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CROSS- REFERENCE TO RELATED APPLI CATI ONS FI ELD OF THE | NVENTI ON [ 0001] The
i nventi orwpaBat@37to wirel ess comruni cati ons and, nore parCirasbzedrye to
Wi rel ess communi cations using spread spgctrum techni ques. BACKGROUND

[ 0002] Wrel ess comruni cation systens are wi dely depl oyed to provide
various types of conmunication, such as voice and data communi cati ons.

These systens may be' b§§é@%ﬁ@p\l’aﬁf¢ﬁg’ AN MOBE t echni gues, such as

code division nultiple access (CDMA) or tine division nmultiple access
(TDVRA). A CDVA system provides certain advantages over other types of

systens, including incr e stem.capacity. [0003 C%/A system nay be
designed to support @Qggmﬁ@lﬁﬁmwﬁm(ﬁﬂ{ SNSt he

"TI A/EI A-95-B Mobile Station-Base Station Conpatibility Standard for

Dual - Mode W deband Spread Spectrum Cel |l ul ar Systemt' (the |1S-95 standard),
(2) the standard offered by a consortiumnaned "3rd Generation Partnership

Project" (3GPP) and enbodi edFIELR QleiTHH INNENHN i ncl udi ng Document Nos.
5 TS 25, 21on 358 o 82 R8T AR T R i

standard), t he ere y a consortlum nane r heration
Par t ner shi pvif¥e3h e6thmanice@éRRRIngaptbadephrodihedchimiqsset of documents

i ncl udi ng "C. S0002- A Physi cal Layer Standard for CDMA2000 Spread Spectrum
Systens,"” the "C. S0O005-A Upper Layer (Layer 3) Signaling Standard for
CDMA2000 Spread Spectrum Systens,"Bg@k(}’ﬁ gy S0024  CDVA2000 Hi gh Rate
Packet Data Air Interface Specification ?t e CDMA2000 standard), and (4)
sone ot her [6002hdaWitslesy @RAIniCDA sgstsine are wislel yaleploytd sdprpuigie vgriaisappes| t o

notify wireless comuni cation .devices (WCDs) of ingonmng calls and to send
ot her ycont 5 FONEBICALRT: B‘rﬁéh 3y o od data C%BB\R;H%‘E*’“PH?-QF RREBSYStemgymay t hat

are not cumphQQldnya Vafiedy GFahddulatmkechnRiucs $hEHEs RRE dRMLien Aulifi@hResst | me sl ot's
to nmonitor the pagi ng channel for nmessages that may indicate an incom ng

call or cofVPMa)érdimg difvisionamilsiple qoaess (HDMYY). rAa SDMA syktemt pravides egrtein WCDs
shut down ggst of their, ci rcui{F nd en} r "3 tate. .The interval s

at which  ACUEHEIBAIT SIS R BLSSI FshRing ng =8 Seufmipleeldy vi ce

progr amm ngeoo3pr ALXWNIASystem may be designed to support one or more CDMA standards
such as (1) the “TIA/EIA-95-B Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System” (the IS-95 standard), (2) the
standard offered by a consortium named “3rd Generation Partnership Project” (3GPP)
and embodied in a set of documents including Document Nos. 3G TS 25.211,3G TS
25.212,3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3) the standard
offered by a consortium named “3rd Generation Partnership Project 2”” (3GPP2) and
embodied in a set of documents including “C.S0002-A Physical Layer Standard for
CDMAZ2000 Spread Spectrum Systems,” the “C.S0005-A Upper Layer (Layer 3)
Signaling Standard for CDMA?2000 Spread Spectrum Systems,” and the “C.S0024
CDMA2000 High Rate Packet Data Air Interface Specification” (the CDMA2000
standard), and (4) some other standards.
[0004] CDMA systems use a slotted paging channel to notify wireless communication
devices (WCDs) of incoming calls and to send other control information. To conserve
power, idle WCDs, e.g., WCDs that are not currently in a call, “wake up” during
periodic allocated time slots to monitor the paging channel for messages that may
indicate an incoming call or convey other information. During the rest of the time, idle
WCDs shut down most of their circuits and enter a “sleep” state. The intervals at which

a WCD monitors the paging channel may be set via service programming. For example,



WO 03/ 026337 PCT/ US02/ 29716 2 the WCD nmay be programed to nonitor the
pagi ng channel once every 1.28 seconds. Longer intervals conserve nore
power, buwoOinoe@ase the time involved in paging a WCD f oPCanusonzooms ng
call. The slotted paging node allows thg WCD to remain in a power-
efficient sleep state nost of the tine, increasing standby tinme. [0005] In
order to determ ne whether the slotted paging channel is carrying a nessage
for a part itRuWED ey be pregrypmed {2 MORikorRI At Pagiee ehrang ancs evwésfécjé@on%ssages
transmtte i I r@&ﬂ,@é 1 Joh i ) in
durati on, g‘r?ggéﬁr]rgtre eﬂgsf({%g%érg%gl%oac 10%8“%%81@ﬁ%stgm%glgm\{e{jkﬁﬁﬁﬂ?iy%
wakes up t doranciecoming calte$hasjettedspaging medpalpiwsghe NCiDéd remadieiniOpwarst wake
up for at |east 2](5 ns, for gﬁ’g%’ ever\é 1.§&seconds. The WCD i ncurs
addi ti onal SHRTHELEP HECTPEPHIE Uhifa ARG EE SFRERY UMy t he nessage. Before
recei ving f(6g05TeIRd8Rr td Atei®iRTWhEther 16 sIOERY Pabihg cIYRREN 8 Bartyify RneSdageui t,
and nmust resynchronize its timng and frequency references " wth a Dase

station. | dorzplirti¢war, W, dre Wéd2mustrdemendd]atketire gotizgtrngsgageh dMeseagsage, t he
WCD nust

or the WEBITBIOAT RO TABESTAD At Eorrearl Groebns (RITCHMDO and

W CDVA st amglie dfen aii64chy10250 @b.t A& ARItPRBENGe WEDNRAket Dpto feceiNerm t S pagi ng
i ndi cators. These indicators are tygi cally less than 1 ns in |l ength and

i ndi cat e t assagewsEkaspagingahianeel nthe myst wakeup fagianlpast2ielfor The tine
i nvol ved i d ' ' |G ihS:degr o the
time invol \%%ﬁﬁfr% %Ug%%{g?g@ﬁgggrﬂpagi nghl%ésagglggﬁglnﬁ%gd %@%ggﬁanai nin
t he sl eep aftetecédicingahggmeshgy. Rxfotel roceidhg deahessyg, forwik emplehthe ¥agGDngust

i ndicator indicatfes_that. the WCD does not have. a i ng nessage in the
pagi ng chah‘f?é‘?’.“l’éh%tﬁgwc“‘f"aﬁg must ’E‘?ﬁé‘?‘%b‘i}“?eﬂﬁrt&ﬂ}’é‘@ agﬁ?rﬁﬁ ncy rRepfeSant

degr adat i oRyi@f a PRELAGoR NRNHAA]tionPSEdr EERIEEand &rﬁmlawgsﬁ%é%ar d, this
al ternate pagi ng channel is known as the "~ qui ck pagi ng channel (QPCH). In

t he W CDVA WCBrmdast grocessgheimessage taedqtergiimpwhéthentbe mepsagk rsolentined fohtse pagi ng
i ndi cat or 3’{){3 nel (PICH . [0007] In order to guarantee satisfactory
per f or manc “the qui ck pagi ng channel, conventional WCDs set a QPCH

demodul at i pgode" GFR dhBroved PowdidonidiPatidhOtha WINIAY 000 andiM EDIMA Gtafdards

transm tted paging nmessage is high. Wth the threshold thus set, the
probabi | i t ypesityringdiemgtespagagichanned hahjansis nagingrindieajoisn Thesegadicatersng t he

qui ck pagi 21%3 typically less than 1 ms in length and indicate that a WCD has a paging message in
the paging channel. The time involved in demodulating paging indicators is decreased
compared to the time involved in demodulating a paging message, and the WCD can
remain in the sleep state for a greater portion of each cycle when the paging indicator
indicates that the WCD does not have a paging message in the paging channel. Standby
time is thereby improved without significant degradation of paging channel
performance. In the CDMA2000 standard, this alternate paging channel is known as the
quick paging channel (QPCH). In the W-CDMA standard, the alternate paging channel
is known as the paging indicator channel (PICH).
[0007] In order to guarantee satisfactory performance in the quick paging channel,
conventional WCDs set a QPCH demodulation threshold such that the probability of
detecting a transmitted paging message is high. With the threshold thus set, the
probability of missing a paging message due to errors in demodulating the quick paging
channel is low. This bias in the threshold setting, however, may cause a significant
increase in falsely detecting a transmitted paging message when no such message was

transmitted.



channel is low This bias in the threshold setting, however, may cause a
significant increase in falsely detecting a transmtted pagi ng nessage
when no swohsmassage was transmtted. WO 03/ 026337 PCT/ UB0Z/t39719%518 [ 0008]
Fal se al arnms can cause the WCD to spend,significant anounts of tine

denodul ati ng pagi ng nmessages that do not actually exist. Wth the tine

i nvol ved in denodul ati ng the quick channel, e.g., the tinme involved
i n war ni ng (098] hafee alamS@en gause @M%ﬁf@rﬁ?ﬁ‘?%@gftlﬁ@m|aFﬁOH§tSé?ﬁHmIer equency

references 4 glltnrol&lmgtth&)ag‘rméﬁt RedsHSes I Qo ot Achdlfyr e xgtD Cﬁgﬁ#ﬁfﬁ?%ﬂeﬁ.f&(kd nd

post - proces se afarmrates nay overal | "average
wakeup ti melembtiiatifethalqizk pagiag phagmlag ecgh&lm&ineemailﬁeddnmmgtdpahe Rlﬁat

realized with the slotted p neI Accor di ng pawe
Conser vat | SHOHbASYREEON gt P B A ey TR r el hg WER AL Ge Biseck
pagi ng Cha@ﬁ%n "%P’Cﬁ%eﬁx%ﬁh'lﬁﬁ& Q@hd ﬁyﬁ%ro&kélﬁ% ﬁ@étﬁﬁls@mﬁmf}h&b nfa§inSfke @ar m

rate. SUMVARY I'n general, the invention inproves the standby time
of a wirel @ssrallcamweleﬂunponmmuhd@a(lmje pagingrhasned enaii¢éd worshdhram thdsy usi ng

an alternate ece n ndi cators wh he..

A tornat o (UPRE O R agRehfTRY BT RN et bRt o
channel esthaiRia9lotiirRfke Gk Sedliied bpidhg h GicRipaging cRdrinel May Be rddaedd & evb@annel ,
i.e., the strength of the QPCH signal, based on historical neasurenents of

the pilot sligingtedhy ehighfalseplpmnrales an i ndicator of the condition of the
alternate paging channel. Wen the QPCH signal is weak, the alternate
pagi ng channel is disabled to avoid false alarnms, and the sl otted pagi ng
channel is used to receive pagi ng NnSEAMNBSRYW t hout nonitoring the

alternate ng .channel for a ing indicatgr. On fhe other hand, when
the QPCH sf@ﬁ!?ﬂ i18 BeRqrgn e "E‘FF@“B’P BB g?“@f“%?ya?@%o MY s | over, and
the al te“&éﬁﬁm‘ﬂﬂ:@h&gd&hmtm%ua{‘%bi Adbild @%gg%ﬁ@n mm&m@gmg provi de

a nunber of benefits. By using the alternat I ng thannel recei ve
pag| ng i ndichanel © receiye mmz ltldleatgrsgmdn the¢ nkargath paging alidnnei isof bufficienigh, a

WCD may take adva e o rt durat| tors carried
on the al fgreﬁs?fé”‘[ﬂa%mfa scrran maior brdersige BARLah e ARRAE: Tol o
al arms. Fopa@xadRdriel, i.bhthe WebhgTRYT IHRATPOI snRIABARE oh MekiteridaPmehfiddmdnigli cat es
that no pagi hg nessage i's present and return to a sleep state rather than

remai n awakéthepilgbsigenlstengtly yueh sgn indicator of the condition of the alternate paging
channel. When the QPCH signal is weak, the alternate paging channel is disabled to

avoid false alarms, and the slotted paging channel is used to receive paging messages
without monitoring the alternate paging channel for a paging indicator. On the other
hand, when the QPCH signal is strong, the probability of false alarms is lower, and the
alternate paging channel is enabled.

[0010] The invention may provide a number of benefits. By using the alternate
paging channel to receive paging indicators only when the signal strength is sufficiently
high, a WCD may take advantage of the short duration of paging indicators carried on
the alternate paging channel while reducing susceptibility of false alarms. For example,
the WCD may receive a paging indicator that indicates that no paging message is
present and return to a sleep state rather than remain awake to demodulate a paging
message when none is present. Thus, the wireless communication device may remain in
a sleep state for greater periods of time during slot cycles in which no paging message is
present. As a result, standby time may be significantly improved.

[0011] According to various embodiments of the invention, a paging channel
demodulator can operate in either of two modes. When an estimated signal strength of a

quick paging channel is at least a threshold value, the paging channel demodulator



nmessage when none is present. Thus, the wi rel ess communication device may
remain in a sleep state for greater periods of time during slot cycles in
whi ch no wagisngesgessage is present. As a result, standby pdrmsozeyribe
significantly inproved. [0011] According to various enbodi nents of the

i nvention, a paging channel denodul ator can operate in either of two
nodes. \Wen an estimated signal strength of a _quick paging channel is at
| east a t hPReRSS i & frshaode e Whishil hipredskiinies 2 RAEHEINHISRISF Fopgved yig 2gR1cK

PCT/ US02/ 297 1. ' g P8 of i ch- I pagi ng
i ndi cat or %éég é%%?‘g,f Z‘@ér&m@c&g“%‘%&gﬁmg cﬁélﬁ{\lesp@h@\ﬁégnlte§ﬂ§£¥g@? it@rlcé?%gﬁ QPCH

si gnal st r ep@tthe pagifg sShdnhaidenivelularepbated in watdoad nidde ipapichgt channel
denodul at or operates in a second m)dgvi n which it ]Fgelql?egU| ates a pagi ng

message redeMOEYalFs 4 PASIRE BIEEEC FXGIVR %?‘rﬁaﬂ?féﬂd.l’aﬁm s one enbodi ment,
the i nvent igpyds 1fioh@eihfind (ASHRoRL! @RectlRl BAbicmloBBLEGR Richfbal n @ Spr ead

spectrum system According to , a signal strength 1n a paging
channel i simppledieateddn a aprdad $pecagispgiermh Aeneddingstosled methiodad sigmab atéreeth based

th di cted sjgnal. st h of the pagi h | .1 ticular, th

bagi ng. chafhePAEngg aangF Pegat. ard e ndal ey SRR Rty cbald baecdb oui ok

Pagi ng Chagp&hrediceNgnalOstre f 220z dhBfnePat piatidIsh, ﬁ@t;ﬁgingaaml (PICH
S

of WCDMWMA, and may be enabled when the predicted signal rength is at
| east a t himeytromprisaan sltexnate paging chrmgelsichan dher@uick Feging Sheangl (QPCHYI cat or s

that are SUPELRAUSON of 1% 1ARIAAPRACCATRCIPICH) 8 PENAL Sl fEOT 10

call. The ernat’e pagl ng nne en the predfi' cted

si gnal str enghléd whed @8 prddivacd dipeal sinerpsinislat leastithfesholdl Taid ghagiategpagignnel
may be nonjtored for a paging nessage. Predicting the signal strength may
conprise &RaNnghearigs Ragedndipatprsdhatarythertssthan theRaginginessages gtk tocal pi | ot

Echo i nf or gafil 0,y fn%%ﬁl%gﬂha?ﬁhgglt%a@ p?:%i';]g}:hﬂngpﬁhy ﬁf BSQ&%JP@&@% total

recei ved power spect ensity 1n a ier ban 0013 di t1onal

det ai | s of preglidtedidgeatsivetigteistiessanan the thréshotdy andha slotgedpagimgeaynelgnaydreawi ngs
and the descriptiaqn below. O her odi nents, for exanple, include
processor - P%Qfﬂdgo%a?gé“%ﬂasséﬁ)aﬁ& ‘ﬁg'é%nﬁ’ﬁﬁl‘%la tﬁﬁgﬁ'ﬁg&cmﬁ(?d.s. O her
features gafnatheant &gRA swkhgth RES AR SR BAKiISBECAI rgglm E&% Besaiatibhi on and
drawi ngs, and fromthe clainms. BRI EF DESCRI PTI OF THE DRAW NGS

representative of a pilot signal strength and a total received power spectral density in a
carrier band.

[0013] Additional details of various embodiments are set forth in the accompanying
drawings and the description below. Other embodiments, for example, include
processor-readable media and apparatuses embodying these methods. Other features

and advantages will become apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a block diagram illustrating a wireless communication device (WCD)
that selectively enables an alternate paging channel.
[0015] FIG. 2 is a block diagram illustrating an example channel estimator module of
the WCD.
[0016] FIG. 3 is a flow diagram depicting a mode of operation of the channel
estimator module.
[0017] FIG. 4 is a flow diagram depicting a mode of operation of the WCD with an

alternate paging channel enabled.



[0014] FIG 1 is a block diagramillustrating a wirel ess conmuni cation
device (WD) that selectively enables an alternate pagi ng channel. [0015]
FIG 2 isweobloassky di agramillustrating an exanpl e channel PestisSar2ON6 nodul e
of the WCD. [0016] FIG 3 is a flow diagram depicting a node of operation
of the channel estimator nodule. [0017] FIG 4 is a flow di agram depi cting
a node of operation of the WCD with an  al ternate pagi ng channel _enabl ed.

WO 03/ 026380018 T/HIGH27 2nrg gresprapis 1KystiafigSimpyoxgraery in plandytipging Wid? r at i ng
| mpr ovenen i mpl enenting the present invention.
DETAI LED DEE@%WF@B%% HE&%OWS a block diagramillustrating an
exanpl e wireless communi cation device (WCD) 10 that selectively enables an
al ternat e pagi ng channel . search nodule 12,
radio frequency transmtter/ rﬁT@ﬁéb%gcml ator 16, a subscri ber
identity npshibe M 1sla8bloa< @b%i‘ahﬂﬁlﬁ&hft‘ﬁ% a%Qxarﬂgleralfen&@rceﬁlmRrau@@ and a

radi o frequency antenna 24 't mting exanpl I ncl ude a
cel | ul ar r delvict GNéfﬂ)dﬂehatsaleeivlel)t@abadamtabdzmgh@agngahﬁmwbl WaEn i@l

i ncorporated w t ter DA e ed with wreless. comrunication
capabi liti %l%ﬁacgﬂ‘é‘eﬁe@& ?‘8 %yﬁrénﬂ’é’%ﬁeﬁﬁgﬁlvf’rolgﬁpport one or
nmore CDVA ﬁéxﬂBQlﬂBIGﬂ@Q%%mbgﬁﬁibﬁm? nidduth (SIMh a8\ SIVnsifasedar d, the |S-95
standard, and the CDVMA2000 standard). Denodul ator 16 incl udes

denodul at onYicreptndessor?2, énd & ridie fragready apfenna 2h INen-limitingempias of VEB

receive spr, ec [ 20 incl udes
circuitry tlﬁﬂ%hga%l v(%slmc?ég@rqrﬁ]&ﬁggf hﬁ%el?\%ggcﬁ&glegg‘%{% g?g}rﬁ (Fl‘%égﬁ SIM 18.
[0021] Pagintgrpoeasdgihineyoniterse BDWoequippet] wilhGlirdlessafominnaneatiog cal ls or to
transmt contraql |nformat|on The paging messages may be transnitted to WD
10 via a PeRgPHEIce AR MR 11Eﬁoeratlng in either a slotted node or a

non-slotte e.

e e g o e S R A
awake st at dedignsr(egeitheeWp@DMW staedard gibs IS-PA standard, and the CDMA2000

standard). Demodulator 16 includes demodulator/decoder circuitry coupled to

transmitter/receiver 14 to receive spread spectrum communication signals. SIM
interface 20 includes circuitry that drives communication between demodulator 16 and
SIM 18.

[0021] Paging messages may be used to notify WCD 10 of incoming calls or to
transmit control information. The paging messages may be transmitted to WCD 10 via
a paging channel operating in either a slotted mode or a non-slotted mode. In the non-
slotted mode, paging messages may be transmitted to WCD 10 at any time.
Accordingly, WCD 10 must remain in an awake state to receive paging messages. In
the slotted mode, by contrast, a particular WCD will only receive paging messages
during an allocated time slot within a slot cycle of, e.g., 1.28 seconds. An alternate
paging channel, such as a quick paging channel (QPCH) or W-CDMA paging indicator
channel (PICH), may be used to transmit a paging indicator that notifies WCD 10 when
WCD 10 has a paging message in the paging channel in slotted mode. While some
embodiments of the invention are described in relation to the QPCH, it is to be
understood that the principles of the invention may also be applied in relation to the
PICH or other alternate paging channels. Accordingly, unless otherwise noted in a
particular context, the term “alternate paging channel” as used herein includes both the
CDMA2000 quick paging channel (QPCH) and the W-CDMA paging indicator channel
(PICH). In addition, any references herein to the CDMA2000 quick paging channel or



the slotted node, by contrast, a particular WCD will only receive paging
nmessages during an allocated tine slot within a slot cycle of, e.g., 1.28
seconds. wWo @loe@snate pagi ng channel, such as a quick pa@cTgsovasmel
(QPCH) or W CDVA paging indicator chan%el (PICH), may be used to transmt
a paging indicator that notifies WCD 10 when WCD 10 has a pagi ng nessage
in the paging channel in slotted node. While sone enbodi nents of the

i nvention &}nglilé@d’fnﬁ%féwoﬂﬁo be paitally applisapledo tec-CDMA pagipg jdicatpider st ood

that the prjnci. (% a8 Ve R hng{édrray al so be applied in relation to the
PI CH or other al ternate paging annel s. Accordingly, unless otherw se

noted i n a[0022]t iExh80 anQP(thslottcbﬁtametmbat; tdenotad as p@mgmdmh@mm as used
herei n includes both the CDVA2000 % i Cha pagi ng channe] ntf} and t he

W CDMA pagiecdd Vird? that pdicatsampreher theVEl has 4,paging mesase Wil PEREPBASs her ei n
to the COMAgH) I QPCH
are understood tg%&ko%%%ﬁ%@? g)zlta éh%ﬁggﬁ%%éﬁ %g) |ﬁ§17%gtggr
channel or iRliGtbramik bs sartthevaius of hotfeubdt, l{dﬂ@ﬁ@in@axd&caﬁﬁs will REH willugtof
contains t its, denote i ndic that

i ndi cat e wHetlRgWP ﬁéglquc‘ju%(’régﬁgﬁ‘F ‘bedrt)é‘s%fg% dn(O[Cﬁé) W@ﬁ’t"? contr ol
channel or séﬁ%té&bﬁﬁtﬂ@&?ho flsQb gainftihd\@ vy "Ry ArdREHsREHESSAS8r theqt h
paging indicators will be set to a value of 1. I f not, both pagin

i ndi cat or s charnel ¢erthe Qchganalén 8 CDNA-bpied wdﬁi@gtttngn pyﬁmr@,aqr(‘ppg) g¢@n3mgoded
on-of f ke n rat i notine
di versi t yy% tt(ea;r(r}bo%f gg‘éhﬁ{t{ae Hale §t§ 1@ ?%rag?(g m%&’e gﬁd %v%etg }

are on e| anne annel

in a CDVA- Iﬂﬁﬂﬁl@e siptieed opprdhg Ufmﬂ)dgbﬁtihtraﬁﬁmb@ld&rm@ﬁ{m’rﬂhdﬂgon-@TD hedsy nbol
rate, whether the base station is operating in_|x or 3x node, and whether
the base sE&f WA iHpErkOTR e en B PRINE RdipRipisargiranspiiied in beftie o
non- OTD no F ]%QR] Icators
are trans mqltg tl% c%m?fénﬂ{teﬁoea st a{éﬁgmé}‘ c’ﬁann mﬁﬁai)ggﬁe gf%ﬁ@g%édr?gy set the
pagi ng i ndISSEIabGﬂS/SﬂE(E(tfldl tate)eir 4860 s @HRDs/sesy(hild Faé)s dihe (dififidrenaediceyeenrthel 800

synbol s/ se r ) i fference betwe o] n the

o7 1ot chanfECIE bt ind s pikt bl B e s iagom e varges 2. 316123, 33,1

and -5 dB angnd_g 4B 946 Badadt Rt IohﬁeW@Es [0023] WCD 10 peri odi cal | y "vvakes
up" froma sleep state and nonitors a sel ected one of the paging channels

for a pagi 1@P23ksMEGP. l(Bpﬂwdfanar Wgtkesatp” fross ¢ sle¢restaterand maniters a sekedied

frequency traBeil Lhghs CRSRENTOr 47aohel MBssiBe. §RdirtAfly b FleidudddnthaRuenCY
radio frequency transmitter/receiver 14 warms up, and the timing and frequency
references of a WCD in radio frequency transmitter/receiver 14 are synchronized with a
nearby base station. If a paging message is present on the selected paging channel,
demodulator 16 demodulates the message for processing by microprocessor 22.
[0024] As described above, paging indicators may be used to indicate whether WCD
10 has a paging message on the paging channel. When WCD 10 does not have a paging
message, WCD 10 may return to a sleep state rather than remaining in an awake state,
thus conserving power by reducing the amount of time that WCD 10 must remain
awake in cycles in which no paging message is present. Standby time may be increased
as a result. If the condition of the quick paging channel is poor, however, the false
alarm rate may be high and, in some cases, may exceed 50%. High false alarm rates
cause WCD 10 to erroneously detect and attempt to demodulate many nonexistent
paging messages, thereby wasting power and reducing standby time. Accordingly,
consistent with the principles of the invention, WCD 10 only uses the quick paging
channel to receive paging indicators when the channel condition is sufficient to produce

an acceptably low false alarm rate. Otherwise, WCD 10 disables the quick paging



references of a WCD in radio frequency transmtter/receiver 14 are
synchroni zed with a nearby base station. |If a paging nessage is present on
t he sel ecwedspagdnhg channel, denodul ator 16 denodul at es trha/usezsege f or
processing by mcroprocessor 22. [0024] 4As described above, paging

i ndi cators may be used to indicate whether WCD 10 has a pagi ng nessage on
t he pagi ng channel., When WCD 10 does not have a paging 2 nessage, WCD 10 may
return to &NYIMEEHNAIEEE XeSPRENGMENARTS MathaP AR tariied e&%@ké"‘%l‘%{%&meltfﬁﬁs
conserving, gﬁrgip&ll%tgguci ng the amount of time that WCD 10 nust remain
awake in cycl&s”in Ich no paging nessage is present. Standby tine may be
i ncreased [@0253 rlesuddr .to tdledt e oot dppropnate fopéragomgmiodk, WaEP Hpincorporagds a s
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power and reducing standby tine. Accordingly, consistent with the
princi pl es appne prompre\sefiwiatenodudes exgcuied Py oderoprogessqu?; kAliergatingly,.channel to

receive paging jndicatars t he channel conditjon is sufficient to

pr oduce a%h%fglfL%s?lgﬁ?V W%%@Z??@YEF};P eF’&Pt&S lhwlftfglﬁvﬁr gﬁa@\wliﬁe(gi sabl es the
qui ck pagi ngrdd@rORtRROWED RELCT/ US02/ 29716 7 channel and recei ves pagi ng
messages W t hout nonitoring the quick _pa(t:]i ng channel for a pa

] . pagi ng
i ndi cat or . [§QP®25]Inppe gmbadimegt, shannst estimatorgaedulg,2f @%waé%%h%ﬁgmgtstr@rg%de,
WCD 10 inc rat i .  CL t he
condi t1 on- SeRtidfoteal ERARBFAEh diBkGlerBRCM e cn e REILELERA, "2 6 1
channel esiduriag previvnd tile shiis.n@ye ksowmpthsdaed nedsuranern € clannalstengthf t war e

nodul es executed by.m crqprocessor 22. ternatively, . channel estinmator
Todul o 26 FPIS TORIOBAEARSETER et afe P namelat GuEReR Orpiotlar 6 w ¢ hi n
WCD 10. [Og&ﬁlveh%g%ﬁs Hﬂi’&fﬂeﬂﬁﬂlin R\ @DNEA cEsiet PRI ' THIPREARred er® K indBmes the

signal strength ased on historical channel strength neasurenents of the
al t er nat i vén pegirtreg pslioyBello argiprovigespa relatiyg gneasure of inderferer@eeviknothe st andar d
measur enent_ of channel strength involves nonitoring the signal strength of
the pilot ¢¥AHRel as a function of a total received power spectral density

in the CDVRoG2T ' i Whed @R Bredldted pild Feo TR, it i§ 1ike19\Wat thaalfehfitias bagfig pi | ot
Ec/1o and provides a relative neasure of interference within the system
signal will be weak in the next alternate paging channel time slot, and WCD 10 disables
the alternate paging channel and uses the slotted paging channel to receive and
demodulate paging messages. On the other hand, when the predicted pilot Ec/Io is high,
the alternative paging signal is likely to be strong in the next time slot, and WCD 10
enables the alternate paging channel.
[0028] FIG. 2 is a block diagram illustrating one example implementation of channel
estimator module 26. A measurement module 40 receives pilot signal strength
measurements, e.g., pilot Ec/Io values, from demodulator 16 and channel search module
12 and, based on these measurements, calculates a channel condition indicator. While
operating in the slotted paging or the alternative mode, WCD 10 is in sleep mode for
most of the time and cannot measure the channel. Therefore, measurement module 40
may receive only sparse channel measurements from demodulator 16 and search module
12. These measurements include, for example: (1) channel searcher energy from
channel search module 12 obtained when WCD 10 wakes up for the demodulation of
the alternate paging channel, (2) a pilot strength estimate recorded at the end of
demodulating each QPCH paging indicator, and (3) the searcher energy before the
demodulation of the paging channel and the received signal strength indicator (RSSI)

obtained at the end of the paging message demodulation. RSSI values are typically less



[0027] When the predicted pilot Echo is low, it is likely that the
alternative paging signal will be weak in the next alternate paging
channel twow3st@s7 and WCD 10 di sabl es the alternate pagiPog/ushamieé and
uses the slotted pagi ng channel to receigve and denodul ate pagi ng nessages.
On the other hand, when the predicted pilot Echo is high, the alternative
paging signal is likely to be strong in the next tinme slot, and WCD 10
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channel seajch dule 12. ral.ly, once WCD 1 es up for the QPCH,
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discussion, the input to filter 42, i.e., the alternate paging channel strength (pilot Ec/Io)
measurement, is denoted as x[n] for the nth slot cycle. The estimated channel strength

for the nth cycle is denoted as j{n]. Filter 42 may obtain the estimated channel strength

3[n] as a function of the pilot Ec/Io measurements for one or more prior slot cycles:

[l = f(xln—13,x(n—2,..., x(1]).
Filter 42 may implement either a linear filter or a nonlinear filter, e.g., based on Markov
chains. Because the implementation of a linear filter is less complicated and provides
comparable performance to a nonlinear filter, filter 42 preferably implements a linear
filter.
[0031] Filter 42 may implement various types of linear filters, such as a finite impulse
response (FIR) or an infinite impulse response (IIR) filter. The advantage of an IIR
filter is ease of implementation. However, the output of an IIR filter incorporates the
information from all of the previous inputs. Considering the high rate of change of the
mobile channel and the low update rate of channel estimator module 26, an IIR filter

may not be able to track the channel change effectively. An FIR filter, which



denodul ation result indicates that WCD 10 shoul d denpdul ate t he subsequent
pagi ng nessage. Conpared to the length of a slot cycle, e.g., 1.28
seconds, wbes®2q3dt ot Echo neasurenents are cl ose to eachPorhmsp2/za7d6 t hus
can be considered as a single input to gchannel estimator nodul e 26, which
updat es once per slot cycle. [0030] Measurement nodule 40 provides the

al ternate pagi ng channel strength neasurenents to a filter 42 that
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alternativ e r f

di scussi on%h%%ggnl tlhe?r; otb%? B%}t I%i% E%E%H&ay{kﬁe A gﬁglfé)%at&t[ﬁr? éynﬁ%%el

strength (Rhimge oli_i@b{d dhhnndlRas lungtiedfithe FR fikerahesldas ax finjrt 40postible, while sl ot
cycle. The estimated channel strength for the nth cy le.is denoted as
yn]. Filt@&roidmesayersegipgationdn égltf‘i’fﬁ%t%fd I 1ca{ly Sheging QpvifPnREnty

function O]fp ?Bxﬁaa‘?t'cé Pﬁpﬁ%&s’lﬁf‘ﬁﬂéﬁ@%ﬂﬁ ﬁc?é%@eso ToWlvelTf the Wlt’ef’l‘iasstl)@}naﬁ%’ cl es:

y [n] = I'ter 42 may i nplement either a
i near f| | taps, the lengresilial @@mdriek o€ histogicg). mfobmam:h may Mak& thhardeh & kegp uBecause

conpar abl & BT H B B cpiebdhere b dferiding Biformanets & SbEpiearB bt °°

i mpl enent s ! foh 8RImpIE, 'ﬂrbﬁﬂes 4 Beb¥daldnict t Brshétad B@Yloﬂem’t’ﬁa@m&rﬂn mahn@p\snﬁ ypes
of linear filters, such as a finite impulse response (FIR) or an infinite

i mpul se regpargséaxtdwmagh thelougput ls’rlhtgelyoﬂﬁsmmargeé byfa tgw afithe mpptreeant inpukase of
|rrplerrentat| the o IR fi
i nf or mati of 'ﬁ?‘g%l-gﬁor&f’ gt Qome Hﬁ?#’fter‘é’ g eapp nns]%t ¥nrgﬁ?ﬁf%% 1Cﬁhst e of

pr evi ous
change of &ﬁtﬁeembllhpleﬁ{m&ﬁel and the | ow update rate of channel esti mat or
nodul e 26, an |1 R f not be able to track the channel change
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i ncor por at may be
able to trg%kwagﬁ%gg‘g%ﬂﬁﬁ%lﬁ%% |Ie‘E‘"ﬁt gﬂﬁe r%)r?léy 2‘% %\e%:c?%@lec:c@at n an IR
filter. Duesome otheesahgmanlifiltardaige eqfal tapeva planribé estinteted dnagedl soéngthe Fl R
filter should be as short as possible, while avoiding severe degradation
i n per f or naffd&an PR eXPIESKRAAY cal | y changi ng environnent, performance
inproves as the filter length increases., However, if the filter has too
many taps, the |long residual nmenogj,esidF qhigt orical information may nmake
it harder to keep up W th changes in e channel, thereby degr adi ng
performance. A filter length of eig taps, for exanp provi des a good
Dol ance. 1 ShsTeolIsdheBUTINY e ThAOP. thhesied henel ApReth id the average of

the pilot Ec/Io measurements in the most recent L slot cycles. An FIR filter having
equal tap weights offers a number of benefits. For example, an equal-tap FIR filter
minimizes the variance of the estimation, assuming that the channel is stable and that
the measurements x{n-1],x[n-2],...,x{1] are independent. An example of an equal-tap
FIR filter is an FIR Wiener filter that minimizes the mean square prediction error in a
stable channel. The use of equal tap weights may also promote low computational
complexity.

[0033] If, on the other hand, filter 42 has exponentially decaying tap weights, the

estimated channel strength 3[n] can be expressed as:

L
ynl= cZaix[n ~i].

L
where ¢ is chosen such that cz o' =1 to ensure an unbiased estimate when the channel
i=]

is stable. In a stable channel, an equal tap filter yields better performance than a filter

having exponentially decaying tap weights. The exponential factor o is selected such



a large bandwi dth, the output is largely determ ned by a few of the nost
recent input sanples. Accordingly, sonme FIRfilters may be approxi mated by
an IR fiwDes/026881 ch is nore easily inplemented. [0032] PCrtusn2/2216may
have, for exanple, equal tap weights or (gxponentially decaying tap

wei ghts. Alternatively, the tap wei ghts f filter 42 may be sel ected
according to sone other schenme. If filter 42 has equal tap weights, the
esti mat ed dheitrecperformanggtdoes potriegrads tapemuspingssiahie @ls\’lronmﬁ[lmnd\l’% giter], where
Lis the nuhrrber of strength is the

d ch
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exanpl e, an equal-tap FI ITer mnimzes the variance of the estl mat i on,
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stabl e chanaebrdindl atsRleoff eRijtsdetwern oplriihg p thnm@m €hanfey and
conput ati onal conplexity. [0033] If, on the other hand, filter 42 has

exponent i alths/abilily4Q fragk thasypamigaebthechamebst i mat ed channel strength y[n]
can be expé gﬁfdes!:nbéﬁ[a{%ve_ in éﬁnﬂect%h%vlﬂlt]?lb 1, the V\L e dre pﬁgg Igtﬁglble oﬁ;&g§en
al =1 e

such t hat ensure an unbi ase stimaté anne i's
stable. In tl@atshrapxlomdehm]nnEb/Io mﬂasammdntst.. dbhef sehicher qneﬁyydmdhmmhn stpmgft}or mance

than a filter xponent j al | ecaying ta i The exponenti al
factor a |§Sté‘§f‘t€2 ggétﬁé’gg‘%‘ a(?f?%‘fu" efelbé?? %S@Eé)?g??’ggfbtl%%'ﬂ sopgycle

per for ”Bnc%réjl‘é@ﬁecﬂ%l desiaiss strQh)[riT'dﬁJ['pil&} [A]. 3?&@@51%&!% AQRORMtngNk | S better
than an equal tap fl?’ter in a dynam cal Iy changi ng environnent. Setting a =

0.8 provi gpeging amessAgadn theyrtipeot eycteaasdSSI[HdwAvearding ée amsmbedifient efithhravi ng

exponent | aI | \yentlon these values may be combined as a single input to channel estimator module
26 to form a channel estimate of the current slot cycle x[n]. Assume that srch;[n],
piloti[n], and RSSI[n] have been scaled properly to remove the influence of hardware
operations and filter coefficients such that the mean values of srch;[n], piloti[n], and
RSSI[n] are the pilot Ec/Io values in a linear scale. Depending on the operation of
demodulator 16 of FIG. 1 and of channel estimator module 26, a subset of srchi[n],
pilot;[n], and RSSI[n] is obtained for each slot cycle, and these values are measured at
different times. The standard deviations of srch;[n] and pilot;[n] are much larger than
the standard deviation of RSSI[n]. In addition, RSSI[n] is a long term average of the
channel compared to srch;[n] and piloti[n]. To simplify analysis, all three quantities
may be assumed to have a Gaussian distribution.
[0035] Either of two techniques may be used to combine srch;[n], pilot,[n], and
RSSI[n] into a single input x[n]. One such technique involves a maximal ratio
combining of the measurements, that is,
x{n] =K, [22: (m srehy [n)+ ey pilot,-[n])-%-m RSSI[n]].
i=1
assuming all of the pilot Ec/Io measurements are available for a given slot cycle. Kj is
chosen such that the mean of x[n] is still the average pilot Ec/Io. If not all the pilot
Ec/Io measurements are available, K; needs to be adapted to maintain an unbiased input
x[n]. If WCD 10 is moving at a high speed, however, better performance may be

realized by using an equal gain combining technique:



decaying tap weights gives nore weight to nore recent neasurenents and | ess

weight to older neasurenents, it will performbetter when the channel is
dynam calWwg osloz2g3gi ng. Accordi ngly, a tradeoff exists bet wearusopri7ms zi ng
performance in a stable channel and F ability to track the dynam cs of
t he channel . [0034] As descri bed above h connection with FIG 1, there are

t hree possi ble sources that can pI’OVI de p| I ot Ec/l1o neasurenents. The
searcher energy and the pilot st iﬁg e for)the ith paging

i ndi cator, where i has a valle kof 21\6#: ["i“”i’% eRSﬁ’t[’H 'slot cycle are
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deviation of RSSI[n]. In addition, RSSI]| is al ong[.nt erm average of the

channel corfpirdd may eerlematlmdwttm%kqf[tm stored inpuipFled {p BRAFYsis, all three
quantities relq@ntaa?t%g{ﬁ%%eg% H%Vo‘?tl?ﬁ)ﬁgé{-ﬁﬁhla gdistribution. [0035] Ei t her

of two techn ques nay be us src In], piloti[n], and RSSI[n]
into a single input x[n]. One subhil=dhni QUE’II Abol ves a maximal ratio

conbi ni ng t he neasur enent hat = Kt \var srch fin] srchi [n]
+ varpi | nt (Eﬁl\ier §2(1gplerperys ‘)nﬁgzg‘ﬁ ﬁlhﬁfo SI [n] . i=1 assunming all of the
pilot Ec/lo neasurenents are av L - Lyen slot cycle. Kl is

chosen such that the nean of x[%]jlﬁ'?tsthql ?ﬁ% ‘:ft]verage pilot Ec/lo. If not

al'l the pi ltfdn filleg 4R enayERS hitiQlEdl sy RitthgayAitd dHel farst kkasieawat ifterlige adapted to
mai ntai n an unbiased input x[n]. If WCD 10 is noving at a high speed,
however, bédegieningef fleralgmgemmay be real i zed by using an equal gain
conbi ni ng techni que: WD 03/ 026337 PCT/ l]JSQH 29716 11
y(n]=x{n}.

After filter 42 is initialized, measurement module 40 receives an input x[n] indicating

the channel condition during the current slot cycle n (52). As described above, the input

x[n] may be any of srch;[n], piloti[n], and RSSI[n], or a combination of these

measurements.

[0037] Based on the input x[r], filter 42 estimates the channel condition j[n] during

the next slot cycle (54). If the estimated channel condition j[n] is greater or equal to a
threshold value, processor 22 configures demodulator 16 to enable the alternate paging
channel (5§6). The threshold value may be a service adjustable threshold value. On the

other hand, if the estimated channel condition 3j[n] is less than the threshold, processor

22 configures demodulator 16 to disable the alternate paging channel (58), and WCD 10
receives paging messages without monitoring the alternate paging channel for paging
indicators.

[0038] 1If the alternate paging channel is disabled, WCD 10 monitors the paging
channel during an allocated time slot to receive and demodulate a subsequent paging
message (60). If the alternate paging channel is enabled, WCD 10 monitors the

alternate paging channel to determine whether a paging message is present on the



2 Xx[n]=K2 Z (srchi [n] + pilot; [n])+ RSS1 [n] when all of the pilot Ec/lo
nmeasurenents are available for a given slot cycle. K2 is chosen such that

t he i nputw®[R)2d337 unbi ased. The sel ecti on of a conbi ni ng tPeTrhrsozegi¢ o form
the input x[n] may depend on the channe}, condition. In most channel
conditions, however, equal conbining is nore robust. Further, equal gain
conbining is easier to | npl enent than nmaximal__ratio conbinin [0036] FIG
3 is a floreginaghamel q6?hsltfraé’tag1ﬁ§ MESFAZE S BHESEHbeY S b‘?]reﬁwewwffgm@g lafetat or

nodul e 26.
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channel condition uri n& t he next slot cycle (54). If the estimted
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the alternate pagi ng annel “i's di sabl ed, WCD 10 nonitors the pagi
channel duirndigpteams edrisodeatdeah ‘feraseres] that is mertbcre;ie\ﬁeltelmd (dmmﬂg atpagmg
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is greater than the erasure threshold, WCD 10 can more definitely classify the paging
indicator as having a value of either 0 or 1. WCD 10 determines the value of the first
paging indicator. If the first paging indicator has a value of 0, WCD 10 determines that
there is no paging message and goes to sleep (74).

[0040] If, on the other hand, the first paging indicator has a value of 1 or is considered
an erasure, WCD 10 reads the second paging indicator (76) and obtains a pilot strength
estimate from the second paging indicator to determine whether the second paging
indicator is an erasure (78). If the pilot strength estimate of the second paging indicator
is less than the erasure threshold, the second paging indicator is considered an erasure.
If the pilot strength estimate is greater than the erasure threshold, WCD 10 determines
the value of the second paging indicator. If the second paging indicator has a value of 0,
WCD determines that there is no paging message and goes to sleep (74). However, if
the second paging indicator has a value of 1 or is considered an erasure, WCD 10 reads
the paging channel (80) to obtain the paging message.

[0041] The first and second paging indicators generally have the same value, either
both 0 or both 1. If both demodulated paging indicators have a value of 0, WCD 10
goes to sleep without reading the paging channel. If both demodulated paging
indicators have a value of 1, WCD 10 reads the paging channel. If the demodulated

paging indicators do not have the same value, WCD 10 will go to sleep if either



al ternate pagi ng channel to determ ne whether a pagi ng nessage i s present
on the WD 03/026337 PCT/ US02/ 29716 12 pagi ng channel (62). If a paging
nmessage iwopses@at, WCD 10 recei ves and denodul ates the pagiusg2/eascage
usi ng the paging channel. 1f, on the othgr hand, no pagi ng nessage is
present, WCD 10 returns to the sleep state without waiting to denodul ate

the paging channel. After processing the paging nessage, WCD 10 returns to
the sleep dempdulgiad ppging Hdicatorthag pyplug pE e Ergapres gee tigaigd asihgyingyaciaiile aficp 10

channel "t o LighAUtFEsS BPaliRRRSHGEIE  ehd e dgnehRhiBLPR LRI HECDS, |
node of opeaoatrs anfavbr MEEadidtHeqaghgrhahieht Wihile zhip agiyrigcrams stegékelheod t he

gui ck pagin hannel (QP iis enabled. Initially, WD 10 determ nes
et her - ha g HET: L Bag g R AR SChER U™ MR8 e ESEHE ISP et o

pagi ng chagngl, &&&Bﬂﬁ'lﬁ&lihc‘!&%ﬁﬁ‘isﬁﬁg%a ifig nfeséapb. of two paging indicators
(70) and obtains a pilot strength estimaite fromthe first paging indicator
(72). I n {0042} x InssrucGms fiop dasingteeprpesgsarprovidétciat WED K, tsneinasipirogessbri n bot h
the I and tchan els tIf thF lgi | ot siﬁren@%esti mat.e its . ess _t han an
erasure t hP&sRIMRemepbthe opgratigialmades desgried hereip may e stored 8 PIACESSEE a5 yr e,
that is, nelddhse nttaid. By @by ofleXdmplé, aad hodimitRAG, PlcesIBSRaddle MOdiaGhedy nitely
0 (indicating no paging nessage). If the pilot strength estimate is

great er t h&pmphe spragumediapdon spramupcasioymedia. Fsragedeediainckydgs ¥olatls fy t he
pagi ng i ng] : ' - e YR nes the
val ue of t%{é&E‘itm&rg%a%%gégl}ﬂr)]‘ébg’lleﬁadl:é?ga#grn?gdffﬁlﬁgﬁ?ﬁ?{g{n %“2(@ ngo%%rcﬁg g{é‘? !)drgyhas a
val ue of O for\&dpagelofdafoematisresuch g proctdser-adsble)mspagiong, daesgageiresyd goes to

sleep (74). [0040] If, on the other hand, the first paging.indicator has a
val ue of 1 PEerame maghles o ather daig. %@%Fr'é‘f*d‘@\&?yfb"ll"é%t?gtgﬁ‘é’?lé@%ﬁﬂ”pagi ng

| ndi cator (#@bnARE.QMAMART RARD RadShiyRSHBry GOMTEEPROMMhEmaa6RN

pagi ng indicator to ne whet her t he second paging indicator “is an
erasure (78xed of rerfoealpe dot nsadia mypdbdinsoptivat er mignetie medmondanyagherg i ndi cat or
is less than the erasure threshol t he second. paqi indi cator |

cons: der ed T kPR Beypd 305 e 0dsiE BERRcB AR ARe cOC BTt Y lan « ne
erasure th@@%ggbpwitm@ feterm nes the value of the second pagi ng
indicator. |f the second paging indicator has a value of 0, WD determ nes

t hat t her e [0043ho Asadsiseripedaberry aisiag thegivaek paging ehapngl 1ayeceivomegiag, if the
Se°onS ook 1S ISR PP 1) o RS ST MgBAfe YO0
sleep state for longer periods of time during slot cycles in which no paging message is
present, thus conserving battery power. FIG. 5 illustrates the standby time improvement
for an additive white Gaussian noise (AWGN) channel with a medium pilot distribution
as a function of the ratio between the current drawn when WCD 10 is awake and the
current drawn when WCD 10 is in the sleep state. For purposes of FIG. 5, standby time
improvement is defined as the difference between the standby time using the QPCH and
the standby time using the slotted paging channel, divided by the standby time using the
slotted paging channel. Thus, for example, a standby time improvement of 1 indicates a
100% improvement in standby time. Graphs 82, 84 and 86 of FIG. 5 show the
improvement in standby time when the paging message error rate (MER) is allowed to
increase by 10%, 50%, and 100%, respectively. For example, graph 82 shows that
when the MER is allowed to increase by 10% and the ratio of the awake current to the
sleep current is 120, using the QPCH may result in a standby time improvement of
approximately 60%.
[0044] As shown in FIG. 5, standby time may be significantly improved by using the

alternate paging channel to receive and demodulate paging indicators. When WCD 10



[0041] The first and second paging indicators generally have the sane

val ue, either both O or both 1. If both denodul ated pagi ng i ndicators have
a val ue oWwo@®3/0Y387 10 goes to sleep wi thout reading the pagrngozbemael . |f
bot h denodul at ed paging indicators havF a value of 1, WCD 10 reads the
pagi ng channel. If the denodul ated pag %g i ndi cators do not have the sane
value, WCD 10 will go to sleep if either WD 03/026337 PCT/ US02/ 29716 13
denodul at edsgsdbg alternatelpagingchanael, lesyaimgas afeded toleamndulate the ehartes pagidg as

havi | f 1 f determiqi t to. t i
channel - adistasehged it AE%RR e Ring Fai N AR I retuh i s Bkl
Wi | e thi s siagyrol Ma8asRiod 6f ik ahéBBPEonservir; BateSepterr m i.e., of reading

t he pagi ng channel when no pagi ng nmessage is present, it also reduces the
|'i kel i hood [§¥5ki J8Gn@ illuspaigh e stangby e 1mpovementior p stot iBdingichannehwithng a
processor pr.ovi N . il

oper ati ona n?r%fgglg gﬁé@%%‘é%eﬁe‘éﬁdlﬁgy?%@%g?gﬁa%e sgtﬁe %&%Céggglgﬁgﬁpfea abl e
medi a. By weay Greiphe®8/190 snd B0Okhoatthd improa¢men in praedbysine wheatalphgingedi a may
conprise storage nedi a and/ or conmuni cati on nedi a. Stora8§ medi a i ncl udes

volatile &KasaseRyET &G (MER) sabowed i mateass bielD%el %, andlPR%errseFtivelYany

met hod or &8RN Y%rath®0 Hh@k A8 whn LY MEREL bASwe6findeaR 9 e0%s gla theadabl e
instructions, dat'a structures, program nodul es, or other ta. Storage
medi a may irat efdkg avwake dusrenatp the stedpemirteot is 80 ansiogthe QRIS may mesult ig RAM) |
read-only nenor ngCN% EEPR%EI fl menory, fixed or renovable disc
medi a, i ncFERTRGBRITPRRVHEL AL SR 2 Fedi a, or any other nedium that can
be used to pdgle Whige dafduk @fbbainnIEIfitRNinedicnNAve Bedh fecrite@essed by a
processor within WCD 10. [0043] As described above, using the quick paging
channel t omadifidatiensyngy beymafe witheutsleparting fropehe spiait andisrpg of thgenentigred 10
by al | owt ngy, VED Qs e\{H;T?HHiLn{knts”aré Rfthirthé Sope bR e t%ﬁéwing%?ﬁﬁl periods of time
during slot cycles in I'ch no pagi ng nessébe I'S presént, Phus conservi ng
battery power. FIG 5 illustrates the standby tine inprovenent for an
additive white Gaussi an noi se (AWGN) channel with a nmedi um pil ot
distribution as a function of the ratio between the current drawn when WD
10 is awake and the current drawn when WCD 10 is in the sleep state. For
purposes of FIG 5, standby tinme inprovenent is defined as the difference
bet ween the standby tinme using the QPCH and the standby tinme using the

sl otted pagi ng channel, divided by the standby tine using the



sl otted pagi ng channel. Thus, for exanple, a standby time inprovenent of 1
indicates a 100% i nprovenent in standby tine. G aphs 82, 84 and 86 of FIG
5 show t hwo oBfpi3evenent in standby tinme when the pagi ng nPETAe2/29MOr rate
(MER) is allowed to increase by 10% 50% and 100% respectively. For
exanpl e, graph 82 shows that when the Ris allowed to increase by 10%
and the ratio of the awake current to the sleep current is 120, using the
QPCH may result in a standby tine inSdeVM®nt of approximately 60% [0044]
As shown in FIG 5, standby tine may be significantly inproved by using the
al ternate pagi ng channel to receive and denodul ate pagi ng i ndi cators. Wen
WCD 10 WO 03/ 026337 RCheloa26a9ndiagl4 uses the al ternate pagi ng channel,

less tine is needed to denodul ate the shorter E%‘gi ng nessages carried on
the alternate padiéfjctiigehtignal signsth i %%ﬁg"f%ﬁ?“ nHl% in the sleep state

for |onger peri ocgélee%%etw %blihg%rﬁ%gggmewge@gi S BasRPYElhe giéa@&éi. FIG 6

illustrates the standby tinme ment for a Slow fading channel with a
medi um pi | eigndi stengthuof itterpagiitgechiatilng channel sinmul ates the effect of
notion of WCD 10. Graphs 88, 90 and 100 show t he inprovenent in standby
time when the paging nessage error rate (MER) is allowed to increase by

10% 50% and 1002 rragReeRddstlcYaim I WheRKASER Rivel§TeaRNinddhe Paks ERtmhelvhen
the MER is allowed to increase by 50% and the ratio of the awake current
to the sl eopersting aywde rempuses gaabligethrepagrachanyel opetating medg when hedby ti ne

i nprovenent_  of % [0 ' arious enbodi nents of the

i nvention é%dgCtgcg%%J]%5%%“#%&8&?1@#0%%*%5@% ions may be made wi t hout departing
fromthe spirit and scope of the invention. These and ot her enbodi nents
are within the scope of the follow ng clains. WO 03/026337 PCT/ US02/ 29716

15 CLAIMS: 1. A rfet hdde asthad ofickaim 2 mharein thepagingichannel COPRIFGE AN i n a pagi ng
channel ; a ing€h¥nreN R FiheR wieRi @140 Rhatdig Al | ased on
t he predi c{aggégdgﬁ%%gﬁ stnr erigt{lu L(‘)}?.let he pag%ng 2ﬂgnnaelﬁ %2. %ﬁn%ﬁgﬁ of
claiml, wopemriing swlecompmrdey: enabl i ng t he pagi ng channel
disabling the alternate paging channel when the predicted signal strength is
less than the threshold; and

monitoring a slotted paging channel for a paging message.

4.  The method of claim 1, wherein predicting the signal strength compnises
estimating the signal strength as a function of historical pilot Ec/Io information
representative of a signal strength of a pilot channel and a total received power spectral

density in a carrier band.

5. The method of claim 4, further comprising using a linear filter to

estimate the signal strength.

6.  The method of claim 5, wherein the linear filter is a finite impulse

response (FIR) filter.

7.  The method of claim 5, wherein the linear filter is an infinite impulse

response (IIR) filter.



operating node conprises enabling the paging channel operating node when
the predicted signal strength is at |least a threshold. 3. The nethod of

cl aim 2, wioaseees3t he pagi ng channel conprises an alternateTpsge/myi€hannel
and further wherein selectively enabling:.the paging channel operating node
conprises: disabling the alternate paging channel when the predicted signal
strength is less than the threshold; and nonitoring a slotted pagi ng
channel for a pagf-ng Thesratlnd ofglaimny wheraipthedmear fltencompriprsracilwralpveii ct i ng

t he signal  strnep estimating the signal strength as a function
of hlstorlégsrs ﬁggqéﬁﬁﬁ5%§ 8f mat i on representative of a signal strength

of a pil ot channel and a total received power spectral density in a

carrier band. 5. The nethod of claim4, further conprising using i near
filter to estimte tihe msthedef cé%lmewh?re"ethe#ﬂ@arn%lf%am@flseaaaﬁlﬂﬁabty%ere. n

the |inear té s\HaGing! . Pﬁnefn &%&chwgk%ﬁv?‘gﬁéponse (FIR) filter. 7. The nethod

of claimb5, Wnere ar an infinite i npul se response
(IR filter. WO 03/ 026337 PCT/ US02/ 29716 16 8. The nmethod of claimb5,

wherein the |linear ter co | uralit. . taps haV| ual tap
wei ghts. 9. The e grerirL A e Fomnating heng SRerbEe B ces ' o
plurality Qfimh@Rise g}g,ydl @ge,@gponentl all'y decaying tap weights. 10. The

nmet hod of claim4, further conprising using a nonlinear filter to estimte

the signal strength. 11. The nethod of claim 10, wherein the nonli near

filter ‘comprises g Mankau {dd iolry WJO& TRLNBMRG: fh8) Bt WAL he

hi storical pilot orna nprises a sea

energy infgne@ation, pilot strength estl mate information, and a recel ved
signal strength indicator. 13. The method of claim 12, further conprising
conbi ning at |east two of

12. The method of claim 4, wherein the historical pilot Ec/Io information
comprises at least one of searcher energy information, pilot strength estimate

information, and a received signal strength indicator.

13. The method of claim 12, further comprising combining at least two of
the searcher energy information, the pilot strength estimate information, and the

received signal strength indicator using a maximal ratio combining technique.

14. The method of claim 12, further comprising combining at least two of
the searcher energy information, the pilot strength estimate information, and the

received signal strength indicator using an equal gain combining technique.

15. The method of claim 1, further comprising demodulating a spread

spectrum message received from the paging channel.

16. A processor readable medium containing processor executable
instructions for:

receiving measurements of a signal strength of a paging channel;

predicting a signal strength of a subsequent slot cycle for the paging channel
based on the received measurements; and

configuring a demodulator to enable a paging channel operating mode based

on the predicted signal strength.



the searcher energy information, the pilot strength estimate information,
and the received signal strength indicator using a maxi mal ratio conbining
t echni quewols/026832 et hod of claim 12, further conpri singPearisonRevge at

| east two of the searcher energy inforgmtion, the pilot strength estinate
information, and the received signal strength indicator using an equal

gai n conbi ni ng techni que. 15. The nmethod of claim 11, further conprising
dermodul ating a spread spectrum nessage received fromthe paging channel.
16. A processor rpadagl.e, (RN RAGMIE ﬁ{e'ald?ﬂ SN (A Pnﬁé%ﬁ%ﬁﬁ{gﬁqrocessor .
instructions for: recelving neasurenents o a sI gnal strengt gi ng
channel ; preaedutdblemsaucions &r ppediangtithe signd seeiik hy estimaingtthe yigha for t he
pagi ng channel  based an the rec i ved renents and configuring a
denodul at orSUERBRASB @caobaghlﬁ@“e eﬂ‘\lﬁbﬁngb YM2Hg" nmode based on the

predi cted signal strength. WO 03/026337 PCT/US02/ 29716 17 17. The
processor readabl e nedi um of claim 16, further containing processor

execut abl e instr uk&i die prmesg@r e@ﬂ@blb nqd'tlmeoéﬂginaﬂ sfumlmﬁgomablylmotmri ng

t he signal str@)g X z unc 3l St orlcat E% nfornatlon

18. The pr SAEMLICISLICHioNs %é’&i"&r% r PIGT IO §mate, eﬁégna n| ng processor
execut abl e instructions for using a | | near filter to esti mate the signal
strength. 19. The processor readabl e nmedi um of claim 18, wherein the |inear
filter is a finit% iThgmrecsssossgadale mediumy of ¢laime}s, vawreimthe [meaicialiesds a

r eadabl e inthe linear filter is an infinite

i npul se rggg%tgg%al&?lﬁ%e%ﬂ%gﬁm\ﬁg? FThe processor readabl e nedium of claim
18, wherein the linear filter corrprl ses a plurality of taps having equal

tap weights. 22. The ocessor cl.aim el n the
linear filter CO?I‘PpI‘I ?r%eﬁoﬁﬁi‘ﬁgﬁ "lf‘glutr%l aﬂﬁ\/hd"l@%‘bﬁ’@dﬁeg i{erdbcayi ng
tap wei ght S jdhite iRPuRE P&poRRI(IR§ &tapl e medi um of claim 17, further
cont ai ni ng processor executable instructions for using a nonl i near filter

to estimate the signal strength. 24. The processor readable mediumof claim

23, wherein the %nl Iﬁlg%rrocfegslor feadable medium of claim 18, wherein the linear filter

comprises a plurality of taps having equal tap weights.

22. The processor readable medium of claim 18, wherein the linear filter

comprises a plurality of taps having exponentially decaying tap weights.

23. The processor readable medium of claim 17, further containing processor

executable instructions for using a nonlinear filter to estimate the signal strength.

24. The processor readable medium of claim 23, wherein the nonlinear filter

comprises a Markov filter.

25. The processor readable medium of claim 17, wherein the historical pilot
Ec/Io information comprises at least one of searcher energy information, pilot strength

estimate information, and a received signal strength indicator.

26. The processor readable medium of claim 25, further containing processor
executable instructions for combining at least two of the searcher energy information,
the pilot strength estimate information, and the received signal strength indicator using a

maximal ratio combining technique.



conprises a Markov filter. 25. The processor readable nedium of claim17,
wherein the historical pilot Echo information conprises at |east one of
sear cher wopaB@y633nf ormati on, pilot strength estinate inf@craiSove7iand a
recei ved signal strength indicator. 26. ;dhe processor readable nedi um of
claim 25, further containing processor executable instructions for
conbining at | east two of the searcher energy information, the pilot
strength estimate information, and the received signal strength indicator

using a maximal yaAt i’@g%ﬁd@,&s‘a} &Qd&tﬁgmcéidﬂﬁ’r‘?of %,Qﬁl"ﬂ%ﬁoﬁmxﬁ%ée@&m 18

27. The processor fea e nedi um o alm 25, ‘further contaling processor
execut abl e ekesitablecinstoumsioh forconbinimgnas ledst tvemsft the vearcier efeegp adomiationener gy
information, the pilot strepgth e,stirrgte i nf.or [ an]g.the recei ved

t
signal st r &Rt sHeneth egimas InfRymatiop g theytereiv ﬂﬁﬁ?ﬁ@&t nisapsasingd  an

appar at us gaﬁg;rggﬁi%biﬁng&@ﬁmﬁ{,e.esti mator nodule to predict a signal
strength in"an-alternate paging channel; and a nodemto denodul ate a

pagi ng indicator using the alternate pagi ng channel when the predicted
signal strength ;% at, | east a threshold. 29. The apparatus of claim 28,
wherein the chanrfdr WY4BRALAEE OBRIFYE conprises one or nore sof tware

nodul es execut i NG hanrel REMAKSSMbAuId o prEbRt ARiRAdIAtE8etRin 81 AltdthaSpagiher ei n
the channel estimator nodule is configured to predict the signal strength

by esti mat ichgnek@ndi gnal strength as a function of historical pilot Ec/lo

i nf ti . 31. T i ] 1 SiJ3 i
(1 ver to ost i maanog R RASGIERIR] o Badhlndfyr ohl he SRTRES Adi% thanhZ0"
wher ei n t hevHeh nigepredicletiaignabst@ngthris htleasopuirsshold. esponse (FIR) filter. 33.

The apparatus of claim 31, wherein the linear filter is an infinite inpulse
response (IIR) filter. 34. The apparatus of claim 31, wherein the |inear

filter conprises @ phyEabpdritus 8f clhidP 28, WMErS tRUNBhnd! @RiMRbSRAbaule

comprises one or more software modules executing on a processor.

30. The apparatus of claim 28, wherein the channel estimator module is
configured to predict the signal strength by estimating the signal strength as a function

of historical pilot Ec/Io information.

31. The apparatus of claim 30, further comprising a linear filter to estimate

the signal strength.

32. The apparatus of claim 31, wherein the linear filter is a finite impulse

response (FIR) filter.

33. The apparatus of claim 31, wherein the linear filter is an infinite impulse

response (IIR) filter.

34. The apparatus of claim 31, wherein the linear filter comprises a plurality

of taps having equal tap weights.

35. The apparatus of claim 31, wherein the linear filter comprises a plurality

of taps having exponentially decaying tap weights.



35. The apparatus of claim 31, wherein the linear filter conprises a
plurality of taps having exponentially decaying tap wei ghts. W 03/026337
PCT/ USO2/w&a3624397 36. The apparatus of claim 30, further eomarSoseTgs a
nonlinear filter to estimate the signajgstrength. 37. The apparatus of
claim 36, wherein the nonlinear filter conprises a Markov filter. 38. The
apparatus of claim30, wherein the historical pilot Ec/lo informtion
conpri ses at | eas6. od&e apprasetty ehdrimeddb fgher somprsing 8 monknaapfiltektpengt h
estimate | i recei ved signal strength indicator. 39. The
appar at us § I@%tg?*r%sgﬁfal\%&grgg}'n the channel estimator nodule is configured
to conbine at | east two of the searcher energy information, the pilot
strength estinmate information, _ and e received signal strength indicator
using a maxi mal dt i dhe ARRAEIHE AlclELHh g H\?.noﬂsﬁ%eaé T SRETS6% 2 ¢l ai m 38,
wherei n t herepangagl, estimator nodule is configured to conbine at |east two
of the searcher energy information, the pilot strength estimate
information, and the received signal strength indicator using an equal gain
combini ng techni %%e The apparatus of claim 30, wherein the historical pilot Ec/Io information
comprises at least one of searcher energy information, pilot strength estimate

information, and a received signal strength indicator.

39. The apparatus of claim 38, wherein the channel estimator module is
configured to combine at least two of the searcher energy information, the pilot strength
estimate information, and the received signal strength indicator using a maximal ratio

combining technique.

40. The apparatus of claim 38, wherein the channel estimator module is
configured to combine at least two of the searcher energy information, the pilot strength
estimate information, and the received signal strength indicator using an equal gain

combining technique.



