S R L. T T R

11
12
13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29
30

Yostro-4 1705

REPLACED SHF]:TQ SG
Replaced
Has Been &€ IV} Description : paged .. 1.... to paged ..i.....
\\“\‘“ \“‘““\““ “\ ¥ Glaim(s)  : paged ... lo paged 3‘!‘ .....
'r{ﬂ Drawing(s) : paged ..¥.. (0 paged . ‘70- .

:ﬂ Abstract s paged ..2%... 10 paged .o
(' ANTE OF RECEIPT ..o

"Personal Mobile Communications System Having Central Station For
Paging Mobile Users Via Base Stations”

The present invention relates generally to maobile communications
systems, and more specifically to a personal mobile telephone system

distinct from automobile telephone systems.

Mobile telephone systems which have been proposed for servicing
personal (handset) mobile stations are of two types. One is the type of
system which is similar to the conventional celiular automobile telephone
system where the location of each automobile is identified at all times by
the system, and the other is a simplified, low-cost system which involves
the use of a paging station as a means for directly paging a mobile

station in the same manner as it pages the usual radio paging users. In

_ the former case, the system would require some procedure for making a

registration of a personal mobile station. A database for storing the
positions of individual mobile stations and a dedicated switching system
would be needed for this purpose. A call to a mobile station from the
public switched telephone network would access the database to |
determine in which zone (cell) the mobile station is currently located and
then establish a connection through the dedicated switching system to
the destination. This represents a significant burden on land Ii.nes, system
complexity and a substantial amount of investment. In the latter case, the
personal-mobile unit would be designed so as to integrate its telephone
functions with the functions of a radio pager. On receiving a page from a
network user, the mobile user would know the telep‘hone number of fhe
calling party and calt back the network user by dialling the paged

number. However, a number of disadvantages are apparent; the mobile
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user needs to call back the network user, and the necessity to combine

the telephone and paging functions results in an unnecessary cost and a

bulky design.

It is therefore an object of the present invention to_provide & personal
mobile telephone system that is low cost and automatically establishes a
full-duplex connection.

According to a broader aspect of the present invention, the personal |
mobile communications system serves a plurality of radio zones, or cells,
and cornprises a plurality of base stations located in respective cells.

Each base station is connected to a public switched telephone network
{(PSTN). A centra!l station is connec_:ted to the PSTN for receiving a call-
setup request from the PSTN containing a PSTN user address code and a
mobile user address code when a PSTN user places a call to a mobile
user and broadcasting the received PSTN user and mobile user address
codes over an area covering the plurality of cells. One or more base
stations receive the PSTN user and mobile user adaress codes from the
central station and, in response, broadcast an alert signal for alerting
mobile stations. One of the base stations dials the received PSTN user
address code to the PSTN when a mobile station identified by the
received mobile user address code goes off hook, so that a connection is
established in the PSTN between the PSTN user and the mobile user.

According to a first specific aspect of this invention, each base station
receives and stores a position registration request from the mobile station,
the position registration request if-xcluding the mobile user's address code.
The alert signal is broadcast from the base station when a match is
detected between the mobile user address code received from the
Central station and the stored mobile user address code.

According to a second aspect, the central station comprises a

position registration memory. It receives and stores a position registration
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request sent from a base station into the rﬁemory, selects one of the base
stations identified by a base station identifier stored in the memory in
response to a call-setup signal from the PSTN, and broadcasts the base

station identifier as well as a copy of the PSTN user and mobile user

- -address-codes ‘contained-in- the call-setup signal.

According to a third aspect, the personal mobile communications
system comprises a Iocal'switching system located in a premises and
connected to the PSTN, a plurality of base stations located in respective

cells, each base station is located in the same premises and connected to

- the local switching system. A central station is connected to the PSTN for

receiving a call-setup request from the PSTN containing a PSTN user
address code and a mobile user address code when a PSTN user places
a call to a mobile user and broadc_astiﬁg the received PSTN user and
mobile user address codes over an area covering the premises and at
least one cell. A receiver is provided for receiving the call-setup signal
from the central station and trénsmitting that signal to the local switching
system. The local switching system receives the call-setup signal from
the receiver and, in response, transmits an alert signal to the base stations
and dials the PSTN user address code contained in the received call-setup
signal to the PSTN when a mobile station identified by the mobile user
address code contained in the call-setup signal goes off hook so that a
connection is established in the PSTN between the PSTN user and the

mobile user,

The present invention will be described in further detail with reference
to the acco’mpanying drawings, in which: |

Fig. 1 is a schematic block diagram of a first embodiment of the
present invention, and Fig. Ta is an illustration showing details of zone 5-2
of Fig. 1;

Fig. 2 is a block diagram of the paging station of Fig. 1;
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Fig. 3 is a flowchart of operations executed by the controller of the

paging station of Fig. 1;
Fig. 4 is a block diagram of the base station of Fig. 1;
Figs. 5 and 5a are flowcharts of operations executed by the controller

.of.each.base station of Fig. 1 located. within the service area of the

paging station;

Fig. 6 is a schematic block diagram of a second embodiment of this
invention; |

Fig. 7 is a block diagram of each base station of Fig. 6;

Figé. 8A and 8B are flowcharts of operations executed by edch base
station of Fig. 6 located within the service area of the paging station, and
Fig. 8C is a flowchart according to a modification of the processes of Figs.
8A and 8B;

Fig. 9 is a flowchart of operations performed by the paging station of
Fig. 6; '

Fig. 10 is a sequence diagram useful for describing the operation of
Fig. 6; -

Fig. 11 is a schematic block diagram of a third embodiment of this
invention;.

Fig. 12 is a block diagram of each base station of Fig. 6;

Fig. 13 is a flowchart of operations executed by the paging station of
Fig. 11; | |

Fig. 14 is a schematic block diagram of a fourth embodiment of this
invention; |

Fig. 15 is a flowchart of operations performed by the PBX of Fig. 14;

Fig.-16 is a flowchart of operations performed by each base station
of Fig. 14 located in the premises of the PBX;

Fig. 17 is a block diagram of a modification of the present invention,
and Fig. 17a shows details of the switching circuit of Fig. 17;

Fig. 18 is a flowchart of operations performed by the connection unit
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of Fig. 17;
Fig. 19 is a flowchart of operations performed by the base stations or

PBX of Fig. 14;
Fig. 20 is a schematic block diagram of a fifth embodiment of this

.invention;

Fig. 21 is a flowchart of operations executed by a personal mobile
station of Fig. 20; and '

Fig. 22 is a flowchart of operations executed by the base stations of |
Fig. 20. |

Referridg now to the drawings, like numerals refer to like parts
throughout the drawings. In Fig. 1, there is shown a personal mobile
telephone system incorporating a first embodiment of the present
invention which establishes a connection from an ordinary telephone
served by the public switched telephone network (PSTN) 1 and a
personal mobile telephone in response to a call originated by the PSTN
telephone. The system includes a plurality of base stations 4-1-4-5
located respectively at cell sites to define cells, or radio zones 5-1~5-5,
and individually connected by land lines, or communication channels 6-
1~6-5 to the PSTN 1 to which ordinary telephones 'Z.are terminated. A
paging station 8 is provided to define a paging service area 3 covering
cellular zones 5-1~5-4, for example. Each of the cellular telephone
service zones 5-1~5-5 has a radius of from 100 to several hundreds of

meters, while the paging service area 3 has a radius of from several

kilometers to several tens of kilometers. Paging station 8 is connected by

a transmission line 9 to the PSTN to broadcast a copy of a call-setup
signal received from the PSTN in accordance with the present invention,
as well as the usual paging signals. The call-setup signal is received by
the base stations located within the area 3 to process the incoming
telephone calls. Each base station within the area 3 is identified with a
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unique base station identifier (ID) code.

As illustrated in Fig. 2, the paging station 8 is provided with a
controller 20 with which radio transceiver 21, a mobile position memory
22, an announcement unit 23 to ~generate prerecorded announcement,
.and .a.position analyzer 24 which is.connected.to.the.PSTN by line 9 or -
by an option line 7. Controller 20 is programmed to perform operations
described in a sequence of instructions as shown in Fig. 3. According to
the present invention, when a call is originated from a PSTN user to a
mobile (personal handset) user, a source address code (the PSTN caller's
teiephohe number) and a destination address code (the called 'mobile
telephone number) are transmitted from the PSTN to the paging station 8
through fine 9. The program execution starts with reception of a call-
setup signals from the PSTN (step 31). When controller 20 receives a
PSTN user address code and a mobile user address code from the PSTN,
it proceeds to step 32 to access the mobile posiﬁon memory 22 and
searches for one or more base stations which have been preselected as a
Iikely destination of the called mobile station. If the answer is negative,
control branches out to step-34 to broadcast a call-setup signal containing
the identifier codes of all base stations (BS) located within the paging area
3 and a copy of the received address codes of both PSTN and mobile
users.

Since the paging station 8 is only capable of transmitting paging
signals in a one-way channel, a full-duplex (two-way) channel must be
established. For this purpose, control proceeds to step 35 to return a
voice announcement recorded in the announcement unit 23, urging the
caller to-replace the handset to allow the system to reestabii;h the
connection through a'new route. If the decision at step 32 is affirmative,
control branches to step 33 to broadcast a call-setup signal containing the
ID codes of the preselected base stations as well as a copy of the

received address codes of both PSTN and mobile users, with controtl
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advancing to step 35 following broadcasting of the call-setup signal.

Therefore, if the PSTN user 2 places a call to a mobile station 10
located within zone 5-2, a connection 11 is established within PSTN 1 and
through line 9 to paging station 8, and a connection 12 is established on
a radio channel between. paging. station. 8.and base station 4-2.

The charging of tariff on the calling PSTN user begins when the
connection 15 is established. For that purpose, some provision may be
made of the PSTN to recognize that, when a connection is attempted
from any of the lines 6-1~6-4 to a calling PSTN user, the connection is to
be treated as if it were originated from the PSTN user.

If the public switched telephone network comprises a known
common channel signalling network 17, such as CCITT signalling system
No. 7, as shown in Fig. 1, the paging station 8 is able to receive the call-
setup signal through a signalling path 18 without establishing the
connection-(speech path) 11. In this case, the speech path connection 15
is established without having {the PSTN user go on hook, and no
announcement unit 23 needs-to be installed in the paging station 8.

As shown in Fig. 4, each base station 4 is provided with a controller
41 associated with transceiver 40 and a mobile data memory 42.
Controller 41 is programmed as shown in Fig. 5 to execute decision step
51 by checking to see if a call-setup signal is received from the paging
station containing base station ID codes, and user address codes of both
PSTN and mobile stations. If the answer is affirmative, the ID code of the
base station is checked to see if it matches a received base station ID
code (step 52). If this is the case, the received mabile user's address
code is.stored into the mobile data memory 42 (step 53). Control now
proceeds to step 54 t6 broadcast an alert signal containing a copy of the
address code of the mobile station received from the paging station.
Thus, the user of mobile station 10 is alerted and goes off hook to
establish a downstream connection 13 (Fig. 1a) by sending an off-hook



W I N W b WM e

11
12
13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29
30

NE-483 This Sheet Has Been R laced

Illllllllllll | III

signal to the base station 4-2 via an upstream connection 14. At the base

-8-

station, control is performing step 55 to check to see if an off-hook signal
is received within a specified period. If the answer is affirmative, control
proceeds to step 56 to dial the received PSTN user address code through
line 6.10 establish a connection.in the PSTN... In.this.way, base station 4-2
follows these procedures to establish a connection 15 between PSTN user
station 2 and line 6-2. The ISDN user station 2 is alerted by a ringing
signal from the PSTN in the usual manner, and both parties now begin a
conversion.

In Fig. 5a, each base station 4-i executes step 57 by dialing the access
code of line 7 or 9 to establish a connection 16 in the PSTN and
transmitting mobile station's address codes stored in memory 42
accompanied by the ID code of the base station at periodic intervals via
channel 6-i to the position analyzer 24, where the data from all base
stations are analyzed to preselect those base stations with which each
mobile station has a high interest of community and the ID codes of the
selected base stations are stored into the mobile position memory 22.
This preselection procedure minimizes the useless broadcasting of
energy from base stations not associated with the mobile station to which
an incoming call is terminated. Permanent and/or temporary home-
position mobile users may be registered in such mobile positiori memory
to be used to classify base stations as having a high interest of
community.

Registration of the position of a mobile station can also be achieved
in an effective manner in different embodiments which will be described
below. - Mobile stations are preferably implemented with digi‘tal circuitry
and the system operates using a time-division multiple access technique.
Each base station is constantly broadcasting available speech channel
identifiers and the base station identifier on a control channel, and each

mobile station is constantly monitoring the control channel to be aware of
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the zone in which it is currently located and the channels to use.

One embodiment of the mobile position registration is shown in Fig. 6
in which the call-setup signal broadcast from the paging station does not
contain base station ID codés so that it is received by all base stations
within the paging area 3, and each base station.4 includes a.position
registration memory 72 to provide a check between a maobile user
address code contained in .the call-setup signal received from the paging
station and one that is stored in the memory 72 in response to a position
registration request issued from the mobile station. This memory is
connected to a controller 71 which cooperates with transceiver 70 to
establish a channel with paging station 8 as well as mobile stations.
According to this embodiment, the .user of a mobile station, on entering a
new cellular zone, registers his pasition by sending its address code. The
mobile station is implemented with circuitry that automatically transmits a
position registration request containing the address code of the mobile
station on enteriﬁg a new celi, or provided with 2 manual switch that
triggers the circuitry to transmit such a request. .

In Fig. 8A, controller 71 of each base station 4 performs programmed
operations which begin with a position registration process 80. The
process 80 includes decision step 801 which determines if there is a
position registration request received either from a mobile station or a
neighboring base station. If there is one, control branches to step 802 to-
store the mobile user's address code contained in the received
registration request into the position registration memory 72. Exit then is
to decision step 803 to check to see if the request is originated from a
mobile.or a base station. If the received code is determined to be
originated from a mobile station, control branches to step 804 to transmit
a copy of the received mobile user address code to neighboring base
stations via paths indicated at 61 and 62 in Fig. 6, and proceeds to enter a
call termination process 81 (Fig. 88). Otherwise, it skips step 804 and
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enters the call termination process 81, which is also executed when the

decision at step 801 is negative.

Prior to description of the call termination process 81, it is appropriate
to refer to Fig. 9 to describe operations performed by the paging station
8 of Fig. 6. When the paging station_receives PSTN user and mobile user
address codes from the PSTN 1 (step 91), it broadcasts a call-setup signal
containing a copy of the received PSTN and mobile users’ address codes
(step 92), and then returns a voiced announcement (siep 93) from the |
announcement unit 23 to urge the PSTN calling station to go on hook in
the same manner as described.

Referring to Fig. 8B, call termination process 81 begins with decision
step 811 which checks to.see if a call-setup signal is received from paging
station 8. If the decision is affirmative at step 811, control branches at
step 811 to step 812 to check to see if the received mobile user address
code matches one of the address codes registered in the position
registration memory 72. An alert signal is-then broadcast from the base
station (step 813) and the reception of an off-hook signal is checked (step
814). When the destination mobile station answers an incoming call, a
copy of the PSTN user address code received from the paging station is
transmitted from thé base station 4-i of that mobile station to the PSTN
through channel 6-i (step 815).

The operation of the embodiment of Fig. 6 proceeds in a manner as -
shown in Fig. 10. When mobile station 10 issues a position registration
request from within zone 5-2, the request is accepted by base station 4-2,
which, in response, transmits a copy of the request to neighboring base
stations 4-1 and 4-3 where the received copy is stored in the respective
memory. When PSTN-user station 2 originates a call to mobile station 10
and connection 11 is established, the paging station 8 broadcasts a call-
setup signal containing the ID codes of all base stations and a copy of the

received PSTN and mobile users' address codes (see also step 92, Fig. 9),
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while urging the calfing party to clear the connection 11. The call-setup

signal is received by all base stations. Since the address code of the
mobile station 10 is stored only in base stations 4-1-4-3, these stations
respond to the call-setup signal by broadcasting alert signals as indicated
in Fig. 10. Mobile station 10 answers this call by sending an off-hook
signal, which is received by base station 4-2 which then dials the PSTN
user address code to establish connection 15.

Fig. 8C shows a modified version of the pbsition registration and cail
termination processes. According to this modification, the position
registration request from a mobile station is stored in a base station that
transmits a copy of this request at the time it receives a cali-setup signal
from the paging station, rather than at the time it receives the request
from the mobile station. The program execution starts with initialization
step 821 which initializes a flag F to 0. Exit then is to decision step 822 to
check to see if a position registration request is received from a mobile
station or from a neighboring base station. If the request is not received,
control returns to.step 821, and if it is received from a mobile station,
control branches to step 823 to set the flag to 1. Following step 823 or in
response to a decision at step 822 indicating that a request is received
from a neighboring base station, control branches to step 824 .to store
the received request into-the position registration memory 72. When
each of the base stations receives a call-setup signéi from the paging
station 8 (step 825), it examines the contents of the call-setup signal to
determine whether it contains the same mobile user address code as that
stored in the position registration memory 72 (step 826). If the answer is
affirmative, control branches to step 827 to check to see if ﬂaé Fissetto
1. I F =0, control recognizes that the position registration request has
been received direct from the mobile station, it proceeds to step 828 to
transmit a copy of the stored position registration }equest to neighboring
base stations over channels 61, and 62, for example, and proceeds to |
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step 829 to broadcast an alert signal. If the test at step 827 results in a
negative decision, control recognizes that the request has been received
from a neighboring station, it executes step 829. When an off-hook

signal is returned from a mobile station within a specified period (step

.830),. the base station dials the received PSTN -user-address code {step -

831) to the PSTN to cause it to establish a connection 15. _

A third embodiment of the present invention is shown in Fig. 11 in
which mobile's position registration is effected by the use of a central
position registration memory, 110 located in the paging station 8.
Memor)} 110 is connected to a controller 111 through which position
data is received and stored in memory 110. Controller 111 is also
connected to transceiver 112 which broadcasts the call-setup signal to all
base stations in response to receipt of a PSTN user address code and a
mobile user address code from the PSTN via channel 9 in the same
manner as described above. Controller 111 is further connected to the
PSTN tﬁrough a channel 113 to receive a position registration request
from each of the base stations located within the service area of the
paging station 8.

As shown in Fig. 12, a position registration is initiated by a request
transmitted from a mobile station on entering a given base station zone.
On receiving the registration request (step 121), each base station
transmits a cbpy of this request to the paging station 8 by sending the
access number of channel 9 to the PSTN (s.{ep 122). The position request
transmitted from each base station contains the address code of the
requesting mobile station and the ID code of the base station. Exit then is
to the call completion process 81 (Fig. 8B).

In Fig. 13, the paging station rhonitors the channel 113 to check to
see if a position registration request is received. If it is, control branches to
step 132 to store the address code of the requesting mobile station and
the ID code of the base station contained in the request into the memory
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110. Following the execution of step 132 or negative decision of step
131, control enters a call receiving mode which begins with step 133 in
which it checks to see if a PSTN user address code and a mobile user

address code are received from the PSTN via channgl 9. If the answer is

- affirmative, control branches at step 133 to step 134-to-check to see if the

received mobile user address code matches an address code stored in
the position registration memory 110, control exits to step 135 to selecta
corresponding base station identifier code from the memory, and
proceeds to step 136 to broadcast the selected base station ID code (or
togethe'r with the base station ID codes of neighboring stations) and a
copy of the received PSTN user and mobile user address codes, which is
followed by the notification of an on-hook announcement to the PSTN
user station (step 137).

If mobile station 10 sends a position registration request on entering
service zone 5-2, the request is transmitted through channel 6-2 to the
PSTN where a connection 134 is established between channels 6-1 and
113-and stored into the position registration memory 110." When PSTN
user station 2 places a call to mobile station 10, a connection 115 is first
established to the paging station from user station 2 via channel 9.
Paging station 8 retrieves the ID code of the base station 4-2 from the
memory 110 and broadcasts 2 call-setup’ signal containing the retrieved
ID code and the received PSTN user and mobile user address codes.
Thus, it is only the base station 4-2 that responds to the call-setup signal
by broadcasting the address code of the mobile station 10 contained in
the call-setup Signal. On hearing the announcement, the user at station 2
replaces-the handset, while the base station 4-2 dials the address code of
the PSTN user station 2 to establish a connection 116 from PSTN station 2
to mobile station 10 through channel 6-2.

* A fourth embodiment of this invention, shown in Fig. 14, relates to a

local telephone network including a PBX (private branch exchange) 141
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located in a customer premises 140 in which base stations 4'-1~4-3 are
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provided to cover zones 5-1~5-3, respectively. Communication between
the PSTN 1 and the PBX 141 proceeds through communication channels
148 A position regfstration memory 142 is provided for storing mobile's
position data. A radio receiver 143 is-connected to the PBX to establish a
channel to the paging station 8. Receiver 143 is also adapted to receive a
position registration signe! from a mobile station 102 on entering the
premises 140. An address memory 143 is provided to store PSTN user
and mobile user address codes in response to an incoming call from the
paging station 8.

In Fig. 15, when a position registration request is sent from mobile
station 102 on entering the customer premises 140 from the outside, it is
received by receiver 143, and sent to the PBX 141 (step 151). The PBX
proceeds to establish a connection 145 and store the mobile user
address code contained in the received request into position registration
memory 142 (step 152). Following the execution of step 152 or negative
decision of step 151, control enters a call recefving' mode which begins
with step 153 in which it checks to see if base station ID cogies, a PSTN
user address code and a mobile user address code are received from the
receiver 143. If the answer is affirmative, control branches at step 153 to
decision step 154 to check to see if the base-station address codes of the
PBX match the received ID codes, and if the answer is affirmative, it
branches to step 155 to check to see if the received mobile user address
code matches an address code stored in the position.registration
memory 142. If the answer is again affirmative, control procgeds to step
156 t6 store both of the received address codes into the address
memory 144. Step 157 is then executed by transmitting alert s:gnals to all
base stations 4'-1~4'-3. '

Referring briefly to Fig. 16, if each base station receives an alert signal
from the PBX 141 (step 161), it broadcasts a copy of the alert signal. If
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mobile station 10b is located in zone 5-2, an off-hook signal will be
returned to the base station 4'-2 from that mobile station within a
specified time (step 162), and the off-hook signal is relayed by the base
station 4'-2 to the PBX (step 163).

Returning to Fig. 15, control proceeds to decision step 158 to check
to see if an off-hook signal is received from a base station within a
specified time. if the decision is afﬁrrr;ativé, control branches to step 159
to read a PSTN user address code corresponding to the mobile station
returning the off-hook signal and transmit it to the PSTN.

It will be seen that, when a call is placed from PSTN user station 2 to
mobile station 10b located in zone 5-2 following the registration of the
mobile’s pdsition,' a connection 146 is established through the PSTN to
the paging station 8 and the address codes 6f both calling and called
parties are relayed by the paging to receiver 143. Meanwhile, the
paging station 8 returns an announcement to urge the calling party to
replace the handset, clearing the connection 146. The PBX, in re'sponse_-
to the incoming call, sends alert signals on respective channels to all base |
stations 4'-1~4'-3. All base stations broadcast the alert signal to urge the
mobile station 10b to answer the call. When user station 10b answers the
call, base station 4'-2 transmits an off-hook signal to the PBX, which, in
response, reads the PSTN user address code from memory 144 and
establishes a connection 147 to channel 148 and transmit the PSTN user
code to the PSTN to establish a connection 149 to the calling party. The
embodiment of Fig. 14 is particularly useful for applications where mobile
users are working or travelling in an underground space.

In the previous embodiments, the calling PSTN user must: replace the
handset if the common channel signafling network 17 is not provided in
the PSTN. To eliminate the need for PSTN users to replace the handset, a
connection unit 170 is provided as shown in Fig. 17. This connection unit

includes a controller 171, a switching circuit 172 and a memory 173.
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Switching circuit 172 has inlet terminals connected to line terminals 174

and 175 of the PSTN and an outlet terminal connected to line 9.
Controller 1717 is also connected to the line terminals 174, 175 to receive
calls from the PSTN. Switching circuit 172 is normally establishing a.

~connection 179 between terminal 174 and line 9 to allow incomirg calls

. from the PSTN to be directly passed to the paging station 8.

As Hllustrated in Fig. 1 8, the controller 171 is programmed to execute
steps 181 through 184. Controller 171 constantly monitors the signals
passing through the connection 179 and detects and stores PSTN user
address codes and corresponding mobile user address codes arriving at
line terminal 174 into the memory 173 (step 181). When a ringing
connection is established through the paging station to a destination base
station, corhpleting steps 811 to 814 of ng. 8B, the latter dials the address
code of the line terminal 175 to access the connection unit 170 and
transmits the calling PSTN user address code and the called mobile usér
address code as indicated by step 190 in Fig. 19. These code signals are
received by the controller 171 (step 182), whereupon it makes a search
through the memory 173 for corresponding address codes stored
therein. If a coincidence is detected (§tep 183), controller 171 directs the
switching circuit 172 to establish a connection 177 between line terminals
175 and 174 and clears the connection 179. Therefor, the call from PSTN
user 2 to a mobile station either located in a base station 4 or in the PBX
141, a connection 176 is first established in the PSTN to the line terminal
174 and the PSTN user address code and the called party address code

are transmitted through connection 179 and line 9 to the paging station

8. The destination base station or PBX will then dial the fine terminal 175
to establish a connect%on 178 and return the same user add'rt_ass codes to
the controller 171 to be checked with those stored in memory 173. The
resultant coincidence causes connection 177 to be established and

connection 179 to be cleared down, thus establishing a path from PSTN
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user station 2 through connections 176, 177 and 178 to a mobile station.

Depending on the amount of traffic to be carried through the paging
station 8, the switching circuit 172 may comprise an array of cross-points
as indicated in Fig. 17a to established multiple switched connections
connected to corresponding fine terminals of the PSTN. If the controller
171 sequentially establishes a path 177 in the muiti-contact switch 172
and knows which path 179 is used to transmit a call-setup signal to the
péging station 8, then the memory 173 could be dispensed with.

There is often a need to move across the bounaary of adjacent
zones when a conversion is in progress. A simplified way of zone
switching is shown in Fig. 20. In a typical example, the system includes
two base stations 200-1 and 200-2 located in adjacent zones 201-1 and
202-2, respectively. Each base station includes a base station equipment
202 connected to the PSTN 1 through line 204 and a high-power'radio
transceiver 203 which receives signals from line 204 and establishes a
channel with the high-power transceiver 203 of an adjacent base station.
Note that the pagihg station 8 of the previous embodiments is not _
provided. Communication between a PSTN user station 2 and a mobile
user station 205 in home zone 201-1 proceeds 'through a connection 206
established in the PSTN and through line 204-1 to base station equ:pment
202-1. .
Using a digital TDMA (time-division multiple access) technique,
mobile station 205 is periodically monitoring the field intensity of the
signal from the home base station at the site of the mobile station. As
shown in Fig. 21, if the field intensity at the site of the mobile station 205
reduces befow a certain threshold as it is moving in a direction toward the
adjacent base station .(step 211) during the conversion with the PSTN user
2, it searches through available speech channel identifiers indicated by a
control channel and selects one of the channels having highest-intensity

identification signals which indicate the channel numbers and the base
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station transmitting these signals (step 212)‘. The mobile station 205 then
transmits back to the home base station 200-1 a zone-switching signal
{containing new channel ID and the ID of base station 200-2) through the

control channel, indicating that it is now leaving the home zone and

-entering the base station 200-2 (step 213), and switches to the new

channel (step-214).

Meanwhile, each base station is constantly monitoring the control
channel. When the zone-switching signal is detected by base station
200-1 (step 221, Fig. 22), it switches the signal from the PSTN to high-
power &ansceiv_er 203-1, and sends the channel identifier received from
the mobile station (step 222), the signal being transmitted to the high-
power transceiver 203-2 where it is coupled to the base station
equipment 202-2. Base station equipment 202-2, on detecting a signal
from high-power transceiver 203-2 (step 223), establishes a channel
identified by the received signal to the entering mobile station (step 224).
In this way, connection is automatically reestablished through high-

power'transc_eiver's 203-1 and 203-2.
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CLAIMS

1. A personal mobile communications system for servicing a
plurality of -cells, comprising: '

a plurality. of base stations (4-1~4-4) located in respective cells (5-
1-5-4), each of said base stations being connected to a public switched
telephone network (PSTN); and

a central station (8) connected to said PSTN (1) for receiving a PSTN
user address code and a mébile user address code from the PSTN (1)
when a PSTN user places a call to a mobile user and broadcasting the
received PSTN user and mobile user address codes over an area (3)
covering said plurality of'ce!ls;

one or more of said base stations (4-1~4-4) receiving the PSTN user
and mobile user address codes from the central station (8) and, in
response, broadcasting an alert signal for alerting mobile stations, and
one of the base stations dialing the received PSTN user address code to
said PSTN when a mobile station (10) identified by the received mobile
user address code goes off hook so that a connection (15; 147~149;
176~178) is established in the PSTN between the PSTN user and the

mobile user.

2. A personal mobile communications system as claimed in claim 1,
wherein each of said base stations includes a position registration
memory (72) and control means (71, 801; 822) for storing a position
fegistration request from the mobile station into said position.registration
memory (72), said position registration request including a mobile user
address code identifyir;g said mobile station, and means (71, 814; 830)
broadcasting said alert signal when a match is detected between the
mobile user address code received from said central station (8) and the

o

stored mobile user address code.



W NN Rk W

e
N o= O v

S B Y LT I S

11
12

#WN‘L"

et Has Been RTlaced

N 483 N O

-20-

3. A personal mobile communications system as claimed in claim 1,
wherein each of said base stations includes a position registration
memory (72) and control means (71, 801~804, 811~816) for storing a
position registration request from the mobile station into said memoq}
(72), said position registration request including a mobile user address .
code identifying said mobile station, transmitting a copy of the received
position registration request to neighboring base stations (4-1, 4-3),
receiving and storing said copy of said request from a neighboring base
station (4-1) if said request is not directly received from said mobile
station, and broadcasting said alert signal when a match is detected
between the mobile user address code received from said central station
(8) and the stored mobile user address code.

4. A personal mobile communications system as claimed in claim 1,
wherein each of said base stations includes a posit:ion registration
memory (72) and control means (71, 821-832) for storing a position
registration request from a mobile station into said memory (72), said
position registration request including a mobile user address code
identifying the mobile station, broadcasting said alert signal and
transmitting a copy of the received position registration request to
neighboring base stations (4-1, 4-3) when a match is detected between
the mobile user address code received from said central station (8) and
the stored mobile. user address code, receiving and storing said copy of
said request from a neighboring base station (4-1) and broadcasting said
alert signal if said request is not directly received from said mobile station.

A personal mobile camumications system as claimed in anyone of claims 1to 4,
wherein each of said base station (4-1~4-3) further comprises means
(121, 122) for receiving a position registration request from a mobile
Station (10) identifying the mobile statnon and transmsttmg the received

R O
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request and a base station identifier to said.central station via said PSTN,
and broadcasting said alert signal when said call-setup signal contains the
base station identifier of the base station, wherein said central station (8)
further comprises a position registration memory (110), and control
means (131,-132, 135, 136) for receiving -and storing the: position
registration request from the base stations into said position registration
memory (110), selecting one of said base stations (4-2) identified by the
base station identifier stored in said position registration memory (110),
and broadcasting said call-setup signal additionally containing said base
station identifier.

6. A personal mobile commqr{ications system as claimed in claim 5,
wherein said call-setup signal transmitted from the central station-(8)
additionally contains the base station identifiers of base stations (4-1, 4-3)
in the neighborhood of said one base station (4-2).

7. A personal mobile communications system comprising:

a local switching system (141) jocated in a premises (140) and
connected to a public switched telephone network (PSTN);.

a plurality of base stations (4'-1~4'-3, 4-4) located in respective cells
(140, 5—4), each of said base stations being located in said premises and
connected to said local switching system (141);

a central station (8) connected to said PSTN (1) for receiving a PSTN
user address code and a mobile user address code from the PSTN ¢))
when a PSTN user places a call to a mobile user and broadcasting the
received PSTN user and mobile user address codes over an area 3
covenng said premsses {(140) and at least one cell (5-4);

receiver means (1 43) for receiving said call-setup signal from said
central station (8) and transmitting the received call-setup signal to said
local switching system (141), -

said local switching system mciudmg means (153 157~159) for

Hllllll L lllll Il
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receiving the call-setup signal from said receiver means {143} and, in
response, transmitting an alert signal to the base stations (4'-1-4'-3}
located in said premises (140) and dialing the PSTN user address code
contained in the received call-setup signal to said PSTN when a mobile
station (10b) identified by -the mobile-user address code contained in said
call-setup signal goes off hook so that a connection (1 47-1 49) is
established in the PSTN between the PSTN user and the mobile user.

8. A personal mobile communications system comprising:

a local switching system (141) located in a premises (140) and
connected to a public switched telephone network (PSTN);

a plurality of base stations (4'-1~4'-3, 4-4) located in respective cells

(140, 5-4), each of said base stations being located in said premises and

connected to said Jocal switching system (141);

a central station (8) connected to said PSTN (1) for receiving a PSTN
user address code and a mobile user address code from the PSTN (1)
when a PSTN user places a call to a mobile user and broadcasting the
received PSTN user and mobile user address codes over an area (3)
covering said premises (140) and at least one cell (5-4);

receiver means (143) for receiving a position registration request from
a mobile station, said position registration request including 2 mobile user
address code identifying the mobile station, and receiving said call-setup
signal from said central station (8) and transmitting the received position
registration request and call-setup signal to said local switching system

(141),

said local switching system including means (151~153, 157~159) for
receiving and storing the position registration request from said receiver
means (143) into a pélsition registration memory (142), and receiving and
storing the call-setup signal from said receiver means (143) into an
address memory (144), transmitting an alert signal to the base stations
(4'-1~4-3) located in said premises (140) when there is a match between

) 0 B
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24 the mobile user address code stored in said address memory (144) and
25 the position registration request stored in said position registration
26 memory (142), and dialing the PSTN user address code stored in the
27 address memory (144) to said PSTN when a mobile station (10b)
28 identified by the mobile user address code stored in the address
29 memory (144) goes off hook so that a connection (147-149) is
30. established in the PSTN between the PSTN user and the mobile user.
1 9.. A personal mobile communications system as claimed in claim 1,
2 2,3,4, 5or 6, further comprising:
3 switching means (170) for establishing a first connection (179)
4 between the PSTN and said central station (8) for coupling the call-setup
5 signal from the PSTN to the central station and establishing a second
6 connection (177, 178, 179) between one of said base stations (4-2) and
7 said PSTN user station (2), instead of said first connection, in response to a
8 dialing signal from said one base station (4-2) when the PSTN user
¢ address code is dialled. |
1 10. A personal mobile communications system as claimed in
2 claim 7 or 8, further comprising:
3 switching means (170) for establishing a first connection (179)
4 between the PSTN and said central station (8) for coupling the call-setup
5 signal from the PSTN to the central station and establishing a second
6 connection (177, 178, 179) between said local switching system (141)
7 and said PSTN user station (2), instead of said first connection, in response
8 to a dialing signal from said local switching system when the PSTN user
9 address code is dialled.
1 11. ‘A personal mobile communications system as claimed in any
2 one of claims 1 through1q,wherein said central station is a paging station

(8) for broadcasting pagmg srgnals for alertmg radao pagers located in

RN O A R



HOWON

0 NN b W N

11
12

13

14
15

Has Been Reﬁaced

. T

-24.

said area.

12 A personal mobile communications system as claimed in any
one of claims 1 through 11,wherein said central station receives said call-
setup signal from a common channel signalling network {17) of said
PSTN. '

13. - A personal mobile communications system for servicing a
plurality of cells, comprising:

a pfuraiity'of base stations (200-1, 200-2) located in respective cells
(201-1, 201-2), each of said base stations being connected. to a public
switched telephone network (PSTN) and including a transmit/receive
means (203, 203-2) for establishing a two-way channel to the transceiver
of an adjacent base station;

eac}; of said base stations (200-1, 200-2) receiving a signal from a
mobile stf.ation indicating that the mobile station is crossing a boundary
between said base stations'.during a cdnversatic_m with a PSTN user
through a connection established in said PSTN, and coupling said
connection to the transmit/receive means (203-1) of the base station,

each of said base stations, on receiving a signal from the
transmit/receive means of the base station, coupling the received signal
to said mobile station.

14. A personal mobile communications system as claimed in

claim 13, wherein the transmit/receive means (203) of each base station

is a radio transceiver for establishing a two-way radio channel.

UL



