatever value is

present at input "0". Correspomdi ngly, when the MSB

has a value of one (1), the nultiplexer 520 outputs
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fast clock counter 514 to the first register occurs
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@l { G- Veupizates g flopodipgrant of vmefhiodsyr apegitiondpr it 2stimators of
FIGs23 and 5. As shown, the process 700 starts at block 702. Flow proceeds to block
704 where the slow clock is synchronized to the fast clock, such as by synchronizer 300
of FIG. 3 or 510 of FIG. 5. Once the fast and slow clocks are synchronized, the
estimator begins counting slow and fast clock pulses based solely on use of the fast
clock. As was described previously, a slow clock counter (e.g., 304 or 516) is
incremented for each slow clock sync pulse (e.g., 302 or 506) as illustrated in block 706.
Concomitantly, the fast clock counter (e.g., 306 or 5 14) is incremented for each fast
clock cycle and the count transferred from the fast clock counter to the first register

(e.g., 310 or 512) for each slow clock sync pulse as indicated in block 708.



val ue of zero (0). Sinultaneously, the MSB enables a
second register 526 (ternmed "Register 2") to read the
woawToset7or ed in the fast clock register 525 pPCDAUSEDG6/060747

reset of the register 525 to "1" through the operation

of multiplexer 520. Thus, the second register526

stores the nunber of fast clock cycles that occurred

during the first 2M nunber of slow clock cycles.
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predetermined number of slow clock cycles (e.g., 2™ ). This means 810 could be

implemented, as an example, with slow clock counter 304 and MSB counter 314
illustrated in FIG. 3.

[0049] The apparatus 800 also includes means for incrementing a fast clock count
812, which increments the fast clock count for each cycle of the fast clock. The means
812 could be implemented, for example, by fast clock counter 306 shown in FIG. 3. A

means for storing the counted number of fast clock cycles 814 is in communication with



esti mator begi ns counting slow and fast clock pul ses
based solely on use of the fast clock. As was

wdeswroséed previ ously, a slow clock counter (ePgT/US3D4/060747
or 516) is increnented for each slow clock sync pul se
(e.g., 302 or 506) as illustrated in bl ock 706.
Concomtantly, the fast clock counter (e.g., 306 or
514) is increnmented for each fast clock cycle and the
count transferred fromthe fasgigcl ock counter to the
first register (e.g., 310 or 512) for each slow clock
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[0052] The methods or algorithms described in conmection with the examples
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, firmware, or in a combination of two or more of these. A software
module may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or any other

form of storage medium known in the art. An exemplary storage medium is coupled to



cl ock occurring during a predeterm ned neasurenment

period as determ ned by a predeterm ned nunber of slow
wohorseyel es (e.g., 2 ). This nmeans 810 coul dPOE/US2006/060747

i mpl emented, as an exanple, with slow cl ock counter

304 and MSB counter 314 illustrated in FIG 3. [0049]

The apparatus 800 al so includes neans for increnenting

a fast clock count 812, which increnments the fast

cl ock count for each cycle of the fast clock. The

means 812 coul d be inplenented, for exanple, by fast
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requires. Additionally the disclosed constantly
functioning estimators elimnate extra 1 errors that
woam7aséwe due to constant interruption of therPEagis2006/060747
cl ock counting process. Mreover, the disclosed
estimators do not require intervention fromthe
m croprocessor (i.e., the m croprocessor does not need
to instruct the estimator when to start and when to
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e .con ent h the | nc and nove
8%1?81}%8&6 Pg e jzation %— ocg)gégpdﬂ g}’gl;l-e fast clock signal.
used excl usively hereln to nean serV|ng as an

exanpl.e, i ance, | lustration." exanp
descr ’bed E@‘Feﬁ ‘T’Ppa%]m %%?W)PS“V@"%&S %é@é@éwhlv L. gvherein the

lﬂﬁstﬁﬁngﬂef UeEbrRuBsRILHIB0k O EtoRdlY AR YS QUSsONEler Q&h@eftenmmng the
Ies Accordlngl . the novel aspects described

REFE O TR qlerlpeycles e 3 aneesyrepynt Heeskesing a5 thigefirst and second
tohdteryi G cEh@dFBd &5 0Lt a current count to an adder to determine a count of

slow clock cycles occurring during the measurement time period.

4. The sleep clock frequency estimator as defined in claim 1, further
comprising:

at least one additional register configured to store the value of the

number of fast clock cycles counted by the third counter when the second counter is

incremented by one.



WHAT IS CLAIMED IS: 1. A sleep clock frequency

estimator conprising: a first counter configured to
woawTiosel7eep cl ock synchroni zed pul ses havi ng acpaISeme/ 060747

corresponding to a period of a sleep clock and

synchroni zed with a fast clock, and to output at |east

one full count signal when a nunber of sleep clock

synchroni zed pul ses reaches a predeterm ned nunber; a

second counter configured to regeive the full count

signal and increment by a count of one for each ful

o o Shehyatos Snd] LR oA LG 1. e

rv@mrzbmgf arf 881 nuimdek fo y:egle‘srst mchtdlﬂl§ﬁ$t ﬁﬂt fandi&lt least one additional

4 %IS‘%I' ?Jélg{g%g thiélttg{a?gnea rsﬁ)gﬁt Jéllatr? S& %termmed based on the

é%finuﬂﬂ&moﬁ&@ﬂ&&sned in claiml, further conpr|S|ng a

synchroni zer configured to receive a sleep clock

signal and the fast clock signal, synchronize the

sl eep d:l oCkTlsd gleap dleckt [ﬂl%gﬁ@ﬁ;%y @slttﬁﬁb}fors bg 'ﬂ%ﬁn&ﬁqu\"{lﬁ% 1, wherein
ut put one or nore o he

ck signal,.
F 11‘3‘ %Bfﬁ %aerﬁd gésdeé%yefimélsmcpgﬁsnsmldmgem frequency to
hias s1eep Bloch %yﬁdlﬁ*@ﬂil&&[‘ pERE ban dQhydGith! aeﬁlgd&leﬁh%ﬁea | Q03 behind the

ast claock sighal. 3. The sleep clock frequenCy
ég?PﬁEFgﬁyﬁguﬂ@FW%@Hs?n claim1, wherein the first

register is configured to output a stored count to a

first adder for determ ning the count of fast clock

cycl ed-dur i %ef‘rPe&l@elF SreERENaY] ¢pEMEar| asdledingd tih eldifr &t wherein the
PRSERLHAMY RN 8452136 BnE M LIGUE 8PLLO output a current

count to an adder to determne a count of slow clock

cycles occurring during the neasurenment tine perlod

4. The sle e tar .
ciai oL § o hapt MGy ASk ARl RIS it FiRal wherein te
fesg clock is & tsnfriegivsdompensaedctybiel oailionof t he nunber

of fast clock cycles counted by the third counter when

the second counter is increnented by one.5. The sleep

cl ock % r eqUdwcsjcapstivcia fioquarydstimaad ais tic€had i leladm 1, whercin the

A e LA I L W P—
metis s Erst vloek domainhiriventtsl thegastloekent time of the
estimator is determ ned based on the

10. A clock frequency estimator comprising:

a synchronizer configured to receive a first clock signal and a second
clock signal and to output at least one clock synchronization pulse for each cycle of the
second clock as synchronized to the first clock;

a first counter configured to receive the at least one clock
synchronization pulse, where the first counter is configured to increment a first count
with each received clock synchronization pulse, and to output a full count signal when
the first count reaches a predetermined number;

a second counter configured to receive the full count signal and
increment by a count of one each time the full count signal is received;

a third counter configured to receive the first clock signal, increment a

second count for each first clock cycle received, and output the second count; and



"N' nunber of registers. 6. The sleep clock frequency

estimator as defined in claim|l wherein storage by the
woioE0s6Bgi ster is triggered by a del ayed pul SeCT/US2006/060747

corresponding in frequency to the sleep clock

synchroni zed pul se but delayed with a predetermnm ned

del ay behind the sleep clock synchroni zed pul se. 7.

The sl eep clock frequency estimator as defined in

claim6, wherein the predeternpgmed delay is equal to

one fast clock cycle. 8. The sleep clock frequency

esti mat or [ I: [4n | ereln the fast

clock is aa%elgrr%f(te r Q?S?éé&%%lﬁ%{eﬂr%g?defé’w%PVs %558 FvRt & each clock
8yndirenighté@ppudbackeif ek by érciirsesduntat or as defined in

claiml wherein the first counter, the second counter,

the third counter and the first register all are

oper ahlle wiThd ploak ffegjuedyo eftirflfiBRIal dfiha®h Rlikhe0,Whdrein the at
glogk. 10.. A cloc frg uen&%'estiq?tor conpris%gg: a L
VERPO R S SAPTIGUFE &0 CHPIba Sfafed soytig e fuplhaqger for determining
ShegRatntadf fidst S@EkN By sl QliriE GNAeadRnmb R OMbriodt and the first and
| east, one cl ock s nchronizgﬁion pul se for each c

cle
SPCPEOLBIEHY CPBURITEE T SATAIUGRI AcgTieat savat 19 sadder fo dotermine a

eb@Eof sBodtld AbICEA Y ¥ cEPREIRHNE thd i LEGhUR tilepdod.
| east gne cIoé?gggnchrgnizgtiongpulsg, wher e }he ?%?%t

counter is configured to increnent a first count with

each riecei vk d1Q&K BIRCALPNEARALAQN eg_u'cf%ﬁnedf’mﬁil '®aim 10, further
output. a full count signal” when the first count
CEHPHESEn predet ermi ned nunber; a second counter

confi gured £0ct8GHlVaidit: : ' : :
i ncrement by a count g%%%afél% isfe? 0 ttr%g&{u%gaéf’ u%r&qg%tbar%p receive the
§eqprdicoust fremetho diird eounkirredele furvaeh fidbadurgsipedl from one of the first

%ﬁ@@&%ﬁd%ﬁﬁm%ﬁrSt clock signal, increment a second
count for each first clock cycle received, and out put

t he second count; andat |east one register configured
nt _for_each

to stqre t S n Q ock . . .
synch ?g’ hi za |eocgg%u$es®eﬁ% ETHRHOLE ‘%%’éleg i gli Jgnfugther comprising
21 . “N'hauoiboc loffrogigteen incleding nht ofirsaand eft i m@dfm @dcgt'i@ihal register
10, wherein the at |east one register is configured to -
St W b Ao Rt ime O S Eodler o it n e
nhebeoofitegsters.i r st cl ock cycl es during a neasurenent

time period and the first and second counters are
configured to each output a current count to an adder

t o detidr m rihealock frequency estimator as defined in claim 10, wherein storage by
the first register is triggered by a delayed pulse corresponding in frequency to the sleep
clock synchronized pulse but delayed with a predetermined delay behind the sleep clock
synchronized pulse.

15. The clock frequency estimator as defined in claim 14, wherein the

predetermined delay is equal to one cycle of the first clock signal.

16. The clock frequency estimator as defined in claim 10, wherein the first

clock is a temperature compensated crystal oscillator.

17. The clock frequency estimator as defined in claim 10, wherein the first

clock signal has a frequency greater than the second clock signal.



count of second cl ock cycles occurring during the
measurenent time period. 12. The clock frequency
wegti7asos as defined in claim10, further conpCTRISHWS/060747
at | east one additional register configured to
sequentially receive the second count fromthe third
counter each for each full count signal from one of
the first and second counters. 13. The cl ock frequency
estimator as defined in claim2g2, further conprising
an "N' nunber of registers including the first and at
| east one additional register wherein the total
nmeasurenent tine of the estimator is determ ned based
on t hel® N' Rundlerk ffeqnagly stsdmstor bé defihed @l elakn 10, wherein all of the
fog.£9 [ r efined in claim rein .
sf{rgtr g‘g‘@%%ry ?I?%] 8%:‘%83%0%%&631 I’s ‘e lridsccf%tegrg%t}dégi%éwga“ one register are
apbmipbedw shilnseecicomiir despedin diingn byterfagiasey, to the sl eep
cl ock synchroni zed pul se but delayed with a
predet erm ned del ay behind the sleep clock

synchridni zedl ppedessing Ebcuiilfog ud BCKwideREY BRI cRSE LABHNing;
as defined in claim 14, erein the predeternined

delay is eduSYPEoHaE redirecaiue g fast clackcsienal gysput by a fast

Lfock Wi £5166HK clocRGUBRE Bupst byaté dethd & ohBuChidl
gcg:i:;v\her,ei n,I%(ﬁe Cfi %gsi{a c}ngck :I;;r? a etpzﬁger at uﬁgo{l@up Aeit ono slecp

SHachrepizetionpylse Hx el arde of the sleppecleqkpasisynchronized to the fast
fcleguency estimator as defined in claim10, wherein
the first clock signal has a frequency greater than
the second &dleRikcleskyfaquengy estivpater weludingsquency

estimator as defj nggd LHusklAl 5@1&%“. r el of e .
first counter, the second count _r? t Ee&ltnﬁllt?%éegoﬁlr%{cgrsyncmomzed
RHlses having ainetisd comespoadingtier paried o erskeoh elosktani myechronized with
Gl LGUILIAQRBIY Y D1¥ ddrltl Lot & 8&1&3&/%13119 2 domber of sleep clock
processing circur't for use in a wrerfess transcel ver
SOMPronEethpulsesaymaies o mredetermireidi gumtesd; r ecei ve a f ast

cl ock signg| ut f cl,ock and a sle clock .

si gnal out ?Jdutsgg%/l&a °‘s’%8€ Nl ?glé%re na t"6°BU ptﬁ? @Iﬁ cguy signal and
orecetEdyy cé@mk of gmefur oadhzéulli connpsipsd ré@ivedashd cycl e

of the sl eep cl.ock

a sleep cl SRS aﬁ%?l Sélyfgé’?‘%‘ﬁggt ‘goﬁl%it %%F %igﬁ%ﬁ&?’atﬁs \(‘: %‘?‘i%ﬁtpm a value
obtint enmbenbf Gast edodkocyadasnio s kagt < fiogkegittte Moo BIZRE by the first
register for each slow clock cycle; and

a processor configured to receive the count of fast clock cycles during a
measurement time period from the at least one register and determine a number of fast
clock cycles occurring during the measurement period, to receive counts from the first
and second counters and to determine a count of sleep clock cycles occurring during the
measurement time period; and determine an estimation of the sleep clock—frequency

based on the determined counts of fast and slow clock cycles.

20. The processing circuit as defined in claim 19, wherein the estimator
further comprises:

at least one additional register configured to sequentially receive the

second count from the third counter each for each full count signal from at least one of

the first and second counters.



pul ses having a period corresponding to a period of a

sl eep clock and synchronized with a fast clock, and to
woubuseas | east one full count signal when a RATWSR006/060747

sl eep cl ock synchroni zed pul ses reaches a

predet erm ned nunber; a second counter configured to

receive the full count signal and increnent by a count

of one for each full count signal received; and a

third counter configured to coamt fast clock cycles ,

and output a value of the number of fast clock cycles

to at dJjeast ' . ' 0 yethe first . Ny
registéf f&Pﬂ%%%%ééF%ﬁﬁgﬁggéC%g%f%?lg%gggepﬁbdggggppnmngan N
aonfiey of eetistersripcleding thedirsivamt atoleadtaste alditidaat yeli®s wherein the

| uf: tine period.fromt at, | east .one
ol Bt REREEICRE i R v P BBt OB 1 o umber of
aegistersi Nng duri ng the neasurenment period, to receive
counts fromthe first and second counters and to
determ ne a count of sleep clock cycles occurring
duri n@2t he TiRasOtE&RRIY citcultes @efihétlin dfigh 0@l WhIMELE Bredetermined
g%£|n3t|o tof t he %jggggglock-frequency based on the
AR PHEG F st Gpe ®and slow clock cycles. 20.
The processing circuit as defined in claim19, wherein
the estimator further conprises: at |east one o
addi t i“dnal Thegreeessinggwicuy g daimest Begjaion 22 afurther equapnising a delay
tcneuise&mgdugcpmsdertﬁguwafe& Ritsd counter each for each

full count signal fromat |east one of the first and
second counters.21. The processing circuit as defined

in claym ZQFhefﬂi’é_Eéb@fngﬁ'gﬁPﬁiﬁ iR En & in irﬂ“fgp\gﬁergfn the fast clock is a

regi sters including Irst and at [east one
Aeaperpiyrratompagsated crystrd os¢ilatohe t ot al nmeasurenent tine

of the estimator is determ ned based on the "N' nunber

of registers. 22. The processing circuit as defined in

cl ai m229, wWherproresshng gradtedsedafingd dndddiny 19,swhkeraml the processor is

I C Th ro¢cessin ircuit _as .
JOFFREGH 5 uIRKENAHE Bttt BEUET AT AEGEHG] pROr 1o placing the
circgitinto eslttp guoded t o i ssue the del ayed pul se. 24. The
processing circuit as defined in claim19, wherein the
fast clock is a tenperature conpensated crysta
osci | 126t or .Th25proddssingrdreiwsnigfiaed ¢clairasl o efliefsd thefirst counter,
lealsercr:]or]i ,cowt%{,edlg tﬁlfllg c%%r?t%re %rsig rtheI %rst register are operable within a fast

clock domain driven by the fast clock.

27. A wireless device for use in a mobile communications network
comprising:

a synchronizer configured receive a fast clock signal output by a fast clock and a
sleep clock signal output by a sleep clock and to output at least one sleep clock
synchronization pulse for each cycle of the sleep clock as synchronized to the fast clock;

a sleep clock frequency estimator including:
a first counter configured to count sleep clock synchronized
pulses having a period corresponding to a period of a sleep clock and synchronized with
a fast clock, and to output at least one full count signal when a number of sleep clock

synchronized pulses reaches a predetermined number;



configured to determne the estimte of the slow clock
frequency prior to placing the circuit into a sleep
wondg/05264 The processing circuit as defined i RCTIUSRIWG/060747

19, wherein the first counter, the second counter, the
third counter and the first register are operable
within a fast clock domain driven by the fast cl ock.
27. A wireless device for use in a nobile
communi cati ons network conprispsg: a synchroni zer
configured receive a fast cl ock signal output by a
fast clock I t . by sl ee
cl ock and t%r%d?hos C%%?te eas gélhegjns({) I%g&% thg fifll “cotist’ signal and
gypercteonby atowr 0}5 ohs éorfeach &dtéouny sﬂgealaf:cenimi ahéep
cl ock as synghroni zed to.the.fast cl,ock
frequency ee{s]til iid (o 5 Pﬁ%lllrﬁﬁ 10 goyqt 1 rfo ﬁ% c& %nc'tyg F ) afid Sutput a value
(nfrﬂne guinter tof fasiucﬂbcls bgelps €@ at keasly 8 dlistortigzsedt foudl stR8ge by the first
r 1&9 &P eri i,od %orres ondlng to a period of a sleep

CPRERT SR HER AT DE e a fast cl ock, and to
out put at | eepﬁi:esmﬁ ccﬁxiﬁéur&@t&ﬁec&ﬂvﬁm@é o r FadNRR cyRfes during a

slee k synch i zed pu] ses reaches a
SRBIeEIT Nty IO STo (8o Bbleas g PG eE 8 KgtgPainerspmmniber of fust

fo%‘c% MeldshRchitdinl cﬁﬂiﬂgt th8 inSkaBhre ARt béﬁd@@@%ce@é ébuﬁ%uﬁ%m the first
of .one for each full count signal fecei ved; and

R Sged foratero ik o giskaminge eoimiof plger clockercley @pcaarmg during the
ahshsOrtnfat tL%eV?JI:rHﬁi Qindt feeMADGL Qlinda88h cﬁ'l tﬁg kslééxjcélgac frequency

to at least a rst register for storage b i rst
hagfekthedsteraies CS’P@W%C ifesé R glepveclogkey Cé?Sp rocessor

configured to receive the count of fast clock cycles
during a neasurenent time period fromthe at |east one
regi st@r ankhedatirgtass rievicenanrdefinest inf gloim 2 b okhaypil g8 sleep clock

q&ﬁu&ﬁbngugg&h@gﬂ&g%oggﬁﬁggenent period, to receive

counts fromthe first in second counters and to
det er mi ne atdowhtonsf addidenml aegister opofiggredciousaquagtially receive the

ggédnﬁgcoﬂlﬁgfrg@atpg E}%P? Q(guntér%%oﬁ %(%)11 ga%h é—ﬁl@ ;jc/‘og%t sg%nm& ﬁrqnh at least one of

estimation o eep ¢l oc requ
dlet Brstrambstcondiptwitob. f ast and sl ow cl ock cycles.. 28.
The wirel ess device as defined in claim27, mherein
the sl eep clock frequency estimator further conprises:
at | et oril@heaﬁ}dblebzo device ag Idﬁﬁﬁéd aolfirg W8e duriter compnsmg an “N”
glept% % rec é HF ond count froH]the third
Eh ot Eegifiers dpluding the st leasy 9np adApionat Tegisic wherein the
cbtlstel ﬁfeasurement time of the estimator is determined based on the “N” number of

registers.

30. The wireless device as defined in claim 27, wherein storage by the first
register is triggered by a delayed pulse corresponding in frequency to the sleep clock

synchronized pulse but delayed with a predetermined delay behind the sleep clock

synchronized pulse.

31. The wireless device as defined in claim 30, wherein the predetermined

delay is equal to one fast clock cycle.

32. The wireless device as defined in claim 27, further comprising a delay

circuit configured to issue a delayed sleep clock synchronized pulse with a



the first and second counters. 29. The w rel ess device
as defined in claim28, further conprising an "N
wourodrase ok regi sters including the first and aPCrassio6/060747

one additional register wherein the total neasurenent
time of the estimator is determ ned based on the "N
nunber of registers. 30. The wirel ess device as
defined in claim27, wherein storage by the first
register is triggered by a delayed pul se correspondi ng
in frequency to the sleep clock synchronized pulse but

ay hlnd e
I Doy Diget PONSH AR iabliee! dliR 8- gontizured o
cﬂl@ggerﬂetbragewmrﬁrgcggmﬂeer ein the predet er m ned del ay
Is equal to one fast clock cycle. 32. The w rel ess
device as defined in claim27, further conprising a

deI ay 36i r cUl'te wiralesgdedce bo deSsdiLirdcldRh 87 hst@@he fast clock is a
ock nchronlze th apredeternlned del ay

Siporatt %Org?eé‘éﬁteglc%éjfﬁgﬁmﬁ??lim zed pul se and

conflgured to trigger storage by the first register.
vice as defined in claim 27,

33. T | ess
wher e:}% t h a8 re@p%gﬁvch 25 {5 rint Glpia @3npdisiein élle processor is
eblyﬁglﬁrbd @6 Qeteliner the 3¢timTRENHE RIKS SISV ERicASy gﬁBf B Placing the

in claim?27, wherein the processor is configure
HE?Qfﬁﬁ%é“FﬁEn%§?lnate of the slow clock frequency

prior to placing the circuit into a sleep node. 35.

The mnreless device as defined in claim27, wherein

the fidPst covEslessidsaicsassieined imeleim 27 hwhersin e first counter, the

s6voRt Rourfdd thbenifd ESintd reﬂibdstth@ it Iee %Pe?ra?g rg%fehvxﬂhm a fast clock

fast_clock domain driv y the Fagt cloc

ﬁ@@ﬂ%ﬁhﬁﬁﬁtégﬁﬁﬁﬁtﬂﬁgkthe frequency of a sleep cl ock

with a fast clock conprising: increnenting a sleep

cl ock counter for each cycle of the sleep clock

occur Bbng dunicHpddop egitedtargnthn drbqueasusfensiaép deck adihas fast clock
ﬁ1§h§ed by a predeterm ned nunber of slow clock

cyc incrementing a fast clock counter for each

cycl e of tecrémsiting aclkedpocldel eomee far tadt cﬁdl@(af the sleep clock

C%/ s %OH}’}}l%gang %&é)cfe!ter}%me%e r%ggs%}f:ergenqur})%%{)d of ! etermmed by a
predeterrmned number of slow clock cycles;

incrementing a fast clock counter for each cycle of the fast clock to
determine a fast clock cycle count and storing the counted number of fast clock cycles
in at least one register occurring during each slow clock cycle of the predetermined
measurement period;

determining a number of sleep clock cycles of the sleep clock counter
and a number of fast clock cycles stored in the at least one register; and

determining an estimated frequency of the sleep clock based on the
determined number of sleep clock cycles and the determined number of fast clock

cycles stored in the at least one register.

37. The method as defined in claim 36, wherein the predetermined

measurement period is determined based on a set number of slow cycles to be counted.

38. The method as defined in claim 37, further comprising:



in at | east one register occurring during each sl ow

cl ock cycle of the predeterm ned neasurenent peri od,
wdeb@roserteng a nunber of sleep clock cycl es of PCHAIS2006/060747

sl eep cl ock counter and a nunmber of fast clock cycles

stored in the at | east one register; and determ ning

an estimated frequency of the sleep clock based on the

det ermi ned nunber of sleep clock cycles and the

det ermi ned nunber of fast clockscycles stored in the

at | east one register. 37. The nethod as defined in

cl ai m 36, ' oTl=To| . ned, measur t periqg. .

i s deterni \r%e} érgiélgtg(%lggtn a sg%?ﬁ%@fd%?fls g%ﬂ??r{gg%q %gollrgqlmlt ofthe

stovcolopk edunt®8. The net hod as defined in claim 37,

further conprising:wherein the.se unber of sl ow .
cycles is gr é%%%?ﬂ? %‘hmﬁl“’é%‘tm the %SF TEHSThiQ %IISIS'W‘ &15geqnd register
cdienttee cowthiliit ofthe Bve ot issdxos@tddi and he first

register to at | east .a.second regi ster when the count

limt of tHE™ ol BPH e Ican bife frumicralny caumt igagly ogcurrence of the
rowit 1Bhigbefnigeabéedotit counter to count each occurrence

of the count limt being exceeded. 39. A conputer

readabl e nedi um havi ng instructions stored thereon,

the siored Ansnipiféd RAZabIVHREIEHCRWIRE BYnAtBhO GRESP thereon, the
cause.the processor to performa nethod of estimating

BI0EcT (stierens: orher Sicewisd dvot refestrra chusst thelmwesessarhie perform a
BRI of RERMb BN Ghe FRELETENSH BAIRpSLBEP wilPGKAEOUBEE! the method
for each cycle of the sleép clock occurring during a

FPEQEP LN ned neasurenent period as determ ned by a

predet er m NRgMAAREL 2O0fies) MWK/ Y. ;

i ncrenmenting g f ast gl og ctgﬁnt%%5¥egrfgggegﬁh gf/'(c:]lee()fotrhe sleep clock
CRAIfIASt _d@ﬂ@%k at rgdetennnere measigemeitocperoyic| as olptarined by a
PARlAL A GOUBLAGQUIREL. Of fast clock cycles in

at |east one register occurring during each slow cl ock

cycl e of t hecipmedieng rnfastedonk asunentgdot eper icpelg of the fast clock to

i.NJ f sleep clock cycles of th
LB, 20 BoDUIRSE Bl SASHELORE LB 5Bl s stock evees
§t et duisi ond¢ hegisttr beastingdering ghsh elow afdkdsicky 61 Hcngredctermined

i mat ed. f.requency of the sleep clock based on the
AL SRR petiod;

determining a number of sleep clock cycles of the sleep clock counter
and a number of fast clock cycles stored in the at least one register; and

determining an estimated frequency of the sleep clock based on the
determined number of sleep clock cycles and the determined number of fast clock

cycles stored in the at least one register.

40. The computer readable medium as defined in claim 39, wherein the
predetermined measurement period is determined based on a set number of slow cycles

to be counted.

41. The computer readable medium as defined in claim 40, further
comprising:
wherein the set number of slow cycles is greater than a count limit of the

slow clock counter;



det ermi ned nunber of sleep clock cycles and the

det erm ned nunber of fast clock cycles stored in the
wabkod7@aet’4one regi ster. 40. The conputer readabC®US2006/060747

medi um as defined in claim39, wherein the

predet erm ned neasurenent period is determ ned based

on a set nunber of slow cycles to be counted. 41. The

conmput er readabl e nedi um as defined in claimA40,

further conprising: wherein thegset nunber of sl ow

cycles is greater than a count [imt of the slow clock

count er; shi ¢ . de] first .

regi ster t6&%%1 é%ggogggg%gﬁggP%bﬁ%¥§%£§ﬁ%k)%%%a%éhﬁ?ondrqymfr

| witgint the fourt dingit ofithelsbok ciosk exoeeetied; amhd setting a

nost si gni f] [.f..C r.t.o. count each occufrence
of the coungte@tﬁ%['na:)llﬂ éseti Sgélqég%néébdteac.mﬁ? ?OAﬁOIé‘Bp%ﬁcgt‘?%u“ence of the
foonntdgnit rainigregcediedf r equency of a sleep clock with a

fast clock conprising: means for synchronizing a sleep

clock with a fast clock and formng a synchronized

pul se 420r eas pphainisclod @ktibyEde (Hey REIDBY 23 Webl clddR with a fast
cl ock: means for increnmenting a sleep clock count

fﬁs !
Lk SSEPTAE ¢ of the sleep clock occurring during a

predet er m NAcLnIERS Uy RROIizRGId SeRS1RRIGANTNGS B¥ci@and forming a
Q&@&gter ned nunber of slow clock cycles; neans for

UATG PYsatarsach doglodaiyiste paehioasdovith e dest clask;

fast cl ock e imbraeRideds bletp QEELCHE FGOMh: cycle of the sleep
g@gﬁs for storing the counted nunber of fast clock

eSCBET S rfEEd r Pifgeteteined | maprekicpeial @8 ddtgmined by a
gﬁ&ﬂﬁﬁﬁﬁﬁgdﬂﬂﬁﬂﬁg%%gﬁﬁﬁagg%Qﬁﬂ&pd; means for

termning a nunber of sleep ¢lock cycles fromthe
sl eep cl ockneedrer ingeeapanting e faid tcbaokri aeuntyfoa eacintyele of the fast clock

f@abtehifelh HATSRE LY &Wni,n the neans for storing; and

means for determnrng an éstimated frequency of the
sl eep cl ockngsas elgr ghoritge thte t@mtdd edmbeamoé riagf cletleepcles occurring

"dluﬂﬁg e&éﬁ%l&% o?&% c%fé oqetflee ﬁl@d&grqmﬁg mee%s@rferrfe%ts It)eriod;

means for detcrmining a number of sleep clock cycles from the slocp
clock count;

means for determining a number of fast clock cycles stored in the means
for storing; and

means for determining an estimated frequency of the sleep clock based

on the determined number of sleep clock cycles and the determined number of fast

clock cycles.

43. The apparatus as defined in claim 42, wherein the predetermined

measurement period is determined based on a set number of slow cycles to be counted.

44, The apparatus as defined in claim 43, further comprising:
means for shifting the count stored in the first register to at least a second
register when the count limit of the slow clock is exceeded; and

means for setting a most significant bit counter to count each occurrence

of the count limit being exceeded; and



clock cycles. 43. The apparatus as defined in claim

42, wherein the predeterm ned neasurenent period is
wdeb@roseried based on a set nunber of slow cycl e€TUS2(06/060747

counted. 44. The apparatus as defined in claim43,

further conprising: nmeans for shifting the count

stored in the first register to at | east a second

regi ster when the count Iimt of the slowclock is

exceeded; and neans for setting7a nost significant bit

counter to count each occurrence of the count [imt

bei ng exce L 0t rg? | ow e

cycles is S‘?g%te lél?tﬂtg an “gﬁ%éﬁgg lq%‘lg%ﬁdtwso %% agérs %Ie/va(?f)%rglgmut of the

ctamckck counter.



