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TITLE OF THE INVENTION
"Radio Pager With Variable Gain Setting Controlled According To

Presence And Absence of Sync Codes"
BACKGROUND OF THE INVENTION
The present invention relates g’ehera!ly to radio pager{s, and more
specifically to a reduction of the effect of intermodulation products for

radio pégers tocated in areas where signals from different paging systems

coexist. _

In service areas that are covered by radio paging systems of different
telecommunications operating entities, different channels may coexist with
the attendant high likelihood of mutual interference between them. Due to
inherent nonlinear characteristics of radio pagers, intermodulation products
are produced by pagers located in such areas. In a worst case the desired
.signal ts suppressed by the intermodulation products, particularly the third
order which accounts for a substantial proportion of the total IM products.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to- provide a pagér
which is less adversely affected by intermodulation products.
| According to a broader aspect of the present invention, .the radio

pagei’ of this invention comprises a receiver for receiving-a signal at one of
high and low gain settings such that when the receiver is switched to the
low gain setting the strength of intermodulation products is reduced in
relation to the strength of a desired signal. A detector is provided for
detecting a sync code in the received signal to establish synchronization
and generating a sync-absence signal if the sync code is not detected
during an expected time interval. The receiver is initially switched to the
high gain setting. In response to a* first-generated sync-absence
signal, the pager recognizes that it is adversely affected by
intermodulation products and switches the receiver to the low gain setting

so that the signal-to-noise ratio of the desired signal is improved. In
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reséonse to a subsequently generated sync-absence signal, the pager
recognises that the amplification gain of the receiver is not
sufficient, and the receiver is switched t& the.high gain setting.

Thus, the control means may be arranged to switch the receiver to
the high-gain setting in response to the sync-absence signal next
generated after the said first-generated sync-absence signal.

According to a specific aspect of this invention, an alert tone is
generated when an address code contained in the received signal matches
the address assigned to the pager following the detection of a sync code
by the detector. The receiver is switched to the low gain setting if
the sync-absence signal is generated more than once following the
generation of the alert tone, and subsequently switched to the high gain
setting if the sync-absence signal is generated more than once during
the time the receiver is being switched to the low gain setting.

The present invention will be described in further detail with
reference to the accompanying drawings, in which:

‘Figure 1 is a block diagram of a radioc pager of the present
invention;

Figure 2 is an illustration showing the frame structure of a signal
received by the pager; and

Figures 3A, 3B and 3C are flow charts of instructions programmed in
the controller of Figure 1.

Referring to Figure 1, there is shown a radio pager according to
the present invention. The pager is receiving a signal having a frame
format. As illustrated in Figure 2, the signal is organised into a
sequence of ffames each containing fifteen subframes or "groups" Gl
through G15. Each subframe has a frame sync field "FS" for establishing
frame synchronisation at the start of the frame, a group sync field "GS"

- for identifying the subframe and data filed 1 through 6 in which

selective calling address codes are inserted, respectively. The signal
is transmitted in the known BCH format for error detection and

correction at the pager.
The radio pager includes an antenna 1 for detecting the transmitted
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frames, and a radio-frequency amplifier stage 2 which is coupled to the
antenna and followed by a known demodulation and waveshaping circuit
3. The output of demodulation and waveshaping circuit 3 is coupled to a
synchronizer 4 and a sync detector 5 which detects frame and group sync
codes. Synchronizer 4 cooperates with the sync detec_:ior to establish
frame and group synchronization. Sync detector 5 generates a frame-
sync presence signai and a group-sync presence signal if it properly
receives the frame and group sync codes and generates a frame-sync
absence signal and group-sync absence signal if it fails to detect these sync
codes during time intervals in which they are expected to arrive. These

signals are applied to a microprocessor-based controller 8 in which they

. are utilized to generate a high- or low-gain control signal in a manner to

be described and applies the control signal ta an output terminal 8a.

The output of synchronizer 4 is connected to a known BCH decoder 6
which decodes the incoming signal and compares address codes
contained in the received subframe with the address of the pager stored in
a programmable read-only memory 7. If the stored address matches one
of the received address-c:pdes, decoder 6 informs this fact to controller 8
and a loudspeaker 10 is activated through amplifier 9 to alert the user..

According to the present invention, a variable gain setting circuit 11 is
connected to the front end of the pager. Gain setting circuit 11 comprises
a switching transistor 11a with its emitter being grounded and its collector
being coupled in series with a current-limiting resistor 11d to a circuit
junction between antenna 1 and amplifier 2. The base of transistor 11a is

connected to ground by a biasing resistor 11c and to the output terminal

8a of the controller.

One end of the antenna 1 is coupled to ground and the other end is
coupled to ground through a trimming capacitor 1a, the trimming
Capacitor being connected through a coupling capacitor 2a of amplifier

stage 2 to the base of a transistor 2b whose emitter is grounded. The
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collector of transistor 2b is coupled through a coil 2e and a resistor 2f to a
voitage source, and a resistor 2¢ is connected to shunt the cocil 2e and
the base-coliectér path of transistor 2b..

If controller 8 generates a high-gain setting signal, the potential at
output terminal 8a is low and transistor 11a is turned off, allowing the signal
across the trimming capacitor 12 to be coupled with 2 minimum of loss so
that the pager is the to be switched to a high-gain setting. If controller 8
generates a low-gain control signal, the potential at terminal 8a is high and
transistor 11a is turned on, causing part of the received energy to pass to
ground so that the pager is the to be switched to a low-gain setting.

The operation of the controller 8 will now be described with reference
to Figs. 3A, 3B and 3C.

In Fig. 3A, the program execution starts with step 30 which sets the
pager at high level gain for normal reception by applying a low potential
to gating seiting circuit 11, Exit then is to step 31 to initialize a variable N to
0. In steps 32 and 33 decision is made on whether a frame sync code and
a group sync code are successively received by checking the output of
sync detector 5. ifa fr;ame-sync presence signal and a group-sync
presence signal are supplied controller 8 from sync detector’'5, control
advances to step 41 (Fig. 3B). If a frame sync is detected but a group sync’
is not subsequently .detected, control branches at step 33 to step 31 to
repeat the process.

If frame sync is not detected in decision step 32, control branches to
step 34 to increment the variable N by one and goes to step 35 to check to
see if N Is greater than a prescribed value, say, 3. If the answer is negative,
control branches to step 32 to repeat the proéess, and it is affirmative,
control interprets that frame sync codes ha\}e been disrupted by the effect
of an intermodulation product (particularly, third-order IM product) of a
desired and undesired signals, and branches to step 36 to switch the

amplifier gain setting to low by applying a high potential to the gain
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settihg circuit 11, Since intermodulation products arise due to the passing
of two or more signals of different frequencies through a nonlinear device
of the pager, the switching of the gain to low level settirig causes the
undesired strong signals to be suppressed and allows favorable reception
of the desired weaker signal. Note that the amplifier gain at the low level
setting is calculated so that the signal-to-noise ratio is improved at least 20
dB at desired frequency in comparison with that obtained at the high level
setting. _

if frame and group sync codes are successively received with the low
gain setting'(steps 37, 38), control advances to step 40 to initialize both
variables M and L to 0 and goes to step 59 (Fig. 3C). If either of the frame
and group sync codes is not detected with the low gain éetting (stéps 37,
38, 39), control returns to step 30 to repeat the above process.

If frame and group sync codes are successively received with the high
gain setting, control exits to step 41 (Fig. 3B) in which variables N, M L are
initialized to 0. Exit then is to step 42 to determine if there is a match
between the pager's address and a received address code by checking
the output of decoder 6 If the answer is affirmative, control branches at
step 42 to step 43 to generate an alert tone for coupling to the
loudspeaker 10. Exit from step 43 and from the negative decision branch
of step 42 is to step 44 to check fo'r the presence of a frame sync. if the
answer is negative, control branches to step 45 to increment variable M by
1 and moves on to step 46 to check to see if variable M is smaller than a
prescribed value, say, 5. If M 2 5, control branches at step 46 and retums
to the starting poini of the program. If M < 5, control branches at step 46
to step 47 to check for the presence of a group sync cade. If the answer is
negative, control branches at step 47 to step 48 to increment variable L by
1 and proceeds to step 49 to check to see if variable L is smaller than 5. if
L > 5, control branches at step 49 and returns to the starting point of the

program. If L < 5, control branches at step 49 to step 50 to increment
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variable N by 1 and proceeds to step 51 to check to see if N is equal to or
greater than 2. If N < 2, control returns to step 42, and if N 2 2, control
branches at step 51 to step 52 to switch the amplifier gain to low setting.

Therefore, if the pager fails to receive a frame sync code and a group
sync code in sequence with the high gain setting following the detection of
a page, control will pass thr-ough's'teps 44 to 51 and branch at step 51 to
step 42 to repeat the process. In step 52, the amplifier gain setting is
switched to low. If such an event is repeated, N becomes equal to 2 and
control branches at step 51 to step 52 to reduce the amplifier gain, with
controf recognizing that the loss of the synchronizatiori codes is due to the
presence of iﬁtermodulation products.

If, in the process of Fig. 38, the pager fails to receive less than five
frame sync codes in sequence and a group code is subsequently received,
control branches at step 47 to step 53 to initialize variables L and M to 0,
and returns to step 42. If, in the process of Fig. 3B, a frame sync code is
once detected (step 44), control branches to step 54 to initialize variables N
and M:to 0, and proceeds to step 55 to check for the presence of a-'group
sync code. If there is none, control branches at step 5 to step 56 to
increment variable L by 1 and proceeds to step 57 to check to see if
variable L is smaller than 5. If L2 5, control branches at step 57 and returns
to the starting point of the program and if L< 5, control returns to step 42.
If the answer in step 55 is affirmative, control branches to stép 58 to
initialize variable L to 0 and control returns to step 42.

With the low amplifier gain setting (following step 52, Fig. 3B or
initialization step 40, Fig. 3A), control now enters a subroutine shown in Fig.
3C, which is generally similar to that shown in Fig. 3B, for receiving a |
subsequent page. This subrdutine begins with step 59 (Fig. 3C) which
initializes variable N to 0. Exit then is to step 60 to make a further
determination on whether there is 2 match between the pager's address

and a received address code. If the answer is affirmative, control branches
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at step 60 to step 61 to generate an alert tone for coupling to the
loudspeaker 10. Exit from step 61 and from the negative decision branch
of step 60 is to step 62 to check for the presence of a frame sync. If the
answer is negative, control branches at step 62 to step 63 to increment
variable M by 1 and moves on to step 64 to check to see if variable M is
smaller than a prescribed value, say, 5. If M 2> 5, control branches at step
46 and returns to the starting point of the program. i M < 5, control
branches at step 64 to step 65 ta check for the presence of a group sync
code. If the answer is hegative, control branches at step 65 to step 66 to
increment variable L by 1 and proceeds to step 67 to check to see if
variable L is smaller than 5. If L2 5, control branches at step 67 and returns
to the starting point of the program. If L < 5, control branches at step 67 to
step 68 in which the controller recognizes that the receiver's amplification
gain is not sufficient and switches the receiver to high gain setting for
normal reception. Control now exits to step 69 to initialize N to 0, and
returns to step 42 (Fig. 3B) for receiving a subsequently transmitted page..

Therefore, if the ;;a_ger fails to receive less than five frame sync codes
and less than five group sync codes in sequence with the low gain setting
following the detection of a page, control will pass through steps 62 to 67
and branch at step 67. Contro! interprets the loss of the sync codes as one
that has been caused by insufficient amplifier gain, and goes to step 68 to
switch the amplifier gain to high'setting. If the loss of frame sync codes
and the loss of group sync codes exceeds the limit (i.e., 5), control
branches at step 64 or step 67 to the starting point of the program.

If an affirmative decision is made in step 65, control branches to step
70 to initialize variables L and'N to 0 and returns to step 60. In addition, if
the answer is affirmative in decision step 62, variables N and M are reset to
0 (step 71) and reception of a group sync code is checked (step 72). If
there is none, exit is to step 73 to increment variable L by 1 and variable L

is checked to see if it exceeds beyond the limit'value 5 (step 74) to return
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to the starting point of the program if L 2 5 'c')A" return to step 60 if L <5. ¥
the answer is affirmative in step 72, control branches to step 75 to initialize
L to 0 and returns to step 60. |

The foregoing description shows only one preferred embodiment of
the present invention for networks in which signals are transmitted in a
frame sequence. The present invention could equally be as well employed _
in a system in which signﬁls are transmitted in other formats such as
POCSAG (Post Office Code Standardization Advisory Group) code format.
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CLAIMS

1. A radio pager adapted to receive a signal containing sync codes,
comprising: ' '

a re;eiver for receiving said signal at one of high and low gain
settings such that when said receiver is switched -to the low gain
setting the strength of intermodulation products is reduced in relation
to the strength of a desired signal;

. detector means for detecting a sync code in the received signal to
establish synchronization and generating a sync-absence signal if the
sync code is not detected during an expected time interval; and

control means for initially switching said receiver to the high
gain setting, switching the receiver to the low gain settiﬁg in response
to a first generated sync-absence signal, and thereafter switching the
receiver to the high gain setting in response to a subsequently

generated sync-absence signal.

2. A radio pager as claimed in Claim 1, wherein the control means is
arranged to switch the receiver to the high-gain setting in response to
~the sync-absence signal next generated after the said first-generated

sync-absence signal.

3. A radio pager adapted to receive a signal containing sync codes and
address codes, comprising:
 a receiver for receiving said signal at one of high and low gain

settings such that when said receiver is switched to the low gain'
setting the strength of intermodulation products is.?eduéed.in relation
to the strength of a desired signal;

detector means for detecting a sync code in the received signal to
establish synchronization and deteéting an address match between an
address code contained in the received signal and an address code
assigned to the radio pager, said detectoi means generating a
Sync;presence signal if the sync code is detected and a sync-absence
signal if the sync code is not detected during an expected time
interval: and '

control means for initially switching (30) said receiver to the

high gain

—
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setting, generating (43) an alert tone in response to said address match
foilowing a generation of the sync-presence signal by the detector means,
switching (52) the receiver to the low gain setting if the sync-absence |
signal is generated more than once following the generation of said alert
tone, and subsequently switching (68) the receiver to the high gain setting
if the‘sync-absence signal is generated more than once during the time

said receiveris  switched to the low gain setting.

4. A radio pager adapted to receive a signal containing sync codes
and address codes, comprising:

a receiver for receiving said signal at one of high and low gain settings
such that when said receiver is switched to the low gain setting the
strength of intermodulation products is reduced in relation to the strength
of a desired signal;

detector-means for detecting a sync code in the received signal to
establish synchronization and detecting an address match between an

~ address code contained in the received signal and an address code
assigned to the radio pager, said detector means generating a sync-
presence signal if a sync code in said received signal is detected and a
sync-absence signal if a sync code in said received signal is not detected
during an expected time interval; and _ ‘

control means for initially switching (30) said receiver to the high gain

setting, generating (43) a first alert tone when said address match is first
detected following the generation of the sync-presence signal, sw:tchmg
(52) the receiver to the low gain setting if the sync-absence szgnal is
generated more than once following the generation of said first alert tone,
generating (61) a second alert tone when said address match is further
detected during the time said receiver is being switched to the low gain
setting, and switching (68) the receiver to the high gain setting if the sync-

absence signal is generated more than once folfowing the generation of
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the second alert tone,

5. In a radio pager adapted to receive a signal containing sync

codes, the pager comprising 2 receiver for receiving said signal at one of
high and low gain settings such that when said receiver is switched to the

jow g.ain setting the strength of intermodulation products is reduced in
relation to the strength of a desired signal, and detector means for
detetting a sync code in the received signal to establish synchronization
and generating a sync-absence signal if the sync code is not detected
during an expected time interval, a method for controlling the gain of said
receiver comprising the steps of:

a) initially switching said receiver to the high gain setting;

b) switcﬁing the receiver to the low gain setting if the sync-absence
signal is generaied following the switching of the receiver to the high gain
setting by the step (a); .and

¢} switching the receiver to the high gain setting if the sync-absence
signal is generated more than once following the switching of the receiver

to the low gain setting by the step (b).

6. In a radio pager adapted to receive a signal containing sync codes
and address codes, the pager comprising a receiver for receiving said
signal at one of high and low gain settings such that when said receiver is
switched to the low gain setting the strength of intermodulation products is
reduced in relation to the strength of a desired signal, and detector means
for detecting a sync code in the received signét to establish '
synchronization and detecting an address match between an address
code contained in the received signal and an address code assigned to the
radio pager, said detector means genera'ting a sync-presence signal when

the sync code is detected and a sync—absenée signal when the sync code

is not detected during an expected time interval, a method for controlling
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the gain of said receiver comprising the steps of:

a) initially switching said receiver to the high gain setting;

b) generating an alert tone when said address match is detected
following the generation of the sync-presence signal;

c) switching the receiver to the low gain setting if the sync-absence
signal is generated more than once following the generation of the alert
tone by the step (b); and

d) switching the receiver to the high gain setting if the sync-absence
signal is generated more than once following the switching of the receiver

to the low gain setting by the step ().

7. In a radio pager adapted to receive a signal containing sync codes
and address codes, the pager comprising a receiver for receiving said
signal at one of high and low gain settings such that when said receiver is
switched to the low gain setting the strength of intermodulation products is
reduced in relation to the strength of a desired signai, and detector means
for detecting a sync code in the received signal to establish
synchronization and detecting an address code contained in the received
signal which matches an address code assigned to the radio pager, said
detector means generating a sync-presence signal indicating that a sync
code is detected and a sync-absence signal indicating that a sync code is
not detected during an expected time interval, a method for controlling the
gain of said receiver comprising the steps of:

a) initially switching said receiver to the high gain setting;

b) generating a first alert tone if said address match is first detected
foltowing the generation of the sync-presence signal;

c) switching the receiver to the low gain setting if the sync-absence
signal is generated more than once following the generation of the first
alert tone by the step (b);

d) generatmg a second alert tone when said address match is further
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detected following the switching of the receiver to the low gain setting by
the step (c); and
e) switching the receiver to the high gain setting if the sync-absence
signal is generated more than once following the generation of the second
. alert tone by the step (d).

as Been Replaced
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