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1 METHOD OF OPERATI NG A COVBI NATI ON RADI OTELEPHONE AND PAG NG DEVI CE g 56 =5
Fl eld of the Invention This invention generally relates to conbi nattest%
radi ot el ephones and pagi ng devices and nore specifically to operati Agya
conbi nati on radi ot el ephone and pagi ng device as a 10 pagi ng device in
response to predeterm ned conditions. The predeterm ned conditions include
but are not limted to an indication froma renpote transceiver, a voltage
| evel of the power supply falling below a predeterm ned threshold, and the
r adi ot el ephone goi ng beyond a radi ot el ephong coverage area. 15 Backgr ound
of the Invention Both paging systens and radi ot el ephone sysqﬁgﬂﬁné’re wi del y
used fornms of conmunication. Recently, conbinations 2 0 of

radi ot el ephones and pagi nQEHOEF O OPERATING & COMBINATION ng system
Is typically a one-way radj lﬁﬁg e wi shing to
contact soneone with a pagh%g]ﬁla%u ! t’ﬁ‘f’ﬂ@g ?é@&gggtylaﬁl ephone
nunber to access the central paging control. Then, the caller keys in
t he nunber assigned to the individual paging device they w sh to reach.

Once the pagi n% device is accessed, the caller can either |eave a voice
message for the paged individual Field of the Invention

This invention generally relates to combination
radiotelephones and paging devices and more specifically to
operating a combination radiotelephone and paging device as a

10 paging device in response to predetermined conditions. The
predetermined conditions include but are not limited to an
indication from a remote transceiver, a voltage level of the
power supply falling below a predetermined threshold, and the

‘radiotelephone going beyond a radiotelephone coverage area.
15
Background of the Invention

Both paging systems and radiotelephone systems are
widely used forms of communication. Recently, combinations
20 of radiotelephones and paging devices have been developed.
The paging system is typically a one-way radio
communication system. An individual wishing to contact
someone with a paging device usually calls a central telephone
number to access the central paging control. Then, the caller
25 keys in the number assigned to the individual paging device
they wish to reach. Once the paging device is accessed, the
caller can either leave a voice message for the paged individual
or key in the telephone number to be displayed on the paging
device's display. Some systems may also allow both types of
30 paging.



or key in the tel ephone nunber to be displayed on the paging device's

di spl ay. -Sone systens may al so allow both types of 3 0 pagi ng. 2
Pagi ng devices typically consune | ess power than radiotel ephones. First, a
pagi ng device only receives radio frequency (RF) signals, it does not
transmt RF signals |ike a radiotel ephone. Second, paging systens typically
operate at 5 | ower RF than a radiotel ephone system The |ower RF
operation allows the paging device to enploy nore efficient receiver
circuitry, thus, |ess power consunption. Addjtionally, a paging system's
service coverage area is typically broader an a radi ot el ephone systents
coverage 1 0 area. Due to the configuration of a paging system a paging

system s renpte transmpdghgQRRficdstypibally kbfiehele s powe¥thahhan a
r adi ot el ephone syste

avai |l abl e where radir?fizqtr& teeg;?@?gélqvgaméh‘;%épgggbg S?‘réé/sl lgaedié"Sl'hgf ven
radi ot el ephone syst drequaticya(RE) sighalss it doesayt tremzmit RE signald tike a
radiot el cphone ol 0aaiiSIdtiehe! SABRAS Bablify bANEMIS BHGURPBRRRSE! om ¢ O
5 lower RF than a radiotelephone system. The lower RF
operation allows the paging device to employ more efficient
receiver circuitry, thus, less power consumption.

Additionally, a paging system's service coverage area is
typically broader than a radiotelephone system's coverage

10 area. Due to the configuration of a paging system, a paging
system's remote transmitter operates at a higher power level
than a radiotelephone system's remote transceiver. Thus,
paging service is often available where radiotelephone service -
is not available. |

15 The radiotelephone system typically allows two-way
communication. The radiotelephone allows the user to access
the landline telephone system to send and receive two-way
telephone conversations. A radiotelephone system is often
limited in its scope of geographic coverage; leaving the

20 radiotelephone user without communication service in certain
areas. ' _

Powering a portable radiotelephones creates an additional
problem. A portable radiotelephone requires a portable power
source, usually provided by rechargeable battery packs. A RF

25 transmitter requires more power than a RF receiver, leaving
the transmitter inoperable sooner than the receiver in a
portable radiotelephone.

The use of a combination radiotelephone and paging device
is a recently developed idea. Typically, the combination allows

30 a user to choose between receiving phone calls or receiving
pages, dependent only upon the users preference. It would be



t el ephone conversations. A radiotel ephone systemis often limted inits
scope of geographic coverage; leaving the 2 0 r adi ot el ephone user

" Wi thout communi cation service in certain areas. Powering a portable

radi ot el ephones creates an additional problem A portable radiotel ephone
requires a portable power source, usually provided by rechargeable battery
packs. ARF 2 5 transmtter requires nore power than a RF receiver,

| eaving the transmtter inoperable sooner than the receiver in a portable
radi ot el ephone. The use of a conbination rad@ptelephone and pagi ng device
Is a recently devel oped idea. Typically, the conbination allows 3 0 a
user to choose between receiving phone calls or receiving pages, dependent

only upon the users esixhie€6r aldombinbtioberadiotéléfsitonerdhé paging device
benef 1l al qual | {1 s BUALALF RABLE e Beacirial aiGefiof P e oo
to enhance the usef ulconsamyftion andilroatdepiservice rafige ¢6 enhancephieon of the
Dr aw ngs usefulness of a radiotelephone.

Brief Description of the Drawings

FIG. 1 is an illustration in block diagram form of a

10 radiotelephone and paging system in accordance with the
present invention.

FIG. 2 is an illustration in block diagram form of a first
embodiment of a combined radiotelephone and paging device
(hereinafter a combined unit) in accordance with the present

15 invention.

FIG. 2 is an illustration in block diagram form of a second
embodiment of a combined radiotelephone and paging device
(hereinafter a combined unit) in accordance with the present
invention. : '

20 FIG. 4 is a process flow chart illustrating a method of
operating the combined unit in accordance with the present
invention. |

FIG. 5 is a process flow chart illustrating a method of
operating the combined urit in accordance with the present

25 invention.

FIG. 6 is a process flow chart illustrating a method of
operating the combined unit in accordance with the present
invention.



FIG 1 is anillustration in block diagramformof a 1 0 radi ot el ephone
and paging systemin accordance with the present invention. FIG 2 is an
illustration in block diagramformof a first enbodi mrent of a conbi ned

radi ot el ephone and pagi ng device (hereinafter a conmbined unit) i-n
accordance with the present 1 5 invention. FIG 2 is an illustration in
bl ock di agram form of a second enbodi ment of a conbi ned radi ot el ephone and
pagi ng device (hereinafter a conbined unit) in accordance with the present
i nvention. 2 0 FIG 4 is a process floyy chart illustrating a nethod of
operating the conmbined unit in-accordance wth the present invention. FIG
5is a process flow chart illustrating a nethod of operating the conbined
unit in accordance with the present 2 5 invention. FIG 6 is a process

Accor dance w th the prasent . | HouRtptaph of a hretetred Efibodiient™ ' "
FIG. 1 is a block diagram of a radiotelephone and paging
5 system in accordance with a first embodiment of the present
invention. The combined radiotelephone and paging device 101
is capable of communication with a radiotelephone system's
remote transceiver 109 and with the paging system's remote
transmitter 117. The remote transceiver 109 and the remote
10 transmitter 117 may or may not share the same physical
location. Their location and details of their operation are not of
concern to the present invention and are well known in the art
of communications.
In the radiotelephone system, the remote transceiver 109
15 sends and receives radio frequency (RF) signals to and from
mobile and portable radiotelephones contained within a first
geographic area served by the remote transceiver 109. The
radiotelephone 103 is one such radiotelephone served by the
remote transceiver 109. The RF signals sent and received
20 between the radiotelephone 103 and the remote transceiver 109
form a full duplex communication channel 115. '
In the paging system, the remote transmitter 117 sends RF
signals to paging devices, also known as pagers, within a
second geographic area served by the remote transmitter 117.
25 The paging device 105 is one such paging device served by the
remote transmitter 117. The RF signals 123 sent to the paging
device 105 typically contain information that may be displayed
on the paging unit 105. This information includes telephone
numbers and short messages.
30 The second geographié area of the paging system is
independent of the first geographic area of the radiotelephone



.Description of a Preferred Enbodinment FIG 1 is a block diagramof a

r adi ot el ephone and paging 5 systemin accordance with a first enbodi nent
of the present invention. The conbi ned radiotel ephone and pagi ng devi ce 101
i s capabl e of comrunication with a radi otel ephone systenmis renote
transcei ver 109 and with the paging systems renote transmtter 117. The
renote transceiver 109 and the renpote 10 transmtter 117 may or nay not
share the sane physical l|ocation. Their |ocation and details of their

operation are not of concern to the present invention and are well known in
the art of ‘comruni cations. In the radiotel ep%one system the renote
transceiver 109 1 5 sends and receives radio frequency (RF) signals to

and from mobile and postbab! The dogidiHieRRes serrid B%'&eféﬂi‘bﬁef‘ﬂrﬁn&nﬁitkﬁbf
geographi c area served by the renpte trapscei ver, 109. .The, radi ot el ephone
103 is one such radi 3R& amteéw%nms&ﬂma%g&ﬁf%erﬁh%% ggq)grf@gn_m The RF
signal s sent and recareseser¥eq by eemeoce tidisceivér of @ rdioteteplivheand t he
baging system the rORe Fa Y prbtedbr SBA IR, ERRARmERERRtMe o 1 1N
devi ces, al so khown prespntiémeentivn ki is asssmerhthafethprephipaging sesdesed by
e LA e Bl i s 08 6Oy iR thote SRRLCT, P20,
pagi ng e combined radiotelephone and paging device 101 may
have a removable independent paging device or, as in the
preferred embodiment, the paging device may be integrated
10 into the radiotelephone. FIG. 2 is an illustration in block
diagram form of a combined radiotelephone and paging device
200 (hereinafter a combined unit 200) in accordance with the
present invention. By integrating the radiotelephone and the
paging device the cost of the combined radiotelephone and
15 paging device may be reduced by sharing common platforms
_ such as the user interface 213 and the antenna 203.
Additionally, a receiver may be shared, depending on the
design of the receiver and the operating frequency of the
paging system and the radiotelephone system. The power
20 source 212 provides power to the combined unit 200. In the
case of a portable combined unit 200, the power source 212 is
typically a rechargeable battery pack containing nickel metal
hydride or nickel cadium cells. |
‘While receiving signals from the remote transceiver 109,
25 the combined unit 200 uses the antenna 2083 to couple an RF
~ signal and convert the RF signal into an electrical RF signal.
The electrical RF signal is used within the receiverl 205. The
receiverl 105 is a well known receiver; the type of receiver
which operates at the RF common to radiotelephones. In the
30 preferred embodiment, the receiverl 205 of the combined unit
200 receives electrical RF signals in the range of 869 MHz to

-~



device 105 typically contain information that may be di splayed on the
paging unit 105. This information includes tel ephone nunbers and short
nmessages. 3 0 The second geographic area of the paging systemis

i ndependent of the first geographic area of the radiotel ephone. 5 system
The geographic area served by a renote transmtter of a paging systemis
typically much larger than the geographic area served by a renote
transcei ver of a radiotel ephone system For the purposes of the first

enbodi nent of the 5 present invention it is assuned that there is paging
service available in areas not served by a ﬁbdlotelephone system The

combi ned radi ot el ephone and pagi ng device 101 may have a renpvable

dependent pagi ng 4 SRIT THdSvelivePP 05 SLRIIRG oBIHIOUBR! and BepAY O

device may be |ntegrate e radiote .S an

il lustration in bl odemedijaten. f Thenreeeiverioddhp HBEP‘F“&cPr symbe ﬁ%’@lef%l pagi ng
device 200 (herei nafjgarhytkdedttp6ler211. 'Z'ﬁ@)cohfroﬁ@ﬁmd&‘ﬁﬁmamtlilethe pr esent

of 'the combi ned r agiSEEhd, gl i vorcs O GaadPr gendy; BE R SR HBfecod by
sharing common I at f21r3nsln the preferred embodiment, the controller 211 contains
a microprocessor such as an MC68382, available from
Motorola, Inc.. The user interface 213 contains a microphone,
a speaker a dlsplay and a keypad.
Upon the transmission of RF signals from the combined
10 unit 200 to the remote transceiver 109, the controller 211
formats the voice and/or data signals received from the user
interface 218. The formatted signals are input into the
‘transmitterl 209. The transmitterl 209 converts the formatted
signals into electrical RF signals. The electrical RF signals
15 are converted into RF signals and output by antenna 203. In
~ the preferred embodiment, the transmitterl 209 generates
electrical RF signals of 824-849 MHz. The RF signals are
received by the remote transceiver 109 via antenna 111.
Upon reception of RF signals from the paging system's
20 remote transmitter 117, the combined unit 200 uses the
- antenna 203 to couple an RF signal and convert the RF signal
into an electrical RF signal. The electrical RF signal is used
within the receiver2 207. The receiver2 207 is a well known
receiver; the type of receiver which operates at the RF
25 common to paging systems. In the preferred embodiment, the
receiver2 207 receives electrical RF'signéls in the range from
150-174 MHz. The receiver2 207 contains an IF circuit and a
phase demodulator. The receiver2 207 outputs a symbol signal
for use by the controller 211. The controller 211 formats the
30 symbol signal into voice or data for the user interface 213.




such- as the user interface 213 and the antenna 203. Additionally, a

recei ver may be shared, depending on the design of the receiver and the
operating frequency of the paging systemand the radi ot el ephone system The
power 2 O source 212 provides power to the conbined unit 200. In the
case of a portable combined unit 200, the power source 212 is typically a
rechargeabl e battery pack containing nickel netal hydride or nickel cadium
cells. Wiile receiving signals fromthe renote transceiver 109, 2 5 t he
conbi ned unit 200 uses the antenna 203 to cq#ple an RF signal and convert
the RF signal into an electrical RF signal. The electrical RF signal is
used within the receiverl 205. The receiverl 105 is a well known receiver;

the type of receiver whj g i Rif « padietelbphosé spdtehephones. In
the 3 0 preferred, en o%’gqg £hidtk 2 ?%e co%i ned unit 200

I ment, the_recCelver 05 o
recei ves el ectrical hevEigafnaging mede i%ﬁ&ﬁmiﬁlan% ggcond g 394 MHz. The
receiverl 205 cont ai émbodithént of thié présthtdnPéation ddftyhel sécond The recei verl

D s e YT ek S Rl s AR O
interface 5 radiotelephone and paging system. Normally, the

radiotelephone system operates as explained previously, the
remote transceiver 315 sends and receives RF signals to the
radiotelephone 801, (also referred to as combined unit 301). In
response to a request signal from the radiotelephone 301 or a

10 request by the remote transceiver 315, the radiotelephone
system enters a paging mode concerning communications
with the radiotelephone 301. The paging mode operates as the
paging system described previously. During operation of the
paging mode for the radiotelephone 301, the remote

15 transmitter 315 may continue to service other radiotelephones
within its geographic service area as fully functioning
radiotelephones. The power source 312 provides power to the
combined unit 301. The power source 312 provides the power at
a certain voltage level. When the combined unit 301 is

20 portable, the power source 312 is typically a rechargeable
battery pack containing nickel metal hydride or nickel cadium
cells. As the battery pack wears out, the voltage level provided
to the combined unit 301 decreases.

FiG. 4 is a process flow chart illustrating a method of

25 operating a combined unit such as combined unit 200 of FIG. 2
or the combined unit 301 of FIG. 3. This method would be
employed in the controller of the respective units. This method
may be implemented in a combined unit independent or in
conjunction with the methods of FIG. 5 and FIG. 6.

30 First, as indicated by function block 408, the combined unit
operates as a radiotelephone. Second, as indicated by function



5 - 213. In the preferred enbodi ment, the controller 211 contains a

m croprocessor such as an MJ68332, avallable from Mtorola, Inc.. The user
interface 213 contains a n1crophone, a speaker a display and a keypad. Upon
the transm ssion of RF signals fromthe conbined 1 0O unit 200 to the
renote transceiver 109, the controller 211 formats the voice and/or data
signals received fromthe user interface 213. The formatted signals are
input into the transmtterl 209. The transmtterl 209 converts the
formatted signals into electrical RF signal The electrical RF signals 1 5
are converted into RF signals and out put by "antenna 203. In the preferred
enbodi nent, the transmtterl 209 generates electrical RF signals of 824-849

M. The RE signal s by iBSeine dorbpohbe {r@'ﬁ&hﬁé%& G86 Y6l bP9h¥ pBwait enna

111. Upon reception of RF signals ng renot e
transmtter 117, theSOMBRGLNEELAIRIA volbege, §PFﬁié1"an'f%’(Tﬁaa§@'33’lcﬁt%h¥5l e an RF

S: gnal anfl %gnvert ltdumﬁ’sn&ﬂgﬂﬁhovmvaﬂt@eel@iréwﬂhe%oa dtﬂ'b.e o7
el ectrica si gna se in cejwve ere S
a well known recei vel?lleafﬁeé-‘g%g t@‘fre“f}é‘ggl \@? t&iﬁeéﬁ %‘gl@rsf;{zg aye 25
common to paginy syswhich thmpagmg)rwfeareremllanbetaterMﬂetthe tramsmitderi07
recei ves el ectrical tﬂ:tﬁé %&"Hsgolcpof]ﬁﬁn- em)é&lr' OHok ﬂ.‘ M The receiver?2

207 contains an IF circult a{l ase & recel ver2 207
outputs a synbol si dipeessary for the transmitter to properly send a request signal

to the remote transceiver. To determine the exact threshold
voltage of a specific combined unit will require some

10 experimentation. Typically, the voltage level threshold is equal
to 15% less than full voltage level. In the preferred
embodiment , the full voltage level is 6 volts and the threshold
voltage level is 5.1 volts (6 volts - 0.9 volts).

If the voltage level value is less than a predetermined
15 threshold, then the combined unit 200 checks to see if a paging
_ system is available as indicated by decision block 409.
Determining if a paging system is available may be
accomplished in one of many different ways. First, if a
separate paging device is available, as in the combined unit

20 200, the paging device may be turned on to determine if a
paging system is available. Second, the combined unit 301 may
send a request signal to the remote transceiver 315 to
determine if the radiotelephone system has a paging mode
available.

25 If a paging system is available, then the combined unit
checks to see if operation as a paging device has been allowed
by the combined unit as indicated at decision block 411. The
allowance of operation as a paging device may be an option
available on the combined unit, or it may depend if the paging

30 device 105 is currently available in the combined unit 200.



for "use by the controller 211. The controller 211 formats the 3 0 synbol
signal into voice or data for the user interface 213. 7 FIG 3is a

bl ock di agram of a radi ot el ephone system having a pagi ng node i n accordance
with a second enbodi nent of the present invention. In the second

enbodi nent, the radiotel ephone system operates as both a 5

r adi ot el ephone and pagi ng system Nornmally, the radiotel ephone system
operates as explained previously, the renpte transceiver 315 sends and
receives RF signals to the radiotel ephone 30§ (also referred to as
conbined unit 301). In response to a request”signal fromthe radi otel ephone
301 or al10 request by the renpte transceiver 315, the radiotel ephone

sygt em Ient ﬁr s a pagi nﬁ IDtilke paEHRS Bpé&tfdﬁﬂwml@ﬁé% Otifentiecotibined gmt bed
breviousty. During ofETuste Rin heaerltle sanemraroo SHae a8 & EFEMone 301,
the renote 1 5 tr ademcex as ilsdicatedlyatcimdtioncblock slelﬁwAi%emthterequest
o Ehones v A G BEROS 6P LR b MY
301. The power four cthe remete {ransceives pomrede ermined time period. T
predetermined time is set to a time equal to or greater than the
time for combined unit to send a request signal to the remote
transceiver, the remote transceiver to process the request
signal, and the remote transceiver to return an acknowledge
10 signal to the combined unit. In the preferred embodiment, the
predetermined time is 5 seconds. If the acknowledge signal is
received from the remote transceiver, then the combined unit
operates as a paging device as indicated by function block 421.
If the acknowledge signal is not received by the combined
15 unit within the predetermined time period, then the combined
~ unit sends an additional request signal to the remote
transceiver as indicated by decision block 419. In the preferred
embodiment, if three attempts have been made and no
acknowledge signal has been received by the combined unit
20 200, then the combined unit 200 alerts the user that the battery
voltage is low as indicated at function block 413. The number
of attempts made are not critical to the invention and may be
adiustéd according to the needs of the individual system.
Additionally, the combined unit defaults to low battery voltage
25 indication if there is no paging system avallahle or if the
paging operation is not allowed.
FIG. 5 is a process flow chart illustrating a second method
of operating a combined unit such as combined unit 200 of
FIG. 2. This method may be implemented in a combined unit
30 independent or in conjunction with the methods of FIG. 4 and
FIG. 5.
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a certain voltage level. Wen the conbined unit 301 is 2 0 portable, the
power source 312 is typically a rechargeabl e battery pack containi ng nicke
nmetal hydride or nickel cadiumcells. As the battery pack wears out, the
vol tage | evel provided to the conbined unit 301 decreases. FIG 4 is a
process flow chart illustrating a nethod of 2 5 operating a conbi ned unit
such as conbined unit 200 of FIG 2 or the conbined unit 301 of FIG 3.
Thi s nmet hod woul d be enplroyed in the controller of the.respective units.
This method nmay be inplenmented in a conbi ned it independent or in
conjunction with the methods of FIG 5 and FlI 6. 30 First, as

I ndi cated by function bl ock 403, the conbined unit operates as a

radi ot |e: ephone. Seco?ﬁ mssﬂ ftﬁb%l%hﬁﬁPE& dnif opkrites asth Pédl%eléﬁﬁonita lag
ot o Poumr M ahe. hdicnied B Fonetion: ec%?»ﬁae&es? B Pthod s i ¢ age
I evel value is conparquhlity of theedaimumication tiesbell 115 déindibateghbyd i s set
transmtter i o on tndiikd RSP BAsTARERRAEY obine clREhRliEBh chahll)
necessary for tHe trddSmnayde monitaredrinyoneofimanyeyays incuding:
monitoring the received signal strength indicator (RSSI) or
monitoring the envelope detector or any combination thereof.
Third, the quality of the communication channel 115 is
compared to a predetermined threshold as indicated by

10  decision block 507. The RSSI can indicate poor channel quality
during a hand-off or due to multi-path distortion. To avoid
switching between the radiotelephone operation and the
paging operation due to instantaneous poor channel quality, -
the channel quality should be averaged over a period of time.

15 The averaging will help identify a true loss of the
communication channel 115 between the combination unit and
the remote transceiver. In the preferred embodiment, the test
of the communication channel quality is averaged over 30
seconds for this purpose.

20 If the quality indicator is less than the threshold , then the
combined unit 200 determines if a paging system is available,
as indicated by decision block 509 and previously discussed.

If a paging system is available, then the combined unit 200
checks to see if the paging operation has been selected by the

25 user of the combined unit 200, as indicated at decision block
511. If the paging operation has been allowed, then the
combined unit 200 sends a request signal to the remote
transceiver 109, requesting to operate as a paging device as
indicated by function block 518. Next, method waits to receive

30 an acknowledge signal from the remote transceiver 109. If the
acknowledge signal is received from the remote transceiver

~



to the renpte transceiver. To determne the exact threshold voltage of a
specific conbined unit will require sone 10 experinentation. Typically,
the voltage level threshold is equal to 15% 1l ess than full voltage |evel
In the preferred enbodinent, the full voltage level is 6 volts and the
threshold voltage level is 5.1 volts (6 volts - 0.9 volts). If the voltage
| evel value is less than a predetermned 1 5 t hreshol d, then the

conmbi ned unit 200 checks to see if a paging systemis avail able as

i ndi cat ed by deci sion bl ock 409. Detern1n|ng i.f a paging systemis

avail abl e nay be acconplished in one of many lditterent ways. First, if a

separate paging device is avallable as in the conbined unit 2 0 200,
the pagi ng device mayy, %Qd% @in_leg g temis
avai |l abl e. Second, t e@co u-QE'P %m%(ge g@nga t fae

reques nal to the
renot e transcei ver 3a@mbin m@ttmpee'atefs 4&&9@@1‘3@!@9@1@ megrbmas a
pagi ng node avai | abl gincgion block51f9 aIfI¥s) b BlEn SWRdRE ﬂ’ﬁééﬁ@é&reééi@@dthe

T owed by t he_conb u B remeld Fess °&@?§toaed§eq%g¢3he$# Rterminedn,
al | onance of op$rati nmealpeﬁoqbﬁmeigacbewm eét@gﬂabistsem faysmi tlhfebl e on the
combined untt ' OF L\ cdlaRE a0 RN chaflcoivdio i Her fros
attempts no acknowledge signal has been received from the
remote transceiver 109, then the combined unit 200 remains
operating as a radiotelephone as indicated at decision block
10 517. The number of attempts made are not critical to the
invention and may be adjusted according to the needs of the
individual system. Additionally, if the quality indication is
greater than the predetermined threshold or the paging
system is not available, or the paging operation is not allowed
15 by the user, then the combined unit remains operating as a
radiotelephone.

Continuous switching the combined unit 200 between the
paging operation and the radiotelephone operation is
undesirable. To avoid this situation, the following precautions

20 can be taken. First, switching back to radiotelephone
operation is not allowed until at least 1 minute after switching
to the paging operation, this time is not critical to the present
invention and may be adjusted according to the needs of a
specific system. Second, the channel quality should be

25 averaged over a period of time. The averaging will help
identify a true loss of the communication channel 115 between
the combination unit and the remote transceiver. In the
preferred embodiment, the test of the communication channel
quality is averaged over 30 seconds for this purpose. Third,

30 use a RSSI hysteresis to control the switching. The RSSI
hysteresis in the preferred embodiment sets the threshold for

)
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9 If the paging operation is allowed, then the conbined unit requests from
the renpte transceiver to operate as a pagi ng device, as indicated at
function block 415. After the request, the conbined unit waits to receive
an acknow edge signal from5 the renote transceiver for a predeterm ned
time period. The predetermned tine is set to a tine equal to or greater
than the tine for conbined unit to send a request signal to the renote
transcei ver, the renote transceiver to process the request signal, and the
renote transceiver to return an acknow edge ﬁg? signal to the conbined
unit. In the preferred enbodi nent, the prede mned time is 5 seconds. I|f
t he acknow edge signal is received fromthe renote transceiver, then the

S TE N oo A e bR e e
within the predeter m°%§ﬂatt13’i‘rg° ﬂgr‘ugl& Igbr?eﬁ“@ 0. |SH@€‘3{}H5?“§E#B§ an
addi tional request sipaghtg bpetdtion andito theandivtelephone opesation ¢d 15ydBy.
been_ de. and no - ack A SR Svglhing JEramales svay beceltsrediior SBREFRod  uni «
2 0 200, therd t he applicatiedsuint g&israd) the thresholdsfor switthingfrioat they
voltage is low as inqygalefnRbnk Whekifitn th ¥hE phking bPEratisiPShould be
lower than switching from the paging operation to the
radiotelephone operation.
FIG. 6 is a process flow chart illustrating a third method of
10 operating a combined unit such as combined unit 200 of FIG.
2. This method may be implemented in a combined unit
independent or in conjunction with the methods of FIG. 4 and
FIG. 5. First, the combined unit 200 operates as a
radiotelephone as indicated by function block 603. Second, the
15 combined unit 200 receives a signal from the remote
. transceiver 109 requesting operation as a paging device as
indicated at function block 605. Third, the combined unit
switches operation from a radiotelephone to a paging unit as
indicated by function block 607.
20
What is claimed is:



of attenpts made are not critical to the invention and nay be adj usted
according tao the needs of the individual system Additionally, the conbi ned
unit defaults to |ow battery voltage 2 5 indication if there is no

~ pagi ng syste t he paging operation is not allowed. FIG 5
is a pr ocessmnm/“ﬂmmﬂ“ﬂ””lntrat| ng a second nethod of operating a

-~ combi ned unit *suéh as torbined unit 200 of FIG 2. This nethod may be

i npl enented in a conbined unit 3 0 i ndependent or in conjunction wth
the nethods of FIG 4 and FIG 5. 10 -Fi rstl, t he conbi ned unit operates
as a radi otel ephone as indicated by function lﬂ ock 503. Second, a nethod
nonitors the quality of the conmunication channel 115 as indicated by
e K 100 on® HuB W6 of REaCRINE I ANiARGHIM b tefephopt! > EY
be nmonitored in one of many, I nc oring the recei ve si gnal
strength indicat or pamn&%ﬁmexrﬁ qmbma#m moﬁ%lepbpm and paging

conbi nation thereof d-El%idedhaﬁﬁg Skt byeratigd'BarAeler, ¢Bé éthiodannel 115 is
conpared to a predeterm ned t es old gs indicated by 1 0 deci si on bl ock

507. The RSSI can i n§PTRILSIBE RROF quality
5 operating the combination radiotelephone and paging

device as a radiotelephone;

monitoring the first operating parameter and generating a
operating parameter value; |

comparing the first operating parameter value to a first

10 predetermined threshold; and

operating, responsive to the step of comparing, the
combination radiotelephone and paging device as a paging
device.



duri'-ng a hand-off or due to multi-path distortion. To avoid sw tching
bet ween t he radiotelephone—operati on and t he pagi ng operation due to

I nst ant aneous uality, the channel quality should be averaged
over a period mmuﬂﬁimﬁwmwe averaging will help identify a true |oss
of the conmmuni Cca 5 between the conbination unit and the
renote transceiver. In the preferred enbodi nent, the test of the

comuni cation channel quality is averaged over 30 seconds for this purpose.
20 If the quality indicator is |ess tgfn the threshold, then the
conbi ned unit 200 determines if a paging sy 4mis avai l abl e, as indicated
by deci sion bl ock 509 and previously discussed. If a paging systemis
avai l abl e, then the conbi ned unit 200 checks to see if the paging operation
has been selected by the 2 5 user of the conbined unit 200, as indicated
at decision block 511. 3.f A methed iofigperating romdictelephonedn ®wed, then the

combi ned uni t 200 SeradSordIdlibiRotystefil the A ARIdHHERecoysh GRSERINEIE LR,

B DT R D DOy N R DO T e
renpte transceiver Hiweeh thedintlremdte deensiejver and the cadiotelebhoref he
remote transceiver e radiotelephone having a first and a second operating mode
and a first operating parameter, the method comprising the
steps of:
_ operating the radiotelephone in the first operating mode;
10 detecting the first operating parameter below a first
predetermined threshold;
requesting, responsive to said step of detecting, a change to
the second operating mode from the first remote transceiver;
receiving a first acknowledge signal within a first
15 predetermined time period from the remote transceiver; and
operating, responsive {o said step of receiving, the
radiotelephone in the second operating mode.
3. A method of operating a radiotelephone in accordance
with claim 2 further comprising the intermediary step of
20 determining if said second operating mode is available.
4. A method of operating a radiotelephone in accordance
with claim 3 further comprising the step of alerting,
responsive to determining that said second operating mode is

unavailable, a user to said change in the first operating
25 parameter.
5. A method of operating a radiotelephone in accordance
with claim 2 further comprising the steps of:
repeating said step of requesting for a second
predetermined number times in response to not receiving said
30 acknowledge signal from the remote transceiver within said
first predetermined time period; and



109 within a first predetermned tinme period, then the conbined unit

operates as a paging-device as indicated by function block 519. If no
acknow edge si gni has been received fromthe renote transceiver 109 within

the predeterm ne m‘!”"'&um"ﬂm,md then a second request signal is sent
fromthe conbi ned? remote transceiver 109. If after three
attenpts no acknow edge si"gnafl Has been received fromthe renote
transcei ver 109, then the conbined unit 200 remains operating as a

radi ot el ephone as indicated at decision bl oc& 10 517. The nunber of
attenpts nmade are not critical to the inventri én and may be adj usted
according to the needs of the individual system Additionally, if the

quality indicationis g M&D'g,tﬂa@?oﬁﬁee%%ﬁﬁ%wvﬁ@gsmsab&méarﬁet he

pagi ng systemis not avall able, or t é&laa%gng operal nis not allowed 1 5
by the user, then th&gasidromdtheremete ransceiver an repeaing sdi%phone.
Cont i nuous swi t chi ngstdieof fsiastihg fortsaif Gebsid\pesddtbempeal Apntiraréft i on and
t he radi otel ephone operation is,undesi,rable. To ?,void this situati%}, t he
fol | owing precaut i ong'"ﬁe_ 2 uger .8 ng:’_rnr the W?B‘Fﬁaﬁ’dl_%BWS :

radi ot el ephone operation is not allowed until at least 1 minute after :
swtching to the paging operation, this tinme is not critical to the present

i nvention and may be adjusted according to the needs of a specific system
Second, the channel quali ty shoul d be




2 5 averaged over a period of tinme. The averaging will help identify a
true | oss of the communi cation channel 115 between the conbi nation unit and
the renote trap referred enbodi ment, the.test of the
conmuni catlon mmmmu“u lI””"E averaged over 30 seconds for this pur pose.
Third, 3 0 uge a RSSI "hystere5|s to control the switching. The RSSI
hystereS|s in the preferred enbodi nent sets the threshold for 12
switching fromthe radi otel ephone operation and to the.paging operation to
10 [err]. The threshold for sw tching fronltrg pagi ng operation and to the
radi ot el ephone operation to 15 [err]. The actlal switching thresholds may
be altered for specific 5 applications. In general, the threshold for

swi tching fromthe radiotel ephone operation to the paging operation shoul d
be | ower than swtchi ng fromthe p ing gperatigon to the radiotel ephone

operation. FIG 6 is a Prod qpezating|g radipteleplone imer d met hod of 1
0 thoger ati Bg a lembi'ﬂfi‘été!@bhoﬁé'%bs&‘in Cﬂ{@fdttﬁdtél@pﬁoﬁé)gyéﬁenlzliﬁ:luamg A ts

met hod may be inpl engnted in a conbi.ned uni nde | ction
Wi th the methods of B FeMQitrnaceiser, Fﬁ%resﬁadl Eﬁp@mﬁ ¥ing 4 firspgnd
operates as a 5 a second operating mode and a first operatmg parameter, the

method comprising the steps of:
comparing the first operating parameter to a first
predetermined threshold;
requesting, responsive to the first operating parameter less
10 than the first predetermined threshold, operation of the
radiotelephone in the first operating mode from the first
remote transceiver;
requesting, responsive to the first operatmg parameter -
greater than the first predetermined threshold, operation of
15 the radiotelephone in the second operating mode from the first
remote receiver; |
receiving an acknowledge signal acknowledging the first
or the second step of requesting within a first predetermined
time period from the first remote transceiver; and
20 operating, responsive to the step of receiving, the
radiotelephone in the first or the second operating mode.



radiotel ephone as indicated by function block 603. Second, the 1 5
conbi ned unit 200 receiv gnal fromthe renote transceiver 109
requesting operatl on as a pagi ng device as indicated at function block 605.

Third, the c mm!mcnmm hes operation froma radi otel ephone to a
pagi ng unit 3 ‘l nction bl ock 607. 20 What is clained is:

13 1. A met hod of¢ oper &ti hg a combi nation radi ot el ephone and pagi ng devi ce,
the conbination radiotel ephone and pagi ng device having a first operating
paranmeter, the method conprising the steps of: 5 operating the

conbi nati on radi ot el ephone and pagi ng devi cel 'és a radi ot el ephone;
nonitoring the first operating paraneter and generating a operating

B r edet ermi ned- ¢ hr ooy meHgd &Sépé?fﬁ%%'4‘%@8@%%%3@#’3@{@%@0? e
conparing, the conbimad ipagingdesice| tivé mmethad toprprisingdde stepasfa pagi ng
operating the combination radiotelephone and paging
device as a radiotelephone in a radiotelephone system;
5 receiving an indication from the radiotelephone system to
operate as a paging device;
operating, responsive to said step of receiving, the
combination radiotelephone and paging device as a paging
device.

|_\



- devi ce. 14 2. A nmethod of operating a radiotel ephone in a radiotel ephone
system the radiotetephone system.including a first renote transceiver and
a connunicatio tween the first renote transceiver and the
r adi ot el ephone}, mgmnmllﬁu IHmone having a first and a second operating
node and a flrs operiat imngsparaneter, the nethod conprising the steps of:
operating the radiotel ephone in the first operating node; 1 0

detecting the first operating paraneter below a first predeterm ned

t hreshol d; requesting, responsive to said sjgp of detecting, a change to

t he second operating node fromthe first renbte transceiver, receiving a
first acknow edge signal within a first 1 5 - predetermned tinme period
fromthe renote transceiver; and operating, responsive to said step of

receiving, the radiotel ephone in the second ope at| rm e, .3.. A nethod of
operating a radiotel epfo ﬁan?%hagcqf%&@nﬁn% FoBPIaH f%‘g‘PFF'éPP}&%‘brl si ng

the intermedi ary stfpd phgiiy devite] théemethodi donsprisingeihesteppofat i ng node is
avai | abl e. operating the combination radiotelephone and paging
5 device as a radiotelephone in a radiotelephone system, the
radiotelephone system having a first remote transceiver and a
communication channel between the first remote transceiver
and the combination radiotelephone and paging device
monitoring the quality of the communication channel and
10 creating a quality indication value;
' comparing the quality indication value to a predetermmed
threshold;
requesting, responsive to the step of comparing, operation
as a paging device from the first remote transceiver;
15 receiving a first acknowledge signal within a first
. predetermined time period from the first remote transceiver;
and .
operating, responsive to said step of receiving, the
combination radiotelephone and paging device as a paging
20  device.

9. A method of operating a combination radiotelephone and
paging device in accordance with claim 8 wherein said step of
requesting is further responsive to the quality indication value

25 being less than the predetermined threshold.



4. A method of operating a radiotel ephone in accordance with claim3
further conprising the step of alerting, responsive to determning that
sai d second operating node is unavail able, a user to said change in the
first operating 25 paraneter. 5. A nethod of operating a radiotel ephone

I n accordance with claim2 further conprising the steps of:

repeating said

step of requesting for a second predeterm ned nunber tines in response to
not receiving said 3 0 acknow edge signal fromthe renote transceiver

wWithin said first predetermned tine period;, gnd
to not receiving said acknow edge signal fr(}

- 15 alerting,
the renpte transcei ver and

responsi ve

after repeating said step of requesting for said second predeterm ned
number of tinmes, a user to said change in the first operating parameter.

16 6. A nmethod of operating a radiotel ephone in a

METHOD OF OPERATING A COMBINATION
RADIOTELEPHONE AND PAGING DEVICE

Abstract of the Disclosure

A combined radiotelephone and paging device (101),
10 hereinafter the combined unit, normally operates as a
radiotelephone. In response to a predetermined condition, the
combined unit operates as a paging device. The
predetermined conditions include low battery voltage and poor
communication channel quality or a request signal from a
15 remote transceiver (109) of the radiotelephone system. The
paging system and the radiotelephone system may be
independent communication systems or they may be a single

communication system. The combined unit (101) and its

unique switching characteristics allows the combined unit
20 (101) to utilize the paging devices beneficial qualities of lower
power consumption and broader service range to enhance the

usefulness of a radiotelephone.

FIG. 1 accampanies this abstract.



.radi.ot el ephone system the radiotel ephone systemincluding a first renote
transcei ver, the radiotel ephone having-a first and 5 a second operating
node and a first operating paraneter, the nethod conprising the steps of:
conparing the first operating paraneter to a first predeterm ned threshol d;
requesting, responsive to the first operating paraneter less 1 0 t han
the first predeterm ned threshold, operation of the radiotel ephone in the
first operating node fromthe first r&nbtde transceiver; requesting,
responsive to-the first operating paraneter greater than the first

pr edet er m ned threshg??ingﬁzat' nof 15 t he radi ot el ephone in the
second operating nod rdmlrhe £irst renote receiver; receiving an

acknow edge signal acknow edging the first or the second step of requesting

within a first pgyagdg rninedn§ine penpepd fromthe first re ljjanscei ver;
and 2 0 opertﬁalg\,hggg'ilsive to the step 0f23 ecgving, Yt he
radi ot el ephope—n-tthefirsf 0O e second operathg>ﬁ%%;#E?é??§.l._Ajnethod
of operating @ ination rad?oip
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and, pagi ng device, the nethod conprising the steps of: operating the

conbi nati on radi ot el ephone and pagi ng device as a radiotel ephone in a

radi ot el ephone system 5 receiving an indication fromthe

radi ot el ephone systemto operate as a pagi ng devi ce; operating, responsive
to said step of receiving, the conbination radi otel ephone and pagi ng device

as a pagi ng devi ce. 18 8. A nethod of operating a conbination
radi ot el ephone and. pagi ng device, t mgt hod conprising the steps of:
operating the conbi nati on radi otel ephone and paging 5 device as a

radi ot el ephone in a radi otel ephone system the radiotel ephone system havi ng
a first renote transceiver and a communi cati on channel between the first

renote transceiver and the conbi nation radiotel ephone aniggﬁ%}gg;devi e
c ﬁé a

nonitoring the quai tgtg communi cation channel and _ i
quality indicatio conparing the quality indication value to a
predeterm ned threshof d; requesting, responsive to the step of caﬂparing,

operation [ RADIO TELEPHONE OPERATION §-60
E——T————I START )-401

EEIITTN ) -
T0 OPERATE AS A PAGER [ RADIO TELEPHONE OPERATION 407
Y Y
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as a paging device fromthe first renote transceiver; 15 receiving a
first acknow edge signal within a first predetermned tine period fromthe
first renote transceiver; and operating, responsive to said step of

recei ving, the conbi nation radiotel ephone and pagi ng device as a paging 2 0
device. 9. A nethod of operating a conbination radi otel ephone and pagi ng
device in accordance with claim8 wherein said step of requesting is
further responsive to the quality gngigcation value 2 5 bei ng | ess. than

the predeterm ned threshol d.
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