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Specification
Title of the Invention

Two-Way Paging System with Answer-Back Function

>

Background of the Invention

The present invention relates to a two-way

paging systém with an answer-back function and, more
- particﬁiarly, to a'two-way_paging system. using an
orthogonal detection/reception scheme.

With recent advances in daté comfunication
techniques and compact circuit techniques, a two-way
paging-é&stem has been developed as a private branch
commuq%cation system, which can,transﬁit an fncoping
.call answer-back signal, a.message, and Ehe like from a
paégng'recéiver side. °

| A two-way paginé receiver used for a private
branch paging service inevitably has a low-power
trans%ission circui%. Fof services iﬁ a narrow area,
e.g., % private'brgnch paging service, the paging
receiver is only réquired to perfofm short-distaﬁce-
transmission. fherefore, the realization of such a -
two-way paging éystem is relatively easy. |

In some two-way paging systems, the

transmission and reception freéuencies are sét to be
equal to each other in consideration of the effective

use of waves. In such a case, contention between

reception and transmission is avoided by transmitting
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answer-back signals.for acknowledging reception at
predeterﬁined time interxvals.

- In some other paging receivers, the orthogonal
detection/reception scheme requiring no RF and IF
filters has recently been used to achieve a reduction in
size. In the orthogonal detection/reception scheme, the
line frequency and the locai oscillation frequency are
set to be equal to each other, and beats of the
reception freduency and the losal oscillation frequency
are extracted by a mixer. The beats are-ingut to a
low-pass filter to obtain onlf a baseband signal. The

baseband signal is amplitude-limited by a limiter

circuit.' In addition, the resultant signal 1s

-b

demodulated to obtain an demodulated signal. : )

d 5 In the orthogonal detection scheme, since the
local oscillation frequency and the line frequency )
coincide with each other, the IF becomes.zero and no
image ireqdency is present. Therefore, a harmonic

amplifier and an IF amplifier do not require any

high-selectivity filters for attenuating the image ,

. frequency. 1In addition, since the IF is zero, a channel

filter for attenuatihg adjacent channel interfering

" waves can be constituted by a low-frequency active

filter and can be formed on an integrated circuit.
As a conventlonal two-way paging system of
this type, a system dlsclosed in Japanese Patent

Laid-Open No. 61-228735 is known.
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In the above-described conventional two-way
paging system, since an answer-back operation must be
performed without using radio frequencies, a great
change in an exiéting transmission system is inevitably
required, resulting in difficulty in constfucting a
system.

Furthermore, since a portable radio unit in

- the- conventional two-way paging system requires a

transmission circuit as well as a reception circuit, the

size of the radio unit is much larger than that of a
: [

normal paging receiver. This poses a serious problem in

portable, radio units which are required to be reduced in
&

size and weight.

Sutmary of the Invention '

¥ ; It is an object of the present ihvedtion to
F “

provide a two-way paging system which can perform an

answer-back operation by radio.

. It is another object of the present invention

L]
to provide a two-way paging system which allows easy

construction of the system without greatly changing an
existing transmission system. -7

It is still another object of the present
invention to provide a compact, lightweight two-way
paging system.

In order to achieve the above objects,

according to the present invention, there is provided a

two~way paging system comprising a radio transmission
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=traﬁsm1tted after the frame sync signal, and a

office for transmitting a call signal in accordance with
a predetermined transmission format, and receiving an
answer-back signal transmitted in accordance with a
predetermined transmission format, and a portable radio
unit for receiving a call signal from the radio
transmission office, and transmitting an answer-back

signal in accordance with the predetermined transmission

- format when an ID signal contained in the received call

signal coincides with an ID code of the unit, wherein

the transmission format of the call signal .in the radio
transmission office is constituted by a frame sync

signal transmission period during which a frame sync .
signal is transmitted, a data signal transmLSSLOn period

duflng‘whlch a data signal containing an ID smgnal is
transmission stop period which is equal to the data
signal transmission period in duration, and during which

'transgission of data is stopped, and the transmission

format of the answer-back signal in the portable radio

unit is-constitptea by a frame sync‘signal regeption*
period during wﬁich the frame sync.signal is received
during the frame sync signal transmission period, and
frame synchronization is established, a data signal
reception period during which the dafa signal
transmitted during the data sinal transmission period is
received, and an_answer—back.sigﬁal transmission period

which is equal to the data signal reception period, and
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during which the_answer—back éignal is transmitted in
correspondence with the transmission stop period when an
iD'code containéd in the data signal céincides with the
ID code of the unit.
5 Brief Description of the Drawings
Figs. 1A to 1D are timing charts showing a
.signal format used in a two-way paging system according
.to an embodiment of the present inventioq;
Fig. 2 is a view shdﬁing a signal format used
10 | in the two-way paging-system of the embodiment;
Fig: 3 is a view showing a siggal format used
in the tyo-way paging system of the embodiment; .
.o Fig. 4 is a block diagram showing’qpregeption

L]

office 4n the two-way paging system of the embodiment;

15 ¥ 4 Fig. 5 is a circuit diagrém shoaing an FSK
.modélation circuit in Fig. 4; -

Fig. 6 is a graph showing an oscillation
frequgpcy characteristic with respect to the control
voltage; ‘

20 ' . Fig. 7 is.a block diagram showing a .
demodulation cifcuit in Fig. 4;

Figs.'BA to 8D are timing charts showing an
operation of the demodulatién circuit;

Fig. 9 is a block diagram showing a

25 transmission office in the two-way paging system of the

present invention; and
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Fig. 10 is a block diagram showing another
embodiment of the present invention.

Description of the Preferred Embodiments

Embodiments of the present invention will be
described below with reference to the accompanying
drawings.

Fig. 4 shows a reception office in a two-way

- paging system according to an embodiment of the present

invention. A portable radio ﬁnit as a réqeption office
denoted by reference numeral 200 as a wﬁolé in Fig. 4
comprises an antenna 201, an RF amplifier 202, mixer
circuits- 203a and 203b, low-pass filters 204a and 204b,
.limiteF circuits 205a and 205b, a demodulatigp circuit
206, aiwaveshaping circuit 207, a 90-degree phasé _ ‘
?sh%Fter 208, a local oscillation circuit 5b9,'a ROM
(Read Only Memory) 210, a decoder 211, an alarm drive;
212, a speaker 213, an FSK (Frequency Sﬂ;ft Keying)
modulation circuit 214, and switches 215 to 217.

_‘This portable radio unit performs detection
according to the 6tthogona1 detectioén/reception schepe.

The switéh 217 of the portable ;adig unit

connects the antenna 201 to a contact (terminal) a or b~
in‘response to an output signal SW from the decoder 211.
The contact a of the switch 217 is connected to the

input terminal of the RF amplifier 202 and to a contact

b of the switch 215. 1In addition, the contact b of the

-
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switch 217 is connected to a contact b of the switch
216.

The RF amplifier 202 performs RF amplification
of an output signal from the switch 215 or 217.

Thé switch 216 connects the output terminal of
the RF amplifier 202 to a contact a or b in response to
the output signal SW from the decoder 211. The contact
a2 of. the switch 216 is connected to the mixer circuits
203a and 203b. In addition, tﬁe contact éﬁof the switch
216 is connected to the contact b of the sw}tch 217.

The mixer circuit 263a generates beats by
miking an.output signal, supplied from the RF amplifier
202 throﬁgh the contact a of the sWitch 216, ¥ith an
output §ignal from the 90-degree phase shifter 20%, and
sﬁpp%ies the beats to the low-pass filter5504aﬂ The

g . “

mixer circuit 203b generates beats by mixing an output

signal, supplied from the RF amplifier 202 through the

'contac} 2 of the switch 216, with an output signal from

" the 90-degfee'phase.shifter 208, and supplies the beats

to the low-pass filter 204b. T »
The loﬁ-pass filter 204a extracts.a-baseband
signal from the beats supplied from the mixer circuit
203a, énd supplies the baseband signal to the limiter
circuit 205a. At the same time, the low-pass filter
204a pérforms a band limiting operation on noise. The

low-pass filter 204b extracts a baseband signal from the

beats supplied from the mixer circuit 203b, and supplies
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the baseband signal to the limiter circuit 205b. At the
same time, the low-pass filter 204b perfofms a band
limiting 6peration on noise.

The limiter circuit 205a generates a binary
signal I from the baseband signal supplied from the
low-pass filter 204a, and supplies the signal I to the
demodulation circuit 206. The limiter circuit 205b
geﬁérates a binary signal Q from the basggénd signal
supplied froﬁ the_low—pass fiiter 204b, and supplies the
signal Q to the demodulation circuit 306. .

The demodulation circuit 206 is constituted by

a D-flip-flop, as shown in Fig. 7. The signal I from

the limiter circuit 205a is supplied to a te&migal D of

r
F] ¢

the D-}lip—flop, while the signal Q from the limiter

circuit 205b is supplied to a terminal Céof the “
D-flip-flop. The démodulation circuit 206 genérates an
demodulated signal L on the basis of these two signals I
and @, and supplies the demodulated signal L to the
waveshaping circu%t 207. ]
| The wavé%@gpiﬁg circuit 207 removes noise” from

the demodulation éircui; L supélied from the -
demodulation circuit 206 and supplies the obtained
signal to the decoder 211.

The ROM 2;0 stores a selective calling number
in advance.

The decoder 211 compafes the demodulated

signal L from the waveshaping circuit 207 with the

-



-

10

15

20

25

selective calling number stored in the ROM 210.

If the

two signals coincide with each other, the decdder 211

supplies an alarm signal to the alarm driver 212 to

inform reception of an incoming call. At the same time,

the decoder 211 supplies an answer-back signal

AB,

associated with acknowledgement of reception of the

iﬂcoming call, to the FSK modulation circuit 214, and

operation, to the switches 215 to 217.

'supﬁlies the signal -SW, associated with a switching

The FSK modulation circuit 214 generates a

control voltage V; on the basis of the answer-back signal

from the ‘decoder 211, and applies the control voltage Vi .

to the local oscillation circuit 209. Fig. 5 shows an

L]

example of the FSK modulation circuit 214, As

shown in

Figﬁ 5, this FSK modulation circuit 214 is constituted

by resistors R; to R; and a capacitor C, and is designed

to suéply a DC displacement to the local oscillation

ci;cuft 208 to set a predetermined modulation degree.

The local ‘oscillation circuit 209 generates an

output SLgnal hav1ng a frequency correspondlng

to the

control voltage Vr from ‘the FSK modulatlon circuit 214,

and supplies this output signal to the switch 215.

Fig. 5 shows an example of the local oscillation circuit

209. This local oscillation circuit 209 is constituted

Xmr @ transistor Ty, and capacitors C; and C;.

oscillation circuit.209 is constituted by a

- by a variable capacitance diode D1, a quartz oscillator

The local .
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voitage;controlled quartz oscillation circuit in this
manner and is designed to change the oscillation
frequency in accordance with a change in capacitance
with a change in reverse voltage applied to the variable
capacitance diode Dl.-

The switch 215 supplies the output signal from
the local oscillation circuit 209 to the contact a or b
in. response to the output signal SW from the decoder
211. The contact é_of the switch 215 'is connected to
the 90-degree phase shifter 208. 1In addition, the
contact b of the switch 215 is connected £o the contact
a of thg switch 217 and the RF amplifier 202, as
described above. |

l'
s o The 90-degree phase shifter 208 sﬁifts the

s

.phase of the output signal, supplied from the local

I
oscillation circuit 209 through the switch 215, by +45°

and -45°, respectively, to generate ouﬁpgt signals, and
supp}ies the output signals to the mixér circuits 203a
and 203b, respecti%ely.

| An operation of this portable radio unit will
be described néxt; A receiving operation will be ’
described first. |

A reception wave frequency-modulated with a

binary digital signal constituted by a mark and a space
is input through the antenna 201 and passes through the
contact a of the switch 217 to be amplified by the RF

amplifier 202. The amplified wave passes through the
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contact a of the switch 216 to be divided into two
components. The two components are then input to the
mixer circuits 203a and 203b, :espécti#ely. A signal
having the\local oscillation frequenéy is supplied from
the local oscillation circuit 209 and passes through the
contact a of the switch 215 to be input to the 90-~-degree

phase shifter 208. The phase of the signal is then

_shifted by +45° and -45°. The resultant signals are

then input to- the mixer circuits 203a and-203b,
res?gétively. Wifh-thiswéirc;it arranqgmeht, the mixer
circuits 203a and 203b frequency-convert two signals
having a‘phase difference of 90° into baseband signals"
and outputs the signals. .Since the line frequency and
the logal oscillation frequency coincide with”each ;
pfhgr, the_baseband signals have beat frequencies.

g The low—bass filters 204a and 204b serve to
extract only baseband signals and perforﬁ a band
limit%ng operation on noise. The baseband signals from
the low—pa%s filters 204a and 204b a?e respectively
input to the liﬁitér circuits 205a and 205b to obtaiﬁ
binary signals i and Q. The waveforms of sigrals in
this case are shdwn in, e.g., Figs. 8A to 8D. The data

shown in Fig. 8A represents a modulated signal. When

the signals I and Q shown in Figs. 8B and 8C are input

to the demodulation circuit 206, frequency detection is

performed to supply an output signal L, as indicated by

Fig. 8D.
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Assume that the signals I and Q are
respectively supplied to the clock input CL and data
input D of the D-flip-flop constituting the demodulation
circuit 206. In this case, if data is counted at the
leading edgé of a clock, an output signal L has a
waveform shown in Fig. 8D. It is apparent that when the

phases of the signals I and Q are changed by 90°, the

. output signal L changes in the same manner, and the data

is demodulated. The demodulated signal demodulated in
this manner is binarized by tie waveshaping circuit 207
including a low-pass filter for remov{ng noise to be
output as a binary digital signal. This demodulated
binary digitél.éignal is compared with the selective
cailin& number stored in the ROM.210 by the ﬁec?der 211.
If{they coincide with each other, it is Qgtefmined thét
anJincoming call is received. Tﬁe decod;r 211 then .,
supplies an alarm signal to the alarm driver 212 to
caus% the speaker %3 to perform an informing operation.

_ ‘Fig. 9 shows an arrangement of a transmission
office.in the twoiyay paging system acéording to the
present inventibn;- The transﬁission office denoted by
reference numeral 100 as a whole comprises a paging
cénter 31, a base radio office 34 having transmission
and reception sections -35 and 36 connected to an antenna
37, and a data terminal 33 connected to the paging
center 31. The paging center 31 includes a

transferring/processing unit 32 for

~
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. processing/transferring a data signal, and a connecting

unit 301. The transferring/processing unit 32 is
constituted by a transmission data processihg section
302 for prodesging a large number of inéut data signals
from the data terminal 33 and supplying the resultant
signals to the base radio office 34, a detection

ptoéessing section 304 for detecting a reception data

- signal from the base radio office 34, and a reception

data processing section 303 for processing/transferxring
the detected data from the detection ﬁkocessihg section
304. . -

*+ Referring to Fig. 9, the data terminal 33 is a,

stationary terminal including a keyboard, a display
)

'seétidﬁ, 2 printer, and the like. In thif arranéement,
Etrqpsmission is performed as follows. Af.ope;ator
inputs a selective calling number of a gallee and a
message by using the keyboard. The input data calls the
connectinq unit 301 of the paging center 31. The
connecting unit 301 supplies the input data to the
transmission data frocessing sectioh_302 of the ”
transferring/prbceésing unit 32 and is output from the
base radio office 34.

When the reception of the incoﬁing call is
acknowiédged, the receiver shown in Fig. 4 transmits an
answer-back signal to the base radio office 34. Upon

reception of the answer-back sigﬁal through the base

radio office 34, the paging center’ 31 performs error
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_ Bynghronization, and a selective calling signai ID or a

14

correction of a reception code by usiﬁg £he detection
processing section 304, and checks the calling number.
If it is determined that the calling number is correct,
the paging center 31 supplies an gnswer—back signal to
the reception data processing section 303, and
acknowledgés'the reception of the answer-back signal to
the data terminal.33 through the connecting unit 301.
- - Sigral formats will be described below.

Fid. 2 shows a transkission sigﬁal from the
transmission office. Bas;cally, the ex;stlng POCSAG
(Post Office Code Standardization Advisory Group) system
is used.-

- A preamble signal P for establlshlng bit
synchrdnlzatlon, a sync signal SC for establlshlng frane

A2 3

message signal M are sequentially transmitted in the

-order named.

a Pne group :is constituted by two code words.
One wof& is constituted by a BCH (31, 21) code shown in
Fig. 3.~ E ’ -
Morelépecifically, the first bit rep;esents
the contents of data such that "0" represents the
selective calling number ID and "1" represents the
message signal M. The second bit to the 21st are data
representing the signal ID or M. The 22nd bit to the
31st bit are check bits CB. The éan bit is a parity

bit PB.
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Fig. 1A shows the £ransmission timing of the
transmission office. Figs. 1B to 1D show the |
transmission aﬁd reception timings of the portable radio
unit. Referring to Fig. 1A, one batch of a transmission
signal from the transmission office consists of a period
SCT of the sync signal SC, a data transmission period DT
correspondiné to signals of gight groups, and a
tr;nsmission_stop period EXOF corresponding to eight
groups. That is, one batch ig constituted by 33 code
words. Note that the selective caliiﬁg sirgnal ID is
always set at the first code word to avoid repetition_of

an answer-back signal.

, As shown in Fig. 1B, the i

s - ¢ f

transmission/reception format of the portable radio unit

4
4,

isficonstituted by a frame sync signal reéeption periad
'SRXT during which a frame sync signal ié received to
establish frame synchronization, a data signal reception
periéa during which a data signal is received to
determine whether .an ID code contained in the data
signal coincides with the ID code of the portable radio
unit, and an aﬁswer-back sigﬁal transmission period
during which an answer-back signal is transmitted at a
timing assigned to the group of the éortable radio unit
when the ID code contained in the received data signal
coincides with the ID code of the portable radio unit.
A transmitting/receiving operation will be

described below. Upon eétablishing bit synchronization



10

15

20

25

16

and frame synchronization usiﬁg the preamble signal P
and the sync signal SC from the transmission office, the
portable radio ﬁnit stops reception RX until a reception
timing assigned to the group of the unit comes. The
portable radio unit performs a receiving operation again
at a reception timing assigned to the group of the unit
during the data transmission period DT constituted by a
plurality of continuous groups 1 10 8 shown in Fig. 1A.-
If the ID code of the received signal coincides with the
ID of the unit, the portable radio unit pexforms a
paging informing operation, and als§ performs
transmission TX of an answer-back signal at a timing
assigngd to the group of the unit during they

transmission stop period TXOF, as describgd above.

14

Figg. 1B and 1C respectively show ID reception B, and, ID

reception C;, answer-back processing B, and answer-back
processing C,, and erroneous ID reception B; and
erronéous ,ID reception C,, at timings assigned to the
grougs'z and 4. Fig. 1D shows ID reception D, and
answer-gack proceséing D; at fimings assigned ~'to the-
group 4 of a portable radio unit after erroneous ID

reception D; is performed.

As shown in Figs. 1A to 1D, even if the

“transmission timings of portable radio units correspond

to the same group, transmission is not performed
simultaneously and no radio interference occurs as long

as they have different ID codes.
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When the decoder 211 shown in Fig. 4
acknowledges reception of an incomingfcall at the
above-mentioned timing, it performs an answer-back
operation to acknowledge the reception of the incoming
call fo the trénsmission office when the transmission
office completes the transmission.

An.answer—back signal AB transmitted from the
decoder 211 is inpuﬁ.fo tﬂe FSK modulation circuit 214.
As a result, a DC displacement.for setting'g
predetermined modulation degree is supplied'Fo the -local
oscillation circuit 209.

<Assume that the output buffer of the decoder
211 is cPhstituted by a three-state buffer. gPring a

7 1
recéptidh period, the output of the decoder 211'is set

. ashigh impedance, and the control voltaae V; of the‘
voltage-controlled quartz oscillation cirﬁuit is biased
to a central value V;. During a transmission period,
when a‘transmission signal is set at HIGH, the output of
the decoder 211 is set at HIGH, and the coﬁtrol voltage
Vr is biased to é.voltage V,. When tﬁe transmission °
signal is set at LO&, the output of the decoder 211 is
set at LOW, and the control voltage V; is set at 0 V. If

the characteristic of an oscillation frequency £, with

respect to the control voltage Vy of the

voltage-controlled quartz oscillation circuit is linear,

as shown in Fig. 6, an output from the local oscillation
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circuit 209 is modulated with an output from the decoder
211.

In this case, the signal SW from the decoder

211 sets the switches 215, 216, and 217 to the contacts

b. Upon this switching operation, the output signal

from the local oscillation circuit 209 is amplified by
the RF amplifier 202 and is input to the antenna 201

through the switches 216 and 217 to be transmitted to
the transmission office. Notthhat the impedances of

the RF amplifier 202 and the antenna 20} maEFh because
the reception freguency and trénsmission frequency are
the same., Therefore, no impedance matching circuit is
réquired during a transmission period. .

4 ;?.Fig. 10 shows another embodiment of the'
ﬁres?nt invehtion. This embodiment éan beiéppried to a

Y S
case wherein the system is used within a narrow range.

’

Since this system requires only low output, the switch
216 used in the embodiment shown in Fig. 4 can be

omitted to simplify the circuit. Other arrangements are

the same’as those of the embodiment in Fig. 4. In this

embodiment, a basic ‘operation is the same as that of the -

embodiment shown in Fig. 1.

As has been described above, according to the
present invention, there is provided a two-way paging
system which can be easily realized without requiring a-

great change in the existing POCSAG system.

-
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According to the present invéntion, since the
voltage-controlled oscillation section of the reception
system for réCEiVing a local osbillation signal is used
as.the reception circuit of the traﬁsmission system, a

5 reduction in size and weight.of'the overall circuit can

be achieved.
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CLAIMS ’ -
1. ‘A two-way paging system characterized by

2 comprising:

3 a radio transmission office (100) for

4 transmitting a cail signal in accordance with a

5 predetermined transmission format, and receiving an

6 ané&er—back signal transmitted in accordance with a

7 predetermined transmiésion format; and

8 a portable radio unit (200) for receiving a

9 call signal from said radio transmission office (100),
10 and traﬂ%mitting an answer-back signal in accordance A
fi wi?h the predetermined transmission format wﬁ%n an ID ,
12 isignalucontained in thé received call siqgal coincides
13 .witﬁ an ID code of said unit (200), "
14 : wherein the transmission forma£ of the call

15 signal in said radio transmission office is constituted
16 by a trame sync signal transmission'period (SCT) during
17 which & frame sync, signal is transmitted, a data signal
18 transmi;sion perioé (DT) during which a data signal ]

19 | containing an ID signal is transmitted after the frame
20 sync signal, and a transmission stop period (TXOF) which
21  is equal to the data signal trarsmission periéd (DT) in
22 duration, and during which transmission of data is

23 stopped, and

24 | the transmission format of_thg answer-back
25 signal in said portable radio unit is constituted by a
— s

Ry o llll
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26 frame éync signal reception périod (SRXT) during which .
27 the frame sync signal is received during the frame sync
28 signal transmiséion period, and frame synchronization is
29 established, a data signal reception period (DRXT)

30 during which the data signal transmitted during the data
31 sinal transmission period is received, and an

32 answer-back signal transmission period (TXT) which is
33~ eqﬂal to the qata signal receétion period (DRXT) in

34 duration, an& during which the answer-back signal is

35 transmitted in correspondence with the’transmission stop
36 period when an ID code contained in the data signal
'37 3 coincidés with the ID code of said unit (200). .
) . f

’ < I ‘
2. A system according to claim 1, yherein the

2 3.daﬁa signal transmission period (DT) is dgnstituted bg a
3 plurality of continuous calling side group transmission
4 periods to which a plurality of data signals are

5 respdctively assigned to be transmitted, and the

6 answer-back signal transmission period (TXT) is

7 constituted by a plurality of contiﬁuous ansﬁgring side
8 group transmissioﬁ periods during which an answer-back

9 signal is transmitted in a group transmission period

lo assigned in correspondence with the transmission period
1 of the data signal.

3. A system according to clalm 2, whereln the
2 data s;gnal transmltted during the plurality of

AT
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continuous calling side group transmission periods is
constituted by two code words per group, and the ID code

is arranged at the first code word.

4. A system acéording to claim 1, wherein during
the data signal .reception period (DRXT), it is
determined whether the ID code contained in the received
data signal coincides with the ID code of said portable
radio unit (200).
'
5. A system according to claim 1, wﬁerein said
portable radio unit comprises
. a detecting section (211) for gener?ting an

aﬁsweflback signal for acknowledging receptign of an
ingoming call on the basis of a received Yadio signal
and a local oscillation signal, ®

a voltage-controlled oscillation section (209)
for geneﬁating a local oscillation signal having a
frequency corresponding to an applied voltage, and

a mo@uléting section (214) for modulating‘F
voltage to be appiied to said voltage-controlled
oscillation section (209) on the basis of the |
answer—back.signal from said detecting section (211),
and

said portable radio unit transmits the local

oscillation signal from said voitage—controlled

T
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17. oscillation section (209) as a signal acknowledging
18 reception of the incoming call.
6. A system according to claim 5, wherein said

2 detecting section (211) comprises a demodulating section
3 for obtaining a demodulated signal from a received

4 signal by an orthogonal detectipn/reception scheme, and
5, generates the answer-back signal depending on whether an
6 ID code of the demodulated signal coincides with the ID

7 code of said portable radio unit (200).

R T R
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ABSTRACT _ : .

TWO-WAY PAGING SYSTEM WITH ANSWER-BACK FUNCTION

After bit synchronization and frame
synchronization afe established in accordance with a
transmission signal from a transmission office,
reception RX is.stopped until a reception timing
assigned to a group of a portable radio unit comes. A
receiving operation is performed again at the reception
timing assigned to the group gf the unit.- If the ID
code of the received signal coincides withrthe ID of the
unit, an informing operation is performed. At the same
tlme, transm15510n TX is performed. A transmitting A
operation is performed during a transm15510n”51gnal stop

period.”TXOF upon completion of transmission of data

icorresponding to all the eight groups. The transmission
o

timing of the pdftable radio unit is based on the fact
that frame synchronization is_established iﬁ the
recep}ion RX, so that transmission.Tx is performed at a
timing_aséigned to the group of the unit in the
reception RX. ?héiabove-described timings prevent Ehe
transmission office and the portable radio.unit from

performing simultaneous transmission.
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TWO-WAY PAGING SYSTEM WITH ANSWER-BACK FUNCTION

ABSTRACT

After bit synchronization and frame synchronization are established in
accordance with a transmission signal from a transmission office (100), reception RX is
stopped until a reéeption timing assigned to a group (1-8) of a portable radio unit
comes. A receiving operation is performed again at the reception timing assigned to the
group (2-4) of the unit. If the ID code of the received signal coincides with the ID of
the unit, an informing operation is performed. At the same time, transmission TX is
performed. A transmitting operation is performed during a transmission signal stop
period TXOF upon completion of transmission of data corresponding to all the eight
groups. The trarismission timing of the portable radio unit is based on the fact that
frame synchronization is established in the reception RX, so that transmission TX is
performed at a timing assigned to the group of the unit in the reception RX.

L]

Figs. 4, 9
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In the above-described conventional two-way paging system, since an
answer-back operation must be performed with&ut using radio frequencies, a great
change in an existing transmission system is inevitably required, resulting in difficulty
in construcﬁng a system.

Furthermore, since a portable radio unit in the conventional two-way paging
system requires a transmission circuit as well as a reception circuit, the size of the
radio-unit is much larger than that of a normal paging receiver. This poses a serious
problem in portable radio-units which are required to be fedu'ced in size and weight.

Summary of the Invention

It is an object of the present invention to provide a two-way paging system

~ which can perform an answer-back operation by radio.

It is another objedt of the present invention to provide a two-way paging
system which allows easy construction of the system without greatly changing an
existing transmission system.

It' is still another object of the present invention to provide a compact,
lightweight two-way paging system.

It is an object of the present invention to ameliorate one or more
disadvantages of the prior art.

According to one aspect of the present invention there is provided a two-way
paging system characterized by comprising:

a radio transmission office for transmitting a call signal in accordance with a
predetermined transmission format, and receiving an answer-back signal transmitted
in accordance with a predetermined transmission format; and

a portable radio unit for réceiving a call signal from said radio transmission
office, and transmitting an answer-back signal in acéordance with the predetermined
transmission format when an ID sigpal contained in the received call signal coincides

with an ID code of said unit,
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wherein the transmission format of the call signal in said radio transmission
office is constituted by a frame sync. signal transmission period (SCT) during which a
frame sync signal is transmitted, a data signal transmission period (DT) during which
a data signal containing an ID signal is transmitted after the frame sync signal, and a
transmission stop period (TXOF) which is equal to the data signal transmission period
(DT) in duration, and during which transmission of data is stopped, and

the transmission format of the answer-back signal in said portable radio unit
is constituted by a frame sync signal reception period (SRXT) during which the frame
. sync signal is received during the frame sync signal transmission period, and frame
synchronization is established, a data signal reception period (DRXT) during which
the data signal transmitted during the data signal transmission period is received, and
an answer-back signal transmission period' (TXT) which is equal to the data signal
reception _period (DRXT) in duration, and during which the answeir-back signal is
transmitted in correspondence with the transmission stop period when an ID code
contained in the data signal coincides with the ID code of said unit.

Brief Descriptiqn of the Drawings

Figs. 1A to 1D are timing charts showing a signal format used in a tWo-way
paging system according to an embodiment of the present invention;

Fig. 2 is a view showing a signal format used in the two-way paging system
of the embodiment;

Fig. 3 is a view showing a signal format used in the two-way paging system
of the embodiment; |

Fig. 4 is a block diagram showing a reception office in the two-way paging
system of the embodiment;

Fig. 5 is a circuit diagram showing an FSK modulation circuit in Fig. 4;

Fig. 6 is a graph showing an oscill'ation frequency characteristic with respect
. to the control voltage;

Fig. 7 is a block diagram showing a demodulation circuit in Fig. 4;
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Figs. 8A to 8D are timing charts showing an operation of the demodulation

circuit; -

Fig. 9 is a block diagram showing a transmission office in the two-way

paging system of the present invention; and
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CLAIMS
1. A two-way paging system characterized by comprising:

a radio transmission office for transmitting a call signal in accordance with a
predetermined transmission format, and receiving an answer-back signal transmitted
in accordance with a predetermined transmission format; and

a portable radio unit for receiving a call signal from said radio transmission
office, and transmitting an answer-back signal in accordance with the predetermined
transmission format when an ID signﬂ contained in the received call signal coincides -
with an ID code of said unit,

wherein the transmission format of the call signal in said radio transmission
office is constituted by a frame sync signal transmiSsion period (SCT) during which a.
frame sync signal is transmitted, a data signal transmission period (DT) during which
a data signal containing an ID signal is transmitted after the frame sync signal, and a
transmission stop period (TXOF) which is eciual to the data signal trahsmission period
DT) in duratioh, and during which transmission of data is stopped, and

the transmission format of the answer-back signal in said portable radio unit
is constituted by a frame sync signal reception period (SRXT) during which the frame
sync signal is received during the frame sync signal transmission period, and frame
synchronization is established, a data signal reception period (DRXT) during which
the data signal transmitted during the data signal transmission period is received, and
an answer-back signal transmission period (TXT) which is équal to the data signal
reception period (DRXT) in duration, and during which the answer-back signal is
trénsmitted in corréspondence with the transmission stop period when an ID code
contained in the data signal coincides with the ID code of said unit.

2. A system accofding to claim 1, wherein the data signal transmission
period (DT) is constituted by a plurality of continuous calling side group transmission
periods to which a plurality of data signals are respectively assigned to be transmitted,

and the answer-back signal transmission period (TXT) is constituted by a plurality of
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continuous answering side group transmission periods during which an answer-back
signal_ is transmitted in a group transmission period assigned in correspondence with
the transmission period of the data signal.

3. A system according to claim 2, wherein the data signal transmitted
during the plurality of continuous calling side group transmission periods is
constituted by two code words per group, and the ID code is arranged at the first code
word.

4, A system according to claim 1, wherein during the data signal
reception period (DRXT), it is determined whether the ID code contained in the
received data signal coincides with the ID code of said portable radio unit.

5. A system according to claim 1, wherein said portable radio unit
comprises:

a detecting section for generating an answer-back signal for acknowledging
recéption of an incoming call on the basis of a received 'radio signal and a local
oscillation signal,

a voltage-controlled oscillation section for generating a local oscillation
signal having a frequency corresponding to an applied voltage, and

a2 modulating section for modulating a voltage to be applied to said voltage-
controlled oscillation section on the basis of the answer-back signal from said
detecting section, and

said portable radio unit transmits the local oscillation signal from said
voltage-controlled oscillation section as a signal acknowledging reception of the
incoming call.

6. - A system according to claim 5, wherein said detecting section
comprises a demodulating section for obtaining a demodulated signal from a received
signal by an orthogonal detection/reception scheme, and generates the answer-back
signal depending on whether an ID code of the demodulated signal coincides with the

ID code of said portable radio unit.
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TWO-WAY PAGING SYSTEM WITH ANSWER-BACK FUNCTION

ABSTRACT

After bit synchronization and frame synchronization are established in
accordance with a transmission signal from a transmissioﬁ office (100), reception RX is
stopped until a reception timing assigned to a group (1-8) of a portable radio unit
comes. A receiving operation is performed again at the reception timing assigned to the
group (2-4) 6f theunit. If the ID code of the received signal coincides with the ID of
the unit, an informing operation is performed. At the same time, transmission TX is
performed. A transmitting operation is performed during a transmission signai stop
period TXOF upon completion of transmission of data corresponding to all the eight
groups. The t;ansmission timing of the portable radio unit is based on the fact that
frame synchronization is estabilished in the reception RX, so that transmission TX is
performed at a timing assigned to the grdup of the unit in the reception RX.

v

Figs. 4,9



