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(57) A paging receiver 1s provided for use with a pl
for every reception channel and determines object reception

frequency channels. The paging receiver searches

urality of paging service systems transmitting different radio

channels by referring to system information 1dentifying each service system, and comprises electric field detection
means for detecting the electric field strength of radio frequency channels and reception channel control means for
controlling searching for radio frequency channels and determining object reception channel. The reception control
means immediately switches the radio frequency channel when the received electric field strength 1s not greater than

a prescribed value and when the system information

does not exhibit coincidence, but when the system information

exhibit comcidence, determines that the radio frequency channel being received 1s an object radio frequency channel

and continues recerving of the paging information.
remarkably decreases thereby preventing degradation
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The time required for searching all radio frequency channels
of the battery.
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Abstract of the Disclosure
A paging receiver is provided for use with a plurali-
ty of paging service systems transmitting different radio
frequency channels. The paging receiver searches for every
reception channel and determines object reception channels
by referring to system information identifying each serﬁ-
ice system, and comprises electric field detection means
fox detecting'the eleetrie field'etrength cf radio fre-

quency channels and reception channel control means for

~controlling searching for radio frequency channels and

determining object reception channel. The reception

control means immediately switches the radio frequency

- channel when the received electric field strength is not

15 |

”greatef'than a prescribed value and when the system
‘information does not exhibit coincidence, but when the
.'syStem_information exhibi£eoincidence,‘determinee,that
f the radio.frequency Channel being received isan'objeCt

'radio frequency channel and continues receiving of the

 paging information.

.~ The time required for searching all radio frequency

channels remarkeblyjdecreases1theréby.preventing

‘degradation of the battery.
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Paging Receiver and Radio Frequency Channel

Searching Method for the Same

Background of the Invention
Field of the Invention

This invention relates to a paging receiver, and more
particularly to a paging receiver for use with a plurality

of paging systems having different radio frequencies.

Description of the Prior Art

In a paging receiver for use with a plurality of
paging service systems which use different radio frequency
channels, the receiver must search a radio frequency band
in which the radio frequency channels are included and
receive the radio frequency channels selectively in order
to distinguish for each of channels successively received
whether or not the paging réceiver itself is entitled to
use the channel. To this end, each radio frequency chan-
nel includes system information for identification of the
paging system, and the receiver compares the system infor-
mation included in channels successively received with the
system information held by the receiver itself. Then,
when the system information coincides with the information
held by the receiver, the receiver fixes the local fre-
quency 1n order to continue the reception of the channel

as an object channel and to identify subsequent paging
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information, but when the information does not coincide,
the receiver changes the local frequency in order to
change the reception channel to the next order radio
frequency channel.

In this i1nstance, conventional searching operations
of the receiver are performed similarly for channels not
being transmitted (not operated) and for channels whose
received electric field strength is so low that the sig-
nals cannot be received correctly, and since a time of
several hundred milliseconds is required to receive a
minimum unit of transmission signals for every reception
channel, the time required to search for, for example, 1
radio frequency channels is as long as several seconds.

Consequently, a long time is required before the
receliver enters a battery saving condition, resulting in
degradation of the life of the battery. Further, there
another drawback in that, as the time for searching for
all radio frequency channels increases, the probability
increases that the paging receiver will fail to receive

paging call sent to the paging receiver.

summary of the Invention
It 1s an object of the present invention to provide
paging receiver and a radio frequency channel searching

method for the paging receiver that can remarkably de-
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crease the time required for searching for a plurality of
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radio frequency channels and accordingly decrease the time
required to determine an object radio frequency channel for

which reception should be continued, thereby preventing

degradation of the battery.

To achieve the above objects, there 1s provided a
battery-operated paging receiver, which searches for radio
frequency channels of a plurality of paging systems, sald
radio frequency channels having system information for
identification of said paging systems, which receives the
10 radio frequency channels 1n a certain order by incrementally
switching among the radio frequency channels in sald certain
order, and which determines that a radio frequency channel
being recelved 1s an object radio frequency channel whose
reception should be continued 1f the system information
included in the radio frequency channel being received
colincides with system information held by sald paging
recelver, salild paging receliver comprising: a pattery saving
means for preventing the degradation of useful battery life,
sald battery saving means comprising an electric field

20 detection means for detecting received electric field strength
of a radio frequency channel belng received; storage means for
storing information regarding a received electric field of a
radio frequency channel recelived from said electric field
detectlion means; system information comparison means for
determining whether or not sald system information included in
sald radio frequency channel belng received colncides with

sald system information held by said pagling receiver; and

74570-29
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reception channel control means for controlling the searching
for radlio frequency channels and determining the object radio
frequency channel, whereln said reception channel control
means 1lmmedlately switches the radio frequency channel being
recelved to a nexXxt radio frequency channel when the received
electric field strength is not greater than a prescribed
value, whereln said reception channel control means confirms
from said system information comparison means 1f the system
information exhibits coincidence when said electric field
strength 1s greater than sald prescribed value, and wherein
sald reception channel control means switches the radio
frequency channel being received to said next radio frequency
channel when said system information does not exhibit
coincidence and determines that the radio frequency channel
being received 1is the object radio frequency channel when the
system information exhibits coincidence, and wherein said
reception channel control means rearranges the certain order
of searching the radio frequency channels for a next searching
cycle to be executed by using the received electric field
information stored 1n said storage means.

The paging receiver further comprises storage means
for storing information regarding a received electric field
and 1n addition, information regarding coincidence of system
information of a recelived radio frequency channel, wherein the
information can be used for rearrangement of the searching

order of reception channels in succeeding searching cycles.

According to another aspect of this invention, there

74570-29
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is provided a radio frequency channel searching method for a
battery-operated paging receiver which searches for radilo
frequency channels of a plurallty of paging systems, said
radio frequency channels having system 1nformation for
identification of said paging systems, which receives the
radio frequency channels 1n a certaln order by incrementally
switching among the radio frequency channels 1n sald certain
order, and which determines that a radio frequency channel
being received 1s an object radio frequency channel whose
reception should be continued 1f system 1nformation included
in said radio frequency channel being recelved coincides with
system information held by sald paglng recelver, sald radio
frequency channel searching method comprising the step of:
setting an arbitrary radio frequency channel as a provisional
reception channel and detecting the received electric field
strength of the reception radlio frequency channel; storing
information regarding a received electric field of each radio
frequency channel; immediately switching the reception channel
setting to a next radio frequency channel when the received
electric field strength 1s not greater than a prescribed value
SO as to prevent the degradation of battery life by reducing
the time for conducting a search; comparing system information
included in the reception channel with system information held
by sald recelver when the recelved electric field strength is
greater than the fixed value; switching the reception channel
setting to the next radio frequency channel when sald system

information included in the reception channel does not

74570-29
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coincide with said system information held by sald receiver,
and when the system information exhibits coincidence,
determining the radio frequency channel belng received as sald
obJect radio frequency channel; and when said object radio
frequency channel 1s not determined, rearranging the certain
order of said information regarding the received electric
field strength of said radio freguency channels and executing
the searching for the oblect radio freguency channel.
The searching method further comprises the steps of:

storing information regarding a receilved electric field

of each received channel and in addition, information

regarding coincidence of system information of each received

radio frequency channel;

rearranging the searching order of reception channels

74570-29
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in the succeeding cycle of searching by using the

information.

Brief Description of the Drawings
Fig. 1 1s a block diagram of a paging receiver of a
5 first embodiment of the present invention.
Fig. 2 1is a block diagram of a paging receiver of
another embodiment of the present invention.
Fig. 3 is a flow chart showing the process of the
radio frequency channel searching operation of the paging
10 receiver of Fig. 1.
Fig. 4 1is a flow chart showing the process of the
radio frequency channel searching operation of the paging

receiver of Fig. 2.

Description of the Preferred Embodiments
15 Embodiments of the present invention are described
pelow with reference to the drawings.
Fi1g. 1 1s a block diagram of a paging receiver of a
first embodiment of the present invention, and Fig. 3 is a
flow chart showing the process of the radio frequency
20 channel searching operation of the paging receiver of Fig.
1.
The paging receiver of Fig. 1 can receive paging call

signals transmitted in different radio frequency channels

from a plurality of paging systems and includes an antenna




10

15

20

25

2108303

101, a radio section 102, a demodulator section 103, a
decoder section 105, an alarm section 106, a display
control section 107, a display section 108, a system
information comparison section 104, an electric field
detection section 109, a local frequency generation sec-
tion 110 and a reception channel control section 111.

The antenna 101 and the radio section 102 selectively
receilve a radio frequency channel corresponding to a local
frequency supplied thereto from the local frequency gener-
ation section 110 controlled by the reception channel
control section 111. The signal of the received radio

frequency channel is demodulated into a paging signal,

shaped in waveform and converted into a digital signal by
the demodulation section 103, and then sent to and decoded
by the decoder section 105.

The thus-decoded paging signal includes system infor-
mation for identification of that specific paging system,
paging number information allocated to the paging receiver
and display information to be displayed on the display
section 108 of the receiver.

The electric field detection section 109 detects the

electric field strength of the radio frequency channel
received by the radio section 102 through the antenna 101
and sends it to the reception channel control section 111.
The reception channel control section 111 compares the

received electric field strength with a predetermined
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reference value. If the received electric field strength
1s greater than the fixed reference value, the system
information comparison section 104 that receives the

result of the comparison of the electric field strength

5 makes a determination whether or not the decoded system
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information and system information held in advance by the
receiver coincide with each other. A signal indicative of
coincidence or noncoincidence is sent out from the system
information comparison section 104 to the decoder section
105 and the reception channel control section 1l11.

When coincidence of the system information is deter-
mined, the local frequency is fixed, and the decoder
section 105 determines whether or not the demodulated
paging number and a paging number held in advance by the
recelver coincide with each other. If they coincide with
each other, the decoder section 105 drives the alarm
section 106 and simultaneously sends the demodulated
display information to the display control section 107 so
that the display information is displayed on the display
section 108.

Next, a radio frequency channel searching operation
of the paging receiver of Fig. 1 that is awaiting a paging
call to the receiver itself is described with reference to
Fig. 3. In this case, it is assumed that the paging
receilver can receive a total of 16 paging channels from

No. 1 to No. 16, and that the paging receiver searches for
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these channels in numerical order beginning with No. 1.
When the receiver is switched on by a user, the

reception channel control section 111 informs the local

frequency generation section 110 of generation of a local
frequency corresponding to channel No. 1 and sets the
reception channel provisionally to No. 1 (step 201). The
electric field detection section 109 connected to the
radio section 102 detects the strength of the received
electric field (step 202), and the reception channel

control section 111 compares the received electric field

strength with the predetermined reference value to check
whether or not the received electric field strength is

greater than the reference value (step 203).

Here, when the received electric field strength is
equal to or lower than the reference value, the reception
channel control section 111 checks to determine whether or
not the reception channel is set to No. 16 (step 206). If
the reception channel is not set to No. 16, the reception
channel control section 111 immediately informs the local
frequency generation section 110 of the change of local
frequency so that another local frequency corresponding to
a next radio frequency channel is sent out to switch the
reception channel setting to the next channel (step 207).
However, 1f the reception channel is set to No. 16, a
second searching cycle beginning with channel No. 1 and

ending with channel No. 16 is started (steps 206 and 201).
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When the received electric field strength is higher

than the reference value, the system information compari-
son section 104, to which the result of the comparison of
the field strength has been transmitted from the reception
channel control section 111, performs comparison of the
system i1nformation and sends out the result of the com-
parison to the reception channel control section 111 and
the decoder section 105.

Here, when the system information does not exhibit
coincidence (step 204), the reception channel control
section 111 checks the reception channel to determine
whether or not it is set to No. 16. If the reception
channel is not set to No:. 16, the reception channel con-
trol section 111 delivers an instruction to change the
reception channel setting (steps 206 and 207), but if the
reception channel is set to No. 16, a second searching
cycle beginning with channel No. 1 is started (steps 206
and 201).

When the system information exhibits coincidence, the
reception channel control section 111 determines that the
reception channel is the object channel and continues the
reception of the same channel by fixing the local frequen-
cy through the local frequency generation section 110

(steps 204 and 205), and the decoder section 105 proceeds
to comparison of the paging number information.

In the series of searching operations, when the




10

15

20

25

2108309

- 11 -

reception channel is successively switched to finally
arrive at No. 16, thereby completing one cycle, without
determining an object reception channel for which
searching operation should be continued, the reception
channel returns provisionally to channel No. 1 to begin a
second searching cycle. Thus, the series of searching
operations is repeated until an object reception channel
1s determined or until the number of searching cycles
reaches a given number without determining an object

reception channel.

It 1s to be noted that, while it is described above
that the searching order is first set so that the search-
ing begins with channel No. 1, the searching may otherwise
be performed beginning with any given channel on condition
that the channel No. 1 follows the channel No. 16.

Next, another paging receiver of a second embodiment
1s described with reference to Figs. 2 and 4.

The receiver of Fig. 2 is different in construction
from the receiver of Fig. 1 in that it includes a channel
information storage section 112. The channel information
storage section 112 stores together with the channel
number the received electric field strength information
sent from the electric field detection section 109, and
the result of comparison of the received electric field
strength and the predetermined reference value sent by the

reception channel control section 111. The channel infor-
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mation storage section 112 also stores the result of
comparison of the system information included in each
reception channel and the system information held in the
receiver. Consequently, the reception channel control
section 111 can make use of the information stored in the
channel information storage section 112 in order to allow
the paging receiver to more efficiently perform the suc-
ceeding cycle of searching operation. Fig. 4 illustrates
an example of a searching operation procedure including a
second and succeeding cycles that are performed more
efficiently by making use of the information stored in the
channel information storage section 112 in the proceeding
cycles.

Reterring to Fig. 4, step 303, in which received
electric field infocrmation is stored into the channel
information storage section 112, follows step 304, in
which it is determined whether or not the received elec-
tric field strength is greater than the reference value.
Step 303", in which the result of comparison of system
information is stored into the channel information storage
section 112, follows step 305, in which it is determined
whether or not the received system information coincides
with the system information held in the receiver.

When the first searching cycle is completed from the
channel No. 1 to channel No. 16 without determining an

object reception channel (step 307), the second searching

R e 2 T IO rrr——
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cycle 1s started. Here, using the information stored in
the channel information storage section 112 in previous
steps 303 and 303’, rearrangement of the order of the
reception channels is performed in order to allow the
second cycle of searching operations to be performed
efficiently (step 309), and a first radio frequency
channel after the rearrangement is set as the provisional
reception channel (step 310). Thereafter, searching is
pertormed similarly to the first searching cycle. When
the steps of the search are completed for all of the
channels after the rearrangement without determining an
object reception channel (step 315), rearrangement for a
third searching cycle is performed (step 309).

For the rearrangement of the order of the reception
channels at step 309, two methods are available including
a first method wherein only those channels which exhibited
recelved electric fields not greater than the reference
electric field in the last searching cycle are arranged in
the order in which the searching was performed, and a
second method wherein rearrangement is performed includ-
ing, in addition to those channels just described, those
channels whose received electric fields were greater than
the reference electric field in the last searching cycle
but which did not exhibit coincidence of system informa-
tion. The latter method is considered an effective proce-

dure when the person carrying the paging receiver is
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moving at a high speed.

The searching operation of Fig. 4 is performed re-
peatedly until an object reception channel is determined

or until the number of searching cycles reaches a fixed

number.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A battery-operated paging receiver, which searches

for radlo frequency channels of a plurality of paging systems,
sald radio frequency channels having system information for
identification of sald paglng systems, which receives the
radio frequency channels in a certain order by incrementally
switching among the radio frequency channels in sald certain

order, and which determines that a radio frequency channel
being received 1s an object radio frequency channel whose
reception should be continued 1f the system information
included 1n the radio frequency channel being received
colncides with system information held by saild paging
recelver, sald paging receiver comprising:

a battery saving means for preventing the degradation of
useful battery life, saild battery saving means comprising an
electric fileld detection means for detecting received electric
flield strength of a radio frequency channel being received;

storage means for storing information regarding a
recelved electric fleld of a radio frequency channel received
from sald electric field detection means:

system 1nformation comparison means for determining
whether or not said system information included in said radio

frequency channel being received colncides with said system

information held by said paging receiver; and

reception channel control means for controlling the

74570-29
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searching for radio frequency channels and determining the
object radio freguency channel,

wherelin sald reception channel control means immediately
switches the radio frequency channel being received to a next
radio frequency channel when the received electric field
strength is not greater than a prescribed value,

wherein salid reception channel control means confirms
from sald system information comparison means if the system
information exhibits coincidence when sald electric field
strength 1s greater than sald prescribed value, and

wherein said reception channel control means switches the
radio frequency channel being received to sald next radio
frequency channel when said system information does not
exhliblt coincidence and determines that the radio frequency
channel belng recelived 1is the object radio frequency channel
when the system information exhibits coincidence, and

wherelin salid reception channel control means rearranges
the certain order of searching the radio frequency channels
for a next searchiling cycle to be executed by using the
recelved electric fileld information stored in said storage

mearls.

2 . The paging receliver as claimed in claim 1, further
comprising storage means for storing information regarding the
coincidence of system information, wherein said reception
channel control means rearranges the certain order by further

using a result of colincidence of system information.

74570-29
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3. The pagling receiver as claimed 1n claim 1, wherein a
synthesizer 1s equipped as an osclllator for generating
reception local frequencies corresponding to the radio

frequency channels.

4. A radio frequency channel searching method for a
battery-operated paging receiver which searches for radio
frequency channels of a plurality of paging systems, said
radio frequency channels having system information for

ldentlfication of saild paging systems, which receives the

radio frequency channels in a certaln order by incrementally
switchling among the radio frequency channels in said certain
order, and which determines that a radio frequency channel
beling received is an object radio frequency channel whose
reception should be continued if system information included
in sald radio frequency channel being received coincides with
system information held by sald paging receiver, saild radio
frequency channel searching method comprising the step of:
setting an arbiltrary radio frequency channel as a
provisional reception channel and detecting the received

electric field strength of the reception radio frequency

channel;

storing information regarding a receilved electric field

of each radio frequency channel;

immediately switching the reception channel setting to a

next radio frequency channel when the received electric field

strength 1s not greater than a prescribed value so as to

74570-29
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prevent the degradation of battery life by reducing the time

for conducting a search;

comparing system information included in the reception
channel with system information held by sald receiver when the

received electric field strength is greater than the fixed

value;

switching the reception channel setting to the next radio
frequency channel when said system information included in the
reception channel does not coincide with said system
information held by salid receiver, and

when the system information exhibits coincidence,
determining the radio frequency channel being received as said
object radio frequency channel; and

when sald object radlio frequency channel 1is not
determined, rearranging the certain order of said information
regarding the received electric fleld strength of sald radio

frequency channels and executing the searching for the obiject

radilio frequency channel.

5. The radio frequency channel searching method as
clalmed in clalm 4, further comprising

storing information regarding colncidence of system
information of each radio frequency channel, and

rearranging the certaln order of searching the radio

74570-29
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frequency channels 1n succeeding cycles of searching by
further using the information of said coincidence of system

information.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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