1-7 FEB 2004 1 METHOD AND APPARATUS FOR REDUCING POWER CONSUMPTION OF A
COMMUNICATION DEVICE FIELD OF THE INVENTION 5 The present invention relates generally to
digital communication. More particularly, the present invention relates to a n;léfhga:%n%loé}ﬁparatus for
reducing power consumption in a spread spectrum communication system such as a code division
multiple 10 access (CDMA) cellular telephone systemj. BACKGROUND OF THE INVENTION Code
division multiple access systems such as direct sequence 15 (DS-CDMA) communication systems
have been proposed for use in cellular telephone systems operating at 800 MHz and in the personal
communication system (%TH@@&%G&M&%U@MQﬂ REPYCING RQAWERM, all base stations
in all cells may use the samERNRUNEGUEN O A GRMIAENILATHAADEMIGE are uniquely identified
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different ¥galsh codedesssetiDmApcsiiniabtieleptation systeis.manner, traffic channels are established
for two-way 35 communication between a base station and a mobile station. 11 FEB 2004

BACKGROUND OF THE INVENTION

Code division multiple access systems such as direct sequence
15 (DS-CDMA) communication systems have been proposed for use in
cellular telephone systems operating at 800 MHz and in the personal
communication system (PCS) frequency band at 1800 MHz. In a DS-
CDMA system, all base stations in all cells may use the same radio
frequency for communication. Base stations are uniquely identified in
20 the system by uniquely-assigned spreading codes. Two specified
pseudorandom noise (PN) sequences of 2'° bits length are used by all
the base stations. In a quadrature modulated system, one sequence is
used for the in-phase (I) channel spreading of the | channel symbols
and the other is used for the quadrature (Q) channel spreading of the
25 Q channel symbols. Mobile stations in the system possess the same
two 2'° bits length spreading codes and use them for the initial de-
spread of the | and Q channels.
Before the spreading on the | and Q channels, the symbols for
transmission are spread using a process known as Walsh covering.
30 When in a call, each mobile station is assigned a unique Walsh code
by the base site to ensure that transmission to each mobile station
within a given cell is orthogonal to transmission to every other mobile
station, assuming that a different Walsh code is used for each mobile
station. In this manner, traffic channels are established for two-way
35 communication between a base station and a mobile station.




2 In addition to traffic channels, each base station broadcasts a pilot thannel, a synchronization
channel, and a paging channel. The pilot channel is formed by a constant levet sigr@l fhgg 4s covered
by Walsh code 0, which consists of all the same bits. The pilot channel is 5 commonly received by all
mobile stations within range and is used by the mobile station for: identifying the presence of a CDMA
system, initial system acquisition, idle mode hand-oﬂ?identification of initial and delayed rays of
communicating and interfering base stations, and for coherent demodulation of the synchronization,

paging, and traffic 10 chapngldiféthtomeltile skaianefccmaeivaddREtsigralsBidide:rilgt,

synchronization, paging,,and traffic channels_from al neark1y base_ stations. Referringto FIG. 1, a
typical process forpﬁ ?rtm r}%ngt%%c?n %ncr:gécép\%alﬁ%rarﬁmagngg S éhaov%gﬂgtﬁe %?gﬁilofg?nobile unit

will 15 power up 1l9hGhasRatiftiPiednkycecoraiantHRVrickigeal Joakimgeneted R¥ portions of
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proceeds to acquire 14 the pilot channel 2Q from t ase station. Once the pilot channel is acquired

the mobile unit with&ciURRI8) SRRl MRS tiRResenthind &t HOMOESE R with the base
station. The mobilingiatisystgntiacnimition, idle basdestatichdil; iderditivation of imiipleawhish code on

the synchronizatiqp el ehyEyeicednmMaiatRiglions iiemerpigehss atatbRd ealygopilot
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correct | and Q chaRnel Shreat INg B phases 0 e P ase Lration(a vﬂﬁg&/ﬁlcﬁﬂ%je Fﬁ%b‘ e station

communit8tes all&hammeSohdicihedereblie siationtibeisseiveddEhaignals inglvdmmioby the base
station. 30 Once tkgmebbiriFatynchpagingd it ttrafiasehstatiers thrommalbileewitbyndraies the paging
channels either cogfigiiissly or intermittently (slotted mode) to see if there is any incoming call activity

for the mobile. Monitoring the paging channels includes search a paging channe| 18 to see if a paging
message for the particulg'rq?r%ﬁ'i'fgg 90 E?(E 1, a typical process Por a gnob(’?]% s{a%hon o}

receive incoming calls is shown. At the start 10, a mobile unit will

15 power up 12 various circuitry to complete a call. This includes
powering up the RF portions of the mobile unit, the receiver circuits
including a receiver search, and a digital signal processor (DSP)
including a call processor as are known in the art. Once the mobile is
powered up, the mobile unit proceeds to acquire 14 the pilot channel

20 from the base station. Once the pilot channel is acquired the mobile
unit will acquire synchronization 16 which aligns the timing of the
mobile unit with the base station. The mobile station synchronizes to
the base station by correlation to a unique Walsh code on the
synchronization channel. Typically, mobile stations use a correlator as

25 a receiver pilot searching element to serially search for the PN phases
of the receivable pilots. Knowledge of the correct | and Q channel
spreading PN phases of the base station(s) with which the mobile
station communicates allows the coherent detection of all the other
code channels transmitted by the base station.

30 Once the mobile is synchronized with the base station, the
mobile will monitor the paging channels either continuously or
intermittently (slotted mode) to see if there is any incoming call activity
for the mobile. Monitoring the paging channels includes search a
paging channel 18 to see if a paging message for the particular mobile

35 unit is present 20. If no message is present, the mobile unit will check
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35 unit is present 20. If no message is present, the mobile unit will chieck 11 FEB 2004 3 if it has
searched all available paging channels 22. If not, the mobile unit will change1RF fregueginowuto tune to
another paging channel 24. The mobile unit will search all the available paging channels in this way.
If no paging message is found the mobile unite will pgwer down 5 26 its RF portions, the receiver
circuits including the receiver search, and the digital Signal processor (DSP) including the call
processor and return to an idle or sleep state until it is time again to check for paging messages. If a
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powers down its circuitry 26 as before and returns to an idle state.

15 In accordance with the above procedure, three different
channels (pilot, synchronizing, paging) are needed to be monitored to
see if there is an incoming call waiting for the mobile. Unfortunately,
acquiring all three channels takes time and power, and may not always
be successful. In addition, the mobile unit must identify all the pilot

20 signals that are receivable including the pilot signal from the base
station with the strongest pilot channel.

The prior art pilot channel searching method creates further
limitations for all of the other uses of the pilot channel after initial
system acquisition. Typical DS-CDMA mobile station receivers utilize a

25 rake receiver having three or more independently controlled fingers
which are time aligned to the correct PN sequence phases using
knowledge of the pilot channel phases determined by the receiver pilot
phase searching element. The rake fingers are normally assigned to
the strongest rays received from all communicating base stations as

30 determined by the receiver pilot phase searching element. Ray
assignments are updated in a maintenance process using the pilot
phase searching element information. If the pilot phase searching
element is slow, resulting in slow maintenance of the assignment of
the strongest rays to the rake fingers, the receiving performance of the

35 mobile station is degraded under fading conditions.
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element is slow, resulting in slow maintenance of the assignment of the strongest rays to the rake
fingers, the receiving performance of the 35 mobile station is degraded undet fadtag ceoditions. 1'(
FEB 2004 4 Idle hand-off is the process of attaching to and listening to the paging channel of the base
station with the strongest pilot as identified by the pilgt searching element. When the mobile station
receives a page or accesses the system to place a céll, it is important that the 5 mobile station is
listening to the page from, or tries to access, the base station associated with the strongest received
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power mdfe. Howe{@s MY asWABHPasRPSiaRhRYERIEERSIsNRkSSUtRs R "BdRBMe station to
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fnho?f space. Thisjggaies doSyhstankial ParhRbthavrRiaNtsl BrdiraRR ViR aRdegyhyislotted 30
strength. When the mobile station is in motion, the correct base
station to decode can easily change from one paging interval to the

15 next paging interval. Therefore it is very important to have a fast pilot
searching mechanism to identify the correct base station pilot before
the start of the assigned paging slot.

For battery powered portable mobile stations it is also very
important to conserve battery charge when waiting for pages. DS-

20 CDMA provides a slotted mode that allows portable stations to power
down except for the periods when their assigned paging slot
information is transmitted by the base stations. The paging slot
interval can be as short as 1.28 seconds and periods of 1.28 seconds
multiplied by powers of two for more battery savings. During these

25 intervals, the mobile station “sleeps” in a low power mode. However,
using the prior art pilot searching mechanism requires the portable
station to wake up well before the paging slot to allow sufficient time to
sequentially search the PN sequence phase space. This negates a
substantial part of the potential battery savings afforded by slotted

30 mode.

There has been a proposal (for TIA/EIA interim standard IS-
95C) for an addition Walsh channel, in addition to the pilot, paging,
synchronization, and traffic channels, dedicated for paging activity.
However, this still requires the mobile to acquire multiple channels.




There has been a proposal (for TIA/EIA interim standard 1S- 95C) for lan addition Walsh channel, in
addition to the pilot, paging, synchronization, and traffic channels, dedicated Iqr pagng @gavity.
However, this still requires the mobile to acquire multiple channels. 17 FEB 2004 5 Accordingly, there
is a need for an apparatus and method for a mobile unit that avoids the problems associated with
acquiring multiple channels to see if an incoming calfis present. There is also a need to improve on
battery savings of a mobile while providing simpler 5 operation. It would also be an advantage to

ciminate some of e pIESHAAGHAIALRS HII-BIRE RSPUS Vi AL ANBG IS AEQUISLOn, o
hand-off, and slotted mpde timjng and. ation. BRIEF DESCRIPTION OF THE DRAWINGS 10 The
features of the pre%qg]' ﬁm%\ﬂ)@ﬁgﬁé%&@{? 8 BESOIBIT AR BRI arity in the
appended claims. gh@nigle teieeedgathsncating cadrseserindlhdvarisagles thereef] tnay best be
understood by malsisr6eterencepair falamige descaPibild (@kaa iReUMimGtianwiby the

accompanying drayyi .1n the,s, | figures o ich like reference numerals identify identical
elementsryand Wﬁé%%%&éﬁ; iitis%;é(_a[sq?r]é!%éq% %oéﬁ:jv%g\@rﬁfgc%%%rigr@rl .S %té‘?r%nt‘g ﬁrq}oIrﬁFor calls; 20
FIG. 2 is a simplifiefORISERSi RFaRT B oMithuniBHEbn SSRIENNGN dJRaHtRIRRYwWisYSRDresent
invention; FIG. 3 imeacgiisiidreddfivnaiaycdinatidssiatiad opetationind tred cparatiorcation system of
FIG. 2; and FIG. 4 is a diagram illustrating the relationship of punctured bits 25 in a paging channel

EMBODIMENT 30 The prosent SN GIFTGIEL S MGthol I SRV o & mobile unt to
determin&Gf an incoming call is waiting by monitoring only one channel in a communication system.
The present invention inprevRsabaéenpisthengresbat Mieilio) WtV iEio HEifBERS ep@tion,
novel, are set forth with particularity in the appended claims. The
invention, together with further objects and advantages thereof, may
best be understood by making reference to the following description,
15 taken in conjunction with the accompanying drawings, in the several
figures of which like reference numerals identify identical elements,

and wherein:
FIG. 1 is a simplified flow diagram of a prior art system to
monitor calls;
20 FIG. 2 is a simplified block diagram of a communication system,
in accordance with the present invention;
FIG. 3 is a simplified flow diagram illustrating operation of the
communication system of FIG. 2; and
FIG. 4 is a diagram illustrating the relationship of punctured bits
25 in a paging channel slot, in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

30 The present invention provides a method and apparatus for a
mobile unit to determine if an incoming call is waiting by monitoring
only one channel in a communication system. The present invention
improves battery savings of a mobile while providing simpler operation,
and eliminates some of the problems associated with: pilot searching,
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and eliminates some of the problems associated with: pilot searching] 11 FEB 2004 6 maintaining
system acquisition, soft hand-off, and slotted mode timing and operation. FIG shevg @04
communication system usable in the present invention. The communication system 100 includes a
plurality of base 5 stations such as base station 102 configured for radio communication with one or
more mobile stations such as radiotelephone 104. The radiotelephone 104 is configured to receive
(and transmit) direct sequence code division multiple access (DS-CDMA) signals to communicate
with the plurality of DaRe-FIHIo St RKLRARS S BERMAR I O%, Al IBelARgRMpARFENt the
communication system 100 Qperates according to TIA/EIA Interim Standard 1S-95, "Moblle Station-
Base Station Comﬁﬁﬁb‘ﬂﬂﬁ@{ﬁ%ard for Dual-Mode Wideband Spread Spectrum Cellular System,"
operating at 800 MHz. AlfdiGatRehowe agramumibiaiiivsysysienoosakirl péhatepiresesbrdance with

other 15 CDMA sysiemsoRclatiadBam sirignion A Witzindhedeass slaiamyloPtegesmits spread

spectrum signals to,the radiotelephone 104. Duri ommpunication the, symbals on the traffic
channels o spreSitLonE SoLTead bace steroH P ETTARIEE Bt 1B SRR ARGaTs Watsn

covering, as is knd¥iRiPRR artMeienmokipatitagopusicRaid akotalaBRBEndA4- 108N8 assigned a
unique Walsh codatiptbleplasaestaiidn k)2Zsafijatdde toaffecehann@nttatramissitn tireaich mobile
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drat dulated to form.in-ph 1) d re-ph s..Th d
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signal that is cc?ve%egg %ﬁggﬁsh%%éﬁ ﬁqdv’ﬂé%%%ﬁ%@tﬁ%f%@ﬂ EQ%WE% Bysap%’é‘é e

Specfrum Cellular System,” operating at 800 MHz. ™ Alternatively, the
communication system 100 could operate in accordance with other

15 CDMA systems including PCS systems at 1800 MHz.

The base station 102 transmits spread spectrum signals to the
radiotelephone 104. During communication the symbols on the traffic
channels are spread using a pseudorandom noise (PN) Walsh code in
a process known as Walsh covering, as is known in the art. Each

20 mobile station such as the radiotelephone 104 is assigned a unique
Walsh code by the base station 102 so that the traffic channel
transmission to each mobile station is orthogonal to traffic channel
transmissions to every other mobile station. The spread signals are
quadrature modulated to form in-phase (l) and quadrature-phase (Q)

25 signals. The | and Q signals are each spread using two specified PN
sequences, typically 2'% pits in length. The same | and Q spreading
sequences are used by all base stations in the communication system
100.

In addition to traffic channels, the base station 102 broadcasts a

30 pilot channel, a synchronization channel, and a paging channel. As is
used in the art, the pilot channel is formed by a constant level signal
that is covered by Walsh code (0), which consists of bits all being the
same. No decoding is necessary when the pilot channel is encoded
using Walsh code (0) and a pilot channel decoder may be omitted.

35 However, if another Walsh code or another type of coding is used to
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same. No decoding is necessary when the pilot channel is encoded using Walsh code (0) and a pilot
channel decoder may be omitted. 35 However, if another Walsh code or anothgr g ofamling is used
to 11 FEB 2004 7 encode the pilot channel, a decoder is necessary. Such a decoder applies a pilot
code to the despread signal to produce the pilot channel signal. Preferably, the pilot code is common
to all mobile units and the pilot channel is commonlyreceived by all mobile units within range. 5 The
pilot channel is used by the radiotelephone 104 for identifying the presence of a COMA system, initial

tertoring base S P8 T o e
, of the synchronizatign, paging, and traffic
channels. The sym&ﬁﬁﬁﬁdﬂtﬁ?gﬁa{ﬂn%ﬁgﬁ%@ﬂé §Sﬂ§@r{?8n‘i§>é1 uﬁ‘l%@?l% gﬁé’ﬂ(ﬁh%‘)ﬁ%b to base
station_timing. Tf&igmjinﬁ@ﬁ@%%éh%@ﬂ@bﬁ@éﬁd&@oﬁa@mg iafalimeiite (ol tedokse station 102
LC;I ;nobl:e Stf‘t'O”lsgiﬁi?%i&?r@?ié%ﬂmtﬁi%ﬂp?@cé%d %W%Ipf?ﬁﬁiléﬂyﬁmi%iimﬁem@é. of paging
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mobile unit, such BERNE&dBtefefHBMA 18¥81BRYotikRly SYSIRthapBiitemnidl®, AMRER these bits.
Based on the stafishefdfie litntifieatomilef uinitisloalstodbialepagiyy dfacorir@0nicatiessing if there
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radiotelephone 104.
In the present invention, a few bits of paging channel status
15 information is punctured on the common pilot channel. These bits give
an indication if there is any activity on the paging channels and which
paging channels are active. A mobile unit, such as the radiotelephone
104, periodically polls the pilot channel to check these bits. Based on
the status of the bits, the mobile unit would only do paging channel
20 processing if there were an active paging channel, and only on those
paging channels indicating activity. In this way, mobile unit idle power
would be reduced proportionally to the average reduction in processing
required to monitor the paging channels regardless of the number of
active paging channels.
25 In particular, the present invention provides a method and
apparatus for reducing power consumption in a communication device
having electrical circuitry. The invention firstly involves a search for,
and lock onto, the common pilot channel. Subsequently, the
predetermined bits punctured on the pilot channel are detected. The
30 bits specify which of any paging channels are active. If none of the
paging channels are indicated as active, the mobile unit will not
activate the DSP, not acquire the synchronization or paging the pilot
channel are detected. The bits specify which of any paging channels
are active. If none of the paging channels are indicated as active, the
35 mobile unit will not activate the DSP, not acquire the synchronization or

none




paging channels are indicated as active, the mobile unit will not activate the DSP, not acquire the
synchronization or paging the pilot channel are detected. The bits specify which etany pading
channels are active. If none of the paging channels are indicated as active, the 35 mobile unit will not
activate the DSP, not acquire the synchronization or 17 FEB 2004 8 paging channels and instead go
directly to sleep mode, thus shortening the time in p@ll mode and eliminating the power consumption
phases of the poll cycle Only if the bits specify that there are active paging channels will the mobile

unit proceed to acuy h%gfmgrogmptl%@mn&baqﬁré%g thg p@@l&g : %dghe number of
egra

bits punctured on%B] ot chapnel is small (a oxmaﬁely 4-8 blts per slot), the degradation in the
channel estimate éﬁ?@neﬁ%sdifgethéﬂ a orm% § uShd by m'?éaflﬁelétbﬁorﬁ’é)w&ﬁng pilot
channel acquisitioansuraghiginieheses of themadecyiorionlysiinbe dilsesshdcity 10addtierated that the
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can be made withpeit 8lofintherdaleidakoreteirsr ohdvel éwﬁmeCéﬁhes@mbH@umhmo the present
invention takes amg{n r%rt(t?ﬁll ?NH% tB r@h%reréag{g ﬂf fi v\rrg('eop (‘,‘Y'faﬁne here are no
pages,

active pages ina speC| Ic_location. en the e are no 20 ac |ve eriIs mInImIZGd due to the
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allows for the t'mﬁﬂelRQi'AEPo@'-én wopiBLscHatien bea mérRVnyﬁﬁbo'f%rcc’tﬁrﬁﬁéﬂBﬂe the steps
involved in polling fora(ji et?satlng Wgaiggr}rfpesfsa ge |r|1 a or art El\fl%séyst%rgelgglgdes first having
the mobile unit powerin é § i?\gesol mop éﬂ]ﬁsh g P
time to check for pages is reduced as only those paging channels
having activity are monitored, and the power consumption of the
15 mobile unit is reduced, as a preliminary decision to monitor paging
channels can be made without turning on all of the receiver or DSP
circuitry of the mobile unit. Also, the present invention takes
advantage of the fact that there are significant periods of time in which
there are no active pages in a specific location. When there are no
20 active pages, power is minimized due to the fact that the
synchronization and paging channels do not require monitoring.
Specifically, when there is no paging channel activity shown by
the bits punctured on the pilot channel, the present invention allows for
the time to poll, TPOLL, to be much shorter than the prior art. For
25 example, the steps involved in polling for and detecting a paging
message in a prior art CDMA system includes first having the mobile
unit powering up its receiver and doing a pilot search. This step
involves turning on the analog front end 108, ADC 110, receiver
searcher 114, the call processor of the DSP 116 and takes
30 approximately 80 ms to perform but can vary depending on signal
conditions and the number of paging channels to be searched.
Secondly, the mobile unit acquires the synchronization channel, which
involves turning on the entire receiver (including the receiver fingers
122,124,126, matched filter 128 and receiver searcher 114) and the
35 entire DSP 116 and takes approximately another 80 ms to perform.




involves turning on the analog front end 108, ADC 110, receiver searcher 114, the call processor of
the DSP 116 and takes 30 approximately 80 ms to perform but can vary depenylingan signal
conditions and the number of paging channels to be searched. Secondly, the mobile unit acquires the
synchronization channel, which involves turning on the entire receiver (including the receiver fingers
122,124,126, matched filter 128 and receiver searcher 114) and the 35 entire DSP 116 and takes
approximately another 80 ms to perform. 11 FEB 2004 9 Third, the mobile unit reads the paging
%@CEIS ?ng promsﬁ4 >StHee aﬁgwasuImlm&wgwagaﬁgaa{&m@%rr]n%o;fr@c@gs%ﬁombgq" time,d

, of about S. a rch whi oulgt the s a nt of time an
power as in the pﬁ%ér)%i%ﬁ Hag)q\}vgv{)g{rR %ﬁe%ﬁ)ﬁ%%ﬁea%r{ t%w%%woer{lyghe%e%sf% &g’?ﬁﬁnﬁ’@ gﬁr%?wed bits on

the pilot channel 1&@4%kch 698!1‘1‘9%@@59é%it‘ﬂ%@@p@ﬁ@ﬁﬁ&?ﬁf@hWﬂG%V\f,‘?I‘HQitEaB? monitoring -
the synchronizatidheotpagirgmdanineldinEhaotlipg e bissitaless pricsgigibldeweyent thidime, and
results ing total peddimeurit Pk, 6HRLABEES MschutktiRs pRALRRIZYRsNeminHB et prior art. The
present |nvent|on(gﬁgHﬁg§ {Qedg%lc@gaﬁlgg\ mtazg mg{qqurgw[ gﬁv%%ny tnFJFe'S no paging

activity. Further, the%ﬁresent Invention re ées powel consumption durin 5Ioolll mode, PPOLL, by

n

about 80% due totH f%fctfﬂat'fﬂ% S¥o %ots.ﬁag " uo_&ur‘? 0 %%ng ation. The
formula for total peeekingdhiestithliRies ginagligitaemeunt ppiine. Tarol resuits|iF@P TSLEEP
(TP_OLL + TSLEEB)e(IﬁRﬂ]LﬁméCSIpE,';;PQf\apem %&mmm@mmemmbynhmﬂobng unit
dﬁ”ng Sllp@ﬁ 2}? _fﬁﬂg? é‘ﬁddjfﬁé%&fhweﬁéﬂe@%ﬂwt&w%ﬁl{ﬁ&&dﬁy\’ﬁ%?@@ﬂ paging
channel polls. It i erved the acquliring the synchronization .chapnel.and réa aging
channels are thesg%égesdtuﬁg‘\ﬁepeéboﬁ#ssun\qgé\%ndtjﬁer{a a{gpéﬁ)lnga&/'ﬁ m&hvé%riof lé{ﬁ.f'{%xgheqsﬁeé;teps are

avoided in the pre¥EsERtdRYRRAIYY FRSURRSgRRMPfodORS U IR &HerBCiRG NG . PP low diagram
is shown illustratifpamdthcabotiteBR%indusotoetheofidcinipabihie HSP does not have to

wake up during a no page situation. The formula for total power
15 consumption is given by

ProtaL = PPOLL[———T;POLL—J + PSLEEP(—ZM—EP;—“}
(TPOLL+TS[EEP) ( POLL+TSLEEP)
where Pg egp is the power consumed by the mobile unit during sleep

20 mode and Tg eep is the time the mobile unit is powered down between
paging channel polls. It is observed the acquiring the synchronization
channel and reading the paging channels are the biggest power
consumers during a polling cycle in the prior art. These steps are
avoided in the present invention.

25 Referring now to FIG. 3 (and referencing FIG. 2), a flow diagram
is shown illustrating a method of reducing power consumption in a
communication device having electrical circuitry, such as a CDMA
radiotelephone, in accordance with a preferred embodiment of the
present invention. The method begins at step 200. At step 202,

30 operation of the radiotelephone 104 is initiated. For example,
operating power to the RF section and receiver searcher portion of the
receiver in the radiotelephone 104 is turned on. At this point, the
radiotelephone 104 attempts to identify and acquire the system. The




communication device having electrical circuitry, such as a CDMA radiotelephone, in accordance with
a preferred embodiment of the present invention. The method begins at step12p&F#s stew202, 30
operation of the radiotelephone 104 is initiated. For example, operating power to the RF section and
receiver searcher portion of the receiver in the radiotelephone 104 is turned on. At this point, the
radiotelephone 104 attempts to identify and acquire tHe system. The 11 FEB 2004 10 method includes
a step 204 of acquiring a signal on a common pilot channel of a radio communication system. This is

usually done at turtxﬁe%q afterdbe %ogngu@@@t@%ﬂmg%gﬁ?ﬁl@hzﬁ%%%% ,Em’% step 204

includes a substep of hav!:(% the radiotelephone 51 toa analog front end

108 is used for sefOAMELBAHEAL: FARURIGEH AL SXRAThrollyR iBashallkoRBE! #HB RF channel
may be predefinedbyothafiestiradozmionispdiondzTcavakingiten Sesiemadetocol, such as 1S-95.

Alternatively, the RF chanfgl siay beiorriRIS VIR N AN QR Agis el dibfrguencies, as
is the case.in man){{ﬁCtS és%siﬁe)ms O[H%rat'bggﬁr un 1800%IH2 T(P\f rec |¥§ searcher 114, under
control of the DSP 16,l_J a |nae'g_ he st Bt reval Q%BP id& by the' A1 The data
includes detected $9\eséigeAcpartiskiasBhdrafnehreadivad 15 sigahishe cantedrieortOéne or more
base stations, sucilies BaEsetrgiatien P béhsredetined Hitend 29 eompacatisietgeirthPiosequences
g Dreete ARl Ao PN A R e rataRat BiRRE stpred I the

132, orelsewhere. T

memory 130 or the memor e predetermined PN sequence is maintained at the

radiotelephone 20°TNE}H 12 pREINI BTSRRIV EYH YLD IR0 1 BOFPhdaBRRR & mined PN
sequencds, for efmnpkn&Gag, chipssidhg. Gdse inatoheyl MEb12Bstapruresdtadipgoasnendies of all
receivable base traggmiagions during a predetermined time duration. The preferred predetermined

oo T SR R L P SRS e g ymem 100
examines the stream of received data provided by the ADC 110. The
data includes detected PN sequences corresponding to spread RF

15 signals received from one or more base stations, such as base station
102. The matched filter 128 compares detected PN sequences and a
predetermined PN sequence and produces a response. The response
may be stored in the memory 130 or the memory 132, or elsewhere.
The predetermined PN sequence is maintained at the radiotelephone

20 104, for example in the memory 130 or the memory 132. The
predetermined PN sequence is, for example, 512 chips long. The
matched filter 128 captures the pilot energies of all receivable base
transmissions during a predetermined time duration. The preferred
predetermined time duration for an 1S-95 DS-CDMA communication

25 system such as communication system 100 is 26-2/3 milliseconds,
which is the time required for repeat of all phases of the PN sequences
used to spread the | and Q channels. The matched filter 128 may
examine either the | channel or the Q channel. Alternatively, the
matched filter 128 could include an | channel matched filter for the |

30 channel and a Q channel matched filter for the Q channel, combining
the outputs of the two matched filters for improved accuracy.

The controller DSP 116 examines the response produced by the
matched filter 128. If a DS-CDMA system is present, the response will
include a strong match indication corresponding to the phase of a base

35 station in the vicinity of the radiotelephone 104. The response may




used to spread the | and Q channels. The matched filter 128 may examine either the | channel or the
Q channel. Alternatively, the matched filter 128 could include an | channel matcheggiltes far the | 30
channel and a Q channel matched filter for the Q channel, combining the outputs of the two matched
filters for improved accuracy. The controller DSP 116 examines the response produced by the
matched filter 128. If a DS-CDMA system is present,%e response will include a strong match
indication corresponding to the phase of a base 35 station in the vicinity of the radiotelephone 104.

The response may, L, GEB2A04 3L g&!“%i@ﬁ“@%ﬁ%%‘%%&%%&l gwége%%seéyr&l]?tered strong

match indications. TheEe stron% match ipdications correspon strong rays received from a

single base statiofMAH8yRAIRARNS prddiiiee SHahgeighoigdications ostRPEPY rfatch set 5
indicates a DS-CDMAlip|stetroRgpregyatratenaaréonyit shigleheasesptation jndtldpsdindetermined
bits punctuated onifig Pilpire8aREE! cHigNBIVYCRIPEAPISaRh IHlRARSR &6 Arafeh Step 206
includes, tge DSPi%(J],P dt%tgcéin@%régﬁ?{rgin(?gmbilts in the s'gn?gon the cgmmong;‘)ilot&hannel
indicating activity on 78 paging channels sYe TadioRI&RHlinic %B%“é&%‘i‘ n\?{'ch ed&ermined bits
indicate if there is FRERMYSENIRRULRG RGasRiArBIBeadnditw mEnBEaiedh agitbecpilahekaarehctive. This is
an advantage ovesiginalpnbicaraie thaddeid roiheeDeTsaryslo subsequently monitor all the paging

channels to detect paging\a}%g\(tit_gtgadzggq eﬂ@r@sgﬁﬂ‘@ ég%%g?%%gﬁ%?{%&e@referably, the

predetermined bits of the detecting step include n bits punctuatin omprising the

signal on the pilot ASafthdN]rEIINBILIH ARG HRIMRE HQ)id 2RERh KdisAding (et Wit re@Npreferably,
the n bits! 6f the depeging swmarelscavéd theredstsrmitmwdraOnasditons sygtema pagihbgeslot of data

and punctuate theysiegistsintiall GRaragatiar it Jranscianifade and paairgesrganiksderived from

the pilot channel are minimized. If at step 206, the DSP determinesthat no activity is jndicated, the
call processor of tﬁ\g%%lﬁ of “19 paging Brarnnels pgoactive. -F%IS is an aé)éanfage

6 power Ionso
over the prior art in that it is not necessary to subsequently monitor all
the paging channels to detect paging activity and can be done using
15 the ASIC part of the DSP.
Preferably, the predetermined bits of the detecting step include
n bits punctuating a Walsh code of 0 comprising the signal on the pilot
channel, the n bits indicating which paging channels are active. More
preferably, the n bits of the detecting step are located in predetermined
20 locations within a paging slot of data and punctuate the slot such that
degradation in a channel estimate and searcher results derived from
the pilot channel are minimized.
If at step 206, the DSP determines that no activity is indicated,
the call processor of the DSP 116 powers down portions of the
25 electrical circuitry of the communication device so as to reduce power
consumption. Specifically, the RF portion, the searcher portion of the
receiver, and the call processor itself are powered down 208 such that
the radiotelephone returns to sleep mode. However, if at step 206, the
DSP determines that activity is indicated in the detecting step, the call
30 processor of the DSP 116 powers up 210 further portions of the
electrical circuitry of the communication device including the rest of the
receiver circuitry and the rest of the DSP circuitry.
At step 212, the radiotelephone 104 detects the synchronization
channel and verifies system synchronization. In response to the
35 synchronization channel, timing of the radiotelephone 104 s




25 electrical circuitry of the communication device so as to reduce power consumption. Specifically,
the RF portion, the searcher portion of the receiver, and the call processor it3e}f igspowered down
208 such that the radiotelephone returns to sleep mode. However, if at step 206, the DSP determines
that activity is indicated in the detecting step, the call 30 processor of the DSP 116 powers up 210
further portions of the electrical circuitry of the comnihication device including the rest of the receiver
circuitry and the rest of the DSP circuitry. At step 212, the radiotelephone 104 detects the

synchronization ¢ ifi S oRizati 10t hronizati
channel tming of HECHZE to e e LA o PR e pase
station 102 which HFhSHIRBEPRREUORANMELion channel. At step 214, the radiotelephone 104

acquires the active pagingt clieprizl 4rtizelcadidiglgphbaselihtanythsshtt begtivingmgiegl as 5 active
_b>; the Firedete;miQﬁ%ﬁﬁé|p5%é%fc%%wﬁq@it'%@hﬁa@%hoﬁhﬁ}aagiadafq&@é}l'ﬂ'%htgﬁsla%t%ﬁ gystem
information, referred to as a System, Parameters.Message, inten or,aJl mobile ns in
communic%tion Wiﬁ'lcm_/g @éﬁ%&%f&ﬁﬁ‘?@%&n@t&qB{Hﬂé%ﬁ %&?neﬂ?iecrgaﬂ%{'o% er
information directRp@ngecaneldpeludes systemandespatien iHefertitstdie proaeSyssatinates with the
base station to copaegtadrestrafileshaguel satafdedxchmngalihe prEinG. \@iggopsdatg information.
Once the communjgation || I t radiotel ncl hstep 220 (and
208) of powering &mﬂﬁkﬁ éi%ﬁgﬁr?i%ﬁrﬂs?ég thBéB g%%frélggpéirgmgéga&%ec%ﬂr%ﬁ%%ﬁkﬁégn%%o\zce including

all of the receiver MeHS MERLARY Pibssidforpatigh-Aispcincbianie rrsotaarbonRclMing the call
processotPand the RF cirstitsyepf A6y attiotalagiotelephndeetrondintdedesytindtie abdse beginning,

step 200. Further g adRsERceAnSa e U od Areniiaiaing ths RowREihde ehenaHipns of the
electrical circuitry of the comrgunlfatlon device until a next slot of the pilot signal following the first

slot, wherein at thé’oﬁ%?f)élg? ol H{ﬁﬂ%ﬂg{‘smp 202. For example, the radiotelephone is
Once the communication is completed at step 218, the

radiotelephone includes a substep 220 (and 208) of powering down the
15 portions of the electrical circuitry of the communication device including
all of the receiver circuitry including the receiver searcher, all of the
DSP circuitry including the call processor, and the RF circuitry of the
radiotelephone, and returning to sleep mode at the beginning, step
200. Further, a substep can be included of maintaining the power off
20 of the portions of the electrical circuitry of the communication device
until a next slot of the pilot signal following the first slot, wherein at the
next slot continuing at step 202. For example, the radiotelephone is
maintained in a low-power mode (referred to as sleep mode or slotted
mode battery savings), periodically interrupted by an active mode.
25 Sleep mode is a low-power mode for reducing battery consumption,
thereby extending battery life. In sleep mode, high-power circuit
elements such as the analog front end 108, the ADC 110, and the rake
receiver 112 are powered down. The radiotelephone enters sleep
mode for a predetermined time. In accordance with 1S-95, sleep mode
30 continues for a duration of 1.28 seconds, or powers of two multiples
thereof. The controller identifies a strongest DS-CDMA pilot signal
based on the response upon entering the active mode.
The present invention can provide further benefit by adding
steps for receiving a second set of predetermined bits so as to provide
35 an estimate of channel gain.
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maintained in a low-power mode (referred to as sleep mode or slotted mode battery savings),
periodically interrupted by an active mode. 25 Sleep mode is a low-power mogg feggeduging battery
consumption, thereby extending battery life. In sleep mode, high-power circuit elements such as the
analog front end 108, the ADC 110, and the rake receiver 112 are powered down. The radiotelephone
enters sleep mode for a predetermined time. In accdrdlance with 1S-95, sleep mode 30 continues for a
duration of 1.28 seconds, or powers of two multiples thereof. The controller identifies a strongest

can provide frther benoh by %E(‘i‘?r%éé?%?’?‘f?‘%ﬁféﬂ}%’%%%%%W&%@%ff&%% s 50 8510
. . so as to
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Zﬁ‘t;m, a Japan dé@:@%"d' ds_%?'t@@l\ﬂﬂ?_@}%‘léﬁﬁmaa&@@cm C%‘é@k%h@@'%éea@ﬁﬁ§®(\CPM}ﬁb@/Stem1 a
sequence cade divi | access - ystem, a.gr eciale mobile (GSM
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systems include AMPS ZAGRIREINASHRE PRISe TONRE) WBEHME, OSNIZG(EbaMSYE&M for Mobile

communication) sysistets. THe(timesdlslsiosysiehiplarataodes AMPS sidadsasiezl abltiglidlorth

American Digital Cf_qjllgtfér sgtg ¥T8 ys%r?&n%]ch asfhe Ig@f’gﬁépy &Hppoged Ry dfgem, LLC, or

as |

cordless syste ’
Handyphor)l/e SSQQ?&WBE@F&?%, %gfétﬁggtznfé?ﬂgg r&m?jgé%{g%&%?ﬂ?&’%gjs uélggégrgénzinwer
consumptidn in a systemsisatbregabiedNwthingraacten BigitabCelidaingadelits systevas.circuitry
el seachecsiY h R S $iGda s crchngs pocesor
couple)(; to digﬁtal r%%setl]‘\e/@rs c?ruc%tll'[r%/sl Rﬁu%?ﬁ%gggg}c{gﬁr& gﬁ%&)ﬁ%@gﬂ?ﬁ%ﬁl@g&%ﬁ%; ((:jlirgcittjalltlry
signal processor (Personal Handyphone ystem).
In operation, the above method provides a method of reducing
15 power consumption in a communication device having analog receiver
circuitry, digital receiver circuitry including searcher circuitry in a portion
thereof, and a digital signal processor including call processor circuitry
in a portion thereof. The method includes a first step of providing
analog receiver circuitry coupled to digital receiver circuitry including
20 searcher circuitry in a portion thereof and a digital signal processor
including call processor circuitry in a portion thereof, in a powered off
sleep mode. A second step includes powering on the analog receiver
circuitry, the searcher circuitry, and the call processor circuitry such
that the analog receiver circuitry is operable to receive signals from a
25 radio communication system. A third step includes sensing a signal of
a common pilot channel through the analog receiver circuitry and
coupled to the searcher circuitry. A fourth step includes processing the
signal from the sensing step by the call processor circuitry so as to
retrieve predetermined bits indicate activity on paging channels of the
30 radio communication system. When no activity is indicated in the
processing step, a last step includes powering down the analog
receiver circuitry, searcher circuitry, and call processor circuitry of the
communication device so as to reduce power consumption. When
activity is indicated in the processing step, a fifth step includes
35 powering up the digital receiver circuitry and the digital signal

o




including call processor circuitry in a portion thereof, in a powered off} sleep mode. A second step
includes powering on the analog receiver circuitry, the searcher circuitry, and thergsl progassor
circuitry such that the analog receiver circuitry is operable to receive signals from a 25 radio
communication system. A third step includes sensing a signal of a common pilot channel through the
analog receiver circuitry and coupled to the searchef ﬂircuitry. A fourth step includes processing the
signal from the sensing step by the call processor circuitry so as to retrieve predetermined bits

indicate activity o PGIGhAINSS e R UAGRE BHAIAAAN iRkRLaThg VRERRG agily!y s
indicated in the processmé; st(y) a last step jnclud gé)owerlng down the analog receiver circuitry,
searcher circuitry, B9 EQIFG8 é@?o?%@u@ﬁ*'ﬁ% Yi¥fmunication device so as to reduce power

consumption. When activiyeis imegsnt dinvendignoadssinyetepoafith step appadaisiSs foowering up
the digital receivergiggigiiig apawes ARl BgRRA LINER 200k brEseRFsonsyes that these paging
channels ipdicatin activigqgre g%%nitpred by the communication device. The present invention also
incorporatés an ap RALRS IS %?ng power consumption in a communication device. The 5
apparatus includes: anal@jadegiveresigivitry toifedidive signaleteiMea &ignAanicE@h sydtem and
digital receiver cirgitphinglkAnenseaseher apiccdigitan rr@aviéercieiegtindediigitabeaesiwer circuitry

provides 2 basebstl dFGHUISI ANAERS TR UE RSB SOBR SRR he analog

receiver circuitry. The se Ircuitry detects a comnion pilot channel &gﬁépm the data stream. A
digital signal procB8SEPRRA demeavtsddata sireamy/iam MsHRFPMNESFIPAL aRlRIPSgnal
processot@lecodedromsHzg emnialtge réativatrecinapind thEheatigatsbessorrcuitiyvdstpaidetermined bits

indicating activity QRaaBH diRChRaUMIEIoIGRIAHO HRMIRHRIGAINSY SIRMYiIE 2&igled receiver
circuitry, the searcher C|rcwtr¥P§]§§ the ¢ Ilpprocessor circuitry .are ROVEL dtRn frgfn aphigitial sleep

mode such that c&{%‘?SEESEO FautéVe pPeC(?eStseoan?rllga' Ittji s'IndicBte at iV|t§/3 oh
digital signal processor decodes messages in the data stream, and the
call processor retrieves predetermined bits indicating activity on paging
15 channels of the radio communication system.

The analog receiver circuitry, the searcher circuitry, and the call
processor circuitry are powered on from an initial sleep mode such that
call processor can retrieve predetermined bits indicate activity on
paging channels of the radio communication system. Where no

20 activity is indicated by the predetermined bits, the analog receiver
circuitry, the searcher circuitry, and the call processor circuitry are
powered down so as to reduce power consumption. Where activity is
indicated by the predetermined bits, the digital receiver circuitry and
the digital signal processor are powered up such that those paging

25 channels indicating activity are monitored by the communication
device. After those paging channels indicating activity have been
monitored by the communication device and any incoming calls
received by the radio communication device have been completed, the
analog receiver circuitry, the digital receiver circuitry and the digital

30 signal processor can be powered down.

FIG. 4 shows the timing of detecting punctured bits in pilot
symbols in a paging slot. In a DS-CDMA system, a paging channel
slot has a duration of 80 ms: three times the duration of a rollover
period of the CDMA system time pseudonoise (PN) generator (26.667

35 ms) and four times the duration of one frame (20 ms). Eighteen pilot




paging channels of the radio communication system. Where no 20 adtivity is indicated by the
predetermined bits, the analog receiver circuitry, the searcher circuitry, and thg ceftprogessor circuitry
are powered down so as to reduce power consumption. Where activity is indicated by the
predetermined bits, the digital receiver circuitry and _the digital signal processor are powered up such
that those paging 25 channels indicating activity are'monitored by the communication device. After
those paging channels indicating activity have been monitored by the communication device and any

incoming calls fe§gﬁ186|§ Iﬂﬂ%tfﬁdg?é‘émﬂwHié‘@ﬂﬂfhﬁ‘%i&?)ﬁ@tvsmP@%B&eﬁbé@&?@nmog |
of C powere
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receiver circuitry, the digjtal receiver circujtry and the digital 30 signal process
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DS-CDMA systensyatgayithg diestivieleplbonasvdldwekpvpf ®owe: tppdeafaes Hlotdiradon of a
rﬁllo(;/er periocf:i ofetbfqﬁal\/tﬁesygn@m_&mﬁwd@pﬁm&ﬁiuammergm (gléuiaﬁle%)ﬁagm@d four (;imes
the duratipn of on ) : ot 11 s (Pilot j) are containe
within 64 %ilot cha%néeﬁ%eﬁéé%%ﬁ%rg%w%egeﬁ%r{géégﬁzﬁcﬁ%%%éé iﬂ?ﬁ@ﬁ fg;ll'typical slotted paging mode
CDMA system the radidtelepdidiniaslill thek@gsepbwareplioridteslidies tactivguipadirgpilot channels,
synchronization, apd pll the, ARG B¢ RABPRISHRIAER TR GsNgdNRiRBA RALSSREERdA Siot N. In

contrast, the present invention identifies active paging _channels that occur in Slot N through n

predetermined bitbiRetréd syravelsiiel ssiloblslor Jibe NadiqtederiipaR I¥ph KRV Rake up
before Slot N to aggftie BRPNPiSBaguRE theChiRAGHM REIBCAHE dRits the identiffaa patve paging

channels, and can decide to power down where there are no pagjng messages indicated. This results
in a totall Yip time 'R é’&%i@ﬁtwmﬂ”l'@s§m%?ﬁe 8 ifRe ogf]%%qﬁs.t?n QUi ¥Bmputer
simulations show Wiaireaverecans o iaging thisssagde indicstdoan Tl teatts doreveotadnal CDMA
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addition, computer simulations show that power consumption in this
mode is less than half that of conventional CDMA paging polling.

15 Preferably, the predetermined punctured bits include at least
three bits punctuating a Walsh code of 0 comprising the pilot symbols.
The at least three bits indicate paging activity and which of the paging
channels are active. More preferably, the punctured bits include four
bits at predetermined locations within the paging symbols of a slot.
20 These locations can change from slot to slot. The predetermined
locations can be preprogrammed into the radiotelephone or
downloaded form the base station. In this way, the radiotelephone will
know where the punctured bits are located within any particular slot.
The punctured bits can be located in either or both of the | and Q
25 channels of the pilot signal. It is preferred to puncture the bits on both
the 1 and Q to maintain signal integrity. It is also preferred to repeat
the punctured bits to improve decision integrity. Therefore, in a
preferred embodiment, separate control of the bits on the PCG and
Pilot symbols can yield one of 144 unique combinations (144 = 64*18/8

30 bits, (4 bits repeated)), or control the eight possible pagings per slot.
Referring back to FIG. 2, the radiotelephone 104 comprises an
antenna 106, an analog front end 108, a receive path including an




The at least three bits indicate paging activity and which of the paging channels are active. More
preferably, the punctured bits include four bits at predetermined locations withip fggoagipg symbols of
a slot. 20 These locations can change from slot to slot. The predetermined locations can be
preprogrammed into the radiotelephone or downloaded form the base station. In this way, the
radiotelephone will know where the punctured bits d® located within any particular slot. The
punctured bits can be located in either or both of the | and Q 25 channels of the pilot signal. It is

Fepeat the pancie o s e e e o e,
separate control gﬁﬂé@ﬁgegn l['ﬁg ﬁié‘ d aﬂﬁoﬂf&ﬁﬁmﬁfﬁ' )’Fé?d%ﬂ?&go?tfﬂﬁmnigﬁb@%ombinations
(144 = 64*18/8 30eneiveritiE rigraieadlp wilesitdraye shphappssildpashigitigeeger slot. Referring
back to FIG. 2, the radioRéziiae RE4ignalises @@nagmmaol@%@no@mammgr@@mﬁelo& areceive
path inclugling an Ja, 553, 205 16 PRAREHINE R amABY RoHISIRFSIYR] Ringignalsgre directly
transmitted, line of sight ray. té .?mitt@d by the base station. Other received Ré | nagare reflected
rays and are dela(}é)&%r? ﬂﬁ]jo ai'l&(fe ?eEYQR;%&é%ae%%‘ﬂ%ﬁé:&‘t‘d%ﬁ%@{ﬁé&%?&ﬁsg% the 5 antenna
106 and providedaBdHg &8 frotieRdalog. afehanmbd anehEesignals Afe Rrhddsgrals and

provides conversithre td B&dd@navhiahccQnsentsmiherhd@astiegnhasédaandd Endiitalgdats are provided
to the ADC 110, ymiﬁmmf@géggmgt_o streams of | and Q digital data for further processing. 10 The

call procggsor of the DSy 6 PV e Apienash i eradiRierhanR A0t Thg eglbprocessor

operates In response to store finstructions and includes a memory for storing these

rams
instructions and oﬁﬂ@ioé%l%‘?m{éech(i?%rgé&%l” IYOCLERAIARBIRIEE AN ASSRRIGIG 8eIS&k signal. The
clock 134 controltiegirainst ofdnsruaiions apitbmciLolesramesaaplie] 3Referostenng thesblishes a chip
clock signal to coirieatigtitngschtecaresassiag ahecrivgsidydssennarcesciberughattitbe
radiotelephone 144, The G3lhgroPeSSek signal. The clock 134 controls timing of the
15 radiotelephone 104. For example, the clock 134 establishes a chip
clock signal to control timing of the processing of received PN
sequences throughout the radiotelephone 104. The call processor
receives from the base station 102 the interval on which the
radiotelephone must look for pages. Over this interval, the
20 radiotelephone monitors the pilot channel for up to 160 ms and can
sleep the remainder of the time. The call processor coordinates the
events in the radiotelephone required for entry into and exit from sleep
mode. Such events include keeping track of system time, advancing
LSG states, restarting the oscillator, enabling power to the RF portion
25 of the radiotelephone, and restarting the timer clock. The call
processor is coupled to other elements of the radiotelephone 104.
Such connections are not shown so as to not unduly complicate the
drawing figure.
The rake receiver 112 has a plurality of receiver fingers 122,
30 124, 126. In the illustrated embodiment, the rake receiver 112 includes
three receiver fingers. However, any suitable number of receiver
fingers could be used.
The receiver fingers are of conventional design. In a manner to
be described below, the receiver fingers of the rake receiver 112 are

35 controlled by the controller DSP 116.
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receives from the base station 102 the interval on which the radioteléphone must look for pages. Over
this interval, the 20 radiotelephone monitors the pilot channel for up to 160 mg-anggam steep the
remainder of the time. The call processor coordinates the events in the radiotelephone required for
entry into and exit from sleep mode. Such events include keeping track of system time, advancing
LSG states, restarting the oscillator, enabling power13 the RF portion 25 of the radiotelephone, and
restarting the timer clock. The call processor is coupled to other elements of the radiotelephone 104.

Such connections are nofﬁg%eﬁeqss%%ﬁﬁngyﬁy &&@&@CB}%{@ %%N@n%%%#r&negi Qﬁgake receiver

112 has a plurality of receiver fingers 122, 30 124, 126. In the illustrated em| ) e rake
receiver 112 inclulR4R/ERNBREIEM; é%%.tn%V\FgUB"}I,”zXnWSE’ﬁéSIeSFﬂHﬁB@r'B‘Fl'é@‘éﬁge?hﬁngers could
be used. The recebesefirgjationrd 02 coriveionadiaieciywith ahearimesrtiobe thescrémmivieelow, the
receiver fingers ofdbsree? FerpivRiddsaenarrates PygheneoatialenR$R 446. #AFEB 2004 17
The receiyer searcher 114 detects pilot signals received Qy the iotelephone 104 from the plurality
of base stations inraﬂ{ﬁhsqf?@eﬁa@egs(fg%%aﬁial %{IS%? ﬁn%%%ﬁ%ﬁégﬁﬁ}‘é‘?ﬂ%%ﬁﬁg'}’&%iver

searcher 114 inclftR® dheadRéd fiter and iadetaenioed 18D sRawRRaehsi@mebin 2Beompares a
detected | and Q Pheaastyenee peotivess Bomsiiend®ClA kB el priedeteenibedimdriettences stored

in the memory a ] | determined PN
Isequences ar()e/ st rred&%r(lii %ﬁgﬁr‘ngecénfﬁy%éﬁéeg %%%%{%%ﬁmg%qﬁ%%ﬁfﬁg Irzn?j eQm;It?:ams of data

10 from the ADC 110. ThE'@atRalshedpbiter 1d 2R enries JhgdtRDRE Phsberms SfyAatdeceived from
the baselftation 102ninthediADGirdtflly rEbeiviedancivitesirapd dodneflepteddayiubdviigra time delay.

In addition, the dafrgQrEeSAUNGHE SEERAb dIHRMAlBeRQs diatRshsi@a mcritmsh Ak eafjected,

recelved from other Bee 4 31O RMA HEyA° S RHBIGRIP RS RGO i dolRIEg s the PN
addition, the data correspond to spread, quadrature modulated signals,
direct and reflected, received from other base stations in the

15 communication system 100. The data includes the PN sequences
used for spreading the | and Q channels at the base station 102 and at
all other base stations.

The matched filter 128 compares the detected | and Q PN
sequences with predetermined PN sequences. The predetermined PN

20 sequences correspond to a portion of the 2'° element short PN
sequences used to spread the | and Q channels at all base stations.
The radiotelephone 104 includes a storage element such as the
memory 130 or the memory 132 which stores a fixed pattern of PN
values. The predetermined PN sequence includes the fixed pattern

25 that comprises a predetermined number of chips of a PN sequence, for
example the 512 last chips of a PN sequence such as the short PN
sequence. The storage element also contains a table corresponding to
paging channels which are identified by the predetermined bits
punctured on the pilot channel.

30 In the illustrated embodiment, the pilot signals are quadrature
modulated, with each of the pilot signals including in-phase (I) symbols
and quadrature-phase (Q) symbols. The | symbols are spread using
an | PN sequence and the Q symbols are spread using a Q PN
sequence. The matched filter 128 accordingly includes an | filter 140

35 for comparing a detected | PN sequence and a stored | PN sequence
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used for spreading the | and Q channels at the base station 102 and at all other base stations. The
matched filter 128 compares the detected | and Q PN sequences with predetermingsl Bblogequences.
The predetermined PN 20 sequences correspond to a portion of the 215 element short PN sequences
used to spread the | and Q channels at all base stations. The radiotelephone 104 includes a storage
element such as the memory 130 or the memory 1323%vhich stores a fixed pattern of PN values. The
predetermined PN sequence includes the fixed pattern 25 that comprises a predetermined number of

chips of a PN sequgnee, for rieamplg #p Bbhiasicgins R GALSer v sauehés tegshort PN
sequence. The stor?%e iwt also contains,a table corrf@gondln to paging channels which are
identified by the pr% ?e. ne Eu‘?g‘ﬁ?ﬁ&?ﬂ%ﬁj}l BIY %CH% SRR 3G 1n b%u%ﬁgﬁfé Embodiment,
the pilot signals arthguddtaruré0modihider iR espeoserpayikegusesiasitinigapphsee ()
tsgmgols ano: quadBtHECrRARBR @ﬁtéymﬁalsﬁberéwﬁﬂié@lwaé‘éﬁéw tHeneaIPRprbBos sepUence and
e Q sympols are,spr S LT ched.fi 8 agcordingly ipcludes an |
filter 140 35 for coﬁpﬁ%%‘% (ﬁ%eacg%dg %ﬁ%ﬁ;ﬁ&s gﬁdﬂﬁt?ﬁegc} I n]E%e'qugjr:?cé’e li}l B 2004 18

and a Q filter 142 f&SEORMPRFING Rraxesciba QUalisQitbscEegrRanseetdhypaichad difes and
producing the respt?Be. hittles diustriited drabddiercd) sumdrQiridielddh2nespbhszsnbmebe used as

the response  of the nateheAdilte) 128-1 TR ForRPRsRITRaRsgIb IR BN RIPRREPOr A tpdetect the
predetermlneql bits we ilot signal. Use o{)goth ref, on improyes the quality of the response of
the matched filter 1" Hﬁgh%ﬂll%ﬁ%?éﬁ%rﬁ Hﬁnm%\ﬁﬁﬁhﬂ e1lé)§1e tlﬁq%ﬂe/ﬁrﬁégﬁe response
of the | filtér 140 astRhEesSSFOIISE ofapRCNFRtevnan ttheriRRRANER ARl oeneeethtahed filter
128d eAtecicr)nr?npeag?L?rpléael@rwaéxtﬁsmﬂﬁr?lepOF@e V}éﬂ?ﬁ}?%!e$?©n$ﬁaieﬁéd:jofiﬁéﬁeﬁﬂlla
D CEOUABEL RS le lfonin hireciga i e
present or if only noisé is present. The threshold is set to a
predetermined value to prevent storage of the response in the memory
15 130 when is no meaningful input symbols are received.
The matched filter 128 provides a response to the comparison of
the detected PN sequence and the predetermined PN sequence. The
response in stored, for example in memory 130 or memory 132. In the
illustrated embodiment, the response is double buffered. That is, the
20 matched filter 114 stores the response in a first set of memory
locations (such as memory 130) as the response is determined.
However, it should be recognized that a single memory could be used.
The controller DSP 116 reads the response and compares it to the
look-up table stored in one of the memory locations (such as memory
25 132).
Although the invention has been described and illustrated in the
above description and drawings, it is understood that this description is
by way of example only and that numerous changes and modifications
can be made by those skilled in the art without departing from the
30 broad scope of the invention. For example, although the present
invention finds  particular  application in  portable cellular
radiotelephones, the invention could be applied to any communication
device, including pagers, electronic organizers, or computers.

35




predetermined value to prevent storage of the response in the memory 15 130 when is no meaningful
input symbols are received. The matched filter 128 provides a response to the-gogipariseg of the
detected PN sequence and the predetermined PN sequence. The response in stored, for example in
memory 130 or memory 132. In the illustrated embodiment, the response is double buffered. That is,
the 20 matched filter 114 stores the response in a firs set of memory locations (such as memory 130)
as the response is determined. However, it should be recognized that a single memory could be used.
The controller DSP 116 reads the response and gqrapgies it to the look-up table stored in one of the
memory locations (such as memory 25 132). Although the invention has been described and
illustrated in the d¥BAE18&LRIPABESand drawings, it is understood that this description is by way of
example only and that numerous changes and modifications can be made by those skilled in the art

without departing from the 30 Bio d scope af the invention. For example, although. th cPresent
invention finds partic I'ar/gggﬁﬁ ?gnofnrsgﬂgﬂg R FA S PAGIETHR IBHO eg, ﬁ?é’ﬁﬂ\ﬁéh‘ﬁ%ﬁ Could be
applied tdbany comevigedatidngdueitcalairdintyypdoe methartrooimigingitkess@psovhiputers. 35 11
FEB 2004 19 CLAIMZ, ﬁh?&@pﬁ%‘%ﬁ &c’%rﬂ}ﬁmpﬂllgft SALERY ARl FQNSUmMption in a

s Jrial ‘corn ;

communication 5 device having electrical circuitry, the method comprising the steps of: acquiring a
signal on a common pilofeRERHBICGHIRRRYBIEB Rl BStRATEStBICANAN SdcEmMunication device is
in a sleep mode; detectiaglagsedstesmined bits punctured into a Walsh code of 0 10 comprising the

o communicatioSYAS BRI SRATI S5 R RS RSV ARG SERC powering don
10 comprising the signal on the common pilot channel, the n bits
indicating activity on particular paging channels of the radio
communication system; and
when no activity is indicated in the detecting step, powering down
portions of the electrical circuitry of the communication device
15 so as to reduce power consumption, and
when activity is indicated in the detecting step, powering up
portions of the electrical circuitry of the communication device,
and monitoring those paging channels indicating activity.

20 2. The method of claim 1, wherein the n bits of the detecting step
are located in predetermined locations punctuating a paging slot such
that degradation in a channel estimate and searcher results derived
from the pilot channel are minimized.

25 3. The method of claim 1, wherein the powering up step includes a
subsequent substep of powering down the portions of the electrical
circuitry of the communication device after those paging channels
indicating activity have been monitored by the communication device
and any calls received by the radio communication device have been

30 completed.




portions of the electrical circuitry of the communication device 15 so as to reduce power consumption,
and when activity is indicated in the detecting step, powering up portions of th]é, ergqairion) garcuitry of
the communication device, and monitoring those paging channels indicating activity. 20 2. The
method of claim 1, wherein the n bits of the detectinﬁ step are located in predetermined locations
punctuating a paging slot such that degradation in Bhannel estimate and searcher results derived
from the pilot channel are minimized. 25 3. The method of claim 1, wherein the powering up step
includes a subsequejt %Wﬁm%@we&ﬁﬁ%‘é’rm&(gﬂ”tﬂﬁ QEHE&P%%%%&&%F‘@{&“ the
communication device after those paging channels indicating gCtIVIty have been monitored by the
communication deléesctinyl stop calisiceetbdthbyrduetedioreamouaieatos devies BRedpeen 30
completed. 11 FEB 2004 20 4. The method of claim 3, wherein the predetermined bits of the detecting
step are located il RAsMIRIGID dies B PaWRsingol v Hakb sieRl, iéhecameprisingowering down
substep, further cgmprising the substep of maintaining t wer off. of the portions of the electrical 5
circuitry of the cor%‘r%usrlll?gg?? hQ er\r/]%@l?ﬁrt]fpgn;ﬁe%pﬁ\évte oﬂﬁevﬂ% ﬁw@q&qngl&%ﬂ/ﬁ&gﬂ%ﬁq e next slot
continuingsat the aa@uitiydosaRe origumetirg firiBvhiivheiein Kis: ARIAHGARY RsLep of the
powering up step includes substeps of acquiring a synchronization 10 channel of the radio
communication sysltdanwhe esriabime imextisottconig oin e cthmmonicatigrsdgvice to the radio
communication system, and acquiring and reading those paging channels indicating activity in the
detecting step. 15 6. The method of claim 1, further comprising a step of receiving a second set of

predetermined bits s, 25 i proilePRESHTA'S o FRNNSh R Kxd e MEhAd o1 i L wherein

the radio communication system he detecting step is at least one”of a personal digital cellular

(PDC) system, a Janaeridgitapcetbpaindilfio sysieatepasiebyisiongmuliggiechronization

10 channel of the radio communication system so as to synchronize

timing of the communication device to the radio communication
system, and acquiring and reading those paging channels indicating

activity in the detecting step.

15 6. The method of claim 1, further comprising a step of receiving a
second set of predetermined bits so as to provide an estimate of

channel gain.

7. The method of claim 1, wherein the radio communication system
20 of the detecting step is at least one of a personal digital cellular (PDC)
system, a Japan digital cellular (JDC) system, a code division multiple
access (CDMA) system, a direct sequence code division multiple
access (DS-CDMA) system, a groupe speciale mobile (GSM) system,
and a slotted paging mode groupe speciale mobile (GSM-DRX)
25 system.




access (CDMA) system, a direct sequence code division multiple actess (DS-CDMA) system, a
groupe speciale mobile (GSM) system, and a slotted paging mode groupe spegisgsnoloiy
(GSM-DRX) 25 system. 11 FEB 2004 21 8. The method of reducing power consumption in a
communication device having analog receiver circuitry, digital receiver circuitry including searcher
circuitry in a portion thereof, and a digital signal pro%éssor including call processor circuitry in a
portion thereof, the 5 method comprising the steps of: providing the analog receiver circuitry coupled

to digital receiver cirguiifydnelafing 6?%%1@5@%H%&ﬁamaﬂahqwgf@dﬁi@me&ﬂbﬁ'gna'

processor mcludggﬁiflzall processor circuitry in & portion thereof, in a powe sleep mode; 10
powering on the 15§ redaviRg ciratag tﬁé%ﬁ%h@irél-ﬂﬂmryd&i@'th@@éﬂlﬁfo@é@tﬂﬂtlrcwtry such

that the analog reeRivRfirl Y PRIAMES (G ereheriRiangleleem adgdip GRapwialion system,
sensing a signal of a common pilot channel through the analog, 15 receiver cwcwtrg and coupled to

the searcher cwuﬁfﬂpeﬁﬁ%eg'&}ﬂﬁj{ﬂg ShARERPEE %ﬁé‘iﬁ'@' e RoP OB sdbEcircuitry so as

to retrievespredetenigtingdl mmwemsx@m@f paging channels of the radio communication system,;

and when no activity is ind cate in the rocessin ste We%é%%gvv 29”“ IanaIQ receiver
circuitry, searcher cir@lftR?'884"12p 885&%966 RafiH' @ IREYESs to reduce

power consumption, anchmh;amnviqdlagndmtétémdinachesar]gostm mmreuﬁgml@ the digital

receiver circuitry and the I nels |nd|cat|ng
activity are monitored byd?ﬁgéio% E%%?Q’osrg %BeFvﬁcHe& %H}?ﬁe%ﬁglletﬁ% a|m é& reinthe
predetermined bits of th@%t‘l@me’élﬂl‘@oitelp mauyd@mbﬂﬁ plasgtumadg;a Walsh code of 0 30 comprising
the signglpn the pilo, 6Nl SRaHE ISR FBHBR SRR Utry, the searcher circuitry, and

the call processor circuitry such that the analog receiver circuitry
is operable to receive signals from a radio communication
system;
sensing a signal of a common pilot channel through the analog
15 receiver circuitry and coupled to the searcher circuitry;
processing the signal from the sensing step by the call processor
circuitry so as to retrieve predetermined bits indicate activity on
paging channels of the radio communication system; and
when no activity is indicated in the processing step, powering down
20 the analog receiver circuitry, searcher circuitry, and call
processor circuitry of the communication device so as to reduce
power consumption, and
when activity is indicated in the processing step, powering up the
digital receiver circuitry and the digital signal processor such that
25 those paging channels indicating activity are monitored by the

communication device.

9. The method of claim 8, wherein the predetermined bits of the

processing step include n bits punctuating a Walsh code of 0

30 comprising the signal on the pilot channel, the n bits indicating which
paging channeils are active.
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paging channels are active. 1-1 FEB 2004 22 10. The method of cla1r)1 9, wherein the n bits of the
processing step are located in a predetermined locations within a slot of datay-$ Feglhey@method of
claim 8, wherein the powering up step includes substeps of acquiring a synchronization channel of the
radio communication system so as to synchronize timing of the communication device to the radio
communication system, and acquiring and reading #@se paging channels indicating activity. 10 12.
The method of claim 8, wherein the powering up step includes a substeps of powering down the
analog receiver circuitry, the digital receiver circuitry and the digital signal processor after those
paging channels indicating activity in the detecting step have been monitored 15 by the
communication devicéGndhehyratwdinf caisnrdewbdreinttiee radiitsophrthmipaticesdimgee have been

completed, and capguing BEARRIHYBIRA SIS AR AR 'S Li5ing Agper consumption in a

20 communication device, the apparatus comprising: analog receiver circuitry to receive signals from a
communication system; digital receiver circuitry including searcher circuitry in a portion thereof, the

digital recgiver circuitiy toTH ViflRIfoBASEERNA ©5/ARSARUREE AR RY SR EMrbR dRsoming signals

coupled from the analog receiver circuitry, the searcher circuitry to detect a common pilot channel
signal in the data SHBSKAPS, dRjitaRSHITAIDroR e SBICRANEFALCR 8BRBSE orkir dhiRry AL portion

thereof, the digitakeigialipiostssor spsiespdesneasages Iy hchreriiasa SiFAmY. thg caflgrocessor to
retrieve predetermined 11 FEE 2004 23 bit? in(i'cating activit On'*faf?m% channels of the radio
gl

communication sy%%?rq;‘%'écg 3Tbgdr%%'8ﬁ/e i u‘ftr)f, ﬂ'@ sESeRY H/ SHRISAY camnd

acquiring and reading those paging channels indicating activity.
10
12. The method of claim 8, wherein the powering up step includes a
substeps of powering down the analog receiver circuitry, the digital
receiver circuitry and the digital signal processor after those paging
channels indicating activity in the detecting step have been monitored
15 by the communication device and any incoming calls received by the
radio communication device have been completed, and continuing at
the providing step.

13. A apparatus for reducing power consumption in a
20 communication device, the apparatus comprising:
analog receiver circuitry to receive signals from a communication
system;
digital receiver circuitry including searcher circuitry in a portion
thereof, the digital receiver circuitry to provide a baseband
25 demodulated data stream from the incoming signals coupled
from the analog receiver circuitry, the searcher circuitry to detect
a common pilot channel signal in the data stream;
a digital signal processor including call processor circuitry in a
portion thereof, the digital signal processor to decode messages
30 in the data stream, the call processor to retrieve predetermined




processor circuitry to be powered on from an initial sleep mode 5 sugh that call processor can retrieve
predetermined bits indicate activity on paging channels of the radio communigatiaresysiema and
where no activity is indicated by the predetermined bits, the analog receiver circuitry, the searcher
circuitry, and the call processor 10 circuitry to be powered down so as to reduce power consumption,
and where activity is indicated by the predetermine@%its, the digital receiver circuitry and the digital
signal processor to be powered up such that those paging channels indicating activity are monitored

by the communication 1g;deviagickinfhe-2RPRyatdf Otualginy 1 nuhRad tBe Rirdeterined bits

include at least four bits punctuating a Walsh code of 0 comprising the pilot channel signal, the at
least four bits indicating WRTRMENMERIGAGIMEIEID: channels are active. 15. The apparatus of claim 14,

wherein the at least fgnes Ritsaisg leeaiedratipeadgienménedipenbpnsirsiiinig aaslat fcdaiay the at least
four bits indicating which of thegﬁ{?in channels are active. 25.16. The apparatus of claim 13, wherein
activity indicated by the Brage? BRs %tB?H@Eﬁgitng‘ rgeéfi\/@PdnEFﬁ{&'%ﬁB Re¥Wgital signal

processorso acquire a swigi anérasiinpebesssd ot dnereadévecprodutsivain@nl Sygientivars to
synchronize timing of the_30 communication devic he r%%iﬁ communicati %Séte‘m and to acquire

o Tead hose baning CRENNBICGNHESING SHROMGTS DIHBe S50 B9V TH A8 SURETBY claim 13

wherein the analog receiaad circuitry, the digital receiver circuitry and the digital signal processor are

powered down afte g PAGnG AIRNISIAUARAIR B84 U dae s Res O ar e

communication device and any inconting ca y the radio communication ce have been
completed. 18. A radio cteegiMBIcationisyside searebatiflqyiiier amhsbmeainpiacessgiotelephone,

comprisigg: circuitry to be powered down so as to reduce power
consumption, and where activity is indicated by the
predetermined bits, the digital receiver circuitry and the digital
signal processor to be powered up such that those paging
channels indicating activity are monitored by the communication
15 device.

14. The apparatus of claim 13, wherein the predetermined bits
include at least four bits punctuating a Walsh code of O comprising the
pilot channel signal, the at least four bits indicating which of the paging

20 channels are active.

15. The apparatus of claim 14, wherein the at least four bits are
located at predetermined locations within a slot of data, the at least
four bits indicating which of the paging channels are active.

25

16. The apparatus of claim 13, wherein activity indicated by the
predetermined bits directs the digital receiver circuitry and the digital
signal processor to acquire a synchronization channel of the radio
communication system so as to synchronize timing of the

30 communication device to the radio communication system and to

acquire and read those paging channels indicating activity.




10 a base station, said base station configured to transmit a pilot channel signal punctuated by
predetermined bits indicating paging activity on particular paging channels; a1l atgeastone
radiotelephone having analog and digital receiver circuitry to receive signals from the radio
communication system 15 and provide a baseband demodulated data stream, the digital receiver
circuitry including searcher circuitry to detect a comridn pilot channel signal in the data stream and a
digital signal processor including call processor circuitry in a portion thereof, the digital signal
processor to decode messages in the data 20 stream, the call processor to retrieve predetermined bits
of the pilot channel indicating activity on paging channels of the radio communication system, the

radiotelephone configtfed ° pBRBAIEIHS pBlvéaiR thEanWigrrieting AnaiRg, tRE&i¥akcher

circuitry, and the ealbprogesisor digjitaitnefieiveatinitinhslann 2edigrgusiarbRighrealigrocessor can
read the predetermined bits %flﬁche Eilo{ ch%]rgel signal indicating activity on paging channel of the
i

radio communicattfi SPAER SHPEYILRBMIRIS SR RLRY MY ha¥Rtermined bits
of the pilab channélesignalotiioredibieitehcompanirstidevde\3Eethmanaiggineseiieg eseitry, the
searcher circuitry, .the call processor circuitry, and 11 FEB 2004 25 where ing activity is
indicated by the p?%gglt\éergﬁme%i{g @P &%mpq?gtné%aat?]o%f}givdﬁgﬁwﬁ]vee t%%l?&éigmd%%g%owers up the
digital receiver circuitry and digital signal processor circuitry to read those particular paging channels.

5 19. The radio comrq%r.li a'Ié i Sé{é}ﬁmﬂigﬁ%h;ﬁ?’gwﬁ?%%g@%?@% S\R%iro@oiﬁs?ﬁr\c})(fgoﬁt least one of

a personal digital cellular (PDC) system, a Ji igital ce ) system, a c ivision
multiple access (CEMAYiSjelephoneieemMisifirRgice code division multiple 10 access (DS-CDMA)

system, gegroupe specisdR MR A G SyskSatiBRt8MglirsLRARMEAANS iRKPe speciale mobile
(GSM-DRX) _
channel signal punctuated by predetermined bits indicating
paging activity on particular paging channels; and
at least one radiotelephone having analog and digital receiver
circuitry to receive signals from the radio communication system
15 and provide a baseband demodulated data stream, the digital
receiver circuitry including searcher circuitry to detect a common
pilot channel signal in the data stream and a digital signal
processor including call processor circuitry in a portion thereof,
the digital signal processor to decode messages in the data
20 stream, the call processor to retrieve predetermined bits of the
pilot channel indicating activity on paging channels of the radio
communication system, the radiotelephone configured to
periodically power up the analog receiver circuitry, the searcher
circuitry, and the call processor circuitry from an initial sleep
25 mode such that the call processor can read the predetermined
bits of the pilot channel signal indicating activity on paging
channel of the radio communication system such that:
where no paging activity is indicated by the predetermined bits
of the pilot channel signal, the radiotelephone powers down
30 the analog receiver circuitry, the searcher circuitry, and the

call processor circuitry, and




system. 11 FEB 2004 26 METHOD AND APPARATUS FOR REDUCING POWER CONSUMPTION
OF A COMMUNICATION DEVICE 5 ABSTRACT OF THE DISCLOSURE A methpgm®f seducing power
consumption in a communication device includes a step of acquiring (204) a signal on a common pilot
10 channel of a radio communication system. A next step includes detecting (206) predetermined bits
in the signal on the common pilot channel indicatingféctivity on paging channels of the radio
communication system. When no paging channel activity is indicated in the second step, a last step

includes powering down (25 RRIHRRSLEH, REiflREIEa L B EiPr S e RARUA WS IO device so as

to reduce power consumption, and when paging channel activity is indicated in the second step, a
next step includes powering'0p P2bFhaRMshsighaletnadagiclelsrbans BewRrssthgnication device

such that those paging chadngislirsteaisia:retiiity &e MgREPsRhRY shecesssnemicatipn 20 device.

Fig. 3 accompanies this abstract. . ,
g P to read those particular paging channels.

5
19. The radio communication system of claim 18, wherein the base
station is part of at least one of a personal digital cellular (PDC)
system, a Japan digital cellular (JDC) system, a code division multiple
access (CDMA) system, a direct sequence code division multiple
10 access (DS-CDMA) system, a groupe speciale mobile (GSM) system,

and a slotted paging mode groupe speciale mobile (GSM-DRX)

system.






