0 2 NOV 2006 SELECTING PAG NG CHANNEL MODE *167167* *@00002* FIELD OF THE
| NVENTI ON [ 0001] The invention relates to wirel ess conmuni cations and, nore
" particularly, to wreless comunications using spread spectrgngt z’qhues.
BACKGROUND [0002] Wreless communicati on systens are w dely | oye (o]
provide various types of communication, such as voice and data
conmu ese systems nmay be based on a vari ety of nodul ati on
technmmwmmmwmIEs code d| vision multiple access or time division
nul tiple ( TDVA SEBRCTING SN GING GHANNEL Y QD dvant ages over
ot her types of systems incI udi ng i ncreased system capacity. [0003] A CDVA
ned to support one or nore CDMA standards such as (1)
the "Tl Al El A- 95- B Mobi l e Station-Base Statlo Co at i andard for
PLIGATION

S L
(2) ”mﬂmmmmmmwgdofﬁ%gg %ggpﬁorﬂ%ﬁaned "3rd Generati onségpgﬁe?)shl p

Pr oj ect#o0g@GPP) and enbodied 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 CDVA
standard), (3) the standard C ElEbD&FHﬁEINUE%TlONm named "3rd Generation

:Dﬁ(rzlt Eglr rstgI p&?@%oghﬁ Yﬁ&@'"&é‘%g’%&g’ ?’”%anstct)%gggu'it‘n?tm“%ﬂgp pr ead@Stpect rum

Systems, " t Rgreldss SORABRNAatibRAlsidgapefad(shastaim &rhnigh@nal i ng Standard for
CDMA2000 Spread Spectrum Systens,” and the "C. S0024 CDMA2000 Hi gh Rate

Packet Data Air Interface Specification" (the CDMA2000 standard), and (4)

some other standards. [0004] CDVA syg sl otted pagi ng channel to
notify wirel ess comruni cati on devices of incomng calls and to send

ther cont r gd002hf dNtmlebmmﬁonicatimesymemsmmdely dipdoya@bs proyidy. varidEDypehat
re not currxfently in a call, "wake urin EI’IO&hC aIIocatedtlrre

slots to roff EYRMURIEALORNSHE %Sh"é’h‘f?e'“}"%f%a‘??é%@ 61N ThERGSYSEMYMAYE an

i ncom ng Calbhseﬁron%\ﬁ%i& &trhgdulétmrﬁééfﬁﬁdl&@ subh'bé BeHet diGisfoRThulfplelabesé | e,
idle WCDs shut down nost of their circuits and enter a "sleep"” state. The

i nterval s a(CIAMAYor tim¢divisiominuiiple adsessfdPM4G).cALAMMA sisiend proyides gerzain
Service pr 095¢ ”t“ goveFrOorther)t o(ia’ Sys%en[}p/nc%%) 9g irfereased system capacity.

[0003] A CDMA system 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
C ' 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
CDMA2000 Spread Spectrum Systems,” the “C.S0005-A Upper Layer (Layer 3)
Signaling Standard for CDMA2000 Spread Spectrum Systems,” and the “C.S0024
CDMA2000 Hi gh 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 whiclt

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



the WCD may be programmed to nonitor the paging channel once every 1.28
seconds. Longer intervals conserve nore power, but increase the tine, .
i'nvol ved in paging a WCD for an incoming call. The slotted p@gi@g node '
allows the WCD to remain in a power- efficient sleep state no Vtﬂwﬁ
time, increasing standby time. [0005] Ingorder to determ ne whether the
sl otted pagi ng channel is carrying a nessage for a particular WD, the WD

nmust denodul.a e entire nessage. ) es. transmtted usi t he .pagi ng

channel ar e“ﬁb’epig@f‘y 6Pm&fﬂws‘?g’nﬂg‘wf%@@g?%‘%?@PP%‘&“"%E‘&F’Y A&%ése%%d n |
- approach 401 gfgd¥inteAalsoh&F fnor r,tmﬂimstmymvbWeam%m awapssage
usi ng the pagi ng channel, the must wake up for at | east ms, for

exanpl e, evéaranincning ealhdthe stoiéed mapingripedesaliosi the Yol to ramaie HR BOYH- bef or e
and after LAGRLYYIE LhE IR SAME iRl RiGshEsRhtbY gmkhe Message, for
U warm up the clrcai

exanpl e, thé , and nmust resynchronize its
timng and fooegyerns yrdegtedaeatne whethér the blaged pagihg olfanntlris asleyihg @ messdgeer
recei ving and denodul at t:nﬁ t he nessage, the nmust process the nessage

h WCD n
to determ nénaRrartpatar ¥ WED mystlemnqdylage thgentirednesygss: Nessesss For
| nproved po : : | : SidVhe g%glgh : yfy an
alternate p\z{a}glﬁsﬁgﬁgig"ﬁﬁgfﬂcﬁ}g{ntg{yrﬁ Snsm tgaqgeggﬁ?gwln | caﬁa@g&?m’rﬁggtﬁ?ﬁﬁ cators
are typi cal moré efien agpacach 490850 ms.| Amgirésuitnethemthie SHCD wikes up W\@Oeivas a pagi ng

message in the paging channel. The ti i nvol ved in denopdul at i pagi ng
i ndi cators F’?S%Erug‘ﬁgg}be PagEfhaRee t‘Be_twr@_)trPWé“i 98?3@@‘%5%&[}8&“ ng a
pagi ng messagfnpRNEelE2¥6L0RAN THEWRIINirchrstdditihgEdvefiead BothWefdte @hEat er
portion of each cyclée when the 1gagl ng indicator indicates that the WD

does not hawfierrepeigingdhamessagre Beforetrecqivign the messagms ifor examplihihe WCkbmpst ()

~thereby inproved w ut st gni,fic .gdat J. of. ' -
performance.W am “[Pm% E%I\%ff% ngt%uﬁg%%&’?cq’?ﬂflge gﬁtﬂfﬁpnﬁaatngq%ggﬁﬁd%g%% S '
known as t hevithouibask s@atien.nh sddaivnehftdr@@¥e)ing hid dérpodMAtiayAhsingsdgae, dhe t he
alternate p%g(igng channel is known as the paging. indicator channel (PlICH).
[0007] In oMieP mestgincesnihe 1essigr &t dleranine Warher thamessags 1t frstind ik tRagi ng
channel , cwwtional WCDs set a QPCH denodul ation threshold such that the
probability o detecting a transmtted pagi ng message is high. Wth the
t hreshol d t 110063 etFortimprovpd powier donsgrvaifonytheTIAM A2008 gheh §V -fa M Agtandarsdst o

TSR SSTRHaoBH Bon R R, T L
det ecti ng a atd GPrAllY ledsthRAdimGinTes@Re6d idRsatethatsd BT DIRESARRY i ViBessage in
transmtted. O 2006 L ) . L i
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
ﬁcrformance. In the CDMA2000 standard, this alternate paging channel is known as the
quick paging chahnel (QPCH). In the W-CDMA standard, the alternate paging channel
is known as the paging indicator channel (PICH). '
[0607] 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.



3 [0008] Fal se alarns can cause the WCD to spend significant anmounts of
time  denodul ati ng pagi ng nessages that do not actually exist. Wth the

. time involved in denodulating the quick paging chan’hyel e.g. tzh &

i nvolved in warmng up the RF circuit, resynchronizing the t|0n 80 n2006
frequency references of the WCD with the base station, QPCH denodul ati on,
and post-processing, high false alarmrat®s may make the overal |l average
wakeup tinme with the alternate pagi ng channel enabl ed worse than that

real i zed wi gho08)e Fintdathspagicnge taWED to sheadsignifglant arhdsmnspoﬂmane
conservation benefits that may otherw se be realized by using a gui ck
pagi ng chanslemogdukiting pzaing messages Bt “%IaFtH?%F’SEf l}y‘tﬁﬂl‘ﬁ Re fyebEd M ar m

rate. SUMVA%gmoLj mm%m' u%%[}ﬁ&gtvgcht /efk ki lhmteaﬁﬁwtm gtﬁnﬁ%ti me

of a wireles ) suc as- a no by using
an al t er nat eirpaigiregynclodoaizivey the dmisg aid/fzequage ngferenties af tlresWWImamth the base

al ternate pagi ng channel is of sufficient art cu
" channel est |S??&PBfQ ﬁ:@(ﬂe&oéi“taﬂanﬁﬂﬁdﬁoﬁﬁ“ﬁfﬁ“’éfmgﬁé‘ggf"‘ﬁ%er*H t?fd@?’h@‘a%%tgﬁnel
i.e., the sihen tabex‘ag waﬁet@%%t %v'nﬁrtﬁé ané?ﬁaisga@g B el drfaled RASLGNTRAL S Of

the pilot signal stréngth I's an indic of the condition of the
alternate patgglngd mthahmdbttcd/lmgmg mnn}ﬂcﬂcsmglmgly,ltbe pRMugr, consarvationdienefite
pagi ng channel is sabl oi d fal se.al arns i ng
Channel 1o e hERliess tipeflY wok AR R Dl 8R4
alternate p@ghﬂgatwwlgﬁighff@rsealaaﬂgmag i ndi cator. On the ot her hand, when
the QPCH signal is strong, the probability of false alarms is |ower, and

the f alternate paging channel is enabled. f [0010] The invention nmay

ovide a nunber of benefits. By usi WN’{ ernate paging channel to
cei ve paging indicators only when the signal strength is sufficiently

hi gh, a WCD[0609]t dkeeachih tieageemiontimproaestie sthndby tiowe affa wiaglessg | ndi cat or s
carried on the altern i channel while reducing susceptibility of
fal se al ar ﬁO“W‘@%SﬂgFﬂcgagﬁgﬂvﬁﬁﬁﬁéﬁ “?‘ggéipg@ea% é‘ét“%ga aifﬂ?‘é%?t%g Mehat

i ndi cates 1 Qﬂﬁnd&?t&@%x@pm%ﬁ:ai&s whEE R M teARE Japiny dhahﬁb]f"i‘s & eeRighat e

rather than remaln awake to denodul ate a pagi ng nessage when none i's
present .  Thigsnditine Wi pastiear, 2 shannal estimains perdiets herrepditionl thq ltemates| eep

state for 9f§§ﬁg chBifilel, 395 R stleh B dF thd dgﬂcfﬂ sg%na%%{usoa mstt!ﬂtmn&@\t@ﬁgteag

nessage is st an e significant
i npr oved. [%@itib]pnl‘&etghﬁll st@ngth, which 6aisn mﬂtcatibr uétttegzondttxbh@f theattatriatrpagimg

22? : gt ggag Eglp{g]e?g}r{’nﬂgglg?%aégﬁgsrfgn% Fsr“%a the aﬁlaxtngt%rpagngtc\f\gnm 1S (%sabmetg an

- 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
Q 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 rathér than remain awake to demodulate a paging
mcssagé 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 improvéd.
[0011] According to various embodiments of the invetttioh, a paging channel
demodulator can operate in either of two modes. When an estimated si gnal strength of a

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



qui ck paging channel is at least a threshold value, the paging channel
denodul ator 0 2 NOV 2006 4 operates in a first node.in which it ,
denodul ates a pagi ng indicator received via a quick .pagin WE When
the estimated QPCH signal strength is less than the thresh@lz 2085 t he
pagi ng channel denodul ator operates in g4 second node in which it

denodul ates a pagi ng nessage received via a slotted pagi ng channel. [0012)
In one enbodi ment, the invention is directed to a.denodul atiop .net ho

i npl enent ed®REFRLES '§p§‘r@e§\t¥n§%’é‘t"¥'ﬂﬁ‘? §§1§’E“€ﬁ‘|‘la';&§&é’P&‘|“ﬁ¢" IeAtPIECEINEh A 2 X1k gnal

strength Wl?jéﬂ i S

‘sel ectivel yﬁéﬁnﬁ(ﬁﬂhﬂgas ifie egtﬁé&%@gdl ct e azgtg%‘%wg??%%@htﬁg?ﬂ%ﬁgldpagl ng
channel . ‘| nvgae, thecpaginig chahmel pambdgatoh eperates 1rm-1§cconrlrmoﬂsia\ whichlit er nat e

pagi ng channel , uch as.t he |ck Pa g\ﬁ H &gﬁg@ of CDMA 2000 or
the Paging Y5REIUAIY 2 PIRIRNTPS E‘ﬁ@f—ﬁ“’ %\5& P3g! %L enabl ed when the
predi cted sigi@l B sRIGhbbdifer! the dREhtin IshiiReRalsa dRbauliideRedbe Pagi ng
channel carries paging i ndicators that are shorter than the _pagi ng nessages

used to i niahplementedin nspreAdrpeetaing sysie. Arcadingtte ﬂmargcthgd strengih be

anaa =1 ot 6 W AT G5k L PR P F RSN B e

Predi cting thBeredigibdbighilisgBggth ofithg pﬁ%ﬂ@ ichahel. et paftidul a3 0the pagiag ghainest r engt h
as a function of historical pilot Ec/lqo information _representative of a
pi | ot si gnama¥cemprshandiemate pagig chapesh wgh ﬁ&&b@r@gﬁl@@wag C&é’?ﬁﬁ‘ {QPEHD a

carrier banS’be%&%bOOofAtﬂngélﬂ%ﬂdl&% dﬂaﬁﬂélf(P 1 |pt|o Spi) %ﬁefe e set

forth in the acconpanyin ngs an
enbodi nment se;naibtud veheanthé pr;edncmdl sughal stpmgdes avleastaabimbhald. rrﬂ’dlsaaltamdteemgmgat us e('s~-- )

enbodyi ng t hese net hods. r features, and, advant a
appargnt gfr PRl IS PRRISIT %‘ﬁcaé?fa mstl?gger tBﬂ'H\i'F ﬁﬁ'{gﬂ’é ss%ﬁeéf’?ﬁfj tOBRI EF

DESCRI PTI ONipgicaded4a ngl‘éﬁl[@ﬂéﬂ}erﬂt ng §haambi ASKbé R WhEA thet rating a

Wi rel ess communi cation dévice @R % Sel ectively enables an alternate
pagi ng chanprelictqdodgrsy] stringth ig 1¢ss tlmnbh@&lkesbpldgam slpttedspaging ehgnae] neayepl e

chamne! o BT kO Rk AOMER A ehib oA i e
4 is a fl o\/\eslllmmgnhdﬁgmal sirergtiaaswofbacién cffdstatica pilof Ed:/ILBmWEEhamn h an
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 cmbodimeﬁts, 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.
[_0b15] 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.



al ternate pagi ng channel enabled. 0 2 NOV 2006 5 [0018] FIGS. 5 and 6 are
graphs illustrating i nprovenent in standby time in a WCD i npl ementing the
present:invention. DETAI LED DESCRI PTION [0019] FIG Liis a bg? NWl mam
illustrating an exanple wrel ess comunication device (WD) 10t
~selectively enables an alternate pagi ng channel . WCD 10 i ncl udes a channel
search nodul e 12, radi o frequency transm5tter/rece| ver 14, a denodul at or
16, a subscriber identity nodule (SIM 18, a SIMinterface 20, a

M cropr oces 01822, FIGSAS and 6drogrhplecillesieaing itpravamedt iniNeamdby timeiimg VLBl es
of WCD 10 include a cellular radjotel ephone, satellite radi otel ephone, a
PCMCI A car d impISESPRBE HEQUESRRt AYSP®conput er, a PDA equi pped with wirel ess
comuni cation C. capabilities, and the |like. [0020] WCD 10 may be desi gned
to support one or nore CDVA standards and/or designs (e.g., the W CDVA
standard, the 1S-95 standard dhETMbEDJSESGJMPTiOahdard) Denodul at or 16

I ncl udes de at eco CUI t led to smtter/.receiver 14
" to receive g@ﬁéid ﬁs)ldegt‘?ﬁ oek Fﬂ“&élwgﬁt' %{ﬁaE‘P“'sWF PR
i ncludes ci yeyit pwdd)aio tﬂﬁtls\élééu%lmwlé‘s%la%na% deARgduivatpriolé and SIM
18. [0021] Pagi ng nessages may be used to notify 10 of incomng calls

or to transmludeserhamicl sw@'rmadmloﬁ rafie frrayengy thansBdiasaeseaNer . & r ansmi t t ed

to WCD 10 vi,a gu]gaﬁ 1Bg%chan fé)cﬁf{e@%&gekwl fyggngllsle%gggo rgode or a

non- sl ot t ed 9789 I ng “messages ney be
transm tt ed mieroypfddedsor aL, and rbdlﬁﬁreqeaagraamgh 24 WSD—lilrﬁhtuﬁg gkamplemofWIGD an

awake state to receive.pagi ng nessages | ot t contrast,
a particul afOvesndsg Welblr‘ﬁfyac}lg'é@ipb‘é“egéﬁ?lﬁ&% oﬂﬁ?%ﬂgﬁaﬁl ocat ed
élhgﬁng ot Mi&g;gbrﬁeékﬁ ity Ebrf lgtar aPI¥A eqﬁhé&l @ﬁﬁgﬁl‘éﬁ:ss EomAluhRhtief €  pagi ng

suc ui c pagl ¢hannel CDMA pagi ng i ndi cator
channel (P! ckpabilirieg, fmeitbshklet o transmt a pagi ng | nd1 cator that notifies

WCD 10 when as.a ing nmessage in the h | ot t ed
mode. whi o[RSl ke dBlentiad ot pisprahae SO Bt PaRE on ¢ o
the QPCH " 1 iged; n§@nghe WLAEINIAARshdah thel IS8 tartatd} lafS tf CDIRAZO0BENt | on Ay
al so be applied inTrelation to the PICH or other "alternate agi ng

channel s. AstendaidhgPymodilpies 46 srohidenidsmosypier dpqpdgr circuitry coupledio
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-
Q 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-indic_ator that notifies WCD 10 when
WCD 10 has a paging message in the paging channel in slotted mode. While some
embodiménts 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 “altemate paging channel” as used herein includes both the
CDMA?2000 quick paging channel ('QPCH) and the W-CDMA paging indicator channel
(PICH). In addition, any references herein to the CDMA2000 quick paging channel or



particul ar context, the term"al ternate pagi ng channel " as used herein
i ncl udes both the CDMA2000 qui ck pagi ng channel (QPCH) and the W CDMVA

pagi ng indicator channel (PICH). In addition, any referencxﬂsZI‘NU glugo t he

CDMA2000 qui ck pagi ng channel or 0 2 NOV 2006 6 QPCH are understo

o0 be
equal ly applicable to the WCDVA pagi ng indi cator channel or PICH unl ess

ot herwi se noted.. [0022] Each 80 ns QPCH' sl ot contains two bits, denoted as
pagi ng i ndi cators for each WD that indjicate whether the WD has a pagi ng

message in (QRETaeundensiagd to beaquably appligehlel todhe PagNGApagmgandisdtat . | the

WCD has a pagj léﬁﬁm}d’?% rmasglnra indicators will be set to a value of

1. If not, bot pagi ng I n
i ndi cators aommncmdbmm@mﬂkmedn(am@@owmnehmearaglpag,ﬁg sRIALGH, g6r by at

| east 20 ns t diversity. They are transmtted on ei ther the |
channel or ff %wgﬁh’g‘ﬁ‘cﬁﬁ "é\hmh%g’@ hag? BagIng pessage in by seeemmRoThot h,

dependi ng  @Bnitd1RnSURPE! pdgiigohatiid iR 1w i n I x
or 3x node, and whet her P gmegecbgse tss{bgt }ft(;n I's Oglggg?%{f?gn{ﬁsa%?%roﬂ%%%é

transmit di vedieitory wilbb®yetao arvelueOFD. hibntz, botkpagiey ardidators will hie: 4 valioor OTD
node, the pg T(rglg | ndi cat or ar e transmtted_in both the | and Q channels.

The base st IR paging mdica %ﬁ@fwcf"flﬁﬁ’l @apibkeyed ©OQK) smbals angigse
synbol s/ sec ségardtéd byrhtd2asOR0 ﬁﬁQQ ganthed Sivesiy (Tidlyfard ﬁar%}mttﬁ-:r Lon ecﬁ } fHeNCe

between the QPCH power and the pil ot channe IS se romthe
val ues 2, 1chaunelor the @ chamnelin 3C baéedmreﬁ@pcstnhn opsieaser both, dependGiRs .

ors vm “"have a value of 0. The two pagi ng

x the @ chargyl ; |
00231 900, 4 S5 L RS e oD Rl et SLALE A RS >

prescri bed lhutlm;e/ahtmn is Iopehaﬁn ¢ fresruRIgoal tfaRSYRITidi vepdityr (mm)v&rnoﬁfbmmeurx
and the tlﬂ):P and _frequency references of a WD in radi o frequency
r

transmtte

exemple. iny thedxdiog TR maede; the paging ladlcaierérawrmn@t natho@ntheu a

—

()

pagi ng NMessaagd HThBEREE theQﬁsé Q&L GPMES E%%%%mﬁf@{w Eite &;ggm?g %(ﬁ% 002 4] As

denodul ates the nessage for processin

descri bed abyweols/pesdiiuibrate) dr é&@QJS)snbm;/sdoe(halﬁ azde)t d‘heniﬂﬁfaaﬁ@: bednetdaahe WCD 10
has a pagin age 0 the a channe 10 does not have a
pagi ng masga ‘V%[S 8 ld? ﬁ Tpgve ss’feé%cﬁecggool‘f‘ ¢ YA 2 th%n r @med i ng

in an avvake4samztt 8dB ztnﬂusbmd&ertdth@\)\m@r by reducing the anount of tine
n awake in cycles in which no paging nmessage is

t hat WCD 10 [
present . Hﬂﬁi t Erg I0pprgdically. ;' wakes #p” froma pleen state and mamétorsarnglectedn of
t he qui Ck Pasd QﬁhEBQQﬁ'flzhdnﬁelQ?&r a %@Wﬁ&ﬁ% ﬁecﬁdcﬁﬁ a"fll %rscr:%lfe mtervaYs

hi gh and, in some cases, exce
radio frequency transrmtter/reccwer 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 retumn 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 aresult. 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 pagin g

()



cause WCD 10 to erroneously detect and attenpt to denodul ate many

nonexi stent pagi ng messages, thereby wasting power .and reduci ng standby
time. Accordingly, consistent with the principles of}the i ﬂvZerN{]'V%gﬂ WCD 10
only uses the quick paging channel to receive paging indicators en the
channel condition is sufficient to produci an acceptably |ow fal se al arm
rate. Otherw se, WCD 10 di sabl es the quick paging O 2 NOV 2006 7 channe
and recei ves pagi ng nessages W thout nonitoring the quick pagi ng channel

for a pagi shaneliprdrceeivey PRBITER] Messagasdathqup mos|teEng whaumlmagmsﬁgapwl fore
operation . . Lncorporates a channel estimator nodule 26 for
predictingn?ﬁgggln @%&8% or strength of the alternate paging channel. As

shown in Fl @025] chaandelto ededtiivd mbstrappiopeia@toperiyioh énddgpWTIR N0 @torpatese Or
nore software nodul es executed by m ¢roprocessqr, 22. Alternatively,
channel est Ch#NSt esoRAlPTENOdled fgyepre frerfition gpyreagihof the 3ltegaate

dedi cat ed y e Wt RI 0) (e i

esti mat or n@g%ﬁg@é%n\emst quérgk%o\e(@qtvﬁ%lh’gﬁéﬁ]‘eslte?téﬁgl? Flﬁmgggeg o‘Irily %é:@?é])%ﬁ%néfd
channel st r anghdomaasrofiveant modilet énecaletl dymaiciopeogessyr 28. dilgmativelgur i ng

previous ti slots. One k st andar d, neasur.enent of chanpel strength
P ol ves mofHBEl ST TEPRHE R0 Biap e TRl SOMg A THO% ST rdiedated § uoct i on
of a total HaRNEIYSthROWED $s¢pectral density in the CDVA carrier band.” This
measurement is known in the art as pilot Ec/lo and provides a relative
measure of (02611 dneneemhdiment.ichanned gsfinaator module 26 petématesthe signal sreagthpi | ot

Ec/lo is low jt s |jkel h i ing . signal will be weak
i the next Sttt ool A BhAy S eGPy BARRR el "Cro

(3-1 temat e padufifig preatous tinkWlotsls Ohe khewn kahiad npagiregestdthenne srengdlei ve and
enodul at e pagi ng nessages. On the other hand, when the predicted pil ot
Echo is hi ginvolyasdnonitopng the signabaigengdh of e pmlot chappgl @s o functig ofa t3aly i n t he

next time Skobivedfh¥helflal £AGY fint LOMAEHARbE PN OShALABAER is kARGD]

FIG 2 is a ock "diagram 11l ustrating one exanple inplenmentation o

channel C. jn detarnatpiliot Bofiebed pevidas aee stiveemeastirenad dotedfetOce wikinvbkes pi | ot
signal strength neasurenents, e.g., pilot Echo values, from denodul ator 16
and channel ¥8&Pch nodule 12 and, based on these neasurenents, cal cul ates

a channel ceeuR7]i OWhem tHeGaddicted Yot FEr/Todp esvatit RJikely thiv@hs hidrh /e pagingg ofr

the. alter n%itgLXIewir{Pgee\bez}/IEE tlzll-eoncixst alitgmgtlc%gginrgr%ﬂaennfe?trime 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.

C [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 oﬁ these measurements, calculates a channel condition ihdicator. While
operating in the slotted paging or the alternative mode, WCD 10 is in sleep mode for
mbst of the time and cannot measure the channel. Therefore, measurement module 40
may receive only sparse chaﬁnel 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 demold.ulation of
the altefnate_ paging channel, (2) a pilot strength estimate recorded at the end of
démodulating each QPCH paging indicator, and (3)'the searcher energy before the
demddulation of the paging channel and the receivéd signal strength indicator (RSSI)

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



nost of the tine and cannot neasure the channel. Therefore, neasurenent
modul e 40 may receive only sparse channel neasurenents from denodul ator 16
and search nodule 12. These neasurenents include, fon exanpl%f\@%{ %anne’l
searcher energy from channel search nodul e 12 obtai ned when fes
up for the denodul ation of the al ternatg pagi ng channel, (2) a pilot
strength estimate recorded at the end of ©~ denodul ati ng each QPCH pagi ng

i ndicator, and (3) the searcher energy before the . denodul ati on of the

pagi ng chansustepiibde toHarge oveninces thain geaathes enengy reasyrdingats @nd aRIBIS) moxght ai ned

at the end of. 1t he pagi. age denodul ation. R$SI val ues are typically
Tess 0 2 N85 ¥ 40 dETIR Rt BRYF iy imn daer R SeRr el Ciaor g
measur ement gheadiflerdéts.t AlSvARAe meSurciiing durihgadglivén 96t cyBRShayBd ctanbiRédVi de
greater tine diversity than searcher energy neasurenents. All avail able

nmeasur enent 8s YsinBlegompgsiteeghagnelconditiprindigptaseasdsseriteddeloys a singl e
conposite ¢ I hid Walel r | | These

t hree i nput ﬂwgggu@%}ﬂ?gécglﬂ%dt%ﬁ%@ggtggﬁ rfos?&g{évs\g%gy rgg‘(,:agll \r/%JgR'fQ &g‘]r%m
denodul at or dédodulstor heatthanaérseirchamdlle 1022 .Geénermlyabnoe, WOIX 0 Wekes 1) foankes
up for the QPCH _WCD 10 conpletely denodul ates the current paging

i ndi cator. theQRFHi WER 10 cempletelndemedylates the gupront naginglindicaiek ur t oget her
and are avaiyl 1}’“?1% ' égg,g '

denodul at i or?cgﬁ?g)ﬂ , On?%@efg%lﬂé%{?é&g?ﬁ@ﬁﬁ%@ﬁ;oemsnfgﬁt%%Q agﬁgfb!kg) may
occur i n-eacthesdvet they@PEH i8gnabtedt Reptndingrem therdemmdulafidh ontpyt,oné yr tye

avai l abl e when the CH i | sa d or when the nodul ati on result

i ndi cates t R&® ?A%Be%mg}%gsldi @%%Smaétoéc?rﬂgeg‘g‘oﬁgqﬁyé t PEGE message.
Conpar ed t 0 plelsurémomtti(B) ﬂEY anB/ RlavailsbiEewhén the QECH §s &issediss whdnahe QPAIDt )
Ec/1o neasurenents are close to each other and thus can be considered as (a

si ngl e i nputdemedulatiemisanlt indidates that WeluPshowd dgmodnlatgihe subseqienbpagansg s| ot
le. [003 ' t t 8..pag |
Y et hiestiel: SRR R Faf 8 BUBLRRS o124 LEDAL BBl iecfialie,

for the neximeaturemens ke cldse3edachothérandthiusalan bk tensiddred as £éiaglagipusto engt h
measur enent s, Fog-gur oses ugf %his di scussion, the input to filter 42,
& ¥

i . e.,.the aFPEPRAFERLYiTY NENChPRARISS OACY PYTISKY EPF1 0)  neasurenent, s

denoted as Nﬂb?f%eatsb&n%hnﬁh% 40YrbBdes khE alt@nitt @agiﬁ% chiiden&length’ engt h
for the nth cycle is denoted as y[n]. Filter 42 may obtain the éestinmated

channel st r axegsurempntato aflter 42,thet ¢smatss thenehapngl stremgsh dortbenentslobayde f or one
or nore pri | ot, . : . T 1] =21, itter 42
oy i it e A PR el Fplnct Bodhgitrepdiducrt). Forpuebigd deen 0T o
Mar kov 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

y{n] as a function of the pilot Ec/Io measurements for one or more prior slot cycles: ( )

| §tn= flx{n =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 ifnp]ements 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 (1IR) 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 estirﬁator module 26, an [IR filter

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



chains. Because the inplenmentation of a linear filter is |less conplicated
and provides conparable performance to a nonlinear filter,,filter 42

- preferably inplements a litnear filter. [0031] Filter:42 IQB%/ Nd#)l?ﬂﬂﬁent
various types of linear filters, such as a finite inpulse response (FIR)
or an infinite inpulse response (IIR) fi Iéer. The advantage of an IIR
filter is ease of inplenentation. However, the output of an IIR filter
incorporates the information fromall of the previous inputs. Considering
t he hi gh r atiecarporeteaitdermdtionfeom adipiited ngmbeanel pravigus inpuisomay belable to taek of

channel estipgator.npdule .26, an,|l|IR fi.lt.er ahbl e.to track. the
channel ¢ har‘fgg"gfls f%@?i'@@f’é chapnekmerg f’fllf?c ively, ?%?{'n@ﬁﬁ%b\ﬁfgé%&e g yhiic

I ncor por at eghhRdeTRS EMANEN M&Néhgtt BT the FIR fillethotld B AVshor s ipdsitle, witky be
able to track tchanges in the nobile channel nore effectively than an ER

filter. Due aveidingsedgmaestadatiorangeriormanse. hadwamicilhechapgigelfn BrotitE R
f I1ter shoul %rfggp%sce?@@{or\leg% ﬁﬂ??ﬁt'eﬁieﬁ th' Mk Res. MBL AN r SRV ERE HE HoaH&y On
in performadce. Th & dynam caily ¢ anél ng environment, performance

i mproves as tapsetheilbigresidanighémoniesrof distericaHnfeveation infiayt thakef it harder th&sep op

many taps, the long residual nenorieés of historical information make

it harder td”‘ﬁb@}?“&?ﬁ in\thg W@ﬂ%in@é?byﬁegq%@“gﬁ’ﬁﬁﬂ’é??m?h é‘ﬁ"sfqg‘lﬁgf 3%‘?%

perfor mance.tglﬁ, Hrl &E&xpie??&@ﬂieﬁg GJT)@BﬁlanJeaﬁtsshoflﬂrbeeR@éH)ﬂhﬁt’ foP bR YIROREer dvi#00d
bul'd Bernoted t aF

bal ance. It or an I[IRfilter wwth a |arge bandw dth,
t he -out put iadatgaibgedwyidthettes oritpeds ygedy deternmhed bya fioyg of thegnost racepuinput

les. A dj ngl.y, FIR f] b i mat LR .
T Ter s i RPPLESS b er Dy sgme FIR SR B oS Doy MRl B YUEE i 51 or
ﬁ-lxarrpl e, - eqynbre AR MiRipKthént&@l. exponential |y decaying tap weights.

ternativelg, the tap weights of filter 42 may be sel ected according to
sone ot her JB®32te. Filter 42 may have forexampleafquah PWsights or exnoacatially deeaying

channel str . 34 . ' : = = Lis

t he nunber 35\‘9%“2‘&%‘ % %Eﬁ |55J,36'f %Qgﬁ?ﬁg%sgog ﬁé‘%&ﬁng{aysbtgrsé{ﬁgtteﬂlalccso\p@ﬁg%aver age
of the pil Gbme®thed stiwassri€ fitiai 42 has eqba tapweighecthetestimaledichannel siengthn FI R
filter havi n% equal tap weights offers a nunber of benefits. For exanple,
an equal -t apVB| B7F4E 9¥BFESSSH a5 i zes the variance of the estimation, assum ng
that the channel is stable and that the peasurenents x(n - I], An -
2],...,x[1] are independent. An exargp,l]e%zixm.‘gqual -tap FIRfilter is an
FIR Wener filter that mnimzes the nmeanasquare prediction error in a

where L is the number of taps. That is, the estimated channel strength is the average of
th@ipilot 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
( B 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] 1If, on the other hand, filter 42 has exponentially decaying tap weights, the
estimated channel strength y[n] can be expressed as:

L
Slm=cy_ a'xn-il

i=}
L _
where ¢ is chosen such that cz a' =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



stabl e channel. The use of equal tap weights may al so pronpte | ow

conput ati onal conplexity. [0033] If, on the other hand, fUQtNBV&MU&as

| y decaying tap weights, the estimated channel strength y[n]
essed as: L y[n] =cy a x[n-i]. L where c is chosen such
that cya™ =t to ensure an unbi ased estlﬂpte when the channel is stable.
In a stable channel, an equal tap filter yields better performance than a
filter having exponentlally decayi ng tap ‘wei ghts. The exponential factor

exponenti al
can be expr

a

i s sel ect edtheuUith performance dosarot degredratoomushpie afstableeanyigonmest andtis brster ade t 0o

h abl d tt th ot
et car R G O 3 e e Rt 5Rlink BBl S o
per f or mancep mmyﬁrsfachﬁg@eﬁmn&.l H@We@)’l‘)d&gu@m%mﬁhﬂg leXporldRGAY NY tap
wei ghts gives nore weigh

to nore recent neasurenents an

' ess wei"ght

ol der measudesapingsap Veighisigivesandre weigheta merawesnt meesurtrmente nd kessiyaght cal |y |

changi ng

.. ordin I eof.f e s .between optim zin et f or.nance

in a stabl et°&§%r¥% é.‘en{ihe @pFﬁf?V t%f ggﬂtﬂ?%c ?/eﬁésrﬁ@e"samd ll&ﬁ: A 2inel .
[0034] As dasedriiagh, ab@d@ff ExiSe BaRekh Bptimizing performancetifi @rstab® ¢hahhélead

possi bl e sources. that can provide RﬁlOt Ec/1o measurenents. The searcher

ehanpel the ith pagi ng i ndicator,

gmpq Oks%ef&h?g ab%gp%ﬁe%heﬁ w?t)ﬁg}[ﬁétl ?thgre aﬁém& aao\gamé sdGfgt ed as.

gl ng nessage in

ener gy and
i has a val

srch;[n] an
t he nt h sl othatganl proeide BEBSIIEaﬁl]o m@asummd:nrsg Tthe saﬂcbmmdlgymnﬂ th]:fplloh strength

I nventi on,

t hese aI ue be .conbi ngl
esti mat or n%%‘ﬂ?aée ’l‘ﬁ‘&dl?ﬁﬁ’ﬁ’ ‘grfer%ég?srf’a‘faéu?)‘?fe]t Wezoé'ﬁthFé'm slet excleycl e

the @bylity i tragk the, dynamigssefit
deno

ut .to channel

x[n]. Assu ”ﬁetréb%Ectﬁ)’ere{d&}ed as Bh}hqh% Nt pllai[}q FReIRIS aﬁ@f"@elﬂﬁﬁfhtlﬁg@ﬂ@d

properly to renmove the influence o

har dware operations and filter

where

)

coef fi ci ent Baging:message intthe nthedot qyalle@eﬁSﬁf[n}s ris¢cdrding tean embediinentaafdhe RSS| [ n]

gkl B 4/5 hl e Loy 500 e FERTREG 2 GoLREE o

are the pil
denodul at or
srch;[n],

t hese val ues_are neasured at different tines. The standard devi ati ons of
srch; [n] anBfgilnlognd RPSHrldhaye been sqpige praprey to fareevsithsitinenceod ihatdWeve of

26 tooforrh ] chasid eRﬁﬁdt{: af the surreittspdt 8¢cle fxpi]. 2aeimstmat srch Y| e,

RSSI[n]. | no;%i'ﬂic;n% @Rd ﬁﬁtgsj:c{eﬁicxérﬁs Such g tﬂeeﬁ\gérﬁ\‘/ﬁﬁ&gﬁ sPln; [sz'lfﬂgz,?ggl

conmpared to_srch;[n] pilot;[n]. To sinplify anal ysi S,

quantities

RSSI[n] are the pilot Ec/lo 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},
piloti[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 srchi[n] and pilot(n]. To simplify analysis, all three quantities
may be assumed to have a Géussian distribution.

[0035] Either of two techniques may be used to combine srch;[n], piloti[n], and

RSSI[n] into a single input x{n]. One such technique involves a maximal ratio

‘combining of the measurements, that is,

, .
n}=K, [z (m-r{_m srch;[n]+ m pilot; [n])-i_- HR;TMI}' RSSI[n]].

assuming all of the pilot Ec/Io measurements are available for a given slot cycle. K is

chosen such that the mean of x[n] is still the average pilot Ec/Io. If not all the pilot

Ec/lo measurements are available, K; needs to be adapted to maintain an unbiased input

x[n]. If WCD 10 is moving ata high speed, however, better performance may be

realized by using an equal gain combining technique:



ray be assuned to have a Gaussi an di stribution. [ 0035] Either of two
t echni ques may be used to conbine srch;[n], pilot;[n], and RSSI[n] into a
single input x[n]. One such techni que i nvol ves a maxmal rzﬂtzq\lq\pqpm ni ng

of the nmeasurenents, that is, x[n] = K (~ srch; [n] + ~~~"prl0

RSSI[n] . wvar --, nvar Th. n varR$ sl n n assumng all of the pilot Echo
nmeasurenents are available for a given si 1 bt cycle. KL is chosen such that
the mean of x[n] is still the average pilot Ec/lo. If not all the pil ot
Echo neasurenents are avail abl e, eeds to be adapt d to nmaintain an
unbi ased input x[n]. If VCDAAG K Wi{\'d+at10'ei"1 @?ﬁf’[s)aeed, however, better
per f or mance nay be realized by usishg an equal gain cenbining technique: O

2 NOV 2006 sr chi all of
the pilot EXY CB a”@iiﬁ%ﬁﬁ%ggg?egstgvé +t§l§|pe v?i A?blé%r av%@%lo{&lemqs K2 is

chosen such chéih shétfthat s inptlt B)n] isunbidedsThe serEwloﬁexlf acbmbining teahmthlonl ng
technique to formthe input x[@% may depend on .t he channel condltl on.

most channelformbhgiinpus b mayodeperg on digichpnneh penditiony Indnes channshepnditions, ¢ her,
equal gain %g&? g&%al éorgﬁﬁin fis +dmkte'ﬁﬂhexi Qﬁ%hlg% C%Pr{blﬂlﬁ% lsQakigftel Ni ng.

[0036] FIG I'ag am i (1 Ustrati ng a operali on of channel
estimator nmglehen2than Maxihal rhtid t@mbmﬁlgt s initialized (50), for exanple,

wh th | i th tarted Fi [
of “the. st or SAUNIE 2505 Tob s i S adkar oDieliad of Ftange sFHRE o7
the al gorithmyie £.. Fxrs’f,[f'ﬂte'rh?ﬁ Mtaahszﬁ (50)'1'&)?éxa41¥plé PR TRE bizoAthm isfStdriel! er

of the formRn] -- oy[n-1]+(1-a)x[n-1], then filter 42 may be initialized
by setting 9111tf]r4t20n1}h® mltraéltzedrb)awhmmftaﬁls@redlnelltszbﬂltﬂmerfgsbf t he

bgorit hm %%%ﬂfm)%w]rﬁfﬁf h-&rbcfg,ir{nthrggrofﬂtge al%onmng lal i zed, neasurenent nodul e 40

-ecei ves an
x{n-i}=x{n], i=1,..., L.

If filter 42 implements an IIR filter of the form
5ln)=agln—11+(1~a)x{n~1],
then filter 42 may be initialized by setting j[n] to the first measurement after the
beginning of the algorithm:
| St = ).
After filter 42 is initialized, measurement module 40 receives an input x[n] indicating
th;;F Zhanncl condition during the current slot cycle n (52). As described above, the input
x[n] may be any of srch;[n], pilot;[n], and RSSI[n), or a combination of these
- measurements.

(« [0037] Ba_sed on the input x[n], filter 42 estimates th.e channel condition j{n) during
the next slot cycle (54). If the estimated channel condition j{n] is greater or equal to a
threshold valae, processor 22 configures demodulator 16 to enable the alternate paging
channel (56). The threshold value may be a service adjustable threshold value. On the
other hand, if the estimated channel condition 3[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] If 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



the channel condition during the current slot cycle n (52). As descri bed
above, the input x[n] may be any of srch;[n], pilot;[n], nghﬁﬂ or a
conbi nati on of these nmeasurenents. [0037] Based on t He inpu ] ilter
42 estimates the channel condition y[n] during the next slot cycle (54).

If the estimated channel condition y(n] js greater or equal to a threshold
val ue, processor 22 configures denodul ator 16 to enable the alternate

agi n channel (56 hreshol d val ue ma ervice ad bl e
f h?esﬁm d VEASIRS cr@ﬁ?@r@) d%ﬁe?glﬂ&mssaﬁ i§ w&seéésgﬁgk reeﬁé(?m@ mﬁ@vlafean |
y[n] is | estﬁetpﬁé'ﬂﬁtrﬁ@sé ugﬁxg%edpa ﬁﬁélr If %g tﬁé’&flé%n@sncﬁ @§s‘3%916 to

di sable the alt ate pagi ng cha 58), recel ves pagl
nmessages Wwiis Ipwbntnb‘t‘ﬁZDdDi rewyrishe thal sﬂ@lprsaate wpxagutngamh@tWMmdduﬂatqa&gmagm g
i ndi cators. '

008 t he alternat.e n nel is abl e
oni Cor o ¢ HaBRG Iafter protEsahe G pRbiGe TSR RAAL 00 i £6 BE NP el ang
denodul at e me%btsﬁétl@afe PRGh kXt EBESREE WED) 10 Whkek hlﬁ aﬂhﬁﬂe@@ﬂicﬁh&agl ng
channel is enabled, WCD 10 nonitors the alternate pagi ng channel to
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a flow di agimndivatdrs (7@0 aad obtginan pdnmmhgthrmdmam‘frorpeheaﬁﬂsopagmﬁg Mﬁibatoi(l)ﬁ)or ('~--)
d dul at when t he ck
enapl od- | nivipe IR For S TR cne Pifne Sishitrs FRESNEd FebB A 1RG0Y channel

i s enabl ed cHaffiels. Iffthé bﬁot%k&@gmeatﬂnaaw 186k thBR B Blasire tfRSHIIE Ghe MGDpA%ng eads
the first of two paging indicators (70) and obtains agllot strengt

estimat e fringioatns if ¢ansidepedginrgrasergi”dhatds, neithgr definitely 1 (indieatiag 2 pagimgn- OTD
node, the p I ndi t h
the pilot s ?éesr%g?)h%gggﬁﬁﬁw%l%bﬁlgh CQP@TH]Q% %glg?%%%}r elpﬁﬁrpe'félgglfggﬁ}%gﬂfl rst
pagi ng i ndisgataer than e reistertieskaoid, "WCas 10 ear’ mbhateﬁnﬂdymeastllﬁyemedmgmlgl tely 1
(i ndicating. message) .nor defini b(? I ndi ca
easage) | VARt g? Retings g o odier Drle WED' BT dSBRnGs n VEHE OE FRSlTe
threshol d, ﬁf@xéﬁldﬁfbrmﬂrtﬁe Aak Eagl \/@de@d:&aﬁh WalR®f PO 10Ideféhﬁﬁie9maas
havmgav of either 0 or eterm nes the value of the first
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

VY

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 O 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 c.han'nel. If the demodulated

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



paging indicator. If the first pagi ng indicator has a value of 0, WD 10
determ nes that there is no paging nmessage and goes to sl eﬁgz J‘ZUAV B150040]
“If, on the other hand, the first paging indicator has! a val 2
considered an erasure, WCD 10 reads the second paging indicator (76) and
obtains a pilot strength estinmate from the second paging indicator to
det erm ne whet her the second paging indi cator Is an erasure (78). If the
pilot strength estimte of the second pa indicator is |ess th n

erasure t hr &emedulatedpagingdpdigatpaasyValied O Erpsiyres ol fertge s BAURE & VaE
1T the pilot ﬁaP pﬁ@ggéa o?ﬁtaﬂerﬁfnﬁneg whéth B%adtthéaa%hgcﬁgnaépr@caomﬁglpommV\CD

10 determ ne val ue o seco pagi ng | cator. If the Second
-~ pagi ng i ndi datemrs il &svoa of peladimgahe faging/\Ednokedt 8V hilethss mhpinctdase theilikellmadagi ng

nas 2 val e 6 Hise sy et reineivapapachinge! 1be T SRanhERs tle el

channel  ( 80) igo fhélsthd 1afeINB6H BEmARAT A girgAdhgelhe Tirst and second
pagi ng i ndicators generally have the sane val ue, elther both O or both 1.

| f both dend@@d2dt dastpesiongfaredusieg o prochssoepmvidedie WED A0, such as procgeses t o

i or & Avie BRGh Vi R G TR e BRI ARTBEHORECh ABRLRR

dermodul at ed rearmalerrgedmdBy‘ &Iagro‘f eflample} andante lithiatieAprosessorecaddble mMddliavinay go
to sleep if either 2 Nov_ 2006 13 denodul ated pagi ng indicatqr has a
val ue of 0. CEMPEse %Y%P@’eldi%%ﬁdéﬂ COEMMpNGAHGN Fnegia- u%w@se"f fadnclydespidatde of

det er mi ning , %%gn\%latg Je&%qath@sncﬁﬂsaéme&mpﬁh%eﬁﬁmﬂrgyHﬁk%d ofdehndidgf" 'S

in favor rea I ng channel I'S may I ncrease t
i} i kel i hood fafsteragabﬁmfmhmmn sucheas prmcfessoaeadadngletihanpagmsagauahanctetesy\hen no
a

gi ng nmessage is present S reduc t he. I hood sing a
pagi ng mess& 3%“‘?‘089@6% Hg?tpﬁrccilqtq)ngtop@pn&e Ay ing 'ﬁﬁo@g&w e\ﬂstaed in WCD
10, such as ridomeacess mgr%or)I(‘RAMP|ré‘»i8°-‘6ﬁly%MSR@MPEEPRM%SHMdr?ed
herein may be stored on processor readabl e nedia. By way of exanple, and

not |imitat ifixed opramexsblsrdiscmeadipl including #ptied) ormgpi:tn%@e@@mraagé OfsHi a and/ or
conmmuni cat | O}c#rerge%t = BL 385 t{S“E%% cfhhggi‘éid%%‘?ﬁfo\%'aﬁ%ﬁ gl‘?d tthrb% ¥olsedd t}fa

renovabl e an medira 1 nple I'n any net or techno ogy
st orage of |p|ftidelssmtwmﬁnwmlhlas pr ocessor-readabl e instructions, data

structures, gr am nodul St or age, nedi a I ncl ude, but
s ot 1 m 4080, A5 pekaibed s Bes el ik RARYE SR GES HERENE (RO

EEPROM | aghyiBROR iprove mtﬂdbwmvmvemm%mwla waop! 1edohémARtia @Rl or
magnetic nedia, or any other mediumthat can be use to store the desired

i nformati on sl;ng stateafor dangebperils of timg duying 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
C:- 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 WCD10



processor within WCD 10. [0043] As described above, using the quick paging
channel to receive paging indicators inproves the standbyUtZrNﬂngﬂmyJ) 10 .
by allowing WCD 10 to remain in the sleep state for ‘l'onger periods of tine
during slot cycles in which no paging nessage is present, thus conserving
battery power. FIG 5 illustrates the stgndby tinme inprovenent for an
additive white Gaussi an noi se (AWGN) channel with a nediunlpilot

101 & avakeosndem ke Hapielicbh® ied6r bRl 8l TpaplE “For

pur poses of medsapestoan$ddsHHRK altériBte pa mm%ntwen dethnenls admdilen akbfsfee%ence
bet ween the standby tinme using the and the standby tine using t

sl otted pagstAl§ f@ﬂ&ﬁ&@lpeﬂgﬂﬁloﬁﬁﬂﬁ herebeconsemingybatteepaneirng the sl otted

"l oat o altdghof e Lk RECRE sfnafy SEARoybhER (RS BYARRE bl 1

5 show t he ammhmvpnmrmsmhut&inaridia;fadlngrehaﬂnemmlnhtqaam effecref magen 6f WD r at e
(MER) is allowed to__increase by 10% 50% and 100% respectively. For
exanpl e, gr AphCgaphs B30 and 100 shiaw the yrprpsmens instandhydimeWhen the 2a8InBy 10%
and the rat LI 1 g the
QPCH may r e}sngfﬁgl Ir:]}?gr ng’an }QHS aﬂ%f%’r’h%%m)ﬁg% B ?‘ggllgg?efegpedg%}ﬂ[ 0044]
As shown i nFéi €ganiple, gr@h&l@yshbwmanwyetb&esM@Rnﬁ ahmdlplmrpaso\becmﬁyam‘sthng t he

al ternate pagi ng channel to recei e and de ul ate | i ndi cat.ors. Wen
WED - 10 0 SR SR e 2o SRS ik RS S Dt T e R TEE i v 1o
needed to deardbytah@irhhevaneitoehed?BIII%, nESsages carried on the alternate
pagi ng channel. WCD 10 can thus rermain in the sleep state for |onger

periods of tOOAS] t\?ﬁl@ieewloe@n@bwrmgtstsémeemyelpmémve bowuiskerited, 6 "

()
illustrates _t n ith a™
medi um pi | o™ g &%drlﬁ%{)(’)iﬁé %Bgﬁéng %hn%?go rrg}% tf"gcgg({&ge%{a E{enﬁd?ﬁ'
moti on of . V\Eﬁ}:sejaﬁd oﬂ?reaahbo&&en&(hrawdh&me s&upWofh& follpwimgehams. | n st andby
ti me when the paging nessage error rate (MER) is allowed to increase by
10% 50% and 100% respectively. For exanple, graph 90 shows that when
the MER is allowed to increase by 50% and the ratio of the awake current
to the sleep current is 80, using the QPCH nmay result in a standby tine
i nprovenent of nearly 25% [0046] While various enbodi ments of the
i nvention have been described, nodifications may be nade w t hout departing
fromthe spirit and scope of the invention. These and other enbodi nents
are within the scope of the follow ng clains.



15 0 2 NOVv 2006 1. A nethod conprising: predicting a signal strength in a
first paging channel; receiving a paging indicator on the first paging
channel if the predlcted signal strength is greater than a threshold;

det erm ni ng whet her the paging indicator indicates a presence of a paging
message on a second pagi ng channel; and receiving and denndulatﬂdgNDVeﬂmB
pagi ng nessage on the second paging channgl if the paging indicator

i ndi cates the presence of the pagi ng nessage. 2. The nethod of claim1,
further conprising the step of. entering into a sleep node if the paging
i ndi cator does not indicate the presence of the paging nessage. C 3. The
met hod of claim2, further conprising the step of: disabling the first
pagi ng channel and |tor| the second pagi ng channel for a paging
message when tfi 5 %? Fren th |s I ss than the threshold. 4.
The nethod of EFQFH?&aSWH rEF EPE% E*P g ¢he strength conprises
estinating thel®&3Ying|a pegiamdtdicaler o thenfist B?g"b% cf?ﬂn@?'o'r fj thg pradiqted sigealo

i nf or mat i grengihdperesientheniasbregiolds si gnal strength of a pilot channel and a
total recei veddgmeningpwhbetherl thedpeging yindipater dnieatesr a bpragencs of Thepagghod of
cl ai m 4, Mmassageeon zogrpnd pagige dwinnel; and i near filter to estimate the signa
strength. 6. Tieeimizghand defmodulaiimg the pabmganessageen thaeesonflipagieg channal ffi nit e
i mpul se r#epopaging FliRjicafor | tiadicatés Tthe nerekende ofofC| @em Ppaginger miessapdie
linear filter is an infinite inpulse response (IIR) filter. C= 8. The
met hod of 2.cl ai Thémethde o€ chirh hefurihaeamprisiigahe G@PPEicaRSing iftb Wrskleptmodef t aps
havi ng eqyathet Rginei Blicator IdoekNBotBhdIOHe Othe ChrBidAL S, of MRS afinkhiieksapear
&Elter conprises a plurality of taps having exponentially decaying tap

ights. 0. Thg rﬂ%BS’@fQIfam?ha{'uthé’r can‘;B'hElH th eCs‘.P fi sing using a nonlinear
filter to es“ %ahﬁél% %é- F@F&JEQ%Q& Chaind P
wherein t r fuf ém&;:@ ey P b4 TLEY than! i3 hod of
claim 4, Rl st orilc Io

I on conprlses 2 Nov
2 -y
006 The method of claim 1, wherein predicting the signal strength comprises
estlmatmg the signal strength as a function of historical pilot Ec/lo 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

C (IIR) filter.

8.  The method of claim 5, wherein the linear filter comprises a plurality of taps
having equal tap weights.

9. The method of claim 5, wherein the linear filter comprises a plurality of taps
having exponentially decaying tap weights.

10.  The method of claim 4, further comprising using a nonlinear filter to estimate the
signal strength.

11.  The method of claim 10, wherein the nonlinear filter comprises a Markov filter.

12. The method of claim 4, wherein the historical pilot Ec/lo information comprises



16 at | east one of searcher energy information, pilot str«gn%;tNﬂ\égg' te
information, and a received signal strength indicator. 13. The net’hod of
claim12, further conprising conbining at | east two of the searcher energy
information, the pilot strength estimatg,information, and the received
signal strength indicator using a maximal ratio conbining techni que. 14.
The nmethod of claim 12, further conprising conbining at | east two of the
searcher energy information, the pilot strength estimate informati on, and

ST R U S SRR

spr ead spec?wﬁdn%'gnaléren recel Yed fromthe second pagi ng channel 16. A

processor readapl e ont n rocessor cutabl |nstr |ons for:
recei vi ng'freas St BF g S’%a el GRapHSIOF BTPITLG Bagihd Entn o’
predi cti n¥fAE"ST GHEAPY dq Pgﬁi}t%‘ ¢ %u%@@%f iitimaiegin ny‘é}' Rdeqeiye

pagi ng chH &R ptrengdls g 1caipr UpIBe PR eld At eiThiBiRg H38 ”’qru%cel VI ng a pagi ng
indicator on the first paging channel if the predicted signal strength is
greater than aThmestesl @f clrimeldi firthgr whaprging toembiing g IFastiteat ofr the

i ndi cat essearcheesmmge ndbrraatpmglthegpllmrsagb eshmatesinfamdtipm gindgthe regeineld;  and
confi guri signa sdergtduldaator usiog enatphad gaingagbimingtachmigle. oper at i ng node based
on the predicted signal strength. 17. The processor readabl e nmedi um of
clai m 16, 15.ur t Niey nestitidabfichg@n pr,ofiehsn comprsag tdamodulating rausiredn spekiim

predi cti ngedshge @t@ned fromrtROGcbndyaghsd dhaBiding the signal strength as a
function of historical pilot Echo information. 18. The processor readable
nedi um of (¢l ai ﬂ‘ﬂr@ees@d%rrre'é@ibl&&@Hﬁhﬂb&ﬁanﬁfn@%§&;§§or &é@lﬁ&ﬁl@%s@rutﬂ‘bﬁkrfdm' ons
@r usi ngre@ell/fn %?Jas r’e %% 0?9 Ll's'i@ltn hbP Qﬁ?s'tggf} SHdnfg th. 19. The
processor T eadalle, brad bsegfg@n&%?m}i@fdrwﬂ{st b2

f: ni te18| [ggvg\# §|$threef§ % L e S fe p[ ocessor e rredl(:JlmR;)f
claim ear s n|n|n|e ns
filter. eCe‘V'Sée 1 d“g RiH taﬁ% B?g”c’ﬁ shapp laqulh DrediciEd R, near
filter co?]{{frn di% 'HB 91 ' ta s hav uaI ta hts. 22. The
processor readdbi8! %IlW aP?ﬁ' % in 'qu e P 8%?P°‘?|‘1ft%rpa§'8ﬁprl ses

a (o} o
a plural P8 rff.%lEeSC A% 9?% BHleftd al Ly decaxann%l Oggat\ﬁ% ghts.  on

configliring a demodulator to enable a paging ¢
the predicted signal strength.

17. The processor readable medium of claim 16, further containing processor
executable instructions for predicting the signal strength by estimating the signal strength
as a function of historical pilot Ec/lo information.

18.  The processor readable medium of claim 17, further containing processor
executable instructions for using a linear filter to estimate the signal strength.

L' 19. The processor readable medium of claim 18, wherein the linear filter is a finite
impulse response (FIR) filter.

20. The processor readable medium of claim 18, wherein the linear filter is an infinite
impulse response (IIR) filter.

21, The processor readable 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.



23. The processor readabl e medi um of claim17, further containing processor
executabl e instructions for using a nonlinear filter to estjpate the signal
strength. 0 2 NOV 2006 24. The processor readabl e nedi um (ﬂ‘ﬂ&

wherein the nonlinear filter conprises aﬁF/ar kov filter. 25. The processor
readabl e nedi um of claim 17, wherein the torical pilot Echo information
conprises at | east one of searcher energy information, pilot strength
estimate information, and a received signal strength indicator. 26. The
processor readabl e nmedi um of claim 25, further containing processor

execut abl g instructions for nmbi nj. east,  t of the searcher ener

i nf or mat i g‘h t{qé hp}gg"ieéiorsfe?%%g"tﬁn ‘frﬁnﬁ éll"ﬁ' %17’ Mol t?‘ld“’t"ﬁgeqre lé‘?rvedgy
si gnal st PURRINS £ filterusing a maximal ratio conbi ni ng technique. 27.
The processor readable nmedium of claim25, further containing ocessor
execut abl 85 nsThaiproicessr ff@ﬂaldﬁ)rﬂﬁﬁdmfﬁg)fézﬂa'megstwh%“ dle bﬁ@r@@a}?‘gﬁ&cﬂéner gy

i nf or mat i oviormakien cemnprises gt leasipnk ofsaarahar energyf infaraiation pilahdirength esémateyed

si gnal st méergtahion,rrdd eataivedsigng! drengthuedicagani. n conbi ni ng techni que. 28. An
apparatus conprising: a channel estinmator nodule to predict a signal
strength & anThkd tpesceaior adiabikg mehannef ;clamnd23, fiordem ¢ontadeng dprbedssora

pagi ng i nefiecatable ikkstuogorisifer edrhisiningtae leastaivo @ f ceaseaeher enbeyy ik foemmiondihet ed
signal st pienddtRnpth @timagaBiforthatibh,esfiolhd; revdieddedipndl heen@Randidgbetusthyas a
presence gfax%apagior@mmﬁﬁg&@h,qqu@ mai n pagi ng channel based on the paging
i ndi cator. 29. The apparatus of claim28, wherein the channel estimator
Todul € COBPI i Sehe Qfeestlr FRYHIS Ghidiih oMl Cos CXGRNE | Aifing ;s}aageo?sor

30 The a@ %naglsé%n uch r?s'ffs}&ﬁn §laflelst taﬁ gh@%@@ch&%agy onm&

RS e e

sfr engt h
~appar at use‘ﬂ)”f‘?l %ﬁ réuc?ﬁn ngft ‘f‘ht her conpri si ng a linear filter to esti mate the
si gnal %%en h. 32. The g{p ar at us of cIa|m31 wherein the linear filter
is a fini n%UIaB%ar?téé Yoli| ‘FIR) filter. The apparafus of claim 31,
wherein the |ih&RNNE] P%tg?atwsmézﬁulieﬁp.m'&t ?ﬁiﬁaﬁlsarqn @h%atema‘e paging

channel; and
a modem to demodulate a paging indicator using the alternate paging channel
when the predicted signal strength is at least a threshold;
 wherein the modem determines a presence of a paging message on a main paging
channel based on the paging indicator.

29.  The apparatus of claim 28, wherein the channel estimator module 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
C pilot Ec/lo 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.



('R filter. 34. The apparatus of claim 31, wherein the linear filter
conprises a plurality of taps having equal tap weights. O gzNﬂMVzﬂmg 18
35. The apparatus of claim 31, wherein the linear filter conprises a
plurality of taps having exponentiallyi§lecayi ng tap wei ghts. 36. The
apparatus of claim 30, further conprising a nonlinear filter to estimate
the signal strength. 37. The apparatus of claim36, wherein the nonlinear
filter conprises a Markov filter. 38. The apparatus of claim 30, wherein
the historical pilot Echo information conprises at | east one of searcher
energy in il ot tre th esti or mat L an, celved
si gnal sté manh.#] E 'fso?f EE éf’m Qjesar(glﬁe ?%%‘%%a@f{gllﬂgl H e
channel e&Y ?ﬂ%mﬁﬁﬂ QGVQ”@GW?l d to combine at |east two of the
searcher energy information, the pilot strength estimate information, and
the recei ¥ed s¥ b apPPasttreAbeRim R0i Buther corapidnga maRiingar filtar fQetigmat fieng
technlquengGSU¢ﬁ@1apparatus of claim 38, wherein the channel estimator
nodul e is configured to conbine at |east two of the searcher energy
i nformatidh, tTHke gipactusdfrbnigt o, edeicimthe nonlifeer fiseri compriserh Magkovedisr.ved
signal strength indicator using an equal gain conbining technique.

38. The apparatus of claim 30, wherein the historical pilot Ec/lo 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

e

L 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.



