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The present invention relates generally to cellular radio

communications and, more specifically, to a method and apparatus

for maximizing the battery _life of ©portable cellular

radiotelephones used in digital cellular communication systems.

BACKGROUND OF THE INVENTION

Cellular _ communications systems are well-known. Analog
cellular systems such as designated AMPS, ETACS, NMT-450, and

NMT-900 have been deployed successfully throughout

the world.

More recently. digital cellular systems such as designated IS-

54B in North Ame:;ic_:_a_ and the pan-European GSM system have been

introduced. These systems, and others, are described, for

example, in the book titled Cellular Radio Systems

by Balston,

et al., publiéhed_ by Artech House, Norwood, MA., 1993.

The IS-54B specification entitled Cellular System Dual-
Mode Mobile Station Base Station Compatibility Standard
(available from the Telecommunications Industry Association,

- 2001 Pennsylvania Avenue, N.W., Washington , D.

C., 20006)

provides increased system capacity through digital time division
multiple access (TDMA) while aliowing compatibility with
existing analog systems. Mobile stations designed to meet the
IS~-54B specification are able to function with both the new TDMA
systems and the existing AMPS analog systems. Throughout this
spec1f1cat10n the terms moblle station, cellular telephone,
cellular phone, mobile phone,. and cellular rad:.otelephone are
used interchangeably to- refer_ to the same dev:.ce One drawback
to the current specification is that the both the digital and
analog systems make use of the existing AMPS analog control

-channe_ls. Therefore TDMA capable mobile stations are constrained
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Mode %h g ation Base Station Conpatibility Standard (available from t:hé‘Y
Tel eco ﬁ? %ﬁ ons I ndustry Associ ation, 2001 Pennsyl vERES R ue, N w,
Washington , D.C., 20006) provides increased system capacity through .
digital tinme division nultiplte access (TDVA) while -allow ng
conpatibility with existing anal oggystens. Mobile stations designed to
meet the |S-54B specification are able to function with both the new TDVA
systens and the existing AMPS a_nal 0g systens. Throughout this specification
and colul B 153 SPAaBrBrEtasdel en R PR R ABLRLE Y FELTorar 8% ho banp
devi ce.aldn&her Egdtaniest possidleumitht digideilf Fommugisatdondat t he both the
di gi tal and capabRglpyséeIm1aRk fobse Ofaditt 2 8bALALH HEPST iRy igoNtrol
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analog control channel for paging messages indicating an

incoming call. Even with high capacity batteries, stand-by times

in excess of about 24 hours are_rére. This_may_be contrasted

with paging receivérs, or “beepers”, which haVe battery lives of

about 100-200 hours from a éingle AR "béttery achieved by

cyclical operation. The need for longer battery life in cellular

radiotelephones is therefore self-evident.

A_digital control channel (DCC) has recéntly been proposed '
to the Telecommunications Industry Association (TIA). The DCC
specification is identified as BN 3011-1 and PN 3011-2 and is
available from the TIA at the above address; When adopted, the
DCC will become part of a new IS-54C specifiéation. The
specifications PN 3011-1 and PN 3011-2 are incérporaﬁed herein
by reference in their entirety. ' ' _

One feature of the DCC is called short message service
(SMS.) With SMS it will be possible to send alphanumeric
messages to compatible mobile stations in a manner similar to
that présently done with paging receivers. This feature opens
the door for many new cellulaf phone options. -

Unlike wvoice communications in which a caller is waiting
for a response from_the called-party, alphanumeric messages do
not require an immediate: response and can be stored and -
subsequently delivered to the mobile station some period of time
after origination. This allows the mobile phone to adopt what
will hereinafter be referred to as a ‘“pager-only mode” of
operation. .

The pager-only mode of the mobile station will allow the
user to receive SMS :messages "but not to receive incoming
conversation type calls. The call origination capability remains
thereby allowing the user to place calls without exiting the
pager-only mode. The pager—only mode offers ﬁany advantages to
the user not the least of which is the benefit of much longer
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SUMMARY OF THE INVENTION

In view of the foregoing background, it is therefore an

- object of the present invention to provide a method for

increasing the battéry life of a battery-powered cellular

radiotelephone.

It is also an object of the present invention to provide a

pager-only mode for a cellular-radiotélephpne thereby ailowing
the user of a pértable cellular radiotelephone to receive short
messages broadcast to it from'a cellular base station.

These .and other objects, advantages, and features of the
present invention are provided a method for saving battery power

in a cellular radio communication system having a base station -

with a base station control signal and a mobile station
coﬁditioned to adopt a pager-only mode wherein the mobile
station cyclically transmits a first signal to the base station
indicating that the mobile station is unable to receive messages
from the base station. After transmitting the first signal, the
mobile station is further cond:.t:l.oned to deactivate selected
circuits within itself for a predetermzned period of time and
then to automatically reactlvate the selected circuits after the
predétermined time ﬁeriod has elapsed and to transmit a second
signal to the base station indicating that the mobile station is
able to receive messages.. o _

In another embodlment, the first and second signals
transmltted by the moblle station include power -down and power-

up registration messages

In vet another embodiment, the mobile station is adapted.

to allow the user to set and reset the pager-only mode.
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circuits within the mobile station for a period of time and to

automa..tic'ally re-activate the selected ci_rcx_z_its after the period
of time has expired. The mobile station is further conditioned
to transmit a second signal after the period of time has elapsed
to notify the base station that the mobile station is ready to
receive messages. The mobi]_'.e. station is conditioned to repeat
this sequence of operations until it is set by the user into ‘
another mode. The controller is adapted to cause other selected
circuits, not deactivated, to operated at reduced levels of
power consupmption to further ‘increase batteryI life. The
predetermined period of time may be adjusted to even further
increase battery life. a _ '

In accordance with the present invention, a method for
saving battery power in a cellular radio communication system
having a base station w:i'._'th" a. basé station control signal, by'
transmitting a first signal from a 'mobi]_.e station to the base
station indicating that the mobile station is unable to receive
messages from the base station, deactivating selected circuits
within the mobile station for a préd'etermitxed period of time,
automatically " reactivating said selected circuits within the
mobile station after said predetermined time p_ei:iod,
transmitting a second signal from the mobile station to the base
station indicating that the mqbi.le station is able to receive
messages.

These and other features and advantages of the present
invention will be readily apparent to one bf ordiriary skill in
the art from the following written _description when read in
c.onjucntion with the drawings in which like refgrence numerals

refer to like eler_nents.

This Sheet Has BeenReiléced
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3 battery | iWw@9s/Bise8 pager-only node al so functions as a do- ratyusysedsun b
m)de for busi ness nmeetings, and allows the nobile station user to perform
"call screening"” of i-ncom ng calls. Unlike the known broadcast page
receiver (i.e., "beeper") , t'he nobile phone is inmediately available to. -
place a call to the rressage originator. SUMVARY OF THE | NVENTION I n vi ew of
the foregoi ng background, it is therefore an object of the present
invention to provide a nethod for increasing the battery life of

a battery-powered cell ul sgrgedescoippionor e sraaizdi@san obj ect of the
present invention to provide a pager-only node for a cellular

radi ot el ephone thereby allowi ng the user of a portable cellular

r adi.ot el ephoffeure rleceésve shtbemahissaybssthagidoasif towo tirdyeggoaneetdhilear
base station.e1hh8age apskadler objects, advantages, and features of the

Figure 2A is a flowchart illustra(:ing how SMS messages are

entered into the cellular system;

_Figu:e 2B is a flowchart lllustratxng how SMS ~messages are

delivered a mobile station;

Figure 3 is a partial schematic block diagram of a mobile
station illustrating those elements relevant to the present
invention;

Figure 4A is a schematic illustration of the uplink and downlink
DCC; ' '

Figure 4B is a schematic illustration of the downlink DCC frame
structure;

Figure 5 is a flowchart illustrating the method used by the
mobile station to monitor the DCC;

Figure 6A is a flov':chart_ _iliustrat:ing the' method used to place

the mobile station _int‘o a pager-only mode;
Figure 6B is an illustration of an exemplary cellular
radiotelephone sh_owing the keys required to place the mobile

station into the pager-only mode;

!‘igure 7 is a flowch'art illustrat;i.ng the operation of the mobile

station operating in a "pager-Only mode;
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resent| ion are provided a method for saving battery power in a. .
(F:)el | ul éﬂ’%ﬁ%’ comruni (F:)at I on system having a basegst at iP&‘ﬁX\fo?W?‘%P base '
station control- signal and a nobile station conditioned to adopt a = N
pager-only node wherein the nobile station cyclically transmts a first
signal to the base station indicati ng that the nobile station is unable to
recei ve nessages fromthe base station. After transmtting the first
signal, the nobile station is further conditioned to deactivate sel ected
circuits within itself for. a predeterm ned peri.od of time and then to
aut onntRigarey 8r dgcei Faning Hilagrpmc fddustratings thet eperakion edettdeni ned ti me

- per !'od Ml 18 aPsebraRgel S idANSNh pgsreCrnd mbgdhal to the base station
indicating that the nobile station i's able to receive nessages. |n another

enbodi nent, the first and second signals transmtted by the nobile station

i ncl ude power-down and poRESCRIPTION)OFt THE| INVENTIONgeS. | n yet anot her
enbodi nent, the nobile station is adapted to allow the user to set and

reset the pager-onlfy mode. L _ :
In the following description, for purposes of explanation

and not limitation, specific details are set forth, such as
particular circuits, circuit components, techniques, etc. in

order to provide a thorough understanding of the invention.

However it will be apparent to one of oi‘dinary skill in the art

that the present invention may be practiced in other embodiments

that depart from these specific details. In other instances, ‘
detailed desc_:riptions of well-known methods, devices, and
circuits are omitted so as not to obscure the description of the

present invention with unnecessar{r detail.

System Operation

Referring initially to Figure 1, a typical cellular'
network 100 is illustrated showing the interconnection of two
regional systems 101A and 101B. The system components shown are
exémplary and as'is'ob‘iious to _'one of ordinary skill in the art
not all cellular systems will be limited to, or inclusive of,
these components; other arrangements are possible as well.
Regional system 101A comprises, for example, a mobile telephone
switching office (MTSO) 107 connected to a plurality of base
stations 110 each by communications l.ink_ 113. Base station 110_
provides the radio link 114 to each mobile station 109. Landline
telephone user 103 and data users 102 are connected to the
public telephone switched network (PSTN) 105 by communications
link 115. The PSTN is, in turn, connected to the MTSO 107 by
communicac.ions, link 116. MTSO 107 is also connected to a
visiting/home location registef (VLR/HLR) 106 and to message
center 104. Interconnection between networks-lbi& and 101B are

effected between MTSOs 107 via an IS-41 communications link, in
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4°A furt her wobseksseent of the invention conprises a cell ul arpcEosysnsqaat i ons
system having a nobile station conditioned to transmit a first signal to a
base station to notify the base station when the nobile station is unable-
to receive messages. The nobile station includes a controller to deactivate
selected circuits within the nobile stati®n for a period of tine and to

automatically re-activate the selected circuits after the period of tine

has expired. The nobile station is further conditioned to transmt a second

ngnal ba}‘ terchie @agd Qddifgwa{rerelﬂas BB NEAGG Q\iBQI_?_{&rrli‘ye téﬁelaasg sbed | na t hat
e nobile station is rea recei e ile station_is
condi ti oned %‘@sﬁ'ep%rdt %§88¥1eﬁ§’é°"lﬁ?‘ g‘%@r g'g’lngngl'?ﬁﬁnrcle PISTFSEéﬁ?S b¥T he
user into anas hehomdeconﬁinmzcaniqsmld:cmnelcs:.adapmele be eatessl ighkdr beeweat ed
circults, ”Oiaﬁ’&iaﬁte' V@Lﬁébhén% OpELAt % at 119%9: LEYEd S 105 mobile

consunpti on I ncr ease attery | fle. he prede erm ned
peri od of tlﬁéawsbel%J Uthery the eoempX¥ehe heannection occurs within the

boundaries 101A or 101B mobile station 109 is said to be in its
*home* system. If a connection occurs across systems 101A and
101B mobile station 109 is said to be “roaming.” The terms “home
system” and “roaming” are well-known to one of ordinary skill in
the art. '

As shown in Figure 1 connections may 6§cur between mobile
stations 109 in the same system or mobile stations in different
systems. Similarly, a communications connection may occur
between a landline telephone user 103 or data user 102 and a
mobile station 109. It may further be stated that mobile station
109 may be a cellular radiotelephone, a radio modem, or a
personal digital assistant (PDA.)

The typical operation of the SMS procedure is described by
the flowchart of -Figure 22A. In one instance, for example, a
landline telephone user, or caller, 103 attempts to place a call
through the PSTN 105 and the MTSO 107 to mobile station 109 as
indicated in block 201. If mobile station 109 answers (i.e.,
responds to the page broadcast from one of the base stations
110) then the connection is made according to known methods as
indicated_by block 203. Alternatively, if  mobile station 109
does not answer then the caller 103 is routed through the MTSO
107 to the message center 104 as indicated.in block 204.

. There are several ways in which a message in block 206 may
be received by the message center 104. The prompt in block_zos
may, in one instance, be a human operator who answers the call
and enters the message through a computer or console into
message center 104. In another instance, the user 103 is
prompted as indicated in block 205 to enter the message via the
telephone keypad in a manner similar to the known procedures

used to leave a message to be transmitted to a broadcast paging
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RegardlessANMENDER n@EIEEd' used, a brief alphanumeric message is

stored in message center 104 for later transmission to mob:.le

~ station 109.

A description of how the stored message is forwarded to
mobile station 109 is shown by the flowchart of Figure 2B. When
the mobile station is first powered-on, or otherwise wishes to
make contact with the system as will be described in mére detail
hereinafter, mobile station 109 performs a registration with the
system according to Section 6.3.7 of Specification PN 3011-1 as
indicated in block 209. Based on information contained within
mobile station’s registration sigxial, system 101A, for example,
determines if mobile station 109 is in its home system 101A or

if it is roaming in system 101B as indicated in ':b-loék 210. If

the mobile station 'is in home system 101A, the SMS message

stored in the message center 104 is broadcast as indicated in
block 214 to mobile station 109 via the DCC protocols to be
described. If, alternately, mobile station 109 is roaming in,
for example, system 101B a registration messagé is sent to
mobile station’s 109 home sYstem' 101A via the IS-41 link 108 as
indicated in. block 212. Updn receipt of the registration

message, the home system 101A message center 104 transfers the

. SMS message previously stored to roaming system 101B via the IS-

41 1link 108 as indicated in block 213. If ho SMS messages are
stored an indication thereof is alternately communicated. Once
received, the SMS messages are broadcast via base station 110 to

mobile station 109 according to the DCC specification.
Description of the pce

A complete and thorough descriptidﬁ-of the DCC is provided
in specifications - PN - 3011-1 and PN 3011-2 ©previously
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V\é:%/ 29568m5m®ESCRI PTION OF THE DRAWNGS Figure 1 is apeT/USSsABIN0
illustration of two interconnectable cellular systens; Figure 2Ais a

flowchart illustrating how SM5 nessages are entered into the cellular
system Figure 2B is a flowhart illustrating how SM5 nessages are
delivered a nobile station; Figure 3 is 8 partial schemati.c bl ock di agram
of a nobile station illustrating those elenents relevant to-the present

i nvention; Figure 4A is a schematic illustration of the uplink and downli nk

DCC, Fi gur e idBormorrteghedat | refleiresteat i bm ofhé¢ hefabluwingk DEC fsuamery
structure; RbgHEErBideS & fHWGRR tisl IgA4356801 09 hbGedmbYOdusalebY 1 LhE
" the operation of the present invention.

The DCC 420 comprises the logical_channgls shown in Figure
42 which is adaptéd from Figure 2-3 of Specification 3011-1.
Uplink channel 414 transmitted from mobile station 109 to base
station 110 consists of the random access channel (RACH) 413.
Downlink channel 415 transmitted from base station 110 to mobile
station 109 consists of the broadcast control channel (BCCH) 416
and the short message, paging, and access control channel
(SPACH) 407. '

In Figure 4B is shown the frame structure of the Downlink
DCC 415 as specified in specifiéation PN 3011-1. To ensure
compatibility with existing equipment, the DCC makes use of the
present IS-54B TDMA frame Strucﬁuré. A TDMA frame 400 is defined
as three contiguous time slots 401, 402, and 403. As specified
in IS-54B, mobile station 109 will receive signals broadcast
from base station 110 on  every specified third slot, for
example, mobile station 109 may contihuously’monitor slot 1 401
and slot 4 401A, slot 2 402 and slot 5 402A, or alternately slot
3 403 and slot 6 403A. Therefore during each TDMA frame 400 the
mobile station receiver 303 (Figure 3) to be described in more
detail hereinafter need only be on 1/3 of the time.

A DCC superframe 408 is defined as a number of sequential
TDMA frames 400. In the example shown in Figure 4B, the DCC
superframe 408 comprises information transmitted sequentially on
every third slot of an IS-54B frame. Within the DCC superframé
408 are contained different information slots. The FBCCH 404,
EBCCH, 405 and the SBBCH 406 are broadcast control channels
which transmit Qlobal information for all mobile stations. FBCCH
404, EBCCH 405, and SBCCH 406 may extend over severai_sloﬁs as
indicated by the dots in adjacent slots of the DCC sﬁperframe
408. The FBCCH 404, EBCCH 405, and the SBCCH 406 are degcribed
in more detail in Section 2.3.2 of PN 3011-1. '
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nobi | e g9t 0 nonitor the DCC, Figure 6Ais a fl owchafbsdslobdigt r at i-ng’ -
t he met hod used to place the nobile station into a pager-onfy node; Figure

6B is an illustration of an exenplary cellular radiotel ephone
showi ng the keys required to place the nobile station into the pager-only
node; Figure 7 is a flowhart illusttfating the operation of the nobile
station operating in a pager-only node; WO 95/29568 6 Figure 8 is a _
timng diagramillustrating the operation of the nobile station operating

idn a pager- OB?.yt nvobe.chES@R]E;PIh?]lSkﬁifﬂdEdiNgEEEint |5béél&if:0hbsﬂél]9_
escriptio or, purposes of explanation and nqt linmitation, specific -
det ai | ssg?gi%'ﬁ *%gflt PPREIEATY s CB&r PFEM‘%P%‘??&% tghanngl . (BEH) gﬁ?r'ponent s,

t echni qaesess etantroinchannel (ARCH) 411, and the short message service
control channel (SMSCH) 412. 4

Two DCC superframes. 408 are arranged sequentially into a

primary and secondary superframe whiéh ' togelth'er are known as a

hyperframe 409. SMS messages zhay be interleaved in the SPACH

slot 407 across éeveral hyperframes.
Mobile St:a.tio_n. Operation

Normal monitoring of the DCC downlink 415 by mobile | . ‘
station 109 involves checking, for example, each SPACH slot 407
on the DCC superframe 408 as shown in FigureAB. In orcier to
monitor each slot, the mobile st'aticn executes the sequence of
operations shown by the flowchart of Figure 5. Mobile station
109 first “powers-up” as indicated in block '501. Powering up may
be effected by the user turning mobile station 109 on from being
cbmpletely off, or it may. be wakihg up from what is refered to
as a “deep sleep state” as will be described in more __detail
hereinafter. After 'powéring‘ up, mobile station 109 scans,.
according to known methods, a pr_edetemined set of DCC downlink
channels 415 and locks its receiver to one of the DCCs 415 as
indicated in block 502. dnce ‘locked to a DCC 415, mobile station
109 receives and decodes DCC hyperf.rame 409 as indicated in
block 503. In the FBCCH slot 404 is contained information
identifying the SPACH paging slot and the paging class mark, to
be described in more detail hereinafter, to be used by mobile
station 109. As. indicated by block 504, mobile station 109
transmits wvia RACH 414 a ‘“power-up” regiétration to the base
station 110 and 1receives via the downlink DCC 415 an
acknowledgment back from base stat;i.ori 110. The acknowledgment
may contain additional information instructing mobile station
109 to monitor another DCC 420 or to otherwise override the

FBCCH information.. Assuming that an ack'nowledgment and no
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be apparent to one of ordinary skill in the art that the present invention
may be practiced in other errbodl ments that depart fromthese specific
details. In other instances, detailed dEﬁCI’I ptions of well-known nethods,
devices, and circuits are omitted so as hot to obscure the description of
the present i nvent lon with unnecessary detail. System Operation Referring
initially to Figure 1, & typical <cellular network 100 is illustrated
showi ng t he instencoinnsciarenreteives riagmohake sytatinn 139A mobildB.attihs

SYSt em COMPRGNGS sHSN A5 RKCBB A He 2P % |1a38V1c8UBed dﬂom%goftoortﬁgnar y

skill in the art not all cellular. syste limte I ncl usi ve
of, these c®¥dREnCIasst Markarima RGeSt e‘%sb’?ﬁ?b"?ﬁs il Plogkgi5Ral
?ystS (e))m 101A paghiRgi &gﬁss fﬂirmaamﬂ destribbd| ent ket ed@d&ﬂlCEingghéa‘tfibﬁe

Mr 107 coRngect to ral se stations 110 eac y :
conmmuni cat i %ng F J‘% g%%m qu 8§{ % provides the radio |ink 114 to

each nobile stat ﬂ‘bﬁréogreLéndﬁgﬁegt clepaenecdesignared dnd dérighuswesifp? are
connected t Qpl&requency with which mobile station 109 listens to SPACH

- slot 407 for a SMS message as indicated in block 506. A first
mobile station 109 assigned to paging class 1 monitors one'SPACH
slot 407 for each hyperframe 409, a second mobile station 109
assigned to paging class 2 monitors one SPAcﬁ slot 407 for every
other hyperframe 409,' a third mobile station 109 assigned to
paging class 3 'l.nonitors one SPACH slot 407 for every _t:hird
hyperframe 409, and so on. In paging class 8, for example,
mobile station 109 may only monitor a SPACH slot 407 every 2
minutes for SMS messages. This procedure allows the system
operator to assign ‘so called sleep-modes. This procedure is
known and described in greater detail in specxf:.cat:.ons PN 3011-
1 and PN 3011-2.

Referring now to Figure 3, a partial functional block
diagram of a mobile station 109 is shown. During SPACH slot 407,
power. must be appl_l:i.ed to receiver 303, demodulator 302,
controller 304, timing generator 305, and the timebase/automatic
frequéncy control .('AFC) 306. The timebase 306 may be a
temperature controlled crystal -oscillator (TCXO). In between
SPACH slots 407 however, all thaﬁ is required to be activated is
timing generator 305 and the timebase/AFC 306 to keep track of
when the next SPACH slot 407 is to occur. However, if the next
‘SPACH slot 407 is to be decoded correctly, as is obvious to one
of ordinary -skill in the art, the timing accuracy must be
accurate to within a couple of symbol period's This requ:.res
timing generator 308 and the t:.mebase/AFC 306 to operate in a
precise manner whe;e:.n power must also be applied to the
cont:rolierjoq to control operation of timing generator 305 and

AFC 306. During thé- intervals between SPACH slots 407 timing
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public I,g,g;g gfe swi tched network (PSTN) 105 by corrrrum% nk 115
The PS I'n turn, connected to the MISO 107 by comruni ca |ons i nk 116
fES407+s—glse-copnected to a visiting/ hone |ocation register (VLR HLR)
OEH@Ifﬁ?'"E‘-H lrm‘si:»ag%i enter 104. Interconnection between networks 101A and
OlB aﬁé“’bﬂﬁffﬁbt ed bptween MISCs 107%2via an |S-41 communications link, in
ocis [{i-s~case microwave |ink 108 using mni crowave antennas 108A
and 108B or alternately through the | ong-distance PSTN |lines 117. As
shown, o GOITILREC g N 2R NRRELODFe B Y 0RE E, abﬂ!,élsat%d Ret vxeegréé{}g)e' ne

telephone user 103 or data users 102 and e stations 1 n the

conpl XU LT GHCEECRr FARS AT ¢ ﬁﬁefﬁ)ﬁﬁ?@ar]i‘%‘ée 1598ucad 169K R | e

stati ofeqii%emenssi cdwevie,i iini b8y madiyi8abin thd windagnaetufatyOCCUr S

'?'ﬁ(raotSZr S Sfreegs t;igl :L%ngas O/JAI%CNQIBISI ?nuggagz'leganlnl Ogulll%( Sa%lt(;vte Oblejgwe [oam ng."
SPACH slots 407. The necessity of maintéining the timebase/AFC

306 fully active places a lower limit on the amount of current
drawn from battery 310 and hence limits the absolute battery
life. ' ' |

Operation of the Pa.q.e Oonly Mode '

When a user of mobile station. 109 wishes to place calls . ‘
but not to receive incoming calls the user'may simply turn the
phone off until such time as the user decides to place a call.
By so doing the user may maximizefthe life of battery 310 since
little or no current is drawn by the circuits shown in Figure 3
when mobile station 109 is deactivated. However, if the mobile
station 109 is deactivated mobile station 109 .is' niot able to
receive incoming SMS messages. _ '

If, alternately,- the user of mobile station 109 wishes to
placecalls and to also receive SMS messages while'at the same
time maximizing battery life, the user of mobile station 109 may
select to place the phone into what is refered to as the “pager-
only mode.” One method by which the user may place mobile
station 109 into a pager-only mode is described in Figure 6a. It
will be understood by those of'ordinary-skill in the art that
there are many ways for the ﬁse: to establish/select a pager--
only function in a cellular. telephone. The éxample given in
Figures 6A and 6B are thefefpre exemplary only and are not meant
to be limitative. First, as indicated in block 601, the mobile .
station 109 is be turned on in the normal manner. Then as shown
in Figure 6B ,the usér'then_séquentially presses function key
607, the ‘1’ kéy 608, and finally the 'S5’ key 609 on the keypad
of mobile station 109 as indicated in blocks 602 - 603.
Executing this sequence will ﬁdggle the mobile station into the

- This-Sheet Has Been RTlaced
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systent andwosameg” are well-known to one of ordinary skiPCT/USOSOMIOArT .
As shown in Figure 1 connections may occur between nobile stations 109 in
the sanme systemor nmpobile stations in different systenms. Simlarly, a.
comuni cati ons connecti on may occur between a |andline tel ephone user 103
or data user 102 and a nobile station 169, 1t may further be stated that
nmobi | e station 109 may be a cel lular radi ot el ephone, a radio nodem or a
personal digital assistant (PDA) The typical operation of the SMS _
procedur e ipaggwsonipetiods. tRepeatdnghshe srAFeRER cwild Tepamethendtohide, for

exanpl €,  adaandhi B8t etﬁé’hﬁkﬁna!ls%rtanaﬁbﬁaxhéﬁ WhERR abberPt stdwicel ave a
call through the PSTN 105 and the MISO, 1 gl | e stati.on 101%“;3{_3_l

i ndi cat ed iPPRHEOER PR DG AfEAT ARG 8t f'"c')ﬁ aﬁﬁ?‘ggﬁ WBPEY Cdass; ATHEE t o
t he page bmaathedstfokr Qﬂ]atamegofmbhke basatisiratiamsirtk0)a t hagertanlyomedet i on

s nade accordllgg tQh%Q:[ stat i 1%9,“599'&@&&%8;/ Q;B,Eﬁ t%QSarrow keys

Al ternatlveﬁf“ oes not answer en the caller 103
i s routed t%l@MéYMfS@@OP“t FobhdenesabiRnenthd YK a7 nHPTURER i n

bl ock 204. through the available options to select or deselect the pager-
only mode. To confirm that mobile station 109 is in the pager-
only mode a brief indication will be shown on display 606 of the
mobile station 109 as indicated in block 604. After a brief
period, display 606 will go blank until such' time as a SMS
message is received.
Referring now to Figure 7. the operation of mobile station
109 in the pager-only mode is described. Once mobile station 109
has entered the pager-only mode as indicated in block 701 all
circuits non-essential to the operation of the mobile station
109 while in the pager-only mode are de-activated as will be
described. This is refered to as the “deep-sleep” state.
Referring back to Figure 3, in the deep sleep state analog
decode 301, demodulator 302, receiver 303, analog encode 307,
modulator 308, and transmitter 309, are deactivated. Time
base/AFC 306 is kept running, but at a significantly reduced
level since its accuracy can be allowed to drift substantially.
Timing generator 305 must also .be kept activated but at an
extremely low‘level of activity only sufficient to count the
number of oscillations generated by the timebase/AFC 306. In
this state, the current requ1rements of mobile station 109 are
extremely low and hence the current drain from the battery 310
is greatly reduced.
After a predetermined per1od of tlme (e.g., 10 minutes),
‘or equivalently a predetermlned number of osc111at10ns. timing
generator 305 alerts controller 304 to “wake-up” and reactivate
the receiver 303, the demodulator 302, and to increase the
activity and hence the accuracy of the tlmebase/AFC 306. It is

obvious to one of ordinary skill in the - art that the
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There ral ways in which a nessage in block 206_may be received. by .’
t he rreg&s(g%iﬁ¥ nter 104. The pronpt in block 205 may, iﬁﬁé’ﬁ’%ﬂ"ance, be a
‘human operat or who answers the call and enters the nmessage through a .
conputer or console into nessage center 104. In another instance, the user
103 is pronpted as indicated in blogk 205 to enter the nessage via the .

t el ephone keypad in a manner simlar to the known procedures used to | eave
a nessage to be transnitted to a broadcast paging 8 receiver. In yet

200t el dREbARGR T 5Py R AT Lo e dRosge 1o
pronpt am &) oehe 208ne sofy mangfircspre onGostrnllar t394a andx tiechiiméng set - up
s gnal igagerBeoR’ o501 fiselBL Neflodtoofhe 21001 §hyal PhaRTLE RESsage i
stored’in massage center 104 for later transnission to nobile station 109.
perform the functions necessary to monitor’ the DCC 415. This
sequence of opetatioﬁs is térmed. *waking-up” as indicéted. in .
block 702. Again similar to Figure 5, the mobile station begins
to scan the DCC 415 and locks its receivér 303 to one of the DCC
superframes 408 as indicated in block 703. As indicated in block
704, mobile station 109 transmits via the RACH 413 a power-up
registrafion message to base station 110 to alert, via MTSO 107,
message center 104 that mobile station 1q9 is active and 1
prepared to receive SMS messages. Mobile station 109 begins to b
monitor the SPACH slot, bursﬁant to it‘s paging class as
previously described, for SMS messages as indicated in block
705. If, as shown in block 706, it is indicated via the SPACH
407 that there are no SMS messages waiting fo be transmitted .
from base station 110 and received by mobilé;station_los, mobile
station 109 tranémits viéjthe RACH 413 a power off, or power-
down, registration as indicated in block 707. Power-up, or
power-on, énd power-off. or.power-down registration messages are
transmitted from mobile station 109 to base station.110 over the.
upiihkibcc 414, or RACH 413, as described in greater detail in
 specification BN 3011-1. The message foimat is identical except
for the bit- field which ' indicates whetﬁer the registration _
message .is a poWer¥up, or power-dbﬁn tegist;ation. Once the
transmission is cdmplete,'the mpbile_station.los automatically
re-enters the deepbsléep state .énd de-activates all non-
essential' circuits as previously described and indicated in
block 708. Mobile station 109 remains in the_deep-éleep state
until again a predeterminea timé period has glaﬁséd (i.e., 10
minutés) at which time the cycle is':epeated. This céntinues
until the user resets the'éager-ohly mode as deéc:ibed above. _
If, alternatively, at block 706 the mobile .statibn
receives an SMS'meSsage'from'bése station 110, iﬁ-assuﬁes the

paging class set by the FBCCH 404 and continuously monitors the
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A-.descri ptiwoosesedw t he stored message is forwarded to nobPCRUSBSAMIHN 109
Is shown by the flowhart of Figure 2B. Wen the nobile station is first
power ed-on, or otherw se wi shes to nmake contact with the systemas wll be
described in nore detail hereinafter, npbile station 109 perforns a
registration with the system according t!§ Section 6.3.7 of Specification PN
3011-1 as indicated in block 209. Based on information contained within
nobil e station's registration signal, system 101A, for exanple, determ nes

i f robile speCi4nb 1@¢ilsthe complesee SHFsnessap®l Asorereived jas Apdaraged n
system 10151351%1 CAlied phl RleCKeddlhe s thandRPEL & Strdid PAskS stRcivHE
system 101A, the message stored in the nmessage center 104 is broadcast
as i ndi cat e¥19 nt®| omrbPle seAtHSH 1109 o¥eroFeFRential 1IREUBEENFRDt koM Re to be

described. kfacil {6 Nt &IainBORb! RnSindt b6 BHSdc®1602RENGhE Nmebsdgexaepl €, |
system 101B a regi stration nessage is sent-'to nphi]e statli on's 109 e
syst em 101ATeFei¥ask 4ts ip 950xRA1 §REGEr IHAALAY Y2 PR T BN 151 FE2EHTH ?@CGI pt

of the regi gbf atdubBefRERATR et I@rd10NBY S YtHecMuddH A TRS AAGEKCETEZT mbBYle
transfers the S 183580880 R USLY $1L7:0¢:L8a1 CAliIg1 &Y LS RAAAR; Yipt the
{e.g. vibration) that a SMS message has been received. At this
‘point the user may elect to read the SMS message. After issuing
the alert, and regardless of whether or not the user has
reviewed the messages, the mobile station re-enters the sleep-
mode via block 707 as prgviously described.

In Figure 8 is shown the power savings advantage afforded
by the present invention. Note that power savings refers
equivalently to the reduction of ‘electrical cﬁrfent drawﬁ from
battery 310. Referring to Figure 8 the relative current
consumption of the mobile station 109, a measure of power
consumption and hence relative battery life, is displayed on the
ordinéte axis 810. Time is displayed on the abscissa 81l1. Read
'in conjunction with the flowchart of Figure 7 the signifiéanée
of the graph of Figure 8 will be described. After “waking-up” in
block 702, mobile station 109 begins to scan control channels as
indicated in section 802 of the graph. During channel scan, a
moderate amount of current is required as indicated by Iscan 807
on the ordinéte. Once the recéiver 303 locks on to a control
channel 415 as indicated in block 703, the mobile station 109
transmits a power-up registratibn_ as indicated in block 704.
During the transmission phase 803 mobile station 109 draws the
greatest amount of current from battery 310 as indicated by
Teransmit 806.1After transmitting'the power-up registration, mobile
station 109 periodicélly scans in section 804 the SPACH 407 to
see.if any SMS messages as indicated in block 705 are present.
Due to the periodic monitoring 6f the SPACH 407 the current
requirements Ireceive 808 are lower than when the receiver 303

continuously scans the control chéhnels as in section 802. After
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41 link 108 as indicated in block 213. If no SM5 nessages are stored an
i ndi caOWP$8r eof is alternately comunicated.” Once r BEEP§SW340he SNVB
nessages are broadcast via base station 110 to nobile station 109 accordi ng
to the DCC specification. Description of the DCC A conplete and thorough -
description of the DCC is provided jg specifications PN 3011-1 and

PN  3011-2 previ ously WO 95129568 9 incorporated by reference. I n
the follow ng, a sunmmary description of the DCC is provided as

necessar e .l eaf the opgrat of the pres i nyention he DCC 420
conpri 5% Pgémf‘ oé’fCaI ch3fthel s sh %\tﬁgl ﬁ‘e?fzﬁﬁ’e gﬁ\#ﬁ cﬁtfg"%rblaﬂ'togd from
Fi gur e tZ2aBsoitSpegoweradown r@@isttatidpl iask inhblonk 74%4 Agairsrainked from

oD | 0RO o0 AL 0ng O3 3b3x0n ' TP BaRRESS

channel
requirements I“m; 806 are hlgh After transmlttlng the power-

off registration, the mob;.le station enters its deep sleep state
‘as in block 708. During this interval 801 only the minimal
essential circuits are energized and power" and current
consumption Im, 809 is greatly reduced. Mob:Lle statlcn 109
remains in this state for a predeterm:med durat:.on Tm, and then
the process repeats at block 702. For th1s .cycl:Lcal operation,

the average current consumption can be calculated as follows:

b4 =

average

[ (tn * o)+ A e * r,m,,)+(1m mem)"'(’m. )l
l- (T + 2 s + +T.al¢) o J Equation 1

USing Equation 1, th_e average current dram from battery 310,
Im,.} of the §resent invention can be compared  to the average
current drawn from ba.ttery 310 while-continuouély monitoring the
DCC 415 as is done presently. For typical mobile stations, the
average current drawn from battery '.31'0 -while 'contin_uously
monit'lo'r_'ing _the DCC 415 has been found to be approximately 15
mil]_.iémperes. With a 500 milliémpere-hour battery this gives a
stand-by time of apprcxim_ately 33 hours. '
Typical 'valués Ifor the variables in equation 1 are given
below in Table 1: '

Operation Current waér_ Coﬁsumption 'I'in‘te. ' Time
Vaxfi.able (milliamperes) ' |Variable | (secondss
T;éhsx_ni t Tiransmic 600 . Teransmic | 100ms
DCC Scan Toan | 200 | Tsean. | 25
Receive SMS I receive . 15 _ ' E Treceive _ 15s
Sleep Terew 3 _ T Tareen 600s
Table 1
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Downl i nk cha¥®e¥2956% transnitted from base station 110 to nECI/ESISOINLSG ON
109 consists of the broadcast control channel (BCCH) 416 and the short
message, pagi ng, and ‘access control channel (SPACH) 407. In Figure 4B is
shown the frane structure of the Downlink,DCC 415 as specified in :
specification PN 3011-1. To ensure conpatibility with existing equi pnent,

t he. DCC nakes use of the present |1S-54B TDVA franme structure. A TDVA frane
400 is defined as three contiguous time slots 401, 402, and 403. As
specified in I S-54B, nobile station 109 wi'll receive signals broadcast from.
base stati omagli¥iog ekesy vpbuasd ited Rduatdos| bt yiébis exageraganbuteerst.ati on

109 may contjnuousl y,#monj bar 3k et s@ndy LPéfé’féOJaA ?ﬁgggg §02 A

slot 5 402A, or alternatel slot 3 403 and s ore during
each TDMVA fr’d?f"é’rl’eﬁaﬂfl%gn'iﬂ'ﬁ |IRFeSeRt| & H"F’é’&’e‘?We?q‘G@Be@ngEﬁ'euS? $PneH 500

descri bed | miTliamgetré&+hodier ebaatery ne_mbvaab; bea on Ydttedls t heifé me.ofA DCC
SUper {1 am el HELLIPY A 1B BUTORE O SSIURILL Bl IRV ATERL0 Ol e

exanpl e showtry su erfra FTSES 1T NfornAti on
transmtted gﬁgq@gppraaxg,agd represents a dlstlnct advantage to the user of -

a digital radiotelephone who wishes to make, but at times not to
receive, calls and to utilize the SMS feature available under
the DCC 415. As is obvious to one of ordinary skill in the art,
significantly longer Dbattery 1lives will- be available by
increasing the idle time above the 10 minutes used in the above
example. '

_ The user enjoys the benefit of longer battery life until
such time as the user takes affirmative action to exit the
pager-only mode, for example, by repeating the steps shown in
Figure 6A. Of course, a phone call may be made at any time
during which the pager-only mode is temporarily suspended for
.the length of the call.

While the present invention has been described with
respect to a particular digital cellular communications system,
those' skilled in the art will recognize that the present
invention is also applicable to other communications systems and
that therefore the present invention is not 1limited to the
specific embodiments described and illustrated herein. Different
embodiments and adaptations besides those shown and described as
well as many variations, modifications and equivalent
arrangements will now be reasonably suggested by the foregoing
specification and drawings without departing from the substance
or scope of the invention. While the present invention has been
described herein in detail in relation to its preferred
embodiments, it is to be understood that this disclosure is only
illustrative and exemplary of the present invention and is
merely for the purposes of providing a full and enabling
disclosure of the invention. Accordingly, it is intended that
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©every tWprd2ssspt of an | S-54B frane. Wthin the DCC S“%@Eﬁ 408 are'_
contained different infornmation slots. The FBCCH 404, i ﬁ%pand t he

SBBCH 406 are broadcast control channels which transnit global information .

for all nobile stations. FBCCH 404, EBCCH 405, and SBCCH 406 may extend
over several slots as indicated by tlBe dots .in adjacent slots of the DCC
superfranme 408. The FBCCH 404, EBCCH 405, and the SBCCH 406 are described’
in nore detail in Section 2.3.2 of PN 3011-1. WO 95/ 29568 10 Sl ot 407
cont ai nghe ninNendtioon bei rldotiedd abnbpeby f the MBS Simd | Mlpel 0% rising

t he pagtnginzoBbphasdHaReto( PCH) 410, access control channel” (ARCH) 411
and the short nessage service control channel (SMSCH) 412. Two DCC
superfranes. 408 are arranged sequentially into a primary and secondary
superfranme which together are known as a o '
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hf{pérfr'arre WO9s29& nessages may be interleaved in the SPAQPCEHUSHS/O03AT

across several hyperfranes. Mbile Station Qperation Nornal . m)nltorl ng of
the DCC downlink 415 by nobile station 109 involves g =
-exam—eacﬁw 407 on the DCC superfrane 408 as sﬁlehSHEEFl*gu&u

A

power s+up

he flowchart of Figure 5. Mbile stattom 109 TTTst

“;@mHm each slot, the ndBile station exequtes RfPLAG&Dence
t
mndiscated in block 501. Powering up may be effected by the

user -turning nobile station 109 on from being conpletely off, or it may be
waki ng up frgmamhat chsighsd §ed to as a "deep sleep state" as wll be

described in nore detail hereinafter. After powering up, nobile station
according to known nethods, a predeterm ned set of DCC downli nk

109 scans,

channel s 4151an¢ | metdtsod t Sor ecaiving tl:mtmaeyofpdv&ee DGCs a4 1&eHmuliardi eadid i n

ype d"??’ggg %o@ﬁa%%?r#'gﬁ?ngb %é‘%s%’qlgﬁr ?ﬁéss%%(f:ﬁg% St 404

bl ock 502.
decodes DCC

i s cont ai ned ¢HFEnaLIRM | FORPFEFing tthl?eswfﬁagl ng sl ot and the pagi ng

cl ass mark,

to _
(a) transmitting a first signal from a mobile station to
the base station indicating that the mobile station is unable to

receive messages from the base station;

(b) deactivating selected circuits within the mobile
station for a predetermined period of time;

(c} automatically react1vat1ng said selected circuits

within the moblle statlon after said predetermined time period;

(d) transmitting a second signal from the mobile station
to the base station indicating'that the mobile station is able

to receive messages; and
(e) repéating steps (a) through (d).

2. . The method of claim' 1, wherein said messages coﬁprise

alphanumeric. data.

3. The method of claim 1, wherein said mobile station is a
battery-powered cellular radiotelephone.

4. The method of claim 1, wherein said predetermined period

of time is detérmined by the mobile station.

5. The method of claim 1, wherein said first signal includes

a power-down registration message.

This Sheet Has Been Replaced
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be desc{igyRBedsp nore detail hereinafter, to be used by mg’%&%ﬁtlon 109.7".

As i ndi cated by bl ock 504, nobile statlon 109 transmts Via 414 a
tion to the base station_110 and receives via the

duvmlsm_k: l’@41§\;j acknow edgnent back from base station 110 The : -
acknomf;engnmt mayl; cont ai n addi ti ona2o i nf or rmﬂlmlmmmllﬂﬂg mjrmbl le

Ford t or anot her DCC 420 or to e the FBCCH
|nforrrat|on Assum ng that an acknow edgnment and no WO 95/ 29568 11
i nstructgi.ons rhe eme el Wl dlaGM haseséat | £4idl HiconBbhighalt aldc2Qadd9 assunes
i n block 505 the pag gr tlass correspondl ng to the paging class mark in -
FBCCH sPoP 4% e l6PvRa T Pagi ng class marks are described in
greater, detail in sectlon 4. 5. 5 of_. specification PN 3011-1. There are 8
pagi ng €l asgemednsl Idkelsdvihgd\Nbete e ChbéWer in a cellular radio

communication system having a base station with a base station

i W @ § e e —

control signal, comprising the steps of:

(a) transmitting a first signal from a mobile station to
the base station indicating that the mobile station is unable to

receive messages from the base station;

_ (b} deactivating selected circuits ' within the mobile “
station for a predetermined period of time;

(d}) automatically reactivating said selected circuits
within the mobile station after said predetermined period;

{e) receiving said base staéion control signal and
transmitting from the mobile 'sta;ion to the base station a
second signal indicating that the mobile station is able to
receive said messages where said base station control signal is
divided into a plurality of time slots ; and

(f) repeating steps (a) through (e).

8. ‘The method of claim 7, wherein said messages comprise

alphanumeric data.

9. The method of claim 7, wherein said nwbile station is a

battery-powered cellular radiotelephone.

10. The method of claim 7, wherein said predetermined period

of time is dete:mined by the mobile station.

11. The method of claim 7, wherein said first signal includes

a power-down registration message. : ,__—~————*“"———ﬂﬂﬂf

.
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t hie frequenW?W?sﬁsv\hl ch rmobile station 109 |istens to SPACREEUSMSNOMIY for a
S\VB nescanp as |nd|rat9d Ln block 506. A first nobile statj

tQ pagl rs one SPACH sl ot 407 for each hyp rTﬂ'H%tﬁbftETO@A“dBELN_ﬂ
LR L

second assi.gned to pagll ng class 2 nonitlprs ori :
sl ot 407 hyperfrarre 409,%a third mobile station 109 — .
assi gned to pagl ng cl ass 3 nonitors one SPACH sl ot 407 for every third
hyperframe 409, and so on._In paglng class 8, for exanple, nobile station

109 may onl y2ronTher BewdoHof] o128 eler yWhenginyt 6318 or SEfROdreSigges.

Thi s procedinelaliéssva bbResyss avgaperativn mesdsge gn so cal l ed sl eep- nodes.
This procedure is known and descr.i bed in greater detail in specifications

PN 3011- 1 and PN 3011-2. Referring nowto Figure 3, a partial functional

bl ock di agr &dr ofA amabeed efgratslamnqowa‘tsesnomwemrmnga SkRaIiutant rag¥e

powver must l&anﬁmiéacioho s&eee‘hmavﬁ{b&a dERdwhat 9on 3P2un N |Hac3bd,
ti mng generator “ﬁg Sy he t,i nebase/ aut omattL_c frequency control (AFC
y

306. The ti ﬁ@BEE FisdRBetat (FR8PE0RE ol 1 ed crystal oscillator
(TCXO). In between

(a) placing a mobile station into a page ornly mode;

(b) transmitting a first signal from the mobile station to
the base station indicating that the mobile station is unable to
receive messages from_the base station;

{c) deactivating selected circuits within the mobile
station for a predetermined period of time:;

{d) automatically reactivating said selected circuits

‘within the mobile station after said predetermined time period;

{e) receiving by the mobile station the base station
control signal and transmittihg from the mobile station a second
signai indicating that the mobile station is able to receive
said messages where the base station control signal is divided

into a plurality of time slots;

(£) transmitting from the base station said messages on a
set of said plurality of time slots of the base station control
signal;

(g) monitoring by the mobile station said messages on said
set of said plurality of time slots of the base station control
signal; and '

{(h) repeating steps (b) through (g) until said mobile

station is reset from said page only mode.

Sheet Has Been Reilaced
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SPACH (@b %R%?¥7 homever all that is required to be ac?kﬁﬂﬁﬁgh t|n1ng

gener at or

CTOT T eCctl ngNo vious to one of ordinary the timng
a %Eﬁ giﬁﬁﬁgi be afcurate to withinza coupl 0! tﬂ s. This .

: erator 305 and the tinebase/ AFCt 3 rate in a
preC|se manner -wherein power nust also "be applied ‘to the controller
304 to cpnt rile opetidld 0fs Ob1hid1 29, OGRREEIRT s308 FRdsATL: 3g§m dang the.

i nterval s _between SPACH slots 407 timng 12 generator Ba

cont r ol 34Rhanypgrie datéserate at  a greatly reduced instruction rate and
therefore have reduced current requirenments. However, in order to maintain
(he (1 Mdlg ! ABhokCY L rgglﬁhfst'm@@ay %Egd?’glgb{'llét?%ﬁr{fbn fguld y active

bet ween SPACH sl ots e necessl t mal nt al N1 ng S5ase/ AFC
battery-powered cellular radzotelephone

16. The method of claim 13, wherein said page only mode
reduces the average current drain said battery

17. The method of claim 13, wherein said predetermined period
of time is determined by the mobile station.

18. The method of claim 13, wherein said first signal includes

a power-down registration message.

19. The method of claim 13, wherein said second signal

.1ncludes a power-up reglstratzon message

mThmm

\\\\\\\\\\\\\\\\\\\\\ i
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and the tlnebase/AFC 306 to Keep\LL§%5T2ﬁ6¥~Ls\\ next SPACH
slot 407 is to occur. However, if the next ZPACH sl© t o be decoded :



3’06 fuI I y WOoovRses aces a lower linit on the amount of cur rRGTUSASBRMP fr om
battery 310 and hence limts the absolute battery life. Operation of the
Page Only Mde Wen a user of nobile station 109 wi shes t(—ﬁsace—eﬁ++q~hu£—__
not to receive |ncon1n caIIs the user gy sinply turn theg PHISTEHERTHABBEEN
such t| “El “mul@#m des to place a call. By so doing the BEBLAGEY
maxi m ze 1y - 310 since little or no currer ' >
circuits shown in i gure 3 :when nobile station 109 is deactivated. However,
if the nobile station 109 is deactivatednobile station 109 is not able to
receive incpoi nga SMeYiBasagesadd t ecomiwmligatiéng hesywimar ofithobekeendest i on
109 wishes £0 nl.2c¢;¢8! | SorgRdsingal SO receive SM5 nessages while at the
same time nmaxim zing battery Ilfe the user of nobile station 109 may
select to place the phone into what is refered to as. the "pager- only

node. " One net hodl hybide @hathenueaﬁdﬂﬁipnpbheetamk&dnsm&taaidmr3695ignai a

pager-only R08 besdeSEdd iR el b CeRE ndde VEddeiBR WAGET 308 0ndbs 1NOSE

of ordinary 2k
station is unable tO rece:Lve messages;

a controller to deactivate selected circuits within said
mobile station, when cohditioned, for a predetermined time
period t:o. conserve battery power and to reactivate said selected
circuits after said predetermined time period to cause said
conditioned mobile station to transmit a second signal to the.
base station to notify the base station that the mobile station
is able to receive messages, sa@d conditioned mobile station
transmitting another first signal after receiving any messages,
said controller. deactivating and reactivating said selected
circuits and said 'condit_:ioned mobile station transmitting
another second signal after receiving any. messages, repetitively'

"until said mobileé station is placed in a different mode.

21. The system of claim 20, wherein said controller causes
other selected circuits to é_:perat:e at a reduced level of

activity during said predetermined time period.

22. The system of claim 20, wherein said predetermined period

of time is adjustable.

/__.
et Has Been Reilaced
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there are nawWp9sa9sssf or the user to establish/sel ect a pagerpciwudosnidocti on
in a cellular tel ephone. The exanple given in Figures 6A and 6B are
therefore exenplary onty and are not neant to be limtative. First, as
indicated in block 601, the nobile station 109 is be turned on in the
normal manner. Then as shown in Figure 6B/ he user then sequentially
presses function key 607, the '1' key 608, and finally the '5" key 609 on

the keypad of nobilg stafion 109-as indicated in_blocks 602 -_603. _ _ _ _
Executing this sequence toggles the nobile station into the WO !
95/ 29568 13 pager-only node. Repeatd e @equence W ll_tges bile |
station into the nornmal stand-by d@ whef e nobi | e stati% the
DCC according to it's assigned pa4l ggcﬂass. Y-

nobi | e station 109 linto_a pager} onl ygn@de
mode and, using the arr8w keysa SO
-«

I L
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610, cormon|wofsmesés on nobi | e stations, the user can sequencRCHYRSOIMO t he
avai |l abl e options to select or deselect the pager- only node. To confirm
~that nobile station 109 is in the pager- only node a brief indication wll
be shown on display 606 of the nobile station 109 as indicated in bl ock
604. After a brief period, display 606 go blank until such tinme as a
SM5 nessage is received. Referring nowto Figure 7, the operation of nobile
station 109 in the pager-only node is described. Once nobile station 109
has entered the pager-only node as indicated in block 701 all circuits
non-essential to the operation of the nobile station 109 while in the
pager-only node are de-activated as will be described. This is refered

to as the "deep-sleep” state. Referring back to Figure 3, .in the deep
sl eep state anal og decode 301, denodul ator 302, recejver 303, anal og encode
307, nodul ator 308, and transmtter 309, are deactivated. Tine base/ AFC 306
is kept running, but at a significantly reduced level since its accuracy
can be allowed to drift substantially. Timng generator 305 nust al so be
kept activated but at an

201

Call Attemptto /‘
Mobile Station

YES Does Mabile NO
Station Reapond
to Page?
2049
Call is Directed /-
to Message Center
|
Caller is Prompted /‘ 205
Connect Call in -} to Enter Short
sual Manner Alphanumeric Meaessage
o / ' |
=03 Message 18 Entered /' 2068
and Delivered co
System Measage Canter
207
A
- Figure 2A
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éxtrenely Iwomsmesel of activity only sufficient to count tRETAISAHE10T
oscillations generated by the tinmebase/ AFC 306. In this state, the current
requi rements of nobile station 109 are extrenely |ow and hence the current
drain fromthe battery 310 is greatly reduced. After a predetermi ned period
of time (e.g., 10 mnutes), or equival en349y a predeterm ned nunber of
oscillations, timng generator 305 alerts controller 304 to "wake-up" and
reactivate the receiver 303, the denodul ator 302, and to increase the
activity and hence the accuracy of the tinmebase/ AFC'306. It is obvious to
one of ordinary skill in the art that the WD 95/ 29568 1 4
predeterm ned period of tinme may be adjusted either by the user or at the
time of manufacture. Controller 304 and the tim ng generator 305 al so
increase their activity level sufficient to

207

~ Mobile Station /‘ 208
Registers with Systam

210

YES la Mohbile
Station in Home

Systam?

NOQ

Ragistration Message

| is Sent to Mobile's /" 212
' Home Systermn via IS-41

intarface

211

Message Center
Delivers Messages
to MTS0O Home System Message

Center Transfers
Messages to Roam /-
Systerm MTS0 via
IS-41 limk

213

Messages Delivered 214
to Mobile Staten
According to DCC
| Protocois

Figure 2B
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per f or m t havd eamosésons necessary to nonitor' the DCC 415. TRCIUSHIeNce of
operations is ternmed "waking-up" as indicated in block 702. Again simlar
to Figure 5, the nobile station begins to scan the DCC 415 and | ocks its
r'ecei ver 303 to one of the DCC superframes 408 as indicated in block 703.
As indicated in block 704, nobile station 489 transmts via the RACH 413 a
power-up registration nessage to base station 110 to alert, via MISO 107,
nessage center 104 that nobile station 109 is active and prepared
to receive SM5 nessages. Mobile station 109 begins to nonitor the SPACH
slot, pursuant to it's paging class "as previously described, for SMS
messages as indicated in block 705. If, as shown in block 706, it is :
i ndi cated via the SPACH 407 that there are no SM5 nessages waiting to be
transmtted frombase station 110 and received by nobile station 109,
nobile station 109 transmts via the RACH 413 a power off, or power- down,
registration 4899 Ngdi cated in block 707. Power-up, or power-on, and

power-of f, or pqwer—down-T egiStTagIFT NESSAgES” a're-'t-ra'znlsg%ﬁ'ed—from nobi | e
station 109 to gase stajion 1#9’bv 1 the uplyi nk EX??AE , or RACH 413, as

described in gr late Alaleg T |

Demodulator Receer

Oecode .
= T _T. :3::3_/ :

|

|

|

|

|

{

|

|

: . 304 0S8

l [ /
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sbecifi-catiwoggugﬁﬁll-l. The nessage format is identical experusdsmsdiot he
bit field which indicates whether the registration nessage is a power-up,
or, power-down registration. Once the transm ssion is conplete, the nobilé
st'ation 109 automatically re-enters the deep-sleep state and
de-activates all non- essential circuit89as previously described and

I ndicated in block 708. Mbile station 109 renmains in the deep-sleep state
until again a predetermned tinme period has elapsed (i.e., 10 m nutes) at
which time the cycle is repeated. This continues until the user resets the
pager-only node as described above. If, alternatively, at block 706
the nobile station receives an SM5 nessage from base station 110, it
assunes the paging class set by t FBCCH 404 and cgnti nuously nonitors the
WO 95/ 29568 15 DCC 415 until the npleti§SNS MBssagg is received as

ﬁ\\\\
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i bl ock 71Wo sEhessSNS message is transmitted from base st atpermushiosfo
nobil e station 109 over sequential occurrences of the SPACH 407 accordlng
tq known DCC protocols., As the nessage is received it is stored
el'ectronically wthin nobile sbgilon 109 for subsequent retrieval by the
user. In block 712 nobil e stat 109 alerts the user via a visual,

audi bl e, or nechanical (e.g. vibration) that a SM5 nessage has been
received. At this point the user nay elect to read the SM5 nessage. After

i ssuing the alert, and regardl ess of whether or not the user has revi ewed

t he nmessages, the nobile station re-enters the sleep- node via block 707 as
previously described. In Figure 8 is shown the power savings advantage

af forded by the present inventiorf rte a wer savings refers
equivalently to the reduction of jetpctrical cdyrrent drawn frombattery 310.
Referring to Figure 8 the relati current co sunptlon of the nobile

station 109, a neasure of powgdjgonsunptiofp and hence rel ative battery
life, is displayed on the ordi nateﬁ b\Ls 810. Time is displayed on the
abscissa 811. Read in conjunctlon m\t§

the fl gwchart of Figure 7 the
significance

| seccH| .

Slot4 | Slot5 | Slot B

——

ey g

| emceH] ...

.. |receH] ...

Figure 48

| sPacH
acr

| seceH| ...

405 _/ 406 ./
pcec Supérﬁ-ame '

| eBCCH] ...
DCC Hyperframe -

9
g
-

Sioc4 | Slot2 | Slot3 | Siot 4 | SioeS | Slor 6 | Sloc1 | Sioc2 | Slov3

401_\ 402 _\403 .\401 A _\402A _\403A X ‘l_X 402 .\403 _\401 A -X402A KOBA \ '

[ FBCCH]| ...

I I IS-54B TDMA Frame
400
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of- the grapo@kadskgure 8 will be described. After "waking- ugirisysbdack 702,
mobi | e station 109 begins to scan control channels as indicated in section
802 of the graph. During channel scan, a noderate amount of current is
required as indicated by [err] 807 on the ordinate. Once the receiver 303
| ocks on to a control channel 415 as iﬂ@icated in block 703, the nobile
station 109 transmits a power-up registation as indicated in block 704.
During the transm ssion phase 803 nobile station 109 draws the greatest
anount of current frombattery 310 as indicated by [err] 806. After
transmtting the power-up registration, nobile station 109 periodically
scans in section 804 the SPACH 4Q7 to see if any SM5S nessages as indicated
in block 705 are present. Due to the periodic nonitoring of the SPACH 407
the current requirenents [err] 808 are | ower than when the receiver 303

-ms—\&
]

continuously scans the control channels as in section 802. After WO

95/ 29568 o . 0
: @ y
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16 :r-ecepti oNOofn9ses f any, the SMS nessages mobile stati greTnisdsodsi@nsmits
a power-down registration as in block 707. Again since nobile station 109
is transmtting in section 805, the power requirements [err] 806 are high.
After transnmitting the power- off registration, the nobile station enters
its deep-sleep state as in block 708. Durgmg this interval 801 only the

m ni mal essential circuits are energized and power and current _
consunption J[err] 809 is greatly reduced. Mobile station 109 remains in
this state for a predeterm ned duration [err] and then the process repeats
at block 702. For this cyclical operation, the average current consunption
can be calculated as follows: [err] Using Equation 1, the average current
drawn frombattery 310, [err], of the present invention can be conpared to
t he average current drawn from battery 310 whil e confinuously nonitoring
the DCC 415 as is done presently. For typical nobile stations, the average

current drawn frombattery 310 g; Sl ATous| y75qni toring the DCC

415 has been found to be approxima Page-Only /’ -
Made
l .
702
Mobile Station |/~
*"Wakee-LIp* :
I |
Scan and L.ock 703
to Control ChannelV
]
Tranamit a Power-Up /'
Regiatration Meseaage
' |
Wait for SMS Messages 705
or indication that SMS /
File is Emprty
708 __
SMS Message
Received? YES
707. Ve 711
\ Mobile Station Assumes
- Paging Class Set by
Transmit a Power-Oown - FBCCH and Listens to
Reagistration Message SPACH for SMS Measages
. ]
708 : - ,
" . Maobils Station Prompts :
Enter ‘Deep-Sleap Stave User with Audible Tone 712
. and Received Message /
Remain in "Desp-Slaep State® is Displayed on Display
705\ Mode for a Predectermined
NPerod of Time
710
\.‘ Restart Cycle
at Block 701
Figure 7
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n{ﬁlianperes. Wth a 500 mllianpere-hour battery this gives a stand-hby

time of app%%@ﬁ% y 33 hours. Typical values for the vari abﬁg’lslg%%éﬂrum

equation 1 are n below in Table 1: Operation Current

‘Consunption Tine Time Vari abl e (ml1lianperes) Vari abl e
(seconds) Transmt [err] 60%,9 [err] 100nms DCC Scan
[err] . 200. [err] 2s Receive SM5 [err] 15
[err] 5s Sl eep [err] 3 [err] 600s

Table 1 WD 95/ 29568 17 Applying these values to Equation 1 yields an
average current, [err], of 3.95 mllianperes. Therefore a nobile-
station incorporating the present.invent Ebg equi pped with the sane 500
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m.l | i anpere- hour battery provi des a  battery lifer—of ..
approximately 128 hours. This is a significant inprovenent
prior-art and represents a distinct advantage to the user
radi ot el ephone who wi shes to nake, but at tines not to rec
to utilize the SMS feature avail abl e unde® the DCC 415. As S
one of ordinary skill in the art, significantly |onger battery lives wll

be avai-l able by increasing the idle tine above the 10 m nutes used in the
above exanplmattéwy usidie .enfloy spddwr-bedef mbdef allengénnbaides yas i e donrhbt~
such Ui e asaidiutsChohakefoll kusTRLLY © miakiifls! 0 £ | 2 i6w0205s OpbY s FRde,
for exanple, by repeating the steps shown in Figure 6A. O course, a one
cal | may be ThtfdoRt WHET t itRe RAFIMH wifadt t FRFFYES 0y #ABEeming calls.
tenporari | K m;ﬁ.p@nb' deg f}@;owhgbrbeagﬂt thadel‘l&e&ali{rerV\hiJ]& A hg:_elé_besl@mt X lthzla

i nvention ha en descri Wi th. respect t. articular digit ce ar
communi cat i o%%blsyest%ln%n?_ hggensmﬁlé%%t ﬁ&n af%aeﬂgr%% gvm't"lc’l plrigc?(?grﬁ g%a]’t%ha'f"tﬁ e -
present inverrssAgs 9rapdpakept i cabl e to ot her communi cations systens and

SUMMARY OF THE INVENTION

_ In view of the foregoing béckground. it is therefore‘an
object of the present invention to provide a method for
increasing the battery life of a battery-powered cellular
radiotelephone. ' '

It is also an object of the present invention to provide a
-pager-only mode for a cellular radiotelephone thereby allowing
the user of a portable cellular radiotelephone to receive short
messages broadcast to it from a cellular base station.

These and other objects, advantages, and features of the
present invention are provided,a method for saving battery power
in a cellular radio communication system having a base station
with a base station control signal and a mobile station
conditioned to adopt a pager-only mode wherein the mobile
station cyclically transmits a first signal to the base station
indicating that the mobile station is unable to receive messages
from the base station. After tramsmitting the first signal, the
mobile station is further conditioned to deactivate selected
circuits within itself for a predetermined period of time and
then to automatically reactivate the selected circuits after the -

_predetermined time period has elapsed énd to transmit a second
signal to the base station indicating that the mobile station is
able to receive messages.

In another embodiment, the - first and second signals
transmitted by the mobile station include power-down and power-
up registration messages.

In yet another embodiment, the mobile station is adapted

Ay

to allow the user to set and reset the pager-only mode.
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that therefore the present invention is not limted to the-spe:ifi

enbodi nents described and illustrated herein. Different e D@EFRAT SMBNTE SHEET
adapt ati ons besi des those shown and descri bed as well manys

vari ati ons, nodi ficati ons and equi val ent arrangenent lﬁmml %gWMé§1997
reasonably suggested by the foregoing specification and dr amRgsS—wthoat——
departing fromthe substance or scope of tte invention. Wile the present

i nvention has been described herein in detail in relation to its preferred
enbodi nents, it is to be understood that this disclosure is only

illustrative and éxdnpitapy ehbodignguteodntthenkavierirrapdmpsises ed yceXlorlart he
pur poses  of coﬁanMiE'éE‘gonsa s{¥tim ﬂHOm&n%b'xﬁc!}QJ@' salR3uhRe éﬁnd&*&%oned to

i nvention. Accordingly, I's 1.ntended that SUBSTI TUTE SHEET . RUL 26) .
WO 95/ 29568 fsfaPﬁ’élF n?er‘fﬁréﬁ [Fd PRk &d aoﬂ?%ﬁeoys“taﬁé%pm nofidYs e K55St he

station when the mobile station is unable to receive messages.

The mobile station includeé a controller to deactivate selected
circuits within the mobile station for a period of time and to
automatically re-~activate the selected circuits after the period
of time has expired. The mobile station is further conditioned
to transmit a second signal after the period of time has elapsed
to notify the base station that the mobile station is ready to
receive messages. The mobile station is conditioned to repeat
this sequence of operations until it is set by the user into
another mode. The controller is adapted to cause other selected
circuits, not deactivated, to operated at reduced levels of

power -<consumption to further increase battery life. The

predetermined period of time may be adjusted to even further
increase battery life.

In accordance with the present invention, a method for
- saving battery power in a cellular radio communication system
having a base station with a base station control signal, by
transmitting a first signal from a mobile station to the base
station indicating that the mobile station is unable to receive
messages from the base station, deacti\(ating selected circuits
within the mobile station for a predetéfmined period of time,
automatically reactivating said selected circuits within the
mobile station after said predetermined time period,
transmitting a second signal from the mobile station to the base
station indicating that the mobile station is -able to receive
messages. '

These and other features and advantages of the present
invention will be readily apparent to one of ordinary skill in
the art from the following written description when read in

conjunction: with the drawings in which ‘like reference numerals

refer to like elements.
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cl.ai nms appended hereto. 1. In a cellular radio conmuni g

i ncluding a base station transmitting a tine-slotted control
i necl udi ng paging time slots during which paging infornmation
and at | east one nobile station receiving paging infomation

\l("l'

%c@n'é} “MEN

ot .

S et

base stion during the paging tine slots gand having ‘a regul a

St ecp node

where a first set of selected circuits is deactivaed and a deep sl eep node
where a second set of selected circuits is deactivat ed, a nethod perforned
by the nobile stati i on for aV| batter bower rrprsésgn the st eps. of :

(a) enterfTHg d Page "onl ¥ 5 tnr1 ettlﬁ' st

BYgnSrTEs the

base stati mnsﬁhrcatthmgmemget hérrrmbﬁl 9e5§malond4g;mniaba%sns¢an4;e| @re a

messages fgomdha Rasgusbatisd) 1 thisCBisd ivie bRemgecis Hiven F8ge by
deactivating both the first ?L"U‘second ets of selected ciruits for a

pr edet er mi s oFCBT 13

aFd)t0 eftt € aPﬁg"‘?ﬁlé"’i‘eeg“hI §pt s?%eﬁlﬁﬁate”b%/

aut omat i cakégardiesssi it ivhg tiethodcosddsed biisk|zlptechupieriai hessdderis he
predet et m edkdd Hh &%gs%@ea%%ntsgemngft,tﬂelttéte £ li 895 6QNES OhoS S8

fromthe base statio
station 109

A description of how the stored message is forwarded to

mobile station 109 is shown by the flowchart of Figure 2B. When

the mobile station is first powered-on, or otherwise wishes to

make contact with the system as will be described in more detail

hereinafter, mobile station 109 performs a registration with the

system according to Section 6.3.7 of Specification PN 3011-1 as

indicated in block 209. Based on information contained within

mobile station’s registration signal, system 101A, for example,

determines if mobile station 109 is in its home system 101A or

if it is roaming in system 101B as indicated in block 210. If

.the mobile station is in home system 101A, the SMS message

stored in the message center 104 is broadcast as indicated in

block 214 to mobile station 109 via the DCC protocols to be

described. If, alternately, mobile station 109 is roaming in,

for example, system 101B a registration message is sent to

mobile station’s 109 home system 101A via ¢the IS~41 link 108 as

indicated in block 212. Upon receipt of the registration

ﬁessage, the home system 101A message center 104 transfers the

SMS message previously stored to roaming system 101B via the IS-

41 link 108 as indicated in block 213. If no SMS messages are

'étored an indication thereof is alternately communicated. Once

received, the SMS messages are broadcast via base station 110 to

mobile station 109 according to the DCC specification.

. Description of the DCC

A complete and thorough description of the DCC is provide?

in specifications PN 3011-1 and PN 3011-2

B
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(e) entering a normal power node by reactivating the first| S&PLaberehectad
circuits; (f) transmtting a second signal indicating thatjjthe nqbélﬁA
station is able to receive the nmessages fromthe base stati| |El;ate(:g.).._.......,,.X.Jgg,?
receiving fromthe base station the nmessages on the paging 2
t he base station oontrol signal; (h) nonjtoring the nmessages on the paging
time slots ofthe base station control sigifal; and (i) repeating steps (b)
through (h) until the nobile station exits fromthe page only node. 2.
The nethod of claim 1, wherein the nmessages conprise al phanuneric data. 3.
The met hod FEREFAFAT 1,3%herBRn IMEIRIBPFe 20t PBY: iex2Bat ta y 2povwesatd Y

cel tul ar radieduekeaphionrbtionTheatet Bad ahegkabre 1 havheraidudehe paaenen! y

mode reduces J 18, B¥ERAPE SHILRY, 400400 LOGDAlLSY the timing accuracy

required the timebase/AFC 306 must remain fully active between

o gy

%
IH

SPACH slots 407. The necessity of maintaining the timebase/AFC
306 fully active places a lower limit on the amount of current
drawn from battery 310 and hence limits the absolute battefy
life.

Operation of the Page Only Mode

When a user of mobile station 109 wishes to place calls
but not to receive incoming calls the user may simply turn the
phone off until such time as the user decides to place a call.

"By so doing the user may maximize the life of battery 310 since
little or no current is drawn by the circuits shown in Figure 3
when mobile station 109 is deactivated. However, if the mobile
st#tion 109 is deactivated,mobile station 109 is not able to
receive incoming SMS messages.

" Alternately, if the user of mobile station 109 wishes to

place calls and to also receive SMS.messages while at the same
time maximizing battery life, the user of mobile station 109 may
select to place the phone into what is refered to as the “pager-
iny' mode.” One method by which. the - user may place mobile
station 109 into a pager-only mode is described in Figure 6A. It
will be understood by those of ordinary skill .in the art that
there are many ways for the user to establish/select a pager-
oﬁly' function in a cellﬁlar telephone. The example given in
“Figures 6A and 6B are therefore exemplary only and are not meant
to be limitative. First, as indicated in block 601, the mobile’
station 109 is be turned dﬂ'in Ehe”normal manner. Then as shown
in Figure 6B ,the user'[ibggjbequentially presses function key
607, the ‘1’ key 608, and finally the ‘5’ key 609 on the keypad

of mobile station 109 as indicated in blocks 602 - 603.
Executing this sequence toggles - the mobile station into the

[:ﬁﬁhsmnﬁa SHEET




5. The net hod of claim 1, whereinthe predeterm ned period oftFaetS——————

determi'ned by the nobile wt hod of claim 1, WELeCAMENS SHEeT
first signal includes a power-down registration node. 7. T ta met ho?Bof -

claim1, wherein the seconi: a power-up regi sq eteon.... 0. MAY. 1997,
message. 8. The nmet hod i Mﬁlg"ﬂﬂ"‘“ﬂﬂﬂ’ﬂn ther aré& plural ‘pagrng =
cl asses, each paging cl ass correstoﬁ'di Ag to a length of tinme between paging
time slots during which paging information is transmtted fromthe base
station, and wherein the nobil e station receives paging information
br oadcast corresponding to-one of the plural paging classes assigned to the
nobil e station. 9. The nethod in cl aicGm®aIMS f urt-her conpri si ng: determ ning
whet her one of the nmessages is directed to the nobile station, and if so,
nonitoring a paging tine slot indicated by the base station control signal
until the olnF lruessagg_aicelhn@ar&bdiacbmﬂﬁuni&aﬁmsyaemaﬂcmﬂm@pbmmﬁmi on for
use in a cellular radio
transmitting a time-slotted control signal including paging time slots during which
paging information is broadcast and at least one mobile station receiving paging
information broadcast by the base station during the paging time slots and having a
regular sleep mode where a first set of selected circuits is deactivated and a deep sleep
mode where a second set of selected cirenits is deactivated, a method performed by
the mobile station for saving battery powes, comprising the steps of:
(a) entering a page only mode;
{b) transmitting a first signal to the base station indicating that the mobile
station is unable to receive messages from the base station;
{(c) entering the deep-sleep mode by deactivating both the first and second
gets of selected circuits for a predetermined period of time;
(d) entering the regular sleep mode by automatically reactivating the second
set of selected circuits after the predetermined time period and receiving the time-
slotted control signal from the base station;
(e) entering a normal power mode by reactivating the first set of selected
circuits; "
(f) transmitting a second signal indicating that the mobile station is able to ',
receive the messages from the base station; .
(g) receiving from the base station the messages on the paging time slots of
the base station control signal;
(h) monitoring the messages on the paging time slots of the base station
control signal; and
() repeating steps (b) through (h) until the mobile station exits from the

page only mode,
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comuni cati ons systemthat includes a base station transcegrver=transa-ti{ing. .
a time- slotted, radio frequency control signal havi ng pa |Rig9ua10m/ﬁ3‘l‘0$$:ﬂ ”
during which paging information is broadcast, conprising:{iradio -
circuitry; radio transmtter circuitry; timng circuitry; @amontigl
controlling the raﬁrWMLLLtry, the radio trans

and the timng tery for selectively supplying power to the
controller, the rarm'm ﬂ!ﬂﬂ wtry, the radio transmtter ciruitry,
and the tlmng C|rcu|try on a node of operation of the nobile -
station; wherein when the rmblle statlon IS in a page only node, the
controller perfornms the follow ng tasks: (a) controlling the-
transmitter circuitry to transmt a first signal to the base station

i ndicating that the nobile station is unable to receive nessages fromthe
base stati on;

2. The method of claim 1, wherein the messages comprise alphanumeric
data, '

3.  The method of claim 1, wherein the mobile station is a battery-powered
cellular radiotelephone,

4.  The method of olaim 1, wherein the page only mode reduces the
average current drain on the battery,

5.  The method of claim 1, wherein the predetermined period of time is
determined by the mobile station,

6.  The method of claim 1, wherein the first signal includes a power-down
registration mode.

7.  The method of claim 1, wherein the second signal includes a power-up
- registration message.

8.  The method in claim 1, wherein there are plural paging classes, each
paging class corresponding to a length of time between paging time slots during
which paging information is transmitted from the base station, and wherein the
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(b) enterlng a deep-sl eep node by deactivating the radio transn1tter "
circuitry and the radio receiver circuitry for a predeteni Beﬁ%ﬂq &;5if = =L
time; (c) entering a regular sleep node by automatically r 1 va 5 iy ‘
radi o receiver circuitry after the predeternined tine peri &d) 15.MAY‘§@? ’
receiving at the radio receiver circuitry time-slotted cont il VM WY d ol
fromthe base station;, (e) entering a normal node by reactivating the o
radio tansmtter C|rCU|tr and ing the transmtter to transmt a
second si gnal Indlcatl (mﬁ1tﬂe staon is able to receive the :
nmessages fromthe base eiving at the receiving circuitry
fromthe base station the nessages on the paging tine slots of the base
station control signal; (g)- analyzing to nmessages received on the paging
time slots of the base station control signal; and (h) repeating tasks (b)
through (g) until the nobile station | eaves the page only node. 11. The
nobi | e radi ot el ephone station in claim 10, wherein in the deep-sleep node,

the timng circuitry is powered at a reduced | evel.

b

mobile station receives paging information broadcast corresponding to one of the
_ploral paging classes assigned to the mobile station.

9.  The method in claim 1, further comprising:
determining whether one of the messages is directed to the mobile station, and
if so, monitoring a paging time slot indicated by the base station control signal until

the one message is received,

10. A mobile radiotelephone station for use in a cellular radio
communications system that includes a base station transceiver transmitting a time-
slotted, radio frequency control signal having paging time slots during which paging
information is broadcast, comprising:

radio receiver circuitry;

radio transmitter circuitry;

timing circuitry: | S

a controller conirolling the radio receiver circuitry, the radio transmitter
circuitry, and the timing circuitry;

a battery for selectively supplying power to the controller, the radio receiver
circuitry, the radio tranamitter cirouitry, and the timing cireuitry depending on a mode
of operation of the mobile station;

wherein when the mobils station is in a page only mods, the controller
performs the following tasks:
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12. The nobi | e radi ot el ephone station in claim 10, whereinmfi-the ? T
deep-sl'eep node the control | er operates at a reduced power [ éveL“)eWENﬁED’ e
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(8) - controlling the transmitter circunitry to transmit a first signal to the
base station indicating that the mobile station is unable to receive messages from the
bast station;

(b)  entering a deep-slecp mode by deactivating the radio transmitter

_ circuitry and the radio receiver circuitry for a predetermined period of time;

(c) entering a regular sleep mode by automatically reactivating the
radio receiver circuitry after the predetcrmined time period;

(d) receiving at the radio receiver cirouitry time-slotted control
information from the base station;

(¢) entering a normal mode by reactivating the radio transmitter
circuitry and controlling the transmittor to transmit & second signal indicating that the
mobile station is able to receive the messages from the base station;

(D  receiving at the receiving circuitry from the base station the
‘messages on the paging time slots of the base station control signal;

(g) analyzing the messages received on the paging time slots of the \
base statxon control signal; and

(h) repeating tasks (b) through (g) until the mobile station leaves the
page only mode. “

11.  The mobile radiotelephons station in claim 10, wherein in the deep-sleep
mode, the timing circuitry is powered at a reduced level.
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12.  The mobile radiotelephone station in claim 10, wherein in the deep-sleep
mode the controller operates at a reduced power level.
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