-1- 5. MULTI,MODE COVMUNI CATI ON DEVI CE AND METHCD FOR [Fos <oP
OPERATI NG A MULTI MODE' COMMUNI CATI ON' DEVI CE

; : . . (AR T T P
Field of the Invention 10 The present invention genef dvy° lé’e‘% at’es
to comuni cati on devi ces. More particularly, the present invention
relates to nultinode conmmuni cati on devi ces and nethods for operating
such communi cati on devi ces. 151- Background of

Cormn!caft on ey MELTIMODKCOMMIAISTION SEVICHIMDETIODFOE,
conmuni cation in mf@PERAnNttﬁgnMgt\t‘e COIT?Y{IEI’II catron no e.oégr exanpl e, such

nodes of 20 communi cation include digital and anal og signaling, different
frequency bands for conmuni cpfe'l‘?rbf HRBdn¢eAHBAI cation according to

di fferent comuni cati on protocols. Exanples of such protocols are
Advanced Mobi | e Tel ephone Service (AMPS), North Anmerican Digital

Cellular 19 serviThe peseitinvention ehétalRP felatdeSol @mistuniedih Hobicks.

Station ni mum 25 Rerkg_&tnatgce 190Q .VHz tan%&&d E\ngt}é-.ST 010, PCS

| S-136 Based BYiQre particugriy, tgs pie VeRtien IRiates. o FHHIMeAes; andar d

("1'S-136"); CodemmunicafibnidevidesMtid mpthods des spefabivl) suctd cotnahwpikcatien

service accordidgg?&g ‘ EIA/TIA interimstandard 95 Mobil e Stati on-Base
Tty

Stati on Conpat i St andard for Dual - Mode W deband Spread Spectrum
Cellular System ("IS- 30 95"); d obal System for Mobil e Conmmuni cation

("GSM'); d satellite Pr @ektcur of the thi&htdmw oposed by Iridium
LL.C ("Tridium" Iridiumis a 2 Qf trademark and service mark of
Iridium L.L.C ). A typical conmunication system provi des

conmmuni cation i n ond@iticid@s eonizfl@fication dévitéLdre commariegtieRdeddtesar ea. A
nmul ti node cormunrllﬁatlo devi ce maTY use o t hese nodes for

_ ( P r]?e or 35 nor e o% _
communi cat i on. configured for corpiqunicafon, Suck a5 radio, gommunication Inmere, jo sone
cel lul ar thdreloap oonemunicationacgdee , Faredxample, phcnawdesafr di ng to

S50 ) S, g ication RS Hghal End Sl ARG HPeitedhg
comuni cati on andeder cammhunication, am? conpnunicatipn according tpdiffergnt
frequenci es neapnfiRfinidafioR ProfooRE OBLakple &f such protocols are Advanced
Mobile Telephone Service (AMPS), North American Digital Cellular
service according to J-STD-009, PCS 15-136 Based Mobile Station Minimum
25 Performance 1900 MHz Standard and J-STD-010, PCS 1S-136 Based Base
Station Minimum Performance 1900.MHz Standard (“IS-136”); Code
Division Multiple Access (CDMA) radiotelephone service according to
EIA/TIA interim standard 95 Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System (“IS-
30 95”); Global System for Mobile Communication (“GSM”); and satellite
protocols such as that proposed by Iridium, L.L.C. (“Iridium;” Iridium® is a
trademark and service mark of Iridium, L.L.C.). A typical communication
system provides communication in one of these modes in a limited
geographical area. A multimode communication device may use one or
35 more of these modes for communication.

Existing multimode radiotelephones include some cellular
telephones. For example, cellular phones according to IS-136 and IS-95 are
operable in both an analog mode and a digital mode. Cellular phones
according to IS-136 are dual band communication devices in that they

40 operate in a first band of frequencies near 800 MHz and a second band of




-2- 5. frequencies around 1900 MHz. Such radi ot el ephones comunicate with
a single type of communication systemin different nodes.

Such previous radi ot el ephones are constrained by the linted

geogr aphi ¢ coverage of the system Wen the radi ot el ephone is noved to

a new area beyond the systenls boundaries, service on the radi otel ephone 10
I's no | onger available. Even though other2§ystens provi de service in the
new area, unless that service is conpatible with the radiotel ephone, the

Cyst om e nofrefengier AR 1906 Mtk SulR raHioinniones RS Ik e

systenms provi singbetypecef tomnivnication system irhdifferénbmeddeshone i s not usabl e.
15 A new t Y/ erate on
aut ononous commnygﬁfl?%néég{s‘gﬁaﬁﬂgﬁﬂ‘)ﬁ& gl[sé %oé{smg{uigﬂed‘?y%e%iﬂu% stens are

communi cat i onge9ggraphic mesngapé the, gesteme ewhemhermshotelephwsrls .-moved thei r
geographi cal gk agsk -@Hy%te:rh% lﬂnﬁﬂiatrieféuéé%&r &ﬂth@radiotelephone

thi

yst em sBh o B0 deRBe Avatlable GEREY ok L b st p S b P 3 the
lri ﬂ' um G§|>\//Ist efew @rea, dnldss that seavice mtbmp"ambﬂ@mtleﬂ@mhotdepimnwmh@at e
with a syst a
mul tiple aut gﬁ%‘ﬁ%"?&%%ﬁbg?f’%&&&%& ‘gy%\%'ﬁssyéﬁﬁw& E%%%e\é\%{ll onal
comuni cat i onsysétem maylmylbg available o a tinee. Euenrﬂlbuglplo&ero@a@mpmbla h
systens, gﬂb ﬂ:eat'B ﬂ’le same areadh¥ fid Qﬁk % Wi th

ase t ystem T as

mJItlpIeflxe atlonsm commnlcatl
stations,15in turn AonAwrtypstaf r\m:lgq-:elgphone is gavistamed:wi %F%PPSW A8 | e

tel ephone swi b fdrimehs icoemmiinidation systé@! dAﬂﬁbﬁémUi!@ mhﬁmlembrpr ovi des

handoff of co ni catlons from se t se a to nmode. In
aut ononous co MEATe fomm umcag's‘??t%'ﬁgem? H@“E@?ﬁ%&?& r@;e]g{”m

alﬁt ononous i novirlaptihdheirigeogrdphieal@ovarage areas. i Tliht-:ts,cmrmp1%1-tncafaﬂaxoacreb,fe?3 vvleen
the two syste Ys mobi | e
station for uggdlolgaggﬁ§£en8? gﬁg&%ﬁ’pﬁm@%n%gncomm&ﬁ%%1 Uit eg%%ﬁsyst ens
must adap® t o systegesudinis aGMsystem and with maam}h@rsystmrsuchsasaamOnst ant
desire in the éﬁaﬁhﬂ S5t N QfterRt area, théﬂfaals?%ﬁ&r{e ﬁia?‘t hiniitfidfeduct

cost of such devl ce One common e produ cost Is to
eliminate dupl"Y’@éta %Mﬂ@FPéﬂtaé‘ V\f%%@l’ si ngl e conponent in

di fferent applicatiQuiamurdéatfore itk multi hutﬁidﬁnous confradh@tivgcordi ng to
e e e ot CLL e Rl B
r esour cessi nclthaiehamimégpleanndeml Iredudts systemspa snabile statien suchqsency
radiotelephone communicates with multiple fixed base stations in the
communication system. The base stations, in turn communicate with a
network controller or mobile telephone switching office which
coordinates the system and provides handoff of communications from
30  base to base and from mode to mode. In autonomous communication
systems, the respective systems are autonomous in that there is little or no
intercommunication between the two systems. Handoff is not possible
between systems. A mobile station for use in multimode communication
with autonomous systems must adapt to these limitations.
35 Moreover, there is a constant desire in the field of communication
devices to minimize the product cost of such devices. One common way
to reduce product cost is to eliminate duplicate components by re-using a
single component in different applications. For example, in dual mode
radios according to IS-136 and IS-95, it is known to use a single antenna for
40  both the analog and digital modes of operation. Other shared hardware
resources include voltage controlled oscillators and other frequency



-3- 5 synt hesi zer conponents, digital signal processors and perm ssion

. to receive and transmt. To be economcally viable, future nultinode
copmruni cation devices will need to exploit this concept of shared
resources while still being able to communicate with nultiple
aut ononous systens. 10 Accordingly,,there is a need in the art for a
mul t i node communi cati on device and a nethod for operating such a
devi ce whi ch sol ves these probl ens. Bri ef

Descri pti of ' o . U6 sent
i nvent i on?g1\/\hi %Fé&%ﬁégég?tg' glgltal SIgn?rlly\?gfé,,sgg{rse 34 @?xgﬁ%ﬁm&{fh
particul arity receivecang teanganit.c[Tqibaseconamically viableefutuse mulsimed, with
further obj ect sorpthrAc¥HEH daoies WillaRled Bitithis concep® of 8Ha¥ed 00d by
maki ng reference to the follaw ng description, taken.in 2?. conj unction
with the acconPesapreRs Whilsstilbely abie ta Gommymichts Witk miultiple " \i'ch 1 ke
ref er ence nuneaatchonieud bjrgteh&ent ical elenents, and wherein:
FIG 1 is bl ock di | cat.l kce . ralit
of com*runf@at i on syét%‘g‘#?,ﬂ‘glg" a&gmm&gl xéot'i]xgdaﬁ-gwg 3 ?fg'\f/ivhgh'(gd#am Y
i lustrating opemaumigation dewicesand 8 anethodctoriaperating suchfa 3‘2_@39 which.
FIG 3 is a bl ggk, g%ﬁéﬁeﬁ#‘ﬂqﬂeﬂ@e communi cation device of FIG 1;

ow SI agram i1

FIG 4 is a fl ustrating operation of the comuni cati on
device of FIG 3; FIG 5is a flowdiagramillustrating
operation of the 30 conmuni cnﬁépmegi@&@ml gfﬂféﬁraﬁmgmd FI G
6 is afl gw diagramillustrating operation of a conmunication system
and the cdPmuni cation device of FI G 1. Det ai | ed

Descri ption of a Pr&herfesttirésrobtherprasefbinvention, which aRebelievedytobey t o FI G
1, a communi cat) ' J+ PRY

conmmuni cati on g‘)(/)g égng%/h%ﬁfg%ggdﬁ]ag&ﬁ%ﬁi? te?\g%h%ﬁy‘és@ em 104 and
a second comuiiteentios, tegethenwi ohiects|ansk advantages thereofysaaynbest, t he

first communi cgki{ieyoba By RS réfdfnc@ thithe folléwthg! Hescriptit, thkéiPth 2
second bags St onfnction with the accompanying drawinigs, i the several Higures of
which like reference numerals identify identical elements, and wherein:
FIG. 1 is a block diagram of a communication device and a plurality
of communication systems;
FIG. 2 is a flow diagram illustrating operation of the
25 communication device of FIG. 1;
FIG. 3 is a block diagram of the communication device of FIG. 1;
FIG. 4 is a flow diagram illué\traﬁng operation of the
communication device of FIG. 3;
FIG. 5 is a flow diagram illustrating operation of the
30 communication device of FIG. 3; and
FIG. 6 is a flow diagram illustrating operation of a communication
system and the communication device of FIG. 1. |

Detailed Description of a Preferred Embodiment

Referring now to FIG. 1, a communication device 102 is operable on
a plurality of communication systems, including a first communication
system 104 and a second communication system 106. In the illustrated
embodiment, the first communication system 104 includes a first base
40 station 108, a second base station 110, a third base station 112 and a network
controller 114. The second communication system 106 similarly includes a



controller 114. The second conmuni cation system 106 simlarly includes a
-4- 5 first base station 115, a second base station 116, a third base

station 118 and system control |l er 120. Each base station in each
comuni cati on system provi des radi o communi cation with nobile
stations such as the conmuni cati on _dg_vi ce 102 in a fixed geographic
area adj acent the base station. The hetwork controller in each

comuni cati on systemcontrols 10 comuni cati on between nobile stations

dthe b ' ; W '
20,1, 55 il cond Vit 8, AR 0,

0 py L chy _net
In the illust r%&nmﬂlﬁ%&m Haeh base sta cheammunjeation system 106 i s
aut ononous f r opidvides fidib coORPURICARRORIthYSbBIlk setions §uckPas ti@nmuni cat i on

systens are autQnompus ,in that are i,ndependent. of _, each ot her.
For exanpl e, t$BRRYMCatory ‘ﬁ%"‘S‘? Eﬁﬁﬁam E%{)&rﬂg}%@crﬁééélqcﬁﬁt the base
conmuni cat i on stgtormTennetwuerkr cdritroliey inseatht comyiinicutiore Systéheédntrslsn o
provi si onyd or .Eﬁﬂﬂ!%\étﬁﬁ)tn [@4.@ ' stens. E
system has no know edge, ow%ﬁweéegteﬂépﬁgﬁ %ﬂi@%%?@ﬁ’%ﬁ&gm ce 20
102 conmuni catemmadeatioresystgmand, peavides \ascemmunication link to/Mid publio
conmuni cati on S¥REIE tléhond HetwaePSTINY ! G 1, there may be any
nunber of comuni cgt@iv(i@eﬁlyst ens, serving the geographical area where
t he conmuni cati on § igtrated embodiment; thesegand icommuaication systemn i t e
CO”IYUni cati gn m&is@tﬁonﬁ?ld&sa’ﬁoGliSle&el firsel bﬁﬁrxﬁ%ﬁifﬁﬁbn%??tﬁ 10I|1.er1mést rial c
systens s a st ens Sy st ens - syStens, . | S-
syst ems a?l% ot%éﬁ%?%’&n ?%erggrﬂ?ﬁrﬁ“&%ﬁ‘?rbﬂ%%ggﬁ% }.[l}ﬁyya{ppg}dgpgnggnt,o?
di fferent freashgthennfor example,dhersly littleditOnd/idonmandnicaoatbetR@en vhe .
Al so, while thgdihs m’ryl}yt [ : .
conmmuni cat i onhés%)yst, em S 06_are %a%l%arg*z%ﬂ{%ﬁgé? %@gf&ﬁg\ﬁ)@%{&gn@eﬁ 158030
under st ood t haRTO¥isipR fop handeff batyepn the two ¢cammunication systemsorEachi ng or
geosynchr onoussysedrt Hastras kRewicdgd 60tHeSthet gttt TheRBBemuhitiHdASdevi
The comupi catzjizn devi ce thz. i gc u&es an atgt gn a 122,e a first device
transcei ver 124~ SPTOBRPRCAES tly sgith-each Sygtemoer 132 including a
vol tage control | ed Whilel twad comiBdnication systeiseareliBtistracddith FIGTEMHeYe 144, a
35 user int Lt [N moty...146 speech processor 140 and a
battery 142. %'té‘?gbgerr%’gﬁ re%?’gﬂeggift I iGtioR Ayshmia setvint 15 g&Pgranhlcal
contained in aﬁlﬁ@g}@hﬁg the@ommunication devlice 102is located: aThebeammiapdnolmide, t.he
conmuni cat i on geMlit chrfunication systems, such as the Iridium system, and
%5 terrestrial systems such as AMPS systems, GSM systems, 1S-136 systems, IS-
95 systems and others. Also, the communication systems may operate at
different frequency ranges, such as GSM at 900 MHz and GSM at 1800 MHz.
Also, while the first communication system 104 and the second
communication system 106 are illustrated as terrestrial systems, it is
30  understood that either or both may be satellite systems, with orbiting or
geosynchronous satellites performing the function of base stations.
The communication device 102 includes an antenna 122, a first
transceiver 124, a second transceiver 126, a synthesizer 132 including a
voltage controlled oscillator 134, a controller 136 including memory 144, a
85 user interface 138 including memory 146, a speech processor 140 and a
battery 142. The components of the communication device 102 are
contained in a housing 160.
In the illustrated embodiment, the communication device is a
portable' multimode radiotelephone operable on a plurality of
40 communication systems including the first communication system 104
and the second communication system 106. A first mode of operation




portable nul tinode radiotel ephone operable on a plurality of 40

comuni cation systems including the first communication system 104 and
t he' second conmuni cation system 106. A first node of operation 5
corresponds to operation on a first radi otel ephone system and a second

node of operation corresponds to operation_on a second radiotel ephone
system Alternatively, the first node of oﬁeratlon corresponds to

operation in a first frequency range and the second nDde of operation

dg t ond_ fr The first
corresBonds. {0 BARRAAM'Y BpdaBHR e SPECUARRIGNIES oyl and a secoBl, 1
152 coupl ed tomwée Qﬁopmomrteapmddlto W{, oata m&g radm&lepslzloéﬁee% r st
communi cati on J!%n‘?i
The first tran?ggtlhég]r 124 | h des V\%@rée) fﬁgﬂ%ﬁ*}%\% Bondst enent s
tailored for of®FHAY qshma%éa? ﬁﬁ}lqrwtmse@mCs@wm nmdﬂ eegpexmlon ( AVPS,

(_(_)

GSM | S-136, | Softes dﬂc}sit etﬁhért;)mlasﬁéoﬁ& fh ghng&nmuni cat i on Lsed

t 10 dat t f eguenc
cystem 104y o T e CRREL D Lo D e 00 e g ) e
aI SO i ncirectiver Iﬁ2c¢<mpded tolthe rantenred 122 fqrradés sommuaricatioh agithrtagr am

[ [ be didly 20
Qgigﬂgﬂlsﬁgz usi ng&knovvn {:éeﬁ& Yiles. I%BE @ég’ﬁi %Fbﬁgg“'v il hf’?‘{fu

provi des first SY&EBs cihe fist trﬁé@ﬁ%WEhéZé imlud\emhandwaremdjm&wereLOZ
accordi ng to aeldméitslSred for operation a%b&?d 4 -the fg]titogaﬁl%ﬁﬁ%dder
aé coup e

126 i ncl L 4t elver
antenna 195 o AV oM Ts-138, 48745, Iidiumpete) waed e i et sommuiication
system 106 of shstemn 104drid 3t thie feeyiien bathél SOOMHE;SIWQ@P&SE%Y

for
oper at fon accofi HELH E'ﬂi%ﬁ%n w@}%@’fﬁt transEeiVE 40 Y ABosecond
communi cati on 319@11 malm&racmmtaollerrm éti'teqlpmogssbaaﬂd stored wah?/st)h?nileﬁggd
M or ocory 1 of v tchdy TmiExRRath bf PHAFE difschiois iay bEHadND "1,
stored pr&4r amarepmmplishedusingkrown d@ﬂmquems&'hemt trapsediver 124 thuspr ovi des
second resour C??oﬁ@'és Y Rishiifes [16r SPETAHE M AinfRMIERID device 10220C07 dI NG
to a second no the econ e be ng a ononou romt rst
node. 35 E‘S/ ?‘I’i g? 132 generates oscillating signal s
necessary to the Snmlarly, the second transceiver 126 includes a transmitter 154 and

a receiver 156 coupled to the antenna 122 for radio communication with

25 the second communication system 106 of the plurality of communication
systems. The second transceiver 126 includes hardware and software
elements tailored for operation accc;rding to the communication protocol
used by the second communication system 106 and at the frequency band
used by the second communication system 106. The second transceiver 126

30 may also include a microcontroller or other processor for operating in
response to stored program instructions. The second transceiver 126 thus
provides second resources for operating the communication device 102
according to a second mode, the second mode being autonomous from the
first mode.

35 The synthesizer 132 generates oscillating signals necessary to the
operation of the first transceiver 124 and the second transceiver 126. The
oscillating signals are modulated in the transmitter 150 of the first
transceiver 124 and the transmitter 154 of the second transceiver 126 to
transmit information to the first communication system 104 and the

40 second communication system 106, respectively. The oscillating signals
may be warped to tune the transceivers to particular channels within their



operation of the first transceiver 124 and the second transceiver 126. The
oscillating signals are nodulated in the transmtter 150 of the first
transcei ver 124 and the transmitter 154 of the second transceiver 126 to
transmt information to the first comuni cation system 104 and the 40
second communi cation system 106, respectively. The oscillating signal s

may be warped to tune the transceivers to particular channels within their
-6- 5 aSS|gned frequency bands Mul tiple voltage controlled oscillators

of the ° commumed SRtuenty bR 18‘2‘93%*‘?%%@@ ?"%ﬁé'% o oﬁg%‘lﬁﬁﬁ?f’héhéy

oper at i on. VC 134 maythe wsed: espacially wh timede capabilisy of

communi cat i on Qgwinwdicktion déVice 102 n‘iélﬁHéQHhﬁI bané d}vahbsm@nﬁbaﬂant ed, for
exanple, as a m crocontrol l'er operable in response to program

i nstructi ons SARFTEHOPN the menory 144. Programinstructions may be

fs.tored i n ot her Iocgif edrtroller 1wmbhl@d@anbﬂe>fcthatmmamczﬁmhh desice he
Irst tra cel r a n tra t he nmenory
146 of th use%rﬁz‘ f’%“r?%{@édi%‘g“’% gy%e unpl g"‘ﬁ?%ﬁ"?#‘éf%%&% 138 i ncl udes
hardware and smidrecontrellemeprrsble in responsgito program ipsiructions storedcimthenl  of
Lhe communi catinfhdig\iad® Pogrdi ifistructions 33 be3BHR 82 obts! ldfitidhslat @

interface for ex gl ng equl ppent, .a é’l
di spl ay, a mi cicspnible 05‘9’@&]?&5‘61\ asdhgifizsttransceiverfi2d anckthe W@P@ace

138 ahso I nﬁl uﬁasscéﬁfe&msenaomeqaaﬁ{o@ylmamftthedaﬁf Hesface’938. 1el errenlt sd
stored in_t he nenor ech praqcessor i ncl udes a
speech protessing ctICHFEE inferface 138 ’é\‘}*‘{‘%érlkaps PB@esso?ﬁﬂ % Speech
received at t hequireddiob@peratiort ird control of ¢hie cmhmﬂmcwdﬁﬂevmemmdgs aed,

for exanple by, gi e 8 £ 150
of the first t?%lnsgé@vﬁgﬁgﬁm& ?Qﬁt@g\ta ffg%)g%%{zg?ﬁgigg]&e?tat‘ﬂﬁﬁs%%nd
transcei ver 128j4ipmentamkeypad, ardisplay, a micrephonesandaspeakerrer esspiegai cat i on
protocol of t h?h%%%&ﬁﬁ'&éffﬁ'ce 138 als6 SHEMBES %ﬁW&ﬁéYﬁ %ﬂﬁ(ﬁhﬂﬁ' thehardfpageded

speech receive recelver 152 of t rst traHlsceiver 124 or
the recei ¢&r 1 Wﬁrﬁ@@éc’é‘n@e memory148scei ver 126 i s processed in the

speech processor 14(’1‘1&% ¢H p %Cﬁﬁé& Boaaehd3s adspc“?@&\lﬁl‘ﬁéizsélh rgiciit and f
CETUTECaL1 o0 SYoh S ol SRR ek RO ML o he i GRRIRL ©
storing a voi caserdnterface 48§ d9 procesded, WTmamp]etbyodlgdkai(enendmg and102.
conveyed to the transmitter 150 of the first transceiver 124 or the
25  transmitter 154 of the second transceiver 126 for transmission in
accordance with the commumcatlon protocol of the respective
communication system. Similarly, encoded speech received by the
receiver 152 of the first transceiver 124 or the receiver 156 of the second
transceiver 126 is processed in the speech processor 140 to extract the speech
30  conveyed from the communication system. The speech is then provided
to the speaker of the user interface or to other destinations (such as
memory for storing a voice mail message) in the communication device
102.

In accordance with the present invention, the antenna 122, the
35  synthesizer 132, the VCO 134, the user interface 138, the speech processor
140 and the battery 142 form shared resources required for operating the
communication device 102 in conjunction with the first resources (i.e., the
first transceiver 124) according to the first mode and the second resources
(ie., the second transceiver 126) according to the second mode. Portions of
40  the first transceiver 124 and the second transceiver 126 may be combined to
form additional shared resources. The two transceivers may be fully



I n accordance with the present invention, the antenna 122, the 35

synt hesi zer 132, the VCO 134, the user interface 138, the speech processor
140 and the battery 142 form shared resources required for operating the
conmuni cation device 102 in conjunction with the first resources (i.e., the
first transceiver 124) according to the first node and the second resources
(i.e., the second transceiver 126) accordiZnrg to the second node. Portions
of 40 the first transceiver 124 and the second transceiver 126 may be

conmbi ned to formadditi onal shared resources. The two transceivers
may be fulsly combined asa shared resource The controller 136 forms a resoprce 5

conbi ned as arﬁﬁ'ﬁiéﬁ £ 38t Fe ?ﬁ‘“‘%““* bl%reé%@s&ﬁ*cé@n@ré

nmanager for selective assi g har ed, . r.esou |

operation of t%f%mﬂgﬂé%@ ?Q%“ geyice rQﬂcﬂEjf tf’&be&fsrggfm?ﬂ?d%n%nd
according to td‘@;@oﬁﬂﬁ el th® 8econd mode. I n one exenpl ary enbodi nent, the

communi cation devige 102 10 rst
resources include infc?z}esexemplary?m%eg“ on hﬁ'l&pg&?l rgl %ranscel ver
124, for 10adi conypmisesiaradiotelephone and ﬁxeﬁrStrrgsoureas)mcm eadirst ver, such as
base station ]z.Jognm caat{ohr Gkcuit, flrst ‘EfHHﬁEé!i‘vEf‘tIQQ nfo?yﬁﬁ?@kéﬁﬂnuﬁﬁﬁtléﬁcond

resources inclUde a seco |catgon Circuilt, secqnd transceiver
126, for radi mbmmt@m&eescelwrt ﬁu‘éh% asestation 1d 2 ingg, ver, such as

base station IldfnminicatiRR0sYs tem 104. W%&bﬁﬁtﬂeﬁwﬁ;&é‘m&@@ second I'n
the illustrated enbodi nent, secoa&gt ranscei \igr ar?h coqi ai ned
in a det achabl@m@nf&cuq‘ﬁ eRsa 0 goEmunIcationy 4ched

fromthe ta)usmghlaﬁﬁbcandremdtemver (suhhraSIhadeISMOmHJSImraSecoiﬂ - nmodul e

148. For conveﬂr}i nn%‘?ﬂﬁ}'ﬂ:ﬁ‘ % e nodul e 148 nmay conprise a

subscri ber i derit @ ard. The ot her nodul es, i n accordance

with the present Hht—)ﬂileulinﬁ’cra embodmanbéhea@nﬂotmameevercwm ng to

di fferent m)de rent
ntgfgeh RS ﬂétfaﬁﬁ{lﬁg Enésﬁﬂmc R 3C AH e tREIIHIE Phéd e 128 raf bR

frequency band dul e 148 al |l ows ,a, user .of the
comuni cat i on detached;fspm the bousing; 160 %}? 3 E%ﬁ%ﬁbﬁﬁberﬁ‘oflﬁgs similar to
conmuni cabe On #Rdute 148)2 FbP conveniehds m@aeﬁchabwedmm&ﬁtayocbmpﬁserxs the
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frequency bands.
25 The detachable module 148 allows a user of the communication

device 102 to tailor the components of the communication device 102 to
the anticipated communication systems the user will encounter. As one
example, the second transceiver 126 in the detachable module 148 may be
selected to provide service on the particular systems the user will

30  encounter. For example, for travel in Europe, the user would select a GSM
module as module 148. For travel in the United States, the user would
select an 1595 module. Additionally, the first transceiver 124 may be a
transceiver for use on a satellite radiotelephone system, such as an Iridium
system. The first transceiver 124 (in the illustrated embodiment) is not

35  detachable, and satellite service provides globally available service as a
backup when local service through detachable module 148 is not available.

When more than one communication system is available, the

communication device 102 must prioritize its use of the communication
systems. Priority may be based on a number of factors, such as system cost,

40  a specified home system, desirability of roaming, etc. The controller 136



nodul e*as nmodul e 148. For travel in the United States, the user woul d
select an I S-95 nodule. Additionally, the first transceiver 124 may be a
transcei ver for use on a satellite radiotel ephone system such as an

[ ridium system The first transceiver 124 (in the illustrated

enbodi nent) is not 35 detachable, and satellite service provides globally
avai l abl e service as a backup when 1%5cal service through det achabl e
nodul e 148 is not avail abl e. When nore than one communi cati on
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At step 202, twikerc ammmmuaiuaunn circuit deuld ehkbaa @bet&rershaeéd Irésddi-@espbﬁf erred

systemis actiMf helAlk a.lrgp% achi eved, for exanple, by attenpting to
receive contro ﬁchﬁeanne S roaaanéls?me by base stations in the preferred
system 130 the preflhermgthogdsbegins ot atep 200. " At stepi 202, the nomotunicatiesds t o

step 214. |f H&ld@ﬁfﬂé@ﬂhﬁ%‘éﬁf*iﬂé ﬁre?@fré& Systdin ?stﬁ‘cﬁw%f’ ThngrAfay boe

comruni cati on dgvic anscel v preferred
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i s prevented sesitatiprisia the @férfe@ssystaﬁs If te Pricbdred @stéﬂﬁs not
comruni cation dgvl Cce()njfr% p?‘géeegs to Fep v Y C%E'e! erregrl.sygte];rl\ is achve, at step
25 204, the communication device 102 puts the transceiver for the non-
preferred system in an inactive idle state. In inactive idle, the transceiver
is prevented from using the shared resources. At step 206, the
communication device 102 establishes communication on a first
communication system, the preferred system, using a first communication
30 circuit, such as the first transceiver, and a shared communication resource
of the communication device.
Beginning at step 208, the communication device looks for
interrupts to operation on the preferred system to begin operation on a_
non-preferred system. At step 208, the communication device 102 checks
35 for a request from the transceiver for the non-preferred system to operate.
If such a request has been received, control moves to step 222, If no such
request has been received, at step 210, the communication device 102
determines if a scheduled operation time for the non-preferred system has
arrived. Examples of scheduled operation times are the assigned time slots
40  used in time division multiple access (TDMA) communication systems
and slotted paging mode specified for IS-95 CDMA systems. Thus, the




comunt cation system the preferred system wusing a first conmunication 30
circuit, such as the first transceiver, and a shared communi cati on resource
of .the comuni cati on devi ce. Begi nning at step 208, the
conmruni cat i on device | ooks for interrupts to operation on the
preferred systemto begin operation on a non-preferred system At
step 208, the communi cati on device 102 chetks 35 for a request fromthe
transcei ver for the non- preferred systemto operate. I f such a
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2 communication device 102 determines if there has been a request to
operate on the preferred system. Su\ch a request could also correspond to a
scheduled operation time for the preferred system, such as a preassigned
time slot or slotted paging mode slot. In response to this interrupt, at step
218, the communication device 102 determines if the transceiver for the
30 non-preferred system has requested priority A. If so, communication on
the non-preferred system cannot be interrupted and the request to operate
on the preferred system must be deferred. Control returns to step 214. If
priority A has not been selected, control proceeds to step 204. If, at step 216,
no request to operate on the preferred system had been received, control
35  continues at step 220 where the communication device 102 determines if
communication on the non-preferred system is complete. If so, the process
ends. If not, control returns to step 214 for further communication on the
non-preferred system.
It will be recognized that operation can be varied by varying the
40 prioritization of the communication systems and by defining priority A
and other priorities. For example, additional preferred systems may be




schedul ed operation time for the preferred system such as a preassi gned
time slot or slotted paging node slot. In response to this interrupt, at
st.ep 218, the conmmunication device 102 determines if the transceiver
for the 30 non-preferred system has requested priority A If so,

communi cation on the non-preferred_gystem cannot be jnterrupted and
the request to operate on the preferred system nust be deferred.
Control returns to step 214. If . priority A has not been sel ected,
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25 The user interface 302 corresponds to instructions for controlling the
user interface hardware (keypad, display, etc.) of the communication device
102. For example, the user interface 302 recognizes presses of the keypad as
indicating a user entering a phone number to call or retrieving a voice
mail message. In other examples, the user interface 302 interprets
30  messages received from a communication system. These messages include
a “ring” signal, causing the user interface 302 to produce an alert to the user
of an incoming call, or a short text message, causing the user interface 302
to display the text on the display.
The system supervisor 304 provides priority control for accessing the
35  different communication systems available to the communication device.
The system supervisor 304 arbitrates usage of the shared resources of the
communication device 102. For example, the system supervisor
determines if the communication device 102 is in a call on one
communication system and, if so, prevents interruption by another
40 system. The system supervisor 304 coordinates the plurality of system
controllers for multimode operation of the communication device 102.




and hardware for user interface 138. 25 The user interface 302
corresponds to instructions for controlling the user interface

har dwar e (keypad, display, etc.) of the comrunication device 102. For
exanpl e, the user interface 302 recogni zes presses of the keypad as

i ndicating a user entering a phone nunber_jo call or retrieving a voice
mai | nmessage. I n other exanples, the user Tnterface 302 interprets 30
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25 microcontroller, available from Motorola, Inc., Schaumburg, Illinois, the
operating system 312 is the instruction set of the 68HC11 microcontroller.

The hardware abstraction layér 314 corresponds to the data and
instructions needed to operate the specific hardware components of the
hardware 300. For example, the hardware abstraction layer 314 defines the

30 counter values necessary for implementing the synthesizer 132 (FIG. 1) at
the frequency of interest for the communication systems defined by the
system controllers.

FIG. 4 shows a method for operating the communication device of
FIG. 3 in conjunction with a plurality of autonomous communication

35  systems. FIG. 4 illustrates operation of the communication device to locate
all available communication systems with which the communication
device can communicate (using its first, second and shared resources) and
registering with as many of those systems as possible. Since many
exchanges between a base station and a mobile station are periodic (i.e.,

40 control signals and time slots), the communication device must divide up




conmmunt cati on devi ce 102. The operating system 312 is the
operating system of the m crocontrol |l er which controls the operation
of the communication devi ce 102. For exanple, if the mcrocontroller
Is a 68HC11 25 m crocontrol l er, available fromMtorola, Inc.,
Schaunburg, Illinois, the operatlng Eysten1312 I's the instruction set
of the 68HC11 m crocontroller. The hardware abstraction | ayer
314 corresponds to the data and i nstructions needed to operate the
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25 systems, when shared resources of the communication device 102 are
available. For example, if the communication device 102 is currently
communicating with a TDMA communication system, registration with a
new system y occurs during a time slot of the TDMA system not assigned
to the communication device, when the shared resources may be

30  reassigned for the registration process.

Registration generally comprises exchange of identification
information between a mobile station such as the communication device
and the communication system. Registration information is used by the
communication system to locate and identify the mobile station. In order

35 that calls may be efficiently routed to a particular mobile station, each
mobile station generally registers its location with the nearest base station.
An incoming call is then routed by the network controller to that base
station which then establishes radio communication with the mobile
station to complete the call.

40 At step 414, if necessary, the system supervisor 304 (FIG. 3) schedules
active time with system y. The system supervisor 304 negotiates



20 ‘ After locating systens, the conmunication device 102 registers
wth as many active conmuni cation systens as possible. At step 410, a
vari abl e y is initialized. The variable y corresponds to active
comuni cati on systeins identified in steps 400-408. At step 412, the
conmmuni cati on devi ce registers withssystemy. Preferably, this is
done during idle tinme on other 25 systens when shared resources of the
comuni cati on device 102 are avai |l abl e. For exanple, if the
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25
If on the home GSM system, priority is
1. GSM N
2. Iridium
If roaming on a GSM system, priority is
30 1. Iridium
2. GSM

The priority decision is informed by factors such as relative cost for air
time, etc. Thus, the communication device 102 establishes a priority of
35 registered systems for establishing communication.

At step 418, the communication device 102 determines if enough
idle time remains in its total active time to support communication with
another system. If so, at step 420 the variable y is incremented and another
active system is accessed for registration. If not, the communication device

40 begins monitoring registered systems for call activity.

FIG. 5 is a flow diagram illustrating operation of the communication

device 102 of FIG. 3. Monitoring for call activity begins at step 500. At step



of limting conmunication with systemy, reducing systemtraffic and
conserving battery power of the communication device. After the
active tinme for systemy is scheduled, at step 416 the system 20

supervi sor 304 updates a systempriority table. The systempriority table
defines schedul ed comunication tinmes and,felative priorities anong the
plurality of communication systens. For exanple; if the conmunication
device is configured to communicate on an Iridiumsystem and a GSM

' () ' 300 1 Of § I . 25
"o L e SnomgtRaiecy Bntinicliof YeVIRY aRal tall alafiey! 1A sief Y, e | O

2. Iridium communication devies determinesdévall pstivity hasikaer detestedy Call

1. Iridium  activity may be an irconi#® call activitySindidation! seceivetstrom a s i nf or med
by factors such as"relative cost for us, the

I r . L1 TE, . Th
communi cat i on SYEYNHEBICRHON SYBtem oL ﬁ@sa"ge”ﬁp? 0 ptjatga §§i gyr%t}?gt%'ieéﬂngyst ens
for establishikeysonl ' iI6oall activity is detectéd, attstgp 8063 the bail ésopracessedt i on
devi ce 102, detery [ idle-tine remains inits total active
time to sﬁ’ppoﬂ%drc%mor}i 8‘&%#%*%5"2' another system If so, at step 420
the variable y is ilhopsallractivityrid detested at step 504¢ the,compunication devisesed
for registratigp. rmifng HCRATHI i ' A IEAK toring
regi stered syslt@g thlﬂffltgiré@é al §%:t | VI ty.é;% lﬂﬁn%é&%ﬁ% ogklf‘dg 2%1“1;@(?) di agram

i | Tustrating opatches arscheduled exsmttimead seheduled guent timeycorzespands, for
Moni toring f orexadlple et arv absigheditiise slot Hred ré%@teréﬂ c6irfRunication system,

it 1 S0 B BBE SR SR S S5l e 5 50
detected. Cal Itimes whexcthescommumyicitiom devicecti2niy schieduled toicomnmuniicatet i on
205" 1201197t one o ARINLARY GFLRNSRAor ek 6 Uiy o
step 506, the S@hﬁguleé gyent dimeccondrol rsﬁmdﬁtsmp 5P2turns to step 502.
If no call activityfiréaldtheé dord c8ireSpeid 894 schéPuleQ Bvent findd, Af sHP/STE
102 then determnes if real ting, mai nt ai ned its on-board Cl.ock,
mat ches a?%c he@&l R TG evige 3@% AFRERY ¢ Eﬁfi) ¥?§%C%sofq EQEMIRICation
with the system of interest, designated in FIG. 5 as system z. At step 512,
the communication device 102 determines if it needs to respond to system
z. No response may be necessary, for example, if the scheduled event
corresponded to a receive time slot and the receive time slot did not
25  indicate an incoming call for the communication device. If the receive
time slot contained only control or synchronization information, the
communication device 102 does not need to respond and so may de-assign
the shared resources and control returns to step 502.
If the communication device 102 does need to respond, then at step
30 514 the system controller (such as first system controller 306 in FIG. 3)
requests priority A from the system supervisor 304 (FIG. 3). If priority A is
not granted, step 518, the system supervisor 304 schedules the event
requiring response, if possible, and control returns to step 502. If priority A
is granted in step 518, the communication device 102 begins
35  communicating on system z at step 520. Communication continues until
complete, step 522. When communication is complete, priority A is
released, step 524 and control returns to step 502.
FIG. 6 is a flow diagram illustrating operation of a communication
system and the communication device of FIG. 1. FIG. 6 illustrates steps
40  taken to enter and exit an inactive idle state at both the communication
device and at a communication system. In FIG. 6, operation of the




exanple, to an assigned tinme slot on a registered communi cati on system 15
or atime to attenpt registration with a system Schedul ed event tines, are
ti res when the conmmuni cation device 102 is schedul ed to comunicate

with one of the plurality of comrunication systens. If it is not presently
a schedul ed event tine, control retulgs to step 502. | f
real time does correspond to a schedul ed event tinme, at step 510, 20 t he
conmmruni cation device 102 assigns shared resources to conmuni cation

with the systersogimuficatio: ﬁtsgséml(ﬂi&i@afbasé:bﬁh& Sa frPédtial celfiila®t €p 512,

t he conmuni cati gon deV| ce m.nes. if it.needs to respond ystem
z. No response SYEFIHEr 5‘?5““??5?"%& pate n??‘i‘ﬂ‘i‘é“%‘&‘ﬁ?z&wgﬁ}@i

corresponded t dllustratedi are the left sidetarah dperationeoftheccdmmarsitatiordiddvitet 25
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i S not gr, st.em supe or schedul es

event r g ﬁlgl‘ | ?mﬁ%.g:ggﬁgedevufe pgg IR, mgﬂac\f% 3?& B8§T $RTY, én?q“éet ep
502. If priori tlglleéor or the eomymamieatiamdeviep tﬁb&toniaacaﬁryndﬂnemhecuhtﬁ;ew ce.
o P pg 03530, tsREHRUYGRHOR Uk WHhPHYY Geut ' B8 exBhple P T kef Mo he

continues until mpl ete, ste i ‘comnun Cdt Ion 1S C

priority Ais isa ouﬂglg%;@@n Wﬂnéﬂmgletr@d:mﬂbslumemhabée by anyep 502.
FIG 6 is a fl aarestaial spdte attd epén By SaRiIRie $tdth THEOMB Rafh RaAHRIR a idle
t dth t d YF[GlFIG I 1T ust es steps 40
Chken to ant or SRR tite i, i irafln dirgi 49 comespand toribe ishA e, on
c51eV| ce and at a'&t:staplﬁ@ﬁpﬁte comnaystiertion devitéchécksdoe skt dp llfh_téermllllt I
co i ca t .atipn.in a terrestr cel] ul ar
system ?rni g sabge%?e%ﬁ’t &z;gr%éﬁ pgéﬁg Cﬁ"&‘q‘éﬁﬁ%ﬁ)’f‘t VIS ARGRIVES (TR the JseRyhe o
i lustrated on idlecinitigtion titee amndi the édletdunation thhe df)nmusecalajta)rs provided,
h | t d
(uch as a Ml AL6T6 the B GhRAGN Slevich dLLHAHA Y el lggtt@&tps' e

At step 602, “t he _conmmuni cation on &hed
10 bet ween tiRRCtEwhidle state apd %stitétﬁt@nopftﬂhs stetemiFhe goinonunication. A

simlar step ockvice MaySdethi6Ofbr feRbmipl€, OfEEPBhSAtd A itkPehBfhg time slot on
25 another system. So that the communication device is ready to receive its
time slot on the other system, it determines the time and the duration of
the time slot. In an alternative embodiment, only the idle time duration,
corresponding to the duration of the inactive idle state, is determined.

At step 612, an inactive idle message is transmitted from the

30 communication device and, at step 614 the inactive idle message is
received from the communication device at the communication system.
The inactive idle message indicates that the communication device will be
unavailable for a predetermined idle time duration. The inactive idle
message may included any suitable information, including the inactive

35 idle duration, the idle initiation time and a simple request to enter inactive
idle.

At step 616 and step 618, the communication system and the
communication device negotiate the parameters of the idle state. For
example, if not previously specified, the negotiated parameters include

40 inactive idle duration and idle initiation time. In an alternative




In the-illustrated enbodi ment, entry to inactive idle is initiated by

t he. communi cati on device. Provision is made for user entry to inactive
idl-e or for the comunication device to autonatically deternine entry 15
time and duration. User entry may occur, for exanple, if a user knows he
i s about to begin an airplane flight and wgd.I be unreachabl e by any
terrestrial system and even any satellite system The user can define a
idle initiation tine and idle duration time to correspond to the

flight's tene. embodunéht Sﬁ&lﬁe Qﬁanéﬁ%cﬁﬁfgm‘iﬁé \cBhrrfMiation§&vige f OF user
input. If user t step 608 the communi cation device
recei ves from leFg epﬁ{::ame ers 6 Fa}ee‘dil‘?\ﬁaf‘%t ion time and the idle durat i on
time. If no user daMstep pRO)vatcihe, idle uuhaﬁén&irﬂé; iﬁéon&ﬂﬁm@@édm i .
TRAREAL LT T —-— AT
exanpl e, in reSisilarcprosedure ma@mutagl byrthesbmmmmc&ﬁon ckwmeheln thest em So
that the qommupsfatiiRafiei sfseht, theWAniGEfn fink ay be Oefﬂt'&?ivzl fr O

t he ot her system i eternines the time an
slot. In anyal F@rﬁﬁiq' ¥ RORRSAFHERING Bie sommaication link'sdimesiaror by

cor r espondi ng tmﬁﬁm:@uroapt@‘id@fcohhﬁl laﬁ\acﬁin\iﬁg Isfireil® h}i‘ﬁt@ﬁ] c%) Emﬂﬁhfcraﬁbﬂed

comun cat 1 on_ HEVIES AN RER el folérh deproly’ the somuaiiation
recei ved from résourcesrsuchasttime sthancefrequérty mayhenicasdigned dygirghe idle
The inactige i Qh?aﬁwggqﬁelda%@%gﬁ%htogaﬁ%‘hgg comuni cati on device will be

unavai l abl e for a predeterm ne Uration. The inactive idle
message may i ncl ude@l‘ﬁrﬁdwfﬁ&%pémﬁ@mmgtthommumahag syistern rthat thee 35

i dl e duration, chiaensic@tibmidevidd Wil ‘bb”iﬁ ﬁ\ﬁgll g%sdéﬁg%gaggv%ﬂt&'

i nactive
conmmuni cati on §5§§?%‘rﬁe§ﬂﬂrqeﬁ'e If the SYQ%%%W‘E% Q)ﬁom@éah@@ vmeexsme

paramet ers of iductivelidles ted eystﬁﬁrdoes not W%ﬁ@&ssg)urhés,@@i eR4rR ll ¢ dug on
and i di o 75 ti BAESIS Pyt AeRiBh felice it an incoming Ealt. Fhus, ot stop 624,

-16- 5  enbth# mmumoaumgsystam datemmnesﬁaﬂhéré s an dnodmingicalin devi Cﬁ
dictates the pﬁ{t@ﬁgé&@&hm e dtfmiuli o 1 f so, at St%?%?’r%‘ﬁp 620, at the

idle initiation tine conmuni ca |on Sy s
conmuni cati on ﬁwmﬁrﬁéafe%ﬁmﬁeaaw@wdsemmfoma@mpn&aga in respomsentd ar

procedure is el‘lﬁ@iﬂc@ﬁuﬂ daﬂere%@imr‘d&ﬁﬁ QHe ¥&§t‘é1t')m bed (e ltiine durfanon

communi ca% on ftYSt G ematlve errn%cln Iuglae}& Opnart ot the user mfofmgtlgﬁteln\éeered at step
606 could include the information to be provided in the information
message. The information message may simply inform the caller of the
user’s unavailability or may direct the caller to leave a voice mail message
or provide any other suitable message.

30 After providing the message, or if no incoming call was detected, at
step 628, the communication -system determines if the communication
device’s idle time duration has expired. ' If so, at step 630, following the
predetermined idle time duration, the communication device resumes
communication with the communication device.

35 At the communication device, after interrupting communication
with the communication system, step 622, the communication device
communicates with another communication system, step 632. . If the
communication device includes shared resources, the shared resources are
reassigned from communication with the communication system to

40 communication with the other communication system. This may include




exanpl e, by not reassigning the communication link's tine slot or by
continuing to provide control and timng signals to the conmunication
device. Alternately, to enhance system capacity, the comunication
resources such as tine slot and frequency nay be reassigned during the idle

15 duration of the conmmunication device,qqs. One advant age of

I nform ng the communi cati on systemthat the communi cati on device w ||

be in inactive idle node is conservation of systemresources. If the

system knogs t hge iffefen® TrédftienEF bahd) Wising a djfféreht k&ﬁuﬁﬁﬁﬁ tibRe system
does not waste resources, for e@rrpleg, tryi nggto io page the atibi

communi cati on BEVMPERY @#Cth an incoming call. Thus, at step 624, t he

fcomr;lﬂi cation _SySt_GQbﬂﬁhﬁfxﬁht 'ﬁexlafﬁémebﬁ{ﬁeit@orﬁignzmmrn' iG&RBrdedidk land the p'umtr_ended
or the communi [ on _system S0, at_ste e ommuni,cat i on
syst em provi deg&iﬁ“ﬁﬂfﬁ%ﬁ%‘?{%@% a}’gfepwl?'gséﬁéglg@‘{qﬁd or may?’r‘?eﬂml?i ng
cal | received testifonyinchmipgedils.c For rexdmiple sthiel commimnidation défice mtayn

't 0 ; _ ) o , "
806 coul d ol LA mP St Havig' o6l 1uBARHR 0y pllidthe X Fhee
message. The i iHestifgingoan incoming endl) frompthe othensystenme Alternativaly; the

user’'s unavail gmminic&tion Bévite RaY Hale deibettd the préittRe %f“cﬂé‘b@h?%e}tstem
nmessage % rovi de.any, er I tabl e cinsssa e. 30 Af't er

ot . . .
provi di ng the Pr%’ﬂo‘ﬁ/%p‘l"ﬁd statecand neus toegisteryith tthe step
628, the comuothextsystens detring thet amentcihactivé idleatataLni cat i on
device's iLdle tine r.add X0l | Q. al step 63Q. fol.low ng the
predet er m'lﬂed idle %lg ﬁe@dﬁ%ﬂ?ﬁ (é)r(f,g". 1%8%839%n A 8ﬁé§'§\%‘%sgi9t1%§suhg§v¥o
comuni cat i on @Kithe imadtivenidie state andoketieto 88mmunincation with ¢hemuni cat i on

device, after ponemMeAfidY sﬁ&@ﬁ}‘..”![ﬁﬂéé Mlustrated UrhBodiifefO ¥l NI cation
system step 622, the commuication device conmiuni cat es with anot her
communi cati on S9PmawRicatien deyice determines if communication on thevother isystemies
shared resour chas ehﬁﬁd.s flﬁrﬂférﬁ@ﬁ(tw eaffodifiients, thzgc@mhamaﬁow 8Vice could
communi catj on co i cati,pn.systemto conmmuni cafion W e
ot her comftni c\ﬁ,\ft‘?cg?]}%; 3@? gﬁau#ﬁﬁg lﬁ%yt"i’%é(:‘is‘&@élon or for anyngtger suitable

-17- 5  sel econdigion. dAf 5tepe6Bs, fthe oamaunivation deicegresuthdss er ent

communi cati on ] l,,,:£1.8. —_— gorr,mmi cation between the
conmuni cation Jav! C@ﬁ%@& %1tﬁ(;ttgxgrcommun18%m Ve on system may be

previ ousl y schedul edsaenrheysden frompthe foregoing, ﬂmpfésent imentiongproadides a For
exanpl e, the CoBHAE %Hd eOmMkYhEtIRYdevice for multimode communication with
25 multiple autonomous communication systems. Individual resources are
dedicated to communication on the respective communication systems.
To minimize product cost, resources are shared wherever possible between
communication on respective modes. A system supervisor prioritizes,
schedules and controls communication between the communication
30  device and the autonomous communication systems. Thus, the
communication device can access multiple systems even when moved to
different locations having different service types.
While a particular embodiment of the present invention has been
shown and described, modifications may be made. It is therefore intended
35  in the appended claims to cover all such changes and modifications which
fall within the true spirit and scope of the invention.




10 receive a tinme slot having control information (possibly including a
page identifying an incomng call) fromthe other system
Al ternatively, the comuni cati on device may have deteected—the——

presence of the other system during a previous te
and now tries to register with the Ofgher systenﬂmmnmggtmdﬂlﬁnt
I nactive idle state. 15 At step 634, the comu evesce*
determnes if it istime to exit the inactive idle state and return
to conmuni gcation with the comuni Chiingn system In the illustrated
enbodi nent, the comuni cation device determnes if comunication on
t he ot her syst em has ended. In alternative enbodi nents, the

comuni cati on devi cé couAdmethod édreoperatingt & eommounication deviice, there dur at i on

devi ce 1 opumpe omatiENiEn device %ﬁéﬂb{éh%eﬁf"fmﬁﬁ?ﬁiﬁmﬁ%é?ﬁ‘%% .
As can be seenﬂiﬁmﬁth?ﬁémmg} esteps esent invention provides a
met hod angqpcommuni caéfaBRside £t ConrAhicatiBAE AR 'cﬁﬁ{mﬁﬂldéhbh s¥8tem

mul ti pl e aut ononbus conmmunj atlon S stems Jndl Vi d egﬁur es afe
dedi cated to conmmuni cati YNGR fifst P’c’!ﬁtat 1'§§stems.

To minim ze product cost commmutmanaésomerﬁdﬂwhmmmmm ldewidept ween

comuni cation on re e nodes, A t em Vi r oLt .

schedul es and contr gggechg%ﬁ‘f%f B%“%‘X‘?Wé’é‘ﬁgﬁ‘i c?oﬁsﬁ%ﬂﬁcdg%hh%%mndevi ce
and the autononous conmusystem, dhe seconeheomMurdcatione system beimgnuni cat i on
devi ce cangaccess nul ti pLgsSvshems Yﬁ'ﬂm@"ﬁr‘gt @BﬁﬁﬂuﬁﬁaWn sgs‘curﬁf erent

| ocati ons Raw ng di fferen. service type a particul ar
enbodi nent of the pirastivating,fe: fies qaaynmhon, andshown and descri bed,

modi fications may bestablishink! sdconllh@riiritiricdtivt BActhe3Secohd dchemannenind

clainms to cover all such_changes and nodi,ications which hi n
the true spirit and Scopgy%tfemm@ngrﬁlﬁqupgncommumcahon Eifcuit and the'shatéd

18 communication resowcei oisthe communicatiorl devigk. net hod
for operatjng a communication device on a plurality of autononous
comuni catlTon systens, the nethod 5 conprising the steps of:

(a) at the communi2cati dnmethod as recitest in alainy Lmwhereinytheaeguest origioateshe

plurality of aykQRe P MuALAHINCALYieE. Systems are active; (b)
registering with as many active communi cation systens

3. A method as recited in claim 1 wherein the request originates
25 at the second communication system.

4. A method as recited in claim 1 wherein the step of
inactivating comprises placing the first communication circuit in an
inactive idle state.

5. A method. as recited in claim 4 wherein the step of
establishing first communication comprises registering the
communication device with the first communication system and the step
of establishing second communication comprises registering the

35  communication device with the second communication system and
wherein the step of placing the first communication circuit in an inactive
idle state comprises de-registering the communication device with the first
communication system.
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as possible; 10 (c) establishing a priority of registered
systens for est abl i shi ng communi cati on; {)——ponitoring

regi stered systens for call activity; (e)
of registered systems, determning a system wi t h whi E“ ﬂ@ﬁ!@ ligj"ﬂ
comuni cation; 15 (1) originati ng communi cati on eén eL S

(9) upon corrpl etion of communication on ?he system repeatl ng steps
(a) through (d).

Cetorn me0 S oo bl df rhhed] i Elaih I WG 81 d detecungf
before originating connunlca e-registerin

ot her regi st erteguestsioaprises detecting a schegule @m%@t&“ time f@'d inclaim1l

further comprigmfuiditRi on the stkcofdRiHMEcath SYstaRI.e conmuni cations

with at | east one system of the regi stered systens. 4,
A nethod as recited in claim3 further conprising a step 10 of before
registering wth ary.addiAimethodsfost atingemo’mimgud:afnmuﬂéﬁc'emn a idle

e LI T e —

cormunl cati on thewteps efnd a plurality of autonompbus conmuni cation

systens, the method,¢onpyi brlﬂnﬁlli&%rﬁéa?ﬁ?l @kvice, determining WRIdH §jstémg gfctive

systens of the pI ura |ty 0 autonon;p
the plurality of autonomous communication systems are

active;
15 (b) registering with as many active communication systems as
possible; and
(c)  monitoring registered systems for call activity.

8. A method as recited in claim 7 further comprising a step of,
20 after the registering step, establishing a priority of registered systems for
establishing communication.

9. A method as recited in claim 8 further comprising steps of:
using the priority of registered systems, determining a system with
25 which to originate communication;

originating communication on the system; and
\,
upon completion of communication on the system, repeating steps
(a) through (c).

30 10. A method as recited in claim 9 further comprising a step of,
before originating communication, de-registering with one or more other
registered systems.

11. A method as recited in claim 7 further comprising a step of
35  scheduling one or more communications with at least one system of the
registered systems.

12. A method as recited in claim 11 further comprising a step of
before registering with an additional system, determining if sufficient idle
40 time exists to support communication with the additional system.
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5 communi cati on systens; establ i shing comuni cati on between
t he communi cati on device and at | east sone of the—active-systens,

f or mi ng registered systens; and
comuni cation aspects for communi cation between 10 thé"ﬂmmmkmmn
device and the registered systens. -20- :

recited in claim 5 wherein the comruni cat I on aspects include one
or nore time slots for conmruni cati on between the communi cation device

and a registered 153, SYAtméthod for coordmétmghomnﬁuﬁ&iﬂi@db&ﬁvé@cht ed In

| 5 wh th t {
Cegi Steri ng. i CrREREIGRgr device arid aoptuegl e SHRRGROE <BIESRR-HBR, ( ne
regi stered syssysbamsdhe method comanmgthestepmoﬁ for coordl nati ng

conmuni cati on bet Vegl oBminin &ﬁ’ﬁé gp é;&z, %m%o@r&qlto&mgggnmm cation
device, the communi cabi on I ce contth communi cate with a
plurality of aut onmmummﬂm éﬁﬁﬁemﬁrsyst ens including the

comuni caggon 25  sshRdRin. %n%m%mémé@gtﬂéﬂeoﬁmc@ﬁm device

at the comuni cation syste st abl i shi r%g conmmuni cat | OP a t he
communi cat i on syst em and®@%& E‘ﬁ‘ﬁhﬂ?\‘?‘ & ageve systems, ormmgre ?6@ ving an
I nactive idle nessage fr é;hg» g@ehnuni cati on device, the inactive idle

ressage | i catt o {gt il ESTOLERL il (P thimtblchc SURNEHal °

for a predeterm ned

21 i nt er r upcommurdoation davicerand the ragisteradsystemsi on devi ce;
and fol | ow ng the predeterm ned |dIet|rre duratlon resum ng
comuni cation with the com‘rum cation devi ce, A nmet hod as

recited in claim8 4t ndrmethest asregjtadin claim 1?55‘3}%'916? the communication
aspects include one or more time slots for communication between the

communication device and a registered system.

20 15. A method as recited in claim 13 wherein the step of
establishing communication comprises registering with the at least some
of the active systems to form the registered systems.

16. A method for coordinating communication between a
25  communication éystem and a communication device, the communication
device configured to communicate with a plurality of autonomous
communication systems including the communication system, the
method comprising the steps of:
at the communication system, establishing communication between
30 the communication system and the communication device;
receiving an inactive idle message from the communication device,
the inactive idle message indicating that the communication
device will be unavailable for a predetermined idle time
duration;
35 interrupting communication with the communication device; and
following the predetermined idle time duration, resuming
communication with the communication device.
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negotiating with the communi cation device an idle i nitimpre\for
entering an inactive idle state; and at the ml | dak AL T ON
time, interrupting conmunication with the 10 conmmuni cat'y ' l/!g/”ﬁ

10. A nmethod as recited in claim8 further conprising the ¢

provi ding an i nformation nessage in responge -to I ncom ng calls *
received during the predetermned idle time duration. 15 11. A
nmet hod as recited in claim8 further conprising the steps of:

at the co ni cat i dev) | V] i L P

predeterm’rr%gd idle tinme ‘éﬁlﬁ% |°§?1‘i§é grﬁgggﬁ%&mw@g{ﬁé}mﬂ?@%ﬁfgﬂfﬁm steps
predet er ni ned ©fdl e time duration to the comuni cation system

12. A nmethod as regéddithting Wit Bhel omiliRatié? Bevice A9 idReinitiation HRES Of :
25 at the co ni catl on_devi ce, r_eca Vi n% user input defining an
idle initiation time; for entering an inactive dlestaterAndii ¢ initiation time to

the comuni cati on systtenidle initiation timegfifiterrupting commuatichtiencwithuhecat i on

system at,.,the idle initjiation.tinme Q. interrupting conmunication with
the conmudfcation devi cefommunication ci;evmé.

18. A method as recited in claim 16 further comprising the steps
of providing an information message in response to incoming calis
received during the predetermined idle time duration.

15 .

19. A method as recited in claim 16 further comprising the steps
of:

at the communication device, receiving user input defining the

predetermined idle time duration; and
20 transmitting the predetermined idle time duration to the
communication system.

20. A method as recited in claim 19 further comprising the steps
of: _
25 at the communication device, receiving user input defining an idle
initiation time;
transmitting the idle initiation time to the communication system;
and
at the communication system, at the idle initiation time,
30 interrupting communication with the communication
device.
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