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"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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*The present invention relates generally to nobile conminications

systens, and re,specifically to a personal nobile tel Q e
di stinct fromng'ffgém)bi | e tel ephone systens. l\/bgﬂ ﬂ&ﬁf Tﬂrﬁnie llalced

systens whi ch have been proposed for servicing per son bile
stations are of two types. One is the type of system r to
the conventional cellular autonobile tel®ephone system where the | ocation
of each autonobile is identified at all tinmes by the system and the
other is Si ) I terSY ' | : a
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same nanngr gleitelephone dfd pagiy fumdionsPReLIY in! 3R Innédessary cost and a
3 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 |
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9 mobile communications system serves a plurality of radio zones, or cells,
10 and comprises a plurality of base stations located in respective cells.
11 Each base station is connected to a public switched telephone network
12 (PSTN). A central station is connected to the PSTN for receiving a call-
13 setup request from the PSTN containing a PSTN user address code and a
14 mobile user address code when a PSTN user places a call to a mobile
15 user and broadcasting the received PSTN user and mobile user address
16 codes over an area covering the plurality of cells. One or more base
17 stations receive the PSTN user and mobile user adaress codes from the
18 central station and, in response, broadcast an alert signal for alerting
19 mobile stations. One of the base stations dials the received PSTN user
20 address code to the PSTN when a mobile station identified by the
21 received mobile user address code goes off hook, so that a connection is
22 established in the PSTN between the PSTN user and the mobile user.
23 According to a first specific aspect of this invention, each base station
24 receives and stores a position registration request from the mobile station,
25 the position registration request if-xcluding the mobile user's address code.
26 The alert signal is broadcast from the base station when a match is
27 detected between the-mobile user address code received from the
28 central station and the stored mobile user address code.
29 According to a second aspect, the central station comprises a

30 position registration memory. It receives and stores a position registration
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the fornmer case, the system would require sonme procedure for naking a
regi stration of a personal nobile station. A database for storing the
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public switched tel ephone network woul d access the datab m ne
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destination. This represents a significant burden on land |ines, system
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4 station identifier as well as a copy of the PSTN user and mobile user
- § - -address codes ‘contained-in- the call-setup signal.

6 According to a third aspect, the personal mobile communications

7. system comprises a local switching system located in a premises and

8 connected to the PSTN, a plurality of base stations located in respective

9 cells, each base station is located in the same premises and connected to
10 the ioca;l switching system. A central station is connected to the PSTN for
11 receiving a call-setup request from the PSTN containing a PSTN user
12 address code and a mobile user address code when a PSTN user places
13 a call to a mobile user and broadc_astiﬁg the received PSTN user and
14 mobile user address codes over an area covering the premises and at
15 least one cell. A receiver is provided for receiving the call-setup signal
16 from the central station and trénsmitting that signal to the local switching
17 system. The local switching system receives the call-setup signal from
18 the receiver and, in response, transmits an alert signal to the base stations
19. and dials the PSTN user address code contained in the received call-setup
20 signal to the PSTN when a mobile station identified by the mobile user
21 address code contained in the call-setup signal goes off hook so that a
22 connection is established in the PSTN between the PSTN user and the
23 mobile user.
24
25  The present invention will be described in further detail with reference
26 to the accompanying drawings, in which: |
27 Fig. 1 is a schematic block diagram of a first embodiment of the
28 present invention, and Fig. 1a is an illustration showing details of zone 5-2
29 ofFig. 1;
30 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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pagi ng functions results in an unnecessary cost and a bul ky design.
1t is therefore an object of the present invention to provide a personal
nobi l e tel epfofh®3system that is | ow cost and aut omat i Galskyecti$ds BanirehES 2

full -dupl ex connecti on. - According to one aspect o

invention there is di'sclosed a personal nobile comunic for

servicing a plurality of cells, conprisiny: a nobi r

transmtting a position registration request containing a nobile user
Ldentifyin h il I on;

addr ess Ci)deo{‘gfeg.tf?f;y g the nobile station;

2 Fig. 19 is a flowchart of operations performed by the base stations or
3 PBX of Fig. 14;
4 Fig. 20 is a schematic block diagram of a fifth embodiment of this
5 . fnventio n;
6 Fig. 21 is a flowchart of operations executed by a personal mobile
7 station of Fig. 20; and '
8 Fig. 22 is a flowchart of operations executed by the base stations of
9 Fig. 20. -
10 '
11 Referridg now to the drawings, like numerals refer to like parts

12 throughout the drawings. In Fig. 1, there is shown a personal mobile

13 telephone system incorporating a first embodiment of the present

14 invention which establishes a connection from an ordinary telephone

15 served by the public switched telephone network (PSTN) 1 and a

16 personal mobile telephone in response to a call originated by the PSTN
17 telephone. The system includes a plurality of base stations 4-1~4-5

18 located respectively at cell sites to define cells, or radio zones 5-1~5-5,

19 and individually connected by land lines, or communication channels 6-

20 1~6-5 to the PSTN 1 to which ordinary telephones 2 are terminated. A

21 paging station 8 is provided to define a paging service area 3 covering

22 celiular zones 5-1~5-4, for example. Each of the cellular telephone

23 service zones 5-1~5-5 has a radius of from 100 to several hundreds of

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

25 kilometers to several tens of kilometers. Paging station 8 is cénnected by

26 a transmission line 9 to the PSTN to broadcast a copy of a ca-ll-setup

27 signal received from the PSTN in accordance with the present invention,

28 as well as the usual paging signals. The call-setup signal is received by

29 the base stations located within the area 3 to process the incoming

30 telephone calls. Each base station within the area 3 is identified with a
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a plurality of base stations |ocated respectively in said cells and
connected to a public swtched tel ephone network (PSTN), each base station
i ncl udi ng med¥s483r receiving the position reglstratlmmsmﬁﬁubsBmmR

nobile station and transmtting a base registration re g the
nobi | e user address code of the position registration r ase

station identifier identifying the base sbation via a communication path
and a central station connected to said PSTN and i ncl udi ng:

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,

1
2
3
4
.5 .and.a.position analyzer 24 which is.connected.to.the.PSTN by line 9 or -
6 by an option line 7. Controller 20 is programmed to perform operations
7 described in a sequence of instructions as shown in Fig. 3. According to
8 the present invention, when a cali is originated from a PSTN user to a
9 mobile (personal handset) user, a source address code (the PSTN caller's
10 teiephohe number) and a destination address code (the called 'mobile
11 telephone number) are transmitted from the PSTN to the paging station 8
12 through fine 9. The program execution starts with reception of a call-
‘13 setup signals from the PSTN (step 31). When controller 20 receives a
14 PSTN user address code and a mobile user address code from the PSTN,
15 it proceeds to step 32 to access the mobile posiﬁon memory 22 and
16 searches for one or more base stations which have been preselected as a
17 Iikely destination of the called mobile station. If the answer is negative,
18 control branches out to step-34 to broadcast a call-setup signal containing
19 the identifier codes of all base stations (BS) located within the paging area
20 3 and a copy of the received address codes of both PSTN and mobile
‘21 users.
22 Since the paging station 8 is only capable of transmitting paging
23 signals in a one-way channel, a full-duplex (two-way) channel must be
24 established. For this purpose, control proceeds to step 35 to return a
25 voice announcement recorded in the announcement unit 23, urging the
26 caller to-replace the handset to allow the system to reestabii;h the
27 connection through a'new route. If the decision at step 32 is affirmative,
28 control branches to step 33 to broadcast a call-setup signal containing the
29 1D codes of the preselected base stations as well as a copy of the

30 received address codes of both PSTN and mobile users, with control



menory;, means for receiving the base registration request from each

base station via said comrunication path, and storing the i I
address codeNBW¥83he base station identifier of- the base as B3 Replaced
request into said nenory; and means for receiving fr Mk
first call-set-up signal containing a PSTN user address co

user address code, and in response, broadtasting a call-setup signal
containing a said base station identifier stored in said nenory, a said

mobi | e USEr 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
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made of the PSTN to recognize that, when a connection is attempted

9 from any of the lines 6-1~6-4 to a calling PSTN user, the connection is to
10 be treated as if it were originated from the PSTN user.
11 If the pubﬁc switched telephone network comprises a known
12 common channel signalling network 17, such as CCITT signalling system
13 No. 7, as shown in Fig. 1, the paging station 8 is able to receive the call-
14 setup signal through a signalling path 18 without establishing the
15 connection (speech path) 11. In this case, the speech path connection 15
16 is established without having {the PSTN user go on hook, and no
17 announcement unit 23 needs-to be installed in the paging station 8.
18 As shown in Fig. 4, each base station 4 is provided with a controller
19 41 associated with transceiver 40 and a mobile data memory 42.
20 Controller 41 is programmed as shown in Fig. 5 to execute decision step
21 31 by checking to see if a call-setup signal is received from the paging
22 station containing base station iD codes, and user address codes of both
23 PSTN and mobile stations. If the answer is affirmative, the ID code of the
24  base station is checked to see if it matches a received base station ID
25 code (step 52). If this is the case, the received mobile user's address
26 code is-stored into the mobile data memory 42 (step 53). Control now
27 proceeds to step 54 t& broadcast an alert signal containing a copy of the
28 address code of the mobile station received from the paging station.
29  Thus, the user of mobile station 10 is alerted and goes off hook to
30 establish a downstream connection 13 (Fig. 1a) by sending an off-hook
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signal to the base station 4-2 via an upstream connection 14. At the base
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.
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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

I R R

9 registration request issued from the mobile station. This memory is
10 connected to a controller 71 which cooperates with transceiver 70 to
11 establisti a channel with paging station 8 as well as mobile stations.
12 According to this embodiment, the .user of a mobile station, on entering a
13 new cellular zone, registers his position by sending its address code. The
14 mobile station is implemented with circuitry that automatically transmits a
15 position registration request containing the address code of the mobile
16 station on enteriﬁg a new celi, or provided with 2 manual switch that
17 triggers the circuitry to transmit such a request. .
18 In Fig. 8A, controller 71 of each base station 4 performs programmed
19  operations which begin with a position registration process 80. The
20 process 80 includes decision step 801 which determines if there is a
21 position registration request received either from a mobile station or a
22 neighboring base station. If there is one, control branches to step 802 to-
23 store the mobile user's address code contained in the received
24 registration request into the position registration memory 72. Exit then is
25 to decision step 803 to check to see if the request is originated from a
26 mobile or a base station. If the received code is determined to be
27 originated from a mobile station, control branches to step 804 to transmit
28 a copy of the received mobile user address code to neighboring base
29 stations via paths indicated at 61 and 62 in Fig. 6, and proceeds to enter a
30 call termination process 81 (Fig. 88B). Otherwise, it skips step 804 and



The present invention will be described in further detail with reference to

t he accorrpap\%g_?g drawi ngs, in which: Fig. 1is a a\ﬁisemtma@Bbﬂn aced
di agram of a "E" enbodi ment of the present i nvent i on,
illustration showi ng details of zone 5-2 of Fig. 1; ock

di agram of the paging station of Fig. 1'10

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

0 N o0 kW N =

{step 92), and then returns a voiced announcement (siep 93) from the

9 announcement unit 23 to urge the PSTN calling station to go on hook in
10 the same manner as described.
11 Referring to Fig. 8B, call termination process 81 begins with decision
12 step 811 which checks to see if a call-setup signal is received from paging
13 station 8. If the decision is affirmative at step 811, control branches at
14- step 811 to step 812 to check to see if the received mobile user address
15 code matches one of the address codes registered in the position
16 registration memory 72. An alert signal is then broadcast from the base
17 station (step 813) and the reception of an off-hook signal is checked (step
18 814). When the destination mobile station answers an incoming call, a
1 9. copy of the PSTN user address code received from the paging station is
20 transmitted from thé base station 4-i of that mobile station to the PSTN
21 through channel 6-i (step 815).
22 The operation of the embodiment of Fig. 6 proceeds in a manner as -
23 shown in Fig. 10. When mobile station 10 issues a position registration
24 request from within zone 5-2, the request is accepted by base station 4-2,
25 which, in response, transmits a copy of the request to neighboring base
26  stations 4-1 and 4-3 where the received copy is stored in the respective
27 memory. When PSTN: user station 2 originates a call to mobile station 10
28 and connection 11 is established, the paging station 8 broadcasts a call-
2%  setup signal containing the ID codes of all base stations and a copy of the
30 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

er

n



pagi ng station; Fig. 6 is a schematic bl ock diagramof "a second

“enbodi nent of this invention; Fig. 7 is a block dia ase
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the paging station, and Fig. 8Cis a flowhart according I on
of the processes of Figs. 8A and 8B, -1Fkg. 9 is a flowhart of |
operations perfornmed by the paging station of Fig. 6; Fig. 10 is a
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2 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

R N W AW

which mobile's position registration is effected by the use of a central

9 position registration memory 110 located in the paging station 8.
10 Memor)} 110 is connected to a controller 111 through which position
11 data is received and stored in memory 110. Controller 111 is also
12 connected to transceiver 112 which broadcasts the call-setup signal to all
13 base stations in response to receipt of a PSTN user address code and a
14 mobile user address code from the PSTN via channel 9 in the same
15 manner as described above. Controller 111 is further corinected to the
16 PSTN through a channel 113 to receive a position registration request
17 from each of the base stations located within the service area of the
18 paging station 8.
19 As shown in Fig. 12, a position registration is initiated by a request
20 transmitted from a mobile station on entering a given base station zone.
21 On receiving the registration request (step 121), each base station
22 transmits a cbpy of this request to the paging station 8 by sending the
23 access number of channel 9 to the PSTN (s.{ep 122). The position request
24 transmitted from each base station contains the address code of the
25 requesting mobile station and the ID code of the base station. Exit then is
26 to the call completion process 81 (Fig. 8B).
27 In Fig. 13, the paging station rhonitors the channel 113 to check to
28 see if a position registration request is received. If it is, control branches to
29 step 132 to store the address code of the requesting mabile station and
30 the ID code of the base station contained in the request into the memory
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shows details of the switching circuit of m..17; . Fig._ 18 is a
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2 131, 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 channel 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

@ - N W W

corresponding base station identifier code from the memory, and

9 proceeds to step 136 to broadcast the selected base station 1D code (or
10 togethe'r with the base station ID codes of neighboring stations) and a
11 copy of the received PSTN user and mobile user address codes, which is
12 followed by the notification of an on-hook announcement to the PSTN
13 user station (step 137).
14 If mobile station 10 sends a position registration request on entering
15 service zone 5-2, the request is transmitted through channel 6-2 to the
16 PSTN where a connection 134 is established between channels 6-1 and
17 113.and stored into the position registration memory 110." When PSTN
18 user station 2 places a call to mobile station 10, a connection 115 is first
19, established to the paging station from user station 2 via channel 9.
20 Paging station 8 retrieves the ID code of the base station 4-2 from the
21 memory 110 and broadcasts a call-setup’ signal containing thé retrieved
22 ID code and the received PSTN user and mobile user address codes.
23 Thus, it is only the base station 4-2 that responds to the call-setup signal
24 by broadcasting the address code of the mobile station 10 contained in
25 the call-setup Signal. On hearing the announcement, the user at station 2
26 replaces-the handset, while the base station 4-2 dials the address code of
27 the PSTN user station 2 to establish a connection 116 from PSTN station 2
28  to mobile station 10 through channel 6-2.
29 «  Afourth embodiment of this invention, shown in Fig. 14, relates to a

30 local telephone network including a PBX (private branch exchange) 141



-5- of Fig. 17; * Fig. 19 is a flowhart of operations perforned by
the base stations or PBX of Fig. 14;

NE-483 Sheet Has Been RTlaced

TR

located in a customer premises 140 in which base stations 4'-1~4-3 are

-14 -

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

L I R " T S 7 B N R

premises 140. An address memory 143 is provided to store PSTN user

9 and mobile user address codes in response to an incoming call from the
10 paging station 8.
11 In Fig. 15, when a position registration request is sent from mobile
12 station 10a on entering the customer premises 140 from the outside, it is
13 received by receiver 143, and sent to the PBX 141 (step 151). The PBX
14 proceeds to establish a connection 145 and store the mobile user
15 address code contained in the received request into position registration
16 wmemory 142 (step 152). Following the execution of step 152 or negative
17 decision of step 151, control enters a call recefving' mode which begins
18 with step 153 in which it checks to see if base station ID codes, a PSTN
19. user address code and a mobile user address code are received from the
20 receiver 143. If the answer is affirmative, control branches at step 153 to
21 decision step 154 to check to see if the base-station address codes of the
22 PBX match the received ID codes, and if the answer is affirmative, it
23 Dbranches to step 155 to check to see if the received mobile user address
24  code matches an address code stored in the position.registration
25 memory 142. If the answer is again affirmative, control procgeds to step
26 156 to store both of the received address codes into the address
27 memory 144. Step 157 is then executed by transmitting alert s:gnals to all
28 Dbase stations 4'-1~4'-3. '
29 Referring briefly to Fig. 16, if each base station receives an alert signal
30 from the PBX 141 (step 161), it broadcasts a copy of the alert signal. If



Fig. 20 is a schematic block diagramof a fifth enbodi nent of this

i nvention; Fig. 21. is a flowhart of operations ejgGileHdadBeePRentaced

personal nobMNEe483ation of Fig. 20; and Fig. 22 is

oper ati ons executed by the base stations of Fig. 20. D‘m]ﬁmgﬂ"m now-
to the drawings, like nunerals refer to like parts throu 1 NgS.

In Fig. 1, there is shown a personal nobife tel ephone system i ncorporating
a first enbodi nent of the present invention which establishes a connection

e fonsstie SaEBRYYD Bocstedth tire 85 a1 oHthook Signal will e "et O
2 returned to the base station 4'-2 from that mobile station within a
3 specified time (step 162), and the off-hook signal is relayed by the base
4 station 4'-2 to the PBX (step 163).
5 - Returning to Fig. 15, control proceeds to decision step 158 to check
6 to see if an off-hook signal is received from a base station within a
7  specified time. If the decision is affirmative, control branches to step 159
8 to read a PSTN user address code corresponding to the mobile station
9 returning the off-hook signal and transmit it to the PSTN,
10 It will be seen that, when a call is placed from PSTN user station 2 to
11  mobile station 10b located in zone 5-2 following the registration of the
12 mobiie’__s pdsition,' a connection 146 is established through the PSTN to
13 the paging station 8 and the address codes 6f both calling and called
14 parties are relayed by the paging to receiver 143. Meanwhile, the
15 paging station 8 returns an announcement to urge the calling party to
16 replace the handset, clearing the connection 146. The PBX, in re'sponse:
17  to the incoming call, sends alert signals on respective channels to all base
18 stations 4-1~4"-3. All base stations broadcast the alert signal to urge the
19  mobile station 10b to answer the call. When user station 10b answers the
20 call, base station 4'-2 transmits an off-hook signal to the PBX, which, in
21 response, reads the PSTN user address code from memory 144 and
22 establishes a connection 147 to channel 148 and transmit the PSTN user
23 code to the PSTN to establish a connection 149 to the calling party. The
24 embodiment of Fig. 14 is particularly useful for applications where mobile
25  users are working or travelling in an underground space.
26 In the previous embodiments, the calling PSTN user must: replace the
27  handset if the common channel signalling network 17 is not provided in
28 the PSTN. To eliminate the need for PSTN users to replace the handset, a
29  connection unit 170 is provided as shown in Fig. 17. This connection unit

30 includes a controtler 171, a switching circuit 172 and a memory 173.



personal nobile tel ephone in response to a call originated by the PSTN

't el ephone. The systemincludes a plurality of base statjan

t
4-1-4-5 | gcat ed
respecti vel y,\fg_4ggl | sites to define cells, or radio zo qiﬂi‘tm]; R
i ndi vidual 'y connécted by land Iines, or comunication c & ﬁ H 5to
the PSTN 1 to which ordinary tel ephones 2 are term nated. I on

8 is provided to define a paging service grea 3 covering cellular zones
5-1-54, for exanple. Each of the ceIIuIéF t’el ephone service zones 5-1-5-5
has a radius of from 100 to several hundreds of neters, while the paging

servi ce_af easiilehingiclradt 17 20fay D ERKRIN c&héé&i@&‘ibfl:deote?ﬁlﬁél@'l ens of

kil oneters. 7gstat|0n8 IS connected by a transm ssion |ine to the
PSTN to moadn s1t Saoéﬂpg/PSTNaandaah cnﬂ:tamesnmlconaeeuedem fim@®.t he PSTN in

accor dance h t i nventio as .t he usual_ pagi ng signal s.
The cal | -3et ngcgfééﬂ 7 st ;Q;ybeq§93 to t?\evi%e terminals 174, 175Io tc(i:] recgeive J

4 calls from the PSTN. Switching circuit 172 is normally establishing a.

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

5

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

7 As Hllustrated in Fig. 1 8, the controller 171 is programmed to execute

8 steps 181 through 184. Controller 171 constantly monitors the signals

9 passing through the connection 179 and detects and stores PSTN user
10, address codes and corresponding mobile user address codes arriving at
11 line terminal 174 into the memory 173 (step 181). When a ringing
12 connection is established through the paging station to a destination base
13 station, corhpleting steps 811 to 814 of ng. 8B, the latter dials the address
14 code of the line terminal 175 to access the connection unit 170 and
15 transmits the calling PSTN user address code and the called mobile usér
16 address code as indicated by step 190 in Fig. 19. These code signals are
17 received by the controller 171 (step 182), whereupon it makes a search
18 through the memory 173 for corresponding address codes stored
19. therein. If a coincidence is detected (§tep 183), controller 1.71 directs the
20 switching circuit 172 to establish a connection 177 between line terminals
21 175 and 174 and clears the connection 179. Therefor, the call from PSTN

22 user 2 to a mobile station either located in a base station 4 or in the PBX

23 141, a connection 176 is first established in the PSTN to the line terminal
24 174 and the PSTN user address code and the called party address code
25  are transmitted through connection 179 and line 9 to the paging station
26 8. The destination base station or PBX will then dial the line terminal 175
27 to establish a connection 178 and return the same user address codes to
28  the controller 171 to be checked with those stored in memon:y 173. The
29 resultant coincidence causes connection 177 to be established and
30 connection 179 to be cleared down, thus establishing a path from PSTN



the base stations |ocated within the area 3 to process the incom ng
tel ephone calls. Each base station within the area 3 is iTa¥nkd g T

6" uncue fgpqggtat on centfier (16} code i
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30
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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



As illustrated in Fig. 2,7 the paging station 8 is provided with a

‘controller 20 with which radio transceiver 21, a nobile po
an announcenpyg-483it 23 to generate prerecorded announcene
position anal yzer 24 which is connected to. the PSTN by |
option line 7. Controller 20 is programmed to perform oper

ﬁﬂf;
i

AT

I n a sequence of instructions as shown iRgFig. . 3. According to the present
i nvention, when a call is originated froma PSTN user to a nobile (personal
handset) user, a source address code (the PSTN caller's tel ephone nunber)
and a desti natation trddsmstingothesé signatsfstep 2ddhi Mhet miobilh station 205 thar e
transmtted fromthe PSTN-to the %E)gl%ipng station 8 through Iine 9. The

progr am eXec §FANSMIt: Ba¢ls tg,the

patationa 206t 2 zanenyvitrhing

5ignabm t he

POTN, (st ep 3tdontMiARg L ABhREL BP 2RATRE 1B 0P NaHER 20HS) B e 2

nobi | e us €ess

4 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

Meanwhile, each base station is constantly monitoring the control

5
6 channel (step-214).
7
8

channel. When the zone-switching signal is detected by base station

9 200-1 (step 221, Fig. 22), it switches the signal from the PSTN to high-

10 power transceiver 203-1, and sends the channel identifier received from

11 the mobile station (step 222), the signal being transmitted to the high-

12 power transceiver 203-2 where it is coupled to the base station

13 equipment 202-2. Base station equipment 202-2, on detecting a signal

14 from high-power transceiver 203-2 (step 223), establishes a channet

15 identified by the received signal to the entering mobile station (step 224).

16 In this way, connection’is automatically reestablished through high-

17  power transceivers 203-1 and 203-2.



I't proceeds to step 32 to access the nobile position nenory 22 and searches
“for one or nore base stations which have been preselected as a likely
destinationdgg e called nobile station. If the answer i BisShepmtiasBeen Replaced
control brarche ut to step 34 to broadcast a call-setup ng

the identifier codes of all base stations (BS) |ocated wt

area 3 and a copy of the received address codes of both PSTN and nobi

users. Since the paging station 8 i~st%nly capabie of transmtting
pagi ng signals in a one-way channel, a full-duplex (two-way) channel nust
be established. For this purpose, control proceeds to step 35 to return a
voi ce announcenent recorded in the announcenent unit 23, urging the caller

to replace the handset to allow the s¢3iAgmg o reestablish the connection
through a new route. If the decision at step 32 is affirmati ve,

e

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)

W‘JO\M.‘FU}NH

when a PSTN user places a call to a mobile user and broadcasting the

9 received PSTN user and mobile user address codes over an area (3)
10 covering said plurality of cells;
11 one or more of said base stations (4-1~4-4) receiving the PSTN user
12 and mobile user address codes from the central station (8) and, in
13 response, broadcasting an alert signal for alerting mobile stations, and
14 one of the base stations dialiﬁg the received P§TN ‘user address code to
15 said PSTN when a mobile station (10) identified by the received mobile
16 user address code goes off hook so that a connection (15; 147~149;
17" 176~178) is established in the PSTN between the PSTN user and the

18 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
registration 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
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stored mobile user address code.



control branches to step 33 to broadcast a call-setup signal containing the
I D codes of the presel ected base stations as well as a copy of the received
address codes of both PSTN and nobile users, with. contro asBeenRTaced

T e . T
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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),

W NN Rk W

receiving and storing said copy of said request from a neighboring base

w

station (4-1) if said request is not directly received from said mobile

—
o

station, and broadcasting said alert signal when a match is detected
between the mobile user address code received from said central station

b b
N

(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

S B Y LT I S

neighboring base stations (4-1, 4-3) when a match is detected between

9 the mobile user address code received from said central station (8) and
10 the stored mobile. user address code, receiving and storing said copy of
11 said request from a neighboring base station (4-1) and broadcasting said
12 alert signal if said request is not directly received from said mobile station.

A personal mobile camunications system as claimed in anyone of claims | to 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

#WN‘L"

Station (10) identifying the mobile statnon and transmsttmg the received

R O



advancing to step 35 foll ow ng broadcasting of the call -setUp Si gnal

Therefore, if the PSTN user 2 places a call to a nobile toh QP B craét d

within zone 5 connection 11 is established within PS

line 9 to pagi g s%atlon 8, and a connection 12 is establl

channel between. paging station. 8.and base station 4-2.

of tariff on the calling PSTN user begins X\Inen the connection 15 |s

establ i shed. For that purpose, sone prov‘rg 6n nay be made of the PSTN to

recogni ze that, when a connection is attenpted. fromany of the lines

6-1-64 to & ccfédueag aﬁ&ﬁ“bﬂ%%mﬂbﬁﬁd‘éﬁﬁﬂéﬁd %Id'c%nttﬁl sPRidd oRt efdasTN, it

were originated fromthe PSTN user. ic switched tel ephone

net wor k c@praadbraaﬁmm@mmieﬁmwwbe@ isaid caibsetapmgnallczqnmtm

ggll -(Ia-Tt 3 | ?27213: bQ&I %)éﬁé lrffi'_\ﬁtlf' dr of the BRW stalioh! Whetein! $i5d RBAKAP sEidn &) 8is
8 further comprises a position registration memory (110), and control |

9 means (131,-132, 135, 136) for receiving -and storing the: position

10 registration request from the base stations into said position registration
11 memory (110), selecting one of said base stations (4-2) identified by the
12 base station identifier stored in said position registration memory (110),
13 and broadcasting said call-setup signal additionally containing said base
14 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).

W -

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 ¢))

T - S P Y

9 when a PSTN user places a call to a mobile user and broadcasting the
10 received PSTN user and mobile user address codes over an area 3
11 coveririg‘ said premises (140) and at least one cell (5-4);

12 receiver means (1 :13) for receiving said call-setup signal from said
13 central station (8) and transmitting the received call-setup signal to said
14 local switching system (141), - |

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

Hllllll L lllll Il



setup signal through a signalling path 18 w thout establi Shl ng t he

' connection (speech path) 11. In this case, the speech pafhs qe@ e altSedl S
establ i shedcra'f_t‘fgyt havi ng the PSTN user go on hook, and
unit 23 needs to be installed in the paging station 8.

4, each base station 4 is provided with a controller 41 assomated W|th
transceiver 40 and a nobile data nmenory . 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 fromthe paging station containing base
stationiléD cedeisingtie naléseaqxisigaa! frodesaidf rebeiviar Bsddvsafidt Iydnid,einst at i ons.
If the answer is affirmative, the basg stz&,i)_,{)n J.§ checked to

233 I D.coq(ie o%
see if I/ ndEIMYLE, HANSEILING Ba-aled signal fo thedonse tatiens his is the
case, t I §6€Ated0 I ; r | bile
case rre?r?;ry 68 e lgg%% ;ﬁ'e@%srg@@n‘?ﬁalﬁﬂﬂeﬂiél@m Heridtdtel€od®

19 contained in the received call-setup signal to said PSTN when a mobile

20 station (10b) identified by the mobile user address code contained in said

21 call-setup signal goes off hook so that a connection (147~149) is

22 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)

0O =~} O WU o W N e

9 when a PSTN user places a call to a mobile user and broadcasting the
10 received PSTN user and mobile user address codes over an area (3)
11 covering said premises (140) and at least one cell (5-4);
12 receiver means (143) for receiving a position registration request from
13 a mobile station, said position registration request including a mobile user
14 address code identifying the mobile station, and receiving said call-setup
15 signal from said central station (8) and transmitting the received position
16 registration request and call-setup signal to said local switching system
17 (141),
18 said local switching system including means (151~153, 157~159) for
19 receiving and storing the position registration request from said receiver
20 means (143) into a position registration memory (142), and receiving and
21  storing the call-setup signal from said receiver means (143) into an
22 address memory (144), transmitting an alert signal to the base stations
23 (4'-1~4-3) located in said prem;ses (T 40) when there is a2 match between

HIIlIII l!llll T



proceeds:-to step 54 to broadcast an alert signal containing a copy of the
*address code of the nobile station received fromthe pagi mﬂs%ﬁ@a@ﬁemiﬁ\%

the user of nobile station 10 is alerted and goes off hook Imlmlmﬂlm

downstream d8b#3 i on 13 (Fig. 1la) by sending an of f-hook
-8 -

-23-

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.

9.. A personal mobile communications system as claimed in claim 1,
2,3, 4, 5or 6, further comprising:

switching means (170) for establishing a first connection (179)
between the PSTN and said central station (8) for coupling the call-setup
signal from the PSTN to the central station and establishing a second
connection (177, 178, 179) between one of said base stations (4-2) and
said PSTN user station (2), instead of said first connection, in response to a
dialing signal from said one base station (4-2) when the PSTN user

WO N N R W

address code is dialled.

10. A personal mobile communications system as claimed in
claim 7 or 8, further comprising:

switching means (170) for establishing a first connection (179)
between the PSTN and said central station (8) for coupling the call-setup
signal from the PSTN to the central station and establishing a second
connection (177, 178, 179) between said local switching system (141)
and said PSTN user station (2), instead of said first connection, in response

to a dialing signal from said focal switching system when the PSTN user

VWV 0 Nyt W N -

address code is dialled.

It

11. A personal mobile communications system as claimed in any
2 one of claims 1 through1q,wherein said central station is a paging station
3 (8) for broadcasting paging signals for alerting radio pagers located in

e



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

station, control is performng step 55 to check to see if an off- asBeenRe ]aced

signal is received within a specified period. |If the ans@si sS
affirmati ve Nbd88rol proceeds to step 56 to dial the recel
address code through 1line 6 -to establish a connection |n

this way, base station 4-2 follows these procedures to esta |sh a
connection 15 between PSTN user statio242 and-line 6-2. The | SDN user
station 2 is alerted by a ringing signal fromthe PSTN in the usual
manner , nd b%} %a:rties now begin a conversion. In Fig. 5a, each
base sta |oﬁ Bfe%ecut es step 57 by dialing the access code of line 7 or
9 to establish a connection 16 in the PSTN and transmitting nobile
station's address codes stored in nenory 42

1 12 A personal mobile communications system as claimed in any

2 one of claims 1 through 11,wherein said central station receives said call-
3 setup signal from a common channel s:gna!hng network {17) of said
4 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

0 NN b W N

‘9 mobile stf.ation indicating that the mobile station is crossing a boundary

10 between said base stations'.during a cdnversatic_m with a PSTN user

11 through a connection established in said PSTN, and coupling said

12 connection to the transmit/receive means (203-1) of the base station,
13 each of said base stations, on receiving a signal from the

14 transmit/receive means of the base station, coupling the received signal

15 to said mobile station,

14. A personal mobile communications system as claimed in

2 claim 13, wherein the transmit/receive means (203) of each base station
is a radio transceiver for establishing a two-way radio channel.

L



acconpani ed by the ID code of the base station at periodic

stations are jq ed to presel ect those base stations wt
nobil e station has a high interest of conmunity and the ID

intervals via

cthannel 6-i to the position analyzer 24, where the data frro{,ﬁn | |1 .base Replaced
i I
S

sel ected base stations are stored into the nobile position

presel ecti on procedure mnim zes the uselbffs broadcasting of energy from

base stations not associated with the no

@ station to which an incom ng

call is term nated. Pernmanent and/or tenporary. hone- position nobile users
may be regi st er Rerional idbbilelldmmmasications SPiRARY Halingd Eentedl Staxich 4661 f v

base stations as having a high interest of ~ comunity.

Regi strati on of

the position of a nobile stPging Mabilaliserso¥iaaBasecStations" an ef f ecti ve

manner in different enbodi ments which will be descri bed

ABSTRACT
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A personal mobile communications system comprises base stations
(4-1-4-4) located in respéctive zones and a paging station (8) covering
an area including the zones, or cells (5-1~5-4). The paging station and
all base stations are connected to a public switched telephone network
(PSTN). When a call is originated from a PSTN user (2} to a mobile user
(10), the paging station receives a call-setup request from the PSTN
containing the address codes of both PSTN and mobile users, and

broadcasts the call-setup signal over the covered cells. One or more

9 base stations (4-1~4-3) receive the call-setup signal and, in respdnse,

10 broadcést an alert signal. One of the base stations (4-2) receives an off-
11 hook signal from the alerted mobile station (10) and dials the PSTN user

12 address code contained in the call-setup signal to the PSTN to establish a
13 connection (15; 147~149; 176~178) between the calling and called

14. parties (2, 10).



circuitry
and each

channel ,

on a contro

i dentifier
nobile station is constantly nonitoring the contr.ol

Mobil e stations are preferably inplemented with digital
Each base station is constantly broadcasting avail abl e speech chamee§3(;ig

identifiers and the base station

bel ow.
. and the system operates using a tinme-division nultiple access technique.
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- 9- the zone in which it is currently |ocated and the channels to use.
One enbodi nent of the nobile position registrationis showmn in Fig, 6._.1n
whi ch the call-setup signal broadcast fromthe. paging station doesNﬁﬁ@Qﬁn
contain base station ID codes so that it is received by all base stations

wi thin the paging, area 3, and each base station 4 incl Udgnsasﬁeé?ﬁ%i L PReplaced
registration nmenory 72 to provide a check between a nobil

code contained in the call-setup §wl Zecei ved fromthe igm!““ﬁﬂnm\n
and one that is stored in the nmenory 727 n response to a p

regi stration request issued fronPaging #agn& station. This menory is
connected to a controller 71 which cooperates \ﬁzﬁh transceiver 70 to

establish a channel wt thagi ng st atpeA—8—as—wn as nobile stations.
0 Antenna -—s- Transceiver
y 2
22 Controller
./
‘Mobile Position Memory L1
¥ 23
b
Announcement Unit fe
A
From PSTN 1 5 —2
R | Position _
(Option) | Analyzer

FIG. 3
Paging Station 8 @

A ¥ -
( Are PSTN and mobile station address codes received ? >-ﬁ’4

: < Are there preselected base stations for mobile station ? >—&_~
/33 Yes

Broadcast identifier (ID) codes of selected base stations
and received PSTN user and mobile user address codes

34

Broadcast identifier (ID) codes of all base stations .
and received PSTN user and mobile user address codes

/35
Return announcement to PSTN user station

r
( stop )




According to this enbodi nent, the user of a nobile statlon on enteri ng a
.new cel lular zone, registers his position b‘?hlSSi\m] ress code.
nobile station is inplenmented with circui try al ly. traﬁ'g‘ﬁﬁ3t(¥12h
position registration request containing the f the nobile .
station on entering a new cell, or provided W|t a manual sw tch that
triggers the circuitry to transnﬂ@uc% a request In Fig. 8A
controller 71 of each base stati pérfornms- programmed operati ons which
begin with a position regi st rBaseStatipn 4¢Eg.s1)80. The process 80 includes
deci sion step 801 which determnes if there is a p05|t|on reg| stration
request received either froma nobile station 4qr a ne| base
station. |f there |s one, cont r,o40 branu res—tf—step 80 .Ttoree the nobile
user's addre ont In 1ne rgcelontmbilereg stratgﬁb equest into the
position reg| %D "FEEW%X her(FigsS)- 1 Memory

Base Station 4 (Fig. 1) { START )
Vs 51 F
Are base station ID code, PSTN and mob:le-stat:on No |
' address codes received from paging station ?
.52 4 Yes
< Does received base station ID code match own base station ID code ? >NL
Vs 53 B YeS

Store received mobile user address code and .
own base station 1D code in mobile data memory

pa sl |
Broadcast alert signal

[55 i )
( Is off-hook signal received within specified-period ? >&-
56 Yes '

. Transmit PSTN user
address code to PSTN to establish
connection 15

{ stop )

FIG. 5a

57

Transmit data stored in mobile data memory
to position analyzer through PSTN at
periodic intesvals

Bdsé Station 4 (Fig. 1)

1
STOP



a base station.

originated froma nobile station,
termnation process 81 (Fig. 8B)

to decision step 803 to check to see if the request
a copy of the received nobile user address code t
stations via paths indicated at 61 and 62 in Fig.

nobi |l e or
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-10- enters the call term nation process 81, which is al so executed when
the decision at step 801 is negative. Pr i DHis $heet HasRzen Replagad  of t he '@?/
term nation process 81, it is appropriate tor to descri
operations perfornmed by the paging station 8 of : t he paging
station receives PSTN user and nobil e user address codes fromthe PSTN 1

(step 91), it broadcasts a call -sefym’% containi.ng a copy of the
recei ved PSTN and nobil e users' S (step 92), and then returns a

voi ced announcenent (step 93) from unce nit 0 urge the
PSTN cal ling station to go on hook Na ETE : ‘Oﬁé(éﬂs ri bed.
801 1 N
< Is position registration request received from mobile or from other base station ? >——°—-
- _802 Yes
Store received mobile station address code in registration memory
80 L 803. ' - \ Other base station
< From mobile or other base station 7 >
804 , Mobile
Transmit copy of received mobile user address code to neighboring base stations
\ : ("sTop )=

FIG.8B |
811 Base Station 4 (Fig. 6) i

f < Is call-setup signal received from paging station ? } No
_ 812 , Yes :

( Match between received mobile user code and stored mobile user code ? >—NP———

813 ¢ Ve '

Broadcast alert signal

814 4

< Is off-hook signal received within specifi ed time? X No
815 | Yes

Transmit copy of received PSTN user address code to PSTN

N
STOP )= — - 1

Paging Station 8
(Fi g‘ 6) FEGQ 9 (ETA_@

91 -
< Are PSTN user and mobile user address codes received ? >—— No
” 7z 92 f YeS

_ Broadcast ID's of all base stations
and received PSTN user and mobile user address codes

.93 T
Return announcement to PSTN user station




Referrlng to Fig. 8B, call term nation process 81 begins with deC|5|on step
811 which checks to see if a call-setup signal is received from pag N2
station 8. If the decision is affirmative at step 81 1, control branc % Dat
step 811 to step 812 to check to see if the received nobil e user address
code mat ches one of the address codes registered in he p05|t|on

regi stration nmenory 72. An alert signal is then broa ldoais e
station (step 813) and the reception of an off-hook sijf d (step
814). When the destination nobile station answers an i : a copy
of the PSTN user address code received fromthe paging statlon I'S
transmtted fromthe base station 4-i of that nobile station to the PSTN

t hrough channel 6-i (step 815). The operation of the enbodi ment of Fig.

6 proceeds in a nmanner as showrF' Fi 10. When nobile station 10 issues
a position registration EG.&

Base Station 4 (Fig. 6)

{ START )

821 |
F=0 oth
er
_ 82 No base
< Is position registration request received from mobile or from other base station ? >ﬂ1-
-, 823 Mobile
=1
824 ,
Store received mobile station address code in registration memory
. ,-825 ] . N
( Is call-setup signal received from paging station ? /LO
3 ' 826 § '
< Does received mabile user code match stored mabile user code 7 >N°—-
P 827 Yes No
C iy
| 88 | Yes
Transmit copy of stored position registration request to neighboring base stations
829
Broadcast alert signal
830 ¢ N
Q Is off-hook signal received within specified time? } o -
831  Yes
Transmit copy of received PSTN user address code to PSTN
1




request fromw thin zone 5-2, the request is accepted by base station 4 2,
which, in response, transmts a copy of the regu gi ng b
stations.4-1 and 4-3 where the received copy e@’ s eetﬁ d%&! ia&r espect ‘#@ Nz
menory. Wien PSTN user station 2 originates a cm tatlon 10 and
connection 11 is established, the paging statio a call- setup
signal containing the ID codes of all base stations and a copy of the

recei ved PSTN and nobil e usersmaddress codes (see also step 92, Fig. 9),
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- 11 - while urging the calling party to clear the connection 11. The
“call-setup signal is received by all base stations. Since the addr Reg3 EAde
of the nobile station 10 is stored only in bas€.stations 4-1 -4-3, these
stations respond to the call-setup signal by broadcasting alert signals as

indicated in Fig. 10. Mbile station 10 answers this calthis ngi ng an
of f-hook signal, which is recei vﬂ@ ﬁge station 4-2 whii o ¢ he
PSTN user address code to establi 0 ction 15. Fi é ﬂ
nodi fied version of the positi g§3r§%b§y’rsq§_ign and call t
processes. According to this m RS e position
START
(}s position regisgration request received from mobile station?  )———

122 Yes

Transmit copy of received mobile user address code
and own base station ID to PSTN to access position
registration memory 110

\ :
To call completion process 81 (Fig. 88)

FG. 13

Paging Station 4 (Fig. 11)

 ( START )
< Is position regisgration request received via channel 113 2 >———
32 g Yes

*Store received mobile address code and
- 1D code of requesting base station
into registration memory 110

. 133 .
’ ¥ .

< Are PSTN user and mobile user address codes received via channel 97 >Ni'
134 Yes

~ Does recieved mobile user address code match \ No
address code stored in memory 1107 /

135 { Yes
Select correspoonding base station ID code from memory 110 -
_ 136
Yl

Broadcast selected fD code §and ID codes of neighboring base stations)
and copy of received PSTN user and mobile user address codes

137 13
Return announcement to PSTN

STOP



regi stration request froma nobile station is st@'mesheétrl{aaB&ﬁla LAt i on that

transmts a copy of this request at the tine it r setup
signal fromthe paging station, rather than at th l’guﬂa ves tlﬁ'é483(9ﬂ2)
request fromthe mobi | e station. The program execufl :
initialization.step-823i-whi-ch-initializes a flag F to 0. Exit t hen is to

deci si on step/822 to check to-see-if.a-pasitiqo_registration request T3
received fronja nobile station or from a nei gighoring base station. '1F‘the\
request is rmﬁ recei ved, {control return§7to S 821, and if it is recethd
froma nDblla station, canroI branches t@. 1&?‘23 to sgf the flag to j.:
Fol | owi ng step 823 or injr&4ponse to a deti si "siep ~tAdi Cat.j ng vhgt
a request |s-rece|ved frdna nelghborlng base statloh coptrol branches to
step 824 to store t he redet'ed request,lntg‘th Q§S|thon'regﬂstrat|ow
menory 72. Vhen each of bhg base statijons g ii a cpIP sel. si gnal

t he pagi ng
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station 8 (step 825), it exam nes the content srhngh@ehﬁaS%LAReEg&up signal to

determ ne whether it contains the same nobile u e as tNEas3(10/12)
stored in the position registration nenory 72 (Eﬂg |
affirmati ve, control branches to step 827 to ch

he answer is
lag F is set

to 1. . If F =0, control recognizes that the position registration request

has been received dir Et fﬁf the nobile station, it proceeds to step 828

to transnmt a copy of G°s ged pomq egi sthBXt i4dn(Figpddest to

nei ghbori ng base stations over chanke

and &2, tor exanple, and

proceeds to 151 N
" . . A 0
< Is position regisgration request received from receiver 143 ?3——
152 4 Yes
Store received mobile station address code in registration memory 142
153 ¥

Are BS ID codes, PSTN user andmobile '\ No
user address codes received from receiver 143 2 [

154 | Yes

C Does BS ID codes of PBX match received ID codes ? } No -

- 155 | Yes

< Does received mobile address code match stored mobife address code ? 3—'112—-
' 156 | Yes

Store PSTN user and mobile user address codes in address memory 144

157 1

Transmit alert signals to aff base stations within premises 140

| A% ] N

< Is off-hook signal received from a base station within specified period ? >—3—_*

| 159§ Yes
Read PSTN user address code from address memory 144 and send it to PSTN

f
( sTopr )

(i) BaseStation 4 (Fig. 14)

Is alert signal received from PBX ? fL —

- - _ 162} Yes N

< Is off-hook signal received from a mobile station within specified period ? >———°—
63§ Yoo

Transmit off-hook signal to PBX

-

¥

- (stoP )



-12 - step'829 to broadcast an alert signal. If the test at step 827

results in a negative decision, control recogni h Bm est tﬂ@-§83(1mz)
been received froma neighboring station, it exe . Wien an- "
of f-hook signal is returned froma nobile statio R cified period
(step 830), the base station dial %E@eaiecei ved PSTN user address

t

LA

code (step 831) to the PQTN to caus stablish a connection 15.
A third ?nﬁ)di nent o heg present invention is shown in Fig. 11 in which

mobi | ' sf posi PPN r egi siration is effected by the use of a y&Biseatation 4
rd ' . = or PBX 141
87 Y170
I Connection
‘\‘ . /1 72 Uni‘t ‘/
175~ ~ 7 |
! To Paging Station 8
174 i (.r
RV I s |
N i :
\_ / | _ AR
2 Controller Memory
=] L | ]

' I /1 72

175 —] 4*_%_%_' r HG. 172

1 -
174 —{ : > 2
\ X )
- FIG. 18 (starr ) Connection Unit 170 .
<_ PSTN user and mobile user address codes recéived from termirial 174 ? >—°—-'
Yes
182 )
< PSTN user and mobile user address codes received from terminal 175 ? }—Nl
: . 183 } Yes v
< Match between codes from base station (PBX) and stored codes ?}——es—-
184 No '
7 . 1

Establish connection 177 and clear down connection 179

( STOP )=

| Base Station 4 or PB;
FEG" ‘Eg From step 815 (Fig. 8B) 258 Htation 3 or PEX 14]

190

Transmit PSTN user and mobile user address codes to PSTN to access
connection unit 170 to establish connections 177,178

STOP



)

pos-i tion registration nmenory.-110 |l ocated in the pagi_ng—stat i on 8.

Menor
*110 is connected to a controller 111 through wHiig  Be a i_sNE'43_3(‘¥’_m
received and stored in nmenory 1 10. Controller, I nected to - -
transceiver 112 which broadcasts the call-setu base

stations in response to receipt of a PSTN yser address code and a nobile

user address code fromthe PSTN vi aﬁ@n 9 in the same manner as
descri bed above. Controller 111 is TUrthér connected to the PSTN through a

channel 113 to yeceipe a position registration request fro eafh of the
base statiog catfed wi t hi n,the.servi he pagi ng ation 8.

As shown i NAm .2 _pPOSi t?%cégg?@pﬁge%ﬁ?%@ébﬁ%{kﬂat ed byfa request
transmtted om a nmobi e s ion on entering a given base station zone. On

a

- 0 .l oy ke s s o it o s . T . o e ot .
—— -
- . e

4 4

{ P Y
= ) P 4 i
% /A L i
! ' L ' L . Stati "
i i High-Pow: b High-Power Base Station :
i Bfégigggg? Transceiver E E Transcelver Equipment ;
e —- | ) 3 5
bl 221 % paesttion 2031 ; o 203-2 gase Station 022 ¢}
! H 1 i 1
% L s
H H : [} : :
E # P :
i i P : :
H 1 ¥
5 ' P ; i
i 205 . _ :
i —— A e R ':
‘~~___________-_________._______-________::<1’ ________ _‘_____-_____. _____________ _—,",
‘ - HG 22 START Base Station
START ) Mobile Station o C;D
FG. 21 (D) waesaon P00 L
| A1 —————\ No 65 zone-switching signal received 7 >—J
( Low field intensity 2~ — ' 172 | Yes
212 Ve Switch incoming signal
Search for high intensity signal and identify the from PSTN to high-power
base station transmitting the high-intensity signal transceiver and send channel iD
213 223 y
Transmit zone-switching signal ks channel ID received from Na
(containingbnew channél ID and high-power transceiver ?
new base station ID) o Ve
214 % 5 Estal gh €hannel to
Switch to new channel b EBEENTY |mobile station




.copy:,of this request to the paging station 8,

request
The posii
addr ess

stati on
Fig. 1 3] RAeingldi:meeesit-at-i srpagedi.t.ar$ t fe_ chafn¥l “2&:18t o chrgel s aosgeciif~a
pOSi ti 4@ Aayiradtr at:ipagedr.aguestaged.. T.ecki ved. | f {i t is, control branches to
132410 Gt @prHibe address code pf the request; ng; rrglp:@mpﬁt__gqsyg_r_l___and

step 1

d?fé”&‘“"f’hé’“g‘e'questq rrgedrobil.¢ stationia
Bl (P heri Preed- gt epaged L2cofpl et i on pri

1ostso-q Yooy

—t-Re-—-access f channel %w.} ERENG ¢HEBRS 125G -
ést StHSni t t 8 frofn each ba e@fat‘ FEHOR bR RS- theaged .

HES) D eptteddt. ohpagedsie.
agavigals) Fpagedgh)to paged |t

the | D code of tThe pase statiomecontai ned in

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

The present invention relates generally to mobile 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 cellular 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 liheﬁ, 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 telephone number of the
calling party and call back the network user by dialling the paged
number. However, a number of disadvantages are apparent; the mobile

ThlS is the reptacament sheet
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=13 -..

in which it checks to see if a PSTN user
address code are received fromthe PSTN via channel 9. If

110. Foll ow ng the execution of step 132 or negative decision of

step 131, control enters a call receiving node which begi w.th ste 33
addr ess code anJId“’HSEhﬁmee cec
| !

affirmati ve, control branches at step 13 to step 134 to

the received nobil e user address code nafches an address code stored in the
position registration nmenmory 110, control exits to step 135 to select a

user needs to call back the network user, and the necessity to combine
the telephone and paging functions resuits in an unnecessary cost and a

bulky design.

It is therefore an object of the present invention to_provide a 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 comprises a plurality of base stations located in respective cells.

Each base station is connected to a public switched telephone network
(PSTN). 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 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 usér address 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 ir-xduding 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

. This is the replacement sheet
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correspondi ng base station identifier code fromthe menory, and proceeds to
step 136 to broadcast the selected base station ID code (or together with

t he base station | D codes of neighboring stations) and %dkmt de
recei ved PSTN user and nobil e user address codes, which ' he
notification of an on-hook announcenent to the PSTN .use

137). If nobile station 1 0 sends a position registration request on
entering service zone 5-2, the request.Bs transmtted through channel 6.2

to the PSTN where a connection 134 is established between channels 6-1 and
Lstration nmenory 110. STN user

Station 2 GPAUER SERLAFPT 8 bash Laa hticomeL TreroRGreledts e o8 the Basea
R i S TR
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 local 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 PST N user
address code and a mobile user address code when a PSTN user places
a call to a mobile user and broadcastiﬁg the received PSTN user and
mobile user address codes over an area covertng the premises and at
least one cell. A receiver is provsded for receiving the call-setup s;gna!
from the central statnon and transmlttmg that signal to the local switching

7 system. The local switching system receives the call-setup signal from
5. 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 accompanying drawings, in which:
Fig. Tisa schematic block diagram of a first embodiment of the
present invention, and Fig. 1a is an illustration showing details of zone 5-2
of Fig. 1; J
Fig. 2 is a block diagram of the paging statxop of Fig. 1 ] mo ‘epia cement sheel

Thls i
-7 NUV.\Q%
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menory 110 and broadcasts a call-setup signal containing the retrieved ID
code and the received PSTN user and nobil e 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 nobile station 1Q contained in the
call -setup signal. On hearing the annouricenent, the user at station 2

repl aces the handset, while the base stq%ion 4-2 dials the address code of
the PSTN user station 2 to establish a cbonnection 116 from PSTN station 2
to nmobile station 10 t hrough channel 6-2. A fourth enbodi nent of this

i nvention, showig.i3 iFagﬂoWzébaﬂt&if&iﬁati@nﬁek@@ﬁbdt by ehkatentrellevwok thecl udi ng
a PBX (private, branch exchange) 141
paging station of Flg.% ;
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 each 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 b‘ase station
of Fig. 14 located in the premises of the PBX;
) Fig. 17 Is a block diaéram 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
' This is the replacement sheet
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-14 -, located in a custonmer prem ses 140 in which base stations 4'-1
-4'-3 are provided to cover zones 5-1-5-3, respectively. Comrunication
between the PSTN 1 and the PBX 141 proceeds through comuni cation. channel s
148 A position registration nenory 142 is provided for storing nobile's
position data. A radio receiver 143 is connected to the PBX to establish a

-5.

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
.ihvention;

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.

Referring 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) T 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 2 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 ca’n-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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channel to the paging station 8. Receiver 143 is al so adapted to receive a
position registration signal froma nobile station 1 Oa on entering the
prem ses 140. An address nenory 143 is provided to store PSTN user and
nobi | e user address codes in response to an incomng call fromthé paging
station_8. In Fig. 15, when a positgon registration request is sent
fromnobile station 1 Oa on entering theYCustoner prem ses 140 fromthe
outside, it is received by receiver 143, and sent to the PBX 141 (step

151). The REfigueObafdstationcidenbifiep (i) &iwiection 145 and store .the nobile

user address code contained in the received request into position

regi strati on mAsdiysttated(iatfég. 25t e pagingsiatipn 8ds prexddedonithfast ep 152 or

begins i t FEQHEREEA0 WER:WBIh FAdRddasteles a4 male Bostiar merdaies. s

PSTN 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 fn 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
telephdne number) and a destination address code (the called mobile
telephone number) are transmitted from the PSTN to the paging station 8
through line 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 position memory 22 and
searches for one or more base stations which have been preselected as a

‘ likely 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-replacé the handset to allow the system to reestabli;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 corrtaining the
ID codes of the preselected base stations as well as a copy of the
received address codes of bo}h PSTN and mobile users, with control
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user address code and a nobile user address code are received fromthe
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 nobile user address
code mat ches an address code stored in“?ﬁe position registration nmenory
142. |If the answer is again affirmative, control proceeds to step 156 to

store bot haghvahbing ﬁ;gi@{ﬁgs%ﬂbﬁﬁ%yéﬁcds&g bh%é@i'llesﬁ“tugﬁgﬁglf ;fridhon gt ep

157 is then execufed by transmtti alert signals to a
4' -1[err] 4" - 3.Therefaref drohien®STM iuset ¥ place g.callato afmebdk statienstGit i on

recel ves A el Rh3nl 25! 4 25nheid 1 1( &' Shadithdd Wit BRI 303 COPY
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 i:ig. 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 mobile user's address
code is_stored into the mobile data memory 42 (step 53). Céntrol now
proceeds to step 54 to 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 conng_ction 13 (Fig. 1a) by sending an off-hook
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nobil e station 10b is located in zone 5-2, an off-hook signal wll be
returned to the base station 4'-2 fromthat nobile station within.a
specified tine (step 162), and the off-hook signal is relayed by the base

signal to the base station 4-2 via aﬁ upstream connection 14. At the base
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 1D 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 pokition 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 position 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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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 froma base station within a specified tinme. If the decision is
affirmative, control branches to step 159 to read a PSTN user address code

corresponding to the nobile station retgrni ng the off-hook signal and
transmt it to the PSTN. It will bée”seen that, when a call is placed
from PSTN user station 2 to nobile station 10b |ocated in zone 5-2

fol l owi ng the zoaegiist whidtoit isfcurfentiydbchRdSam@hki dandkls (RGEL on 146 is
establ i shed through the PSTN to the paging station 8 and the address codes

of both cal | i igNeemmiadiraantaf the smabile pesitipadregystrationpisgshawndnr Bgeibyer
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I'n responseontain base station ID codes 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 mobile 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 position 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 entering a new cell, or provided with a 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. 8B). Otherwise, it skips step 804 and
Thus 13 the replacement sheet
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,to the incomng call, sends alert signals on respective channels to all
base stations 4'-1 -4'-3. Al base stations broadcast the alert signal to
urge the nobile station 10b to answer the call. Wen -user station 10b
answers the call, base station 4'-2 transmts an off-hook signal to the
PBX, which, in response, reads the PSTNqiser- address code from menoy 144
and establishes a connection 147 to channel 148 and transmt the PSTN user
code to the PSTN to establish a connection 149 to the calling party. The
enbodi nent entersithe call tesmimation @Wrocess 8is evhicH iaralse pixecatéd vehamehe nobil e

users are q\zgr.k,i ng or trﬁéel,l I ng i,n an urder ground space. In the
previ ous BTNk SeP B! daPEPAYVPSTN user nust repl ace the handset if the

Comn 1 et aBTALABURR SEie P4 rABbuBONIOLES o1, R SibRe
unit 170 it pefevitdeRigas whdescriie bipgratiohs géifsrpedrisy therpading 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 th_en returns a voiced announcement (step 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 the 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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includes a controller 171, a switching circuit 1 72 a.nd a menory 1 73.
- 16- Switching circuit 172 has inlet term nal.s connected to |ine
termnals 1 74 and 175 of the PSTN and an outlet term nal connected to

line 9. ‘
-11-

while urging the calling 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 signais 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 position registration and call
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 call-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 signal 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 request to neighboring
base stations over channels 61, and 62, for example, and proceeds to
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Controller 171 is also connected to the line termnals -174, 175 to ‘receive

calls fromthe PSTN. Switching circuit 172 is normally_e ssabl :

connection 179 between terninal 174 and line 9 to al | oS from

the PSTN to be directly passed to the paging station 8. rat ed
r

in Fig. 18, the controller 171 is programred:-to execute ough
184. Controller 171 constantly nonitors e si gnal s passi ng through t he
connection 179 and detects and stores PSTN user address codes and

correspondi SepiBRSIte Broaticair aert SigRaI. Aff thd!1at A step! 8187 FBAIH 2174 TntO

the menory 173 (step 181). Wien a rifging connection'is established
t hr ough thenpggtmg camdm,ncontr@l desogmaes thatbtirerequiestifos, beenyrieceived st eps

Corm nal 17807 SREBEbATS SBieEt Péﬁéfm%?%«_ean‘iﬂg‘ﬁd “Wikdtham @EHARK cal | i ng
PSTN user aggngfps Féiﬁ%éi‘?f&rﬁea ﬁ‘?éﬁn?edstﬁﬂgn \Githfifh 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.
Memory 110 is connected to a controller 111 through which position
data is received and stored in memory 110. Controller 111 s 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 through a channel 113 to receive a position registration request
from eac_h 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 copy of this request to the paging station 8 by sending the
access number of channel 9 to the PSTN (siep 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 monitors the channel 113 to check to
see if 2 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 contain'ed in the request into the memory
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,address code as indicated by step 190 in Fig. 19. These code signals are
received by the controller 171 (step 182), whereupon it nmakes a search

t hrough the nmenory 173 for correspondi ng address codes stored therein. If
a coincidence is detected (step 183), controller 171 directs the

switching circuit 172 to establish a connection 177 between |ine termnals
175 and 174 and clears the connection 178 - Therefor, the call from PSTN
user 2 to a mobile station either located in a base station 4 or in the PBX

174 and"the ! RarNBHngiie, BRI 3r R L3 ¢ mRoiva eReianeet SERe are-
deat nat i on babes arey anesd B8l NG mkng, pich beGiRIMAMER AR, © T
est abl i sh awloemét checks1Bsemif a PSTN usdreadcmness code andeambiledasert o t he
controlfer %dérlests %ob e grréelgekcee?vevg %r%ng Qgg %ng}\lot?addilgngeélng.r ylf %1'712 'anzbv%r 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 select a
corresponding base station identifier code from the memory, and
proceeds to step 136 to broadcast the selected base station 1D code (or
togethe;' 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 enteririg
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 a 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 miobile station 10 thréugh 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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,resul tant coi nci dence causes connection 177 to be established and
connection 179 to be cleared down, thus establishing a path from PSTN:
-17- user station 2 through connections 176, 177 and 178 to a nobile

station.
-14 -

located in a customer premises 140 in which base stations 4'-1 ~.4'—3 are
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 registration memory 142 is provided for storing mobile’s
- position data. A radio receiver 143 is conriected to the PBX to establish a
channel to the paging station 8. Receiver 143 is also adapted to recéfve a
position registration signél from a mobile station 10a 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 10a 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 thg execution of step 152 or hegative
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 codes, a PSTN
user address code and a mobile user address code are rec'eived 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 proceeds to step
156 16 Store both of the received address codes into the address
memory 144. Step 157 is then executed by transmitting alert signals 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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Dependi ng on the anpbunt of traffic to be carried through the paging station
8, the switching circuit 172 may conprise an array of cross-points as -
indicated in Fig. 1 7a to established multiple switched connections
connected to corresponding line termnals of the PSTN. If the controller
171 sequentially establishes a path 177 in the nulti-contact swtch 172 and
knows which path 179 is used to transmilg.a call-setup signal to the paging
station 8, then the nmenmory 173 coul d be dispensed with. There is often

2, 1oe0 ¢ O AR 1A BYSHRY Y Sn B DR e RS T
Jpieal e Kome sk Reas! SRR Wi A0 00 2
i ncl udes aspweecsmnemepqmsamd 2RE ofPhO6K tsigind10is tratayTT by ItHehbaswh |1 ne
204 and a hl gon 4 2 to E‘.he 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 withina
specified time. If the decision is afﬁrn;ative, 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.
ft 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 position, a connection 146 i_s established through the PSTN to
the paging station 8 and the address codes of 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 response,
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 musf replace the
handset if the commofn channel signalling 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.

_ This is the repiacement sheet

Date: -1 NGV 1995"



transcei ver 203 which receives signals fromline 204 and establishes -a
channel with the high-power transceiver 203 of - an adj acent base station.
Not e that the paging station 8 of the previous enbodi nents is not. provided.
Conmuni cati on between a PSTN user station 2 and a nobile user station 205

i n hone zone 201-1 proceeds through a connection 206 established in the
PSTN and through Iine 204-1 to base stak@ on equi pnent 202-1. Using a
digital TDVA (tinme-division nmultiple access) technique, nobile station 205

| s _per | odl SAching @i gt 12 hag idibeldminAR RehhcRld tdfinit@ndindis amg he home

base station at e site o e nobile station. wn in Fig. 21, if the

field inteasdtly/Sof the PSiTNaod arheuttebtdrmisalatorme?ed todieds bel ow a
Stat ron (sCOpURHEy K lejSe wBNaaRwAel it (e hermipaBSTRAddD f0 receme o
calls from the PSTN. Switching circuit 172 is normally establishing a.

connection 179 between terminal 174 and line 9 to dliow incoming calils
. from the PSTN to be directly passed to the paging station 8.

As illustrated in Fig. 18, 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, completing steps 811 to 814 of Fig. 88, 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 user
address code as indicated by stép 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 (step 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 line terminal 175
to establish a connection 178 and return the same user address codes to
the controller 171 to be checked with those stored in memor.y 173. The -
resultant coincidence causes connection 177 to be established and

connection 179 to be cleared down, thus establishing a path from PSTN
This is the replacement sheet
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2, 1t, searches through avail abl e speech channel identifiers indicated by a
control channel and sel ects one of the channel s having highest-i-ntensity:
identification signals which indicate the channel nunbers and the base

-18-
-17-

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 line terminals of the PSTN. If the controller
171 sequentially establishes a path 177 in the multi-contact switch 172
and knows which path 1 79 is used to transmit a call-setup signal to the
paging station 8, then the memory 173 could be dispensed with.

There is often a need to move across the boundary 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 sysﬁem 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
ci'-\annel with the high-power transceiver 203 of an adjacent base station.
Note that the paging 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 equipment
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 below 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 availablé 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

This is the replacement shest
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station transmtting these signals (step 212). The nobile station 205 then
transmts back to the hone base station 200-1 a zone-sw tching signal
(contai ning new channel 1D and the I D of base station 200-2) through the

control channel, indicating that it is now | eaving the hone zone and
entering the base station 200-2 (step 213), and sw tches to the new
channel (step 214). Meanwhi | e, each W8ase station is constantly

noni toring the control channel. \Wen the zone-switching signal is detected
by b ta 221, .F tches, th f th

PETN To hi gieCRg RenemiTioE e sendh (£ 212nathe %ﬁém%éf' T B therer
recei ved Trgghiis"BRH & iﬁétH&ﬂe(ﬁésﬁF%tgt?@a 20@‘? aSkQH Agm tted

to the high- power transceiver 203-2 where I S coup \d\q?mﬁﬁ g"gase
station equiqomtainiaghev cBaaaelstmtaminthed(D pﬁbate 2&2:0’21 200-2letladiugptive

st gnal 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 fmnsceiver 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, connectlon is automatically reestablished through high-

power transcetvers 203-1 and 203-2.
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from hj gh- power transceiver 203-2 (step 223) establ i shes a channel
identified by the received signal to the entering nobile_station (step -
224). In this way, connection is automatically reestabli shed t hr ough h| gh-

power transceivers 203-1 and 203- 2. This Sheet Has Been R
[l lIII fill”
-19 - . ‘

CLAIMS

1. A personal mobile communications systemn 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 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 plurality of cells; |

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 dijaling 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 (1 _5; 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
}egistratiqn 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

stored mobile user address code.
This is the replacement sheet
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CLAI MVE5:

1. A personal nobile conmunications systemfor servicing

a plurality of cells, conprising: a nobile station-for transmtting
a position registration request containing a nobile wuser address code

i dentifying the nobile station; a plurality of ba¥¥s ' n R ed
respectively in said cells and connected to a ' l ”m”'”m

3. A personal mobile comfunicitions 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 memo_ril
(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 2 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 addreéss 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 3
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 perscnal mobile cammmnications system as claimed in anyone of claims | t© 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 station and transmitting the received

AR A0 A
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public switched tel ephone network (PSTN), each base station including nmeans
for receiving the position registration request from said nobile station

and transmtting a base registration request conta the nobi | e user
address code of the position registration request lacah
identifier identifying the base station via a cormu and
a central station connected to said PSTN and i ncl udi
-21-
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: pésition
- 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 commqriications 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). i !

7. A personal mobile communications system compnjising:'

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 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 (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 (1 :13) 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 systern rncludmg means (153, 157-159) for
e . This ia the rgplacement sheet
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menory,; means for receiving the base regi stration request from'each

base station via said conmunication path, and storin é}lget%&g ﬁi
blle

address code and the base station identifier of the

request into said nenory; and means for receivin

first call-set-up signal containing a PSTN user addre

user address code, and in response, brogagcasting a call- setup S|gnal
containing a said base station identifier stored in said nenory, a said

mobi I e 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 respéctive cells
(140, 5-4), each of said base statiéns 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 (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 a 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 p'é'sition registration memory (142), and receiving and

g

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 prem:ses (140) when there is a match between

This is the replacement sheet
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user address code stored in said nenory and the PSTN user address code of

the call- setup signal fromthe PSTNin an area COVG{«ﬂ,{g, ﬁ%s%e@xl f%édty of
said cells if there is a mtch between the nobile usep of the
call-setup signal fromthe PSTN and a nobil e user add maﬂgﬂ din

said nmenory, each of said_ base stations includin e|ving
t he broadcast call-setup signal which-gontains the identifier of the base
station, and alerting a said nobile statlon

the mobile user address code stored in said address memory (1 44) and
the position registration request stored in said position registration
memory (142), and dialiné the PSTN user address code stored in the
address memory (144) to said PSTN when a mobile station (10b)
identified by the mobile user address code stored in the address
memory (144) goes off hook so that a connection (147~149) is
established in the PSTN between the PSTN user and the mobile user.

9. A personal mobile communications system as claimed in claim 1,
2, 3,4, 5 or 6, further comprising:

switching means (170) for establishing a first connection (179)
between the PSTN and said central station (8) for coupling the call-setup
signal from the PSTN to the central station and establishing a second
connection (177, 178, 179) between one of said base stations (4-2) and
said PSTN user station (2), instead of said first connection, in response to a
dialing signal from said one base station (4-2) when the i;ST N user
address code is dialled. .

10. A personal mobile communications system as claimed in
claim 7 or 8, further comprising:

switching means (170) for establishing a first connection (179)
between the PSTN and said central station (8) for coupling the call-setup
signal from the PSTN to the central station and establishing a second
connection (177, 178, 179) between said local switching system (141)
and said PSTN user station (2), instead of said first connection, in response
to a dialing signal from said local switching system when the PSTN user
address code is dialled.

} 11. A personal mobile communications system as claimed in any
‘one of claims 1 through 19, wherein said. central station is a paging station
(8) for broadcasting paging signals for alerting radio pagers located in

This is the répiacament shest
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and transnmitting the PSTN user address code of the call-setup signal to the
PSTN when the alerted nobile station returns a response signal.
- 20- This Sheet Has Been Rei

U

- D4 :

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 néetwork (17) of said
PSTN. '

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

a plurality 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;

eaci:: of said base stations (200-1, 200-2) receiving a signal from a
mobile st:ation indicating that the mobile station is crossing a boundary
between said base stations during a conversation 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.

. , ,!m!, m,lj "'H" "l‘sl " ’!ll . " This is the replacement shez-at
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2. A personal nobile comunications systens as clained in claiml,
wherein each of said base stations includes neans for establishing said
comuni cation path through said PSTN. 3. - A personal nohile
comuni cations systemas clainmed in claim1, wherein- said call-setup
signal transmtted fromthe central station additionally contains the base
station identifiers of said neighbori'n base stations in the nei ghborhood

of said one base station.
"Personal Mobile Communications System Having Central Station for

Paging Mobile Users Via Base Stations”
ABSTRACT

A personal mobile communications system comprises base stations
(4-1~4-4) located in respéctive zones and a paging station (8) covering
an area including the zones, or cells (5-1~5-4). The paging station and
all base stations are connected to a public switched telephone network
(PSTN). When a call is originated from a PSTN user (2) to a mobile user
(10), the paging station receives a call-setup request from the PSTN
containing the address codes of both PSTN and mobile users, and
broadcasts the call-setup signal over the covered cells. One or more
base stations (4-1~4-3) receive the call-setup signal and, in response,
broadcast an alert signal. One of the base stations (4-2) receives an off-
hook signal from the alerted mobile station (10) and dials the PSTN user
address code contained in the call-sétup signal to the PSTN to establish a
connection (15; 147~149; 176~178) between the calling and called
parties (2, 10).

(Fig.1
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4.  A-personal nobile communications systemas clained in claim1 or 3,
further conprising: switching neans for establishing a first
connection between the PSTN and said central station for coupling the
call-setup signal fromthe PSTN to the central station and . establishing a
second connection between one of said bﬁéﬁ stations and said PSTN user,

I nstead of said first connection, for t smtting the PSTN user address

code of said cal _I -
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setup signal to the PSTN. _ T
to said central station via said PSTN,

To Antenna

equest and a base station identifier

2/12

FG. 2
Y
~—=1 Transceiver ﬁ———} 20

2 Controller

L/
Mobile Position Memory 1

[ 23
b

A

Announcement Unit

From PSTN 1 '7
—t ]
(Option)

Pasition
Analyzer

' 8\

Al

FG.3

QAre PSTN and mobile station address codes received '.')—Ni-

- 32 1 Yes N
: ( Are there preselected base stations for mobile station?)-i_
- 33 Yo
Broadcast identifier (ID) codes of selected base stations

_and received PSTN user and mobile user address codes

34

Broadcast identifier (ID) codes of all base stations e
- and received PSTN user and mobile user address codes

_35

Return annou

ncement to PSTN user station

4
STOP
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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 conprises a position registration nenory (110), and
control neans (131, 132, 135, 136) for receiving and storing the position
regi stration request fromthe base stations into said position registration
menory (110), selecting one of said base stations (4-2) identified by the
base station identifier stored in said position registration nmenory (110),
and broadcasting said call-setup sggpal additionally containing.said base
station identifier. 6. A personal nobile conmunications system as
clainmed in claim5, wherein said call-setup S|gnal transmtted fromthe

central station (8)
FIG. 4

4
_ £ Mobile
To Antenna-<—s{  Transceiver C&?;"’S")er !lalata
. - emory

FIG. S
¥ (starT)
51 §

Are base station ID code, PSTN and mobile-station No
address codes received from paging station ?

52 y Yes
< Does received base station ID code match own base station ID code ? >NL

Store received mobile user address code and o !
own base station ID code in mobile data memory N

54 3
Broadcast alert signal

55§
< Is off-hook signal received within specified period ? >—NL

. 56 Yes

Transmit PSTN user
address code to PSTN to establish -
connection T5

STOP

) FIG. 5a

\
57

Transmit data stored in mobile data memory
to position analyzer through PSTN at.
periodic intervals
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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 nobile conmuni cati ons system conpri sing: - a local swtching
system (141) located in a prenmises (140) and connected to a public swtched
t el ephone network (PSTN); a pl urali,gg of base stations (4'-1 -4'-3,
4-4) |ocated in respective cells (140, 5-4), each of said base stations

being located in said prem ses and connected to said | ocal swtchi Tg—s—ys—t—;am
(141); a central starpon (8} connected to said PSTN (1) for re¢eiw ngfa

Q address code fromthe PH

PSTN user é%b
to a\nobil e user and broadcasting t\]&_%fgg
<+ 8 &2
- o, s
)
T
¥
v
m : ~ <
iy | 1
N B
g
P~ ~
< e T3
O~ u ¥
ny
Bdn =
R[2
3]
N
8
-
<
=
=
2
=
\ <
¥ o
! —
E =
i =5
1 =228
t o
i =5 Yy
:
1 - %’
: < 8. S5
1 e = ?ﬁ't—) -
- l' " ‘cad:”o —g
' ——t - = R - o
¥ 4 o -t P=
; = £ E
¢t v - o
. v : g %
o 2|l & 5 = = /
- ':4" -8 L 2@"3"? . ‘
o~ — L et % o ™G
2| O =
- | &= 8
5] Bl =
18 : o N
'§ .8 = ©
@ z 22 g 1V
=4 QA< —
e (=]
2 3
\_ Y, ©
' o
. @S
E53 '

This is the repiacement sheet

Date: ~ 7 NOV 'qgﬁ



recei ved PSTN user and nobil e user address codes over an area (3) covering
said prem ses (140) and at |east one cell (5-4); recei ver neans (143)
for receiving said call-setup signal fromsaid central station (8) and
transmtting the received call-setup signal to said |ocal switching system
(141), said | ocal sw tching syster’g/'ﬁncl udi ng neans (153, 157-159) for

FIG. 8A

? START 4
801 /

- - . . No
< Is position registration request received from mobile or from other base station ? >—-

802 ¢ Ve
Store received mobile station address code in registration memory

803 ! .
: £ Other base station
80 < From mobile or other base station D—

804 4 Mobile
Transmit copy of received mobile user address code to neighboring base stations

S : ( STOP )=

FiG. 8B
~ 4

, - 811 No
( Is call-setup signal received from paging station ? /\
812 ¢ Yes
QMatch between received mobile user code and stored mobile user code 7)-L—
81- 813 ¢ Yes .
Broadcast alert signal
814 |
< Is off-hook signal received within speuf‘ ied time? > 7\ Mo
815 4 Yes
Transmit copy of received PSTN user address code to PSTN |
. _
STOP ’
®y FAG.9 D
N 2
< Are PSTN user and mob1e user address codes received ? >— No
~ .92 3 Yes

. Broadcast ID's of all base stations
and received PSTN user and mobile user address codes

B 4 | i
Return announcement to PSTN user station

STOP
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-.,22 - _ receiving the call-setup signal fromsaid receiver neans (143) and,
in response, transmtting an alert signal to the base stations (4'-1 -4"- 3)
| ocated in said prenises (140) and dialing the PSTN user address code
contained in the received call-setup signal to said PSTN when a nobile
station (10b) identified by the nobile user address code contained in said
call-setup signal goes off hook so that a connection (147-149) is

establi shed in the PSTN between the Psggigser and the nobile user. 8.
A personal nobile conmunications syste npri si ng:

FIG. 8C
( 4

START
821 ¢
F=0 '
Other
822 No ?tast?
< Is position registration request received from mobile or from other base statio@—aﬂ‘
P 823 ¢ Mobile
F=1
824 ,
Store received mobile station address code in registration memory
(825 | No
( Is call-setup signal received from paging station ? J\
' c86 1 - No
< Does received mobile user code match stored mebile user code ? >————
827 | Yes "
C ity
| 828 | Yes
Transmit copy of stored position registration request o neighboring base stations
89 |
Broadcast alert signal
830 | N
( Is off-hoak signal received within specified time? 1 S -
831 Y
_ Transmit copy of received PSTN user address code to PSTN
§
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a local. switching system (141) located in a prem ses (140) and connected to
a public switched tel ephone network (PSTN); a plurality of base
stations (4'-1-4'-3, 4-4) located in respective cells (140, 5-4), each of
sai d base stations being |ocated in said prem ses and connected to said

| ocal switching system (141); a central station (8) connected to said
PSTN (1) for receiving a PSTN user address code and a nobile user address
code fromthe PSTN (1) when a PSTN user places a call to a nobile user and
broadcasting the received PSTN user anﬁl bil e user address codes over an
area (3) covering said prem ses (140) and at |east one cell (5-4);

receiver means (143) for receiving a position registration request froma
nobil e station, said position registration request including a nobile user
address code identifying the nobile station, and receiving said call-setup

e
—

v
L4
vy
hi
o~ exs Q“’D
=10
>
- ]
=
N N ) 4
> & 3
S 3 o]
& =
= &
= S
. y
q 1
15
o
il po
b
t 1
'
ol
—
-1
H
! '
o
O
T~
+
1
1
¥
:
- > o s " ¥
N ;!
- ! v
— -
- 4 :

\ Public Switched Telephone Network /

-

Date: = 7 MOV 1996

fis is the replacement ahe!



signal, fromsaid central station (8) and transmtting the received position
regi stration request and call-setup signal to said | ocal switching system
(141), said |l ocal switching systemincluding neans (151[err] 153,
157-159) for receiving and storing the position registration request from
said receiver nmeans (143) into. a position registration nenory (142), and
receiving and storing the call-setup signal fromsaid receiver neans (143)
into an address nenory (144), transnittin@“&n alert signal to the base
stations (4'-1 -4'-3) located in said prem ses (140) when there is a nmatch

Peteen FIG. 12

{ 4
START
A2l No
Q position regisgration request received from mobile station 2 >—
122 Yes '

Transmit copy of received mobile user address code
and own base station ID to PSTN to access position
registration memory 110 -

J .
To call completion process 81 (Fig. 88)

FIG. 13
{4

31

< Is pasition regisgration request received via channel 1132
32 (Y

" Store received mobile address code and
ID code of requesting base station
into registration memory 110

\, No
/.

133
. £ ¥ :
. Q Are PSTN user and mobile user address codes received via channel 97 }—Ng-‘
134 §Yes

Does recieved mobile user address code match \No
address code stored in memory 1102 /

35 ¢ Yes
Select correspoonding base station 1D code from memory 110 -
_ 136§

Broadcast selected ID code (and ID codes of neighboring base stations)
and copy of received PSTN user and mobile user address codes

37§ -
Return announcement to PSTN
—
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addr ess
identified by the

menory (144) goes off hook

and dialing the PSTN user address code stored in the
in the address

t he nobil e user address code stored in said address nenory (144)
address code stored

the position registration request stored in said position registration

menory (142),

d
menory (144) to said PSTN when a nobile station (10b)
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9. A personal nobile comrunications systemas clainmed in claiml1, 2, 3, 4,
5 or 6, further conpri'sing: switching neans (170) for establishing a
first connection (179) between the PSTN and said central station (8) for
coupling the call-setup signal fromthe PSTN to the central station and
establishing a second connection (1 7710[11278, 179) between one of said base
stations (4-2) and said PSTN user station (2), instead of said first
connection, in response to a dialing signal fromsaid one base station

(4-2) when the PSTN user r code is dialled. 10. A personal
nobi | e communi cati ons syﬁﬁv giscl ai e dSTART

151 :
No
Lls position regisgration request received from receiver 143 ? >———
_152 Yes
Store received mobile station address code in registration memory 142
- 153 1

Are BS ID codes, PSTN wserand moblle  \ No
user address codes received from receiver 143 7 /

54 ] Yes
< Does BS ID codes of PBX match received ID codes ? \FNo
: 55 | Yes
( Does received mobile address code match stored mobile address code ? }l\l_o__
156§ Yes

Store PSTN user and mobile user address codes in address memory 144
57 ¢
Transmit alert signals to all base stations within premises 140
158 ] No
( Is off-hook signal received from a base station within specified period 2 )———
59 | Yes
Read PSTN user address code from address memory 144 and send it to PSTN

Gior)
FIG.16

START a4
61
- - \ No
Is alert signal received from PBX?  )- -
( Is off-hook signal received from a mobile station within specified period ?)——
63§ Yes
Transmit off-hook signal to PBX

- G
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¢laim7 or 8, further conprising: swi tching neans (170) for
establishing a first connection (179) between the PSTN and said central
station (8) for coupling the call-setup signal fromthe PSTN to the centra
station and establishing a second connection (177, 178, 179) between said

| ocal switching system (141) and said PSTN user station (2), instead of
said first connection, in response to a dialing signal fromsaid |ocal
swi t chi ng system when the PSTN user ddfk2ess code is dialled. 11. A
personal nobil e conmunications systemas clained in any one of .clains 1

t hrough 10, wherein said central station is a paging station (8) for
broadcasti ng paging signals for aquggmg@phdio pagers | ocated in

1
[ PSIN B - e — To Base Station 4
d

178\:.' ; ) - or PBX 141
| Connection
's\ & 77 172 Unit /
175~ | |
' Y e To Paging Station 8
174 ya "‘\-’*
1 ) e
4 l
\_ ! _ | AN B
2 —t Controller Memory
~ )
Ly 172
175 ___i_§:gf‘_—. [ HG. 17a
74— : x <
T —L D¢ )
FIG. 18 (START) a 170
81 ' "
< PSTN user and mobile user address codes received from terminal 1747 >—°—
Yo —
182 ‘ .
< PSTN user and mobile user address codes received from terminal 175 ? >_°,
: 183 Yes
: Yes
¢ Match between codes from base station (PBX) and stored codes ? y——
184 { No ' |
-

Establish connection 177 and clear down connection 179

( STOP )=

FIG. 19 e

From step 815
190 }

Transmit PSTN user and mobile user address codes to PSTN to access
connection unit 170 to establish connections 177, 178

STOP o This is the replacement sheet

pate: - 1 NOV 1396



sak c area. 12. A personal nobile comunications system as clai ned
I n any
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'FIG. 21 G FIG. 22 (5ar1)

7 221 L No ]
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1 e 22t
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213 | 23
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{containing new channel ID and high-power transceiver ?
new base station ID) o Tves
24§ Establish channel to
Switch to new channel entering mobile station
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o _ _ _ _ Ho5t -4 Ifes
-one of clainms 1 through 11 ,wherein said central station receives said

call - setup signal froma comon channel signalling network (17) of said
PSTN. 13. A personal nobile comunications systemfor servicing a
plurality of cells, conprising: a plurality of base stations (200-1,

200-2) located in respective cells (201--12-201-2), each of said base
stations being connected to a public switched tel ephone network (PSTN) and

i ncl udi ngygert ety éalnr@&ﬁitu@(;néma@uée%%d R0 JecdhsifyPlo @it ﬂaéfeléggﬁh 7 L4~ ‘Q'ay

channel to the transceiver of an adj acent base stati on; _ tsai
base st at pagiag fiZitfiohs reddfis ) ari GERICKISAE @sﬁ&ﬁf@bulk%@@ﬂi@n.mb' le station

I ndicating that the nobile station is crossing a boundary

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

According to one aspect of the present invention there is disclosed a personal mobile
communications system for servicing a plurality of cells, comprising:

a mobile station for transmitting a position registration request containing a mobile
user address code identifying the mobile station;

a plurality of base stations located respectively in said cells and connected to a public
switched telephone network (PSTN), each base station including means for receiving the
position registration request from said mobile station and transmitting a base registration
request containing the mobile user address code of the position registration requet and a
base station identifier identifying the base station via a communication path; and

a central station connected to said PSTN and including:

emory;

means for receiving the base registration request from each base station via said
communication path, and storing the mobile user address code and the base station
identifier of the base registration request into said memory; and

means for receiving from said PSTN a first call-set-up signal containing a PSTN user
address code and a mobile user address code, and in response, broadcasting a call-setup
signal containing a said base station identifier stored in said memory, a said mobile user
address code stored in said memory and the PSTN user address code of the call-setup signal
from the PSTN in an area covering said plurality of said cells if there is a match between
the mobile user address code of the call-setup signal from the PSTN and a mobile user
address code stored in said memory,

each of said base stations including means for receiving the broadcast call-setup signal

which contains the identifier of the base station, and alerting a said mobile station and
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bet ween sai d base stations during a conversation with a PSTN user through a
connection established in said PSTN, and coupling said connection to the
transmt/receive neans (203-1) of the base station, each of said base
stations, on receiving a signal fromthe transmt/receive neans of the base
station, coupling the received signal to said nobile station. 14. A
personal nobile comuni cati ons system as-8lained in claim 13, wherein the
transmt/recei ve neans (203) of each base station is a radio transceiver

for establ { 3Rty hiPsHiude? didte& A8 BF the call-setup signal to the PSTN when the

alerted mobile station returns a response signal.

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

Fig. 1 is a schematic block diagram of a first embodiment of the present invention,
and Fig. 1a 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;

This is the replacamen't sheet
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step 829 to broadcast an alert signal. If the test at step 827 resultsina
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.
Memoo} 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 descnbed above. Controller 111 is further connected to the
PSTN through a channel 113 to receive a position registration request
from e€ach of the base stations located within the service area of the
paging statton 3.

As shown in Fig. 12, a position registration is lmtnated 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

copy of this request to the paging station 8, i.e. base registration request, by sending the
access number of channel 9 to the PSTN (step 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 monitors 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

" This is the replacement sheet
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-19-
CLAIMS:

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

a mobile station for transmitting a position registration request containing a mobile
user address code identifying the mobile station;

a plurality of base stations located respectively in said cells and connected to a
public switched telephone network (PSTN), each base station including means for
receiving the position registration request from said mobile station and transmitting a
base registration request containing the mobile user address code of the position
registration request and a base station identifier identifying the base station via a
communication path; and

a central station connected to said PSTN and including:

IMemory;

means for receiving the base registration request from each base station via said
communication path, and storing the mobile user address code and the base station
identifier of the base registration request into said memory; and _

means for receiving from said PSTN a first call-set-up signal containing a PSTN
user address code and a mobile user address code, and in response, broadcasting a call-
setup signal containing a said base station identifier stored in said memory, a said mobile
user address code stored in said memory and the PSTN user address code of the call-
setup signal from the PSTN in an area covering said plurality of said cells if there is a
match between the mobile user address code of the call-setup signal from the PSTN and
a mobile user address code stored in said memory,

each of said base stations including means for receiving the broadcast call-setup
signal which contains the identifier of the base station, and alerting a said mobile station
and transmitting the PSTN user address code of the cali-setup signal to the PSTN when

the alerted mobile station returns a response signal.
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2. A personal mobile communications systems as claimed in claim 1, wherein
each of said base stations includes means for establishing said communication path
through said PSTN.

3. A personal mobile communications system as claimed in claim 1, wherein
said call-setup signal transmitted from the central station additioﬂally contains the base
station identifiers of said neighboring base stations in the neighborhood of said one base
station.

4. A personal mobile communications system as claimed in claim 1 or 3, further
comprising:

switching means for establishing a first connection between the PSTN and said
central station for coupling the call-setup signal from the PSTN to the central station and
establishing a second connection between one of said base stations and said PSTN user,
instead of said first connection, for transmitting the PSTN user address code of said call-
setup signal to the PSTN.

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

ABSTRACT

A personal mobile communications system comprises base stations
(4-1~4-4) located in respéctive zones and a paging station (8) covering
an area including the zones, or cells (5-1~5-4). The paging station and
all base stations are connected to a public switched telephone network
(PSTN). When a call is originated from a PSTN user (2) to a mobile user
(10), the paging station receives a call-setup request from the PSTN
containing the address codes of both PSTN and mobile users, and
broadcasts the call-setup signal over the covered cells. One or more
base stations (4-1~4-3) receive the call-setup signal and, in response,
broadcast an alert, signal. One of the base stations (4-2) receives an off-
hook signal from the alerted mobile station (10) and dials the PSTN user
address code contained in the call-setup signal to the PSTN to establish a
connection (15; 147~149; 176-178) between the calling and called
parties (2, 10).

' Fig. 7
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