
1 METHOD OF OPERATING A COMBINATION RADIOTELEPHONE AND PAGING DEVICE 5
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 2 0   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 2 5   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 3 0    paging.    2
Paging devices typically consume less power than radiotelephones. First, a
paging device only receives radio frequency (RF) signals, it does not
transmit RF signals like a radiotelephone. Second, paging systems typically
operate at 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 1 0    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. 1 5      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 2 0    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 2 5    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 3 0    a
user to choose between receiving phone calls or receiving pages, dependent
only upon the users preference. It would be    3 desirable for a
combination radiotelephone and paging device to utilize a paging device's
beneficial qualities of lower power consumption and broader service range
to enhance the usefulness of a radiotelephone. 5 Brief Description of the
Drawings 



FIG. 1 is an illustration in block diagram form of a 1 0    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 1 5    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. 2 0      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
unit in accordance with the present 2 5    invention. FIG. 6 is a process
flow chart illustrating a method of operating the combined unit in
accordance with the present invention.    4 



Description of a Preferred Embodiment 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 1 5   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 2 0   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. 2 5   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. 3 0      The second geographic area of the paging system is
independent of the first geographic area of the radiotelephone    5 system.
The geographic area served by a remote transmitter of a paging system is
typically much larger than the geographic area served by a remote
transceiver of a radiotelephone system. For the purposes of the first
embodiment of the 5    present invention it is assumed that there is paging
service available in areas not served by a radiotelephone system. The
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 1 0    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 1 5    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 2 0    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, 2 5    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 receiver1 205. The receiver1 105 is a well known receiver;
the type of receiver which operates at the RF common to radiotelephones. In
the 3 0    preferred embodiment, the receiver1 205 of the combined unit 200
receives electrical RF signals in the range of 869 MHz to    6 894 MHz. The
receiver1 205 contains an IF circuit and a phase demodulator. The receiver1
205 outputs a symbol signal for use by the controller 211. The controller
211 formats the symbol signal into voice or data for use by the user
interface 



5    213. In the preferred embodiment, the controller 211 contains a
microprocessor such as an MC68332, available from Motorola, Inc.. The user
interface 213 contains a microphone, a speaker a display and a keypad. Upon
the transmission of RF signals from the combined 1 0    unit 200 to the
remote transceiver 109, the controller 211 formats the voice and/or data
signals received from the user interface 213. The formatted signals are
input into the transmitter1 209. The transmitter1 209 converts the
formatted signals into electrical RF signals. The electrical RF signals 1 5
are converted into RF signals and output by antenna 203. In the preferred
embodiment, the transmitter1 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 2 0    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 2 5
common to paging systems. In the preferred embodiment, the receiver2 207
receives electrical RF signals 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 3 0    symbol
signal into voice or data for the user interface 213.    7 FIG. 3 is a
block diagram of a radiotelephone system having a paging mode in accordance
with a second embodiment of the present invention. In the second
embodiment, the radiotelephone system operates as both a 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 301, (also referred to as
combined unit 301). In response to a request signal from the radiotelephone
301 or a 1 0   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 1 5   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 2 0   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 2 5   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. 3 0      First, as
indicated by function block 403, the combined unit operates as a
radiotelephone. Second, as indicated by function    8 block 405, the
controller monitors the voltage level of the power source to create a
voltage level value. Third, as indicated by decision block 407, the voltage
level value is compared to a predetermined threshold. The threshold is set
to a voltage at 5    which the paging receiver will operate while the
transmitter is on the threshold of non-operation. However, it is still
necessary 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 1 5    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 2 0    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. 2 5      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 3 0    device 105 is
currently available in the combined unit 200.  



9 If the paging operation is allowed, then the combined unit requests from
the remote transceiver to operate as a paging device, as indicated at
function block 415. After the request, the combined unit waits to receive
an acknowledge signal from 5    the remote transceiver for a predetermined
time period. The 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 1 5    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
2 0    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 adjusted
according to the needs of the individual system. Additionally, the combined
unit defaults to low battery voltage 2 5    indication if there is no
paging system available 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 3 0    independent or in conjunction with
the methods of FIG. 4 and FIG. 5.    10 First, the combined unit operates
as a radiotelephone as indicated by function block 503. Second, a method
monitors the quality of the communication channel 115 as indicated by
function block 505. The quality of the communication channel 5    115 may
be monitored in one of many ways including 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 1 0   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. 1 5   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.
2 0      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 2 5   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
513. Next, method waits to receive 3 0   an acknowledge signal from the
remote transceiver 109. If the acknowledge signal is received from the
remote transceiver    



109 within a first predetermined time period, then the combined unit
operates as a paging device as indicated by function block 519. If no
acknowledge signal has been received from the remote transceiver 109 within
the predetermined 5    time period, then a second request signal is sent
from the combined unit 200 to the remote transceiver 109. If after three
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 1 0    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 1 5
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 2 0   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 



2 5    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, 3 0    use a RSSI hysteresis to control the switching. The RSSI
hysteresis in the preferred embodiment sets the threshold for    12
switching from the radiotelephone operation and to the paging operation to
10 [err]. The threshold for switching from the paging operation and to the
radiotelephone operation to 15 [err]. The actual switching thresholds may
be altered for specific 5    applications. In general, the threshold for
switching from the radiotelephone operation to the paging operation should
be lower than switching from the paging operation to the radiotelephone
operation. FIG. 6 is a process flow chart illustrating a third method of 1
0   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 1 5
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:
13 1. A method of operating a combination radiotelephone and paging device,
the combination radiotelephone and paging device having a first operating
parameter, the method comprising the steps of: 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 1
0   predetermined threshold; and operating, responsive to the step of
comparing, the combination radiotelephone and paging device as a paging 



device.    14 2. A method of operating a radiotelephone in a radiotelephone
system, the radiotelephone system including a first remote transceiver and
a communication channel 5    between the first remote transceiver and the
radiotelephone, the 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; 1 0
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 1 5    predetermined time period
from the remote transceiver; and operating, responsive to 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 3 0    acknowledge signal from the remote transceiver
within said first predetermined time period; and    15 alerting, responsive
to not receiving said acknowledge signal from the remote transceiver and
after repeating said step of requesting for said second predetermined
number of times, a user to said change in the first operating parameter.
16 6. A method of operating a radiotelephone in a 



radiotelephone system, the radiotelephone system including a first remote
transceiver, the radiotelephone having a first and 5    a second operating
mode and a first operating 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 1 0    than
the first predetermined threshold, operation of the radiotelephone in the
first operating mode from the first remote transceiver; requesting,
responsive to the first operating parameter greater than the first
predetermined threshold, operation of 1 5    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 2 0       operating, responsive to the step of receiving, the
radiotelephone in the first or the second operating mode.    17 7. A method
of operating a combination radiotelephone 



and paging device, the method comprising the steps of: 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.    18 8. A method of operating a combination
radiotelephone and paging device, the method comprising the steps of:
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
predetermined 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 2 0
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 2 5   being less. than
the predetermined threshold.    


