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1 

2 1'Personal Mobile Communications System Having Central Station For 

3 Paging Mobile Users Via Base Stations" 

4 

5 

6 The present invention relates generally to mobile communi'cations 

1 systems, and more specifically to a personal mobile telephone system 

· 8 distinct from automobile telephone systems. 

9 

1 O Mobile telephone systems Yfhich have been proposed for servicing 

11 personal (handset) mobile stations are of two types. One is the type of 

1 2 system which is similar to the conventional cellular automobile telephone 

13 system where·.the location of each automobile is identified at all times by 

14 the system, and the other is a simplified, low-cost system which involves 

1 5 the use of a paging station as a means for directly paging a mobile 

1 6 station in the same manner: as it pages the usual radio paging users. In 

1 7 the former case, the system would require some procedure for making a 

1 8 registration of a personal mobile station. A database for storing the 

1 9 positions of i~dividual mobile stations and a dedicated switching system 
. . 

20 would be needed for this purpose. A call to a mobile station from the 

2 1 public switched telephone network would access the database to 

2 2 determine in which zone (cell) the mobile station is currently located and 

2 3 then establish a connection through the dedicated switching system to 

2 4 the destination. This represents a significant burden -on land lines, system 

2 5 complexity and a substantial amount of investment In the la~ter case, the 

2 6 personal· mobile unit would be designed so as to integrate its telephone 

2 7 functions with the functions of a radio pager. On receiving a page from a 

2 8 network user, the mobile user would know the telephone number of the 

2 9 calling party and calf back the network user by dialling the paged 

3 0 number. However, a number of disadvantages are apparent; the mobile 
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1 user needs to call back the network user, and the necessity to combine 

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

3 btifky design. 

4 

5 Jt is therefore ar:i obj~ct of_ t~e present _inven~ion to_ provide. a personal 

6 mobile telephone system that is low cost and automatically establishes a 

7 full-duplex connection. 

8 According to a broader aspect of the preseri~ inve~tion, the personal 

9 mobile communications system serves a plurality of radio zones, or cells, 

1 o and comprises a plurality of base stations located in respec;tive cells. 

1 I Each base station is connected to a public switched telep~one 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 

1 5 user and broadcasting the received PSTN user and mobile user address 

I 6 codes over an area covering the plurality of cells.- One or more base 

1 7 stations receive the PSTN user and mobile user address codes from the 

1 8 central station and, in response, broadcast an alert signal for alerting 

1 9 mobile stations. One of the base stations dials the received PSTN user 

2 O ad.dress code to· the PSTN when a mobile station identified by the 

2 1 received mobile user address code goes off hook, so that a connection is 

2 2 established in the PSTN between the PSTN user and the mobile user. 

2 3 According to a first specific aspect of this invention, each base station 

24 receives and stores a position registration request from the mobile station, 

2 5 the position registration request including the mobile user's address code. 

2 6 The al~l1 signal is broadcast from the base station when a match is 

2 7 detected between the· mobile user address code received from the 

2 8 central station and the stored mobile user address code. 

2 9 According to a second aspect, the central ~~ation comprises a 

3 0 position registration memory. It receives and stores a position registration 
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1 request sent from a base station into the memory, selects one of the base 

2 stations identified by a base station identifier stored in the memory in 

3 response to a call-setup signal from the PSTN, and broadcasts the base 

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

· s · · 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 

1 o · the local switching system. A central station is connected to the PSTN for 

11 receiving a call-setup request from the PSTN containing a PSTN user 

1 2 address code and a mobile user address code when a PSTN user places 

13 a call to a mobile user and broadc;asting the received PSTN user and 

14 mobile user address codes over an area covering the premises and at 

1 5 least one cell. A receiver is provided for receiving the call-setup signal . 

1 6 from the central s~ation and transmitting that signal to the local switching 

1 7 system. The local switching system receives the call-setup· signal from· 

1 8 the receiver and, in response, transmits an alert signal to the base stations 

19. and dials ~he PSTN user address code contained in the received call-setup 

2 0 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 

2 2 connection is established in the PSTN between the PSTN user and the 

2 3 mobile user. 

24 

2 5 The present invention will be described in further detail "{ith reference 

2 6 to the C1ccompanying drawings, in which: 

2 7 Fig. 1 is a schematic block diagram of a first embodiment of the 

2 8 present invention, and Fig. la is an illustration showing details of zone 5-2 

29 of Fig. 1; 

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

2 paging station of Fig. 1; 

3 Fig. 4 is a block diagram of the base station of Fig. 1; · 

4 Figs. 5 and Sa are flowcharts of operations executed_ by the controller 

s .of..each. base station of Fig. 1 located. within.- the .seNice area -of the 

6 paging station; 

7 Fig. 6 is a schematic block diagram of a second embodiment of this 

8 invention; 

9 Fig. 7 is a block diagram of each ba·se station of Fig. 6; 

1 o Figs. 8A and BB are flowcharts of operations executed by each base 

11 station of Fig. 6 located within the service area of the paging station, and 

1 2 Fig. SC is a flowchart according to. a modification of the processes of Figs. 

13 SA and 8B; 

I 4 Fig. 9 is a flowchart of operations performed by the paging station of 

15 Fig. 6; 

1 6 Fig. 1 0 is a sequence diagram useful for describing the operation of 

1 7 Fig. 6; 

1 8 Fig. 11 is a schematic block diagram of a third embodiment of this 

19 invention; 

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

2 1 Fig. 13 is a .flowchart of operations executed by the paging station of 

22 fig. 11; 

2 3 Fig. 14 is a schematic block diagram of a fourth embodiment of this 

2 4 invention; 

2 5 Fig. 15 is a flowchart of operations performed by the PBX of Fig. 14; 

2 6 Fig. -16 is a flowchart of ope_rations performed by each base station 

2 7 of Fig. 14 located in the premises of the PBX; 

2 8 Fig. 17 is a block diagram of a modification of the present invention, 

2 9 and Fig. 17a shows details of the switching circuit of Fig. 17; 

3 0 Fig. 18 is a flowchart of operations performed by the connection unit 
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t of Fig. 17; 

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 . invention; 

6 Fig. 21 is a flowchart of operations executed by a personal mobile 

7 station of Fig. 20; and 

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

9 Fig. 20. 

10 

11 Referring now to the drawings, like numerals refer to like parts 

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

1 3 telephone system incorporating a first embodiment of the present 

1 4 invention which establishes a con.nection from an ordinary telephone 

1 5 seNed by the public switched telephone network (PSTN) 1 and a 

1 6 personal mobile telephone in response to a calf originated by the PSTN 

11 telephone. The sy~tem includes a plurality of base stations 4-1-4-5 

1 8 located respectively at cell sites to define cells, or radio zo.nes 5-1-5-5, 

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

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

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

2 2 cellular zones 5-1-5-4, for example. Each of the cellular telephone 

2 3 service zones 5-1-5-5 has a radius of from 100 to several hundreds of 

2 4 · meters, while the paging service area 3 has a radius of from several 

2 5 ·kilometers to several tens of kilometers. Paging station 8 is connected by 

2 6 a transmission line 9 to the .PSTN to broadcast a copy of a call-setup 

2 7 signal received from the PSTN in accordance with the present invention, 

2 8 as well as the .usual paging signals. The call-setup signal is received by 

2 9 the base stations located within the area 3 to process the incoming 

3 O telephone calls. Each base station within the area 3 is identified with a 
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I unique base station identifier (ID) code. 

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

3 controller 20 with which radio transceiver 21, a mobile position memory 

4 22, an announcement unit 23 to generate prerecorded announcement, 

. s .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 bf instructions as shown in Fig. 3. According to 

8 the present invention, when a call is originated from a PSTN user to a 

9 mobile {personal handset) user, a source address code (the PSTN caller's 

1 o telephone number) and a destination address code (the called mobile 

1 I telephone number) are transmitted from the PSTN to the paging station 8 

1 2 through line 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 position memory 22 and 

I 6 searches for one or more base stations which have been preselected as a 

I 7 likely destination of the called mobile station. if the answer is negative, 

1 8 control branches out to step· 34 to broadcast a calf-setup signal containing 

19 the identifier codes of all base stations (BS) located within the paging area 

2 0 3 and a copy of the received address codes of both PSTN and mobile 

21 users. 

2 2 Since the paging station 8 is only capable of transmitting paging 

2 3 signals in a one-way channel, a full-duplex (two-way) channel must be 

2 4 established. For this purpose, control proceeds to step 35 to return a 

2 5 voice announcement recorded in the announcement unit 23, urging the 

2 6 caller t-0- replace the handset to allow the system to reestablish the 

2 7 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 ID codes of the presetected base stations as well as a copy of the 

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

2 Therefore, if the PSTN user 2 places a call to a mobile station 10 

3 located within zone 5-2, a connection 11 is established within PSTN 1 and 

4 through line 9 to paging station 8, and a connection 12 is established on 

5 a radio channel between. paging. station .. 8 .and base .. station .+.2. 

6 The charging of tariff on the calling PSTN user begins when the 

7 connection 15 is established. For that purpose, some provision may be 

8 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 

Io be treated as ff it were originated from the PSTN user. 

11 If the public switched telephone network comprises a known 

12 common channel signalling netwo_rk 17, such as CCITf signalling system 

13 No. 7, as shown ~n Fig. 1, the paging station 8 is able to receive the call-

14 setup signal through a signalling path 18 without establishing the 

15 c:onnection (speech path) 11. In this case, the speech path connection 15 

1 6 is established without having the PSTN user go on hook, and no 

1 7 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 

1 9 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 51 by checking to see if a call-setup signal is received from the paging 

2 2 station containing base station ID codes, and user address codes of both 

2 3 PSTN and mobile stations. If the answer is affirmative, the ID code of the 

2 4 base station is checked to see if it matches a received base station ID · 

2 5 code (step 52). lf this is the case, the received mobile user's address . . 
2 6 code is.. stored into the mobile data memory 42 (step 53). Control now 

2 7 proceeds to step 54 to broadcast an alert signal containing a copy of the 

28 adqress code of the mobile station received from the paging station. 

2 9 Thus, the user of mobile station 1 O is alerted and goes off hook to 

3 O establish a downstream connection 13 (Fig. ~a) by sending an off~hook 
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1 signal to the base station 4-2 via an upstream connection 14. At the base 

2 station, control is performing step 55 to check to see if an off-hook signal 

3 is received within a specified period. If the answer is affirmative, control 

4 proc~eds to step 56 to dial the received PSTN user address code through 

5 .line.6.to.establish a connection.in the.PSTN ... ln . .this.way, .base station 4-2 

6 follows these procedures to establish a connection 15 between PSTN user 

1 station 2 and line 6-2. The ISDN user station 2 is alerted by a ringing 

8 signal from the PSTN in the usual manner, and both parties now begin a 

9 conversion. 

1 o In Fig. Sa, each base station 4-i executes step 57 by dialing the access 

11 code of line 7 or 9 to establish a connection 1 6 in the PSTN and 

12 transmitting mobile station's address codes stored in memory 4i 
13 accompanied by the ID code of the base station at periodic intervals via 

14 channel 6-i to the position analyzer 24, where the data from all base 

15 stations are analyzed to preselect those base stations with which each 

1 6 mobile station has a high interest of community an~ the ID codes of the 

I 7 selected base stations are stored into the mobile position memory 22. 

1 8 This preselection procedure minimizes the useless broadcasting of 

1 9 energy from base stations not associated with the mobile station to which 

2 0 a·n incoming call is terminated. Permanent and/or temporary home-

2 I position mobile users may be registered in such mobile position memory 

2 2 to be used to classify base stations as having a high interest of 

23 community. 

2 4 Registration of the position of a mobile station can also be achieved 

25 in an effective manner in different embodiments which '_!Viii be described 

2 6 below. - Mobile stations· are preferably implemented with digital circuitry 

2 7 and the system operates using a time-division multiple access technique. 

2 8 Each base station is constantly broadcasting available speech channel 

2 9 identifiers and the base station identifier on a control channel, and each-

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

2 One embodiment of the mobile position registration is shown in Fig. 6 

3 in which the call-setup signal broadcast from the paging station does not 

4 contain base station ID codes so that it is received by all base stations 

s within the paging. area 3, and e~ch base station.4 jncfudes a.position 

6 registration memory 7 2 to provide a check between a mobile user 

7 address code contained in. the call-setup signal received from the paging 

8 station and one that is stored in the memory 72 in response to a position 

9 registration request issued from the mobile station. This memory is 

1 o connected to a controller 71 which cooperates with transceiver 70 to 

I I establish a channel with paging station 8 as well as mobile stations. 

I 2 According to this embodiment, the user of a mobile station, on entering a 

I 3 new cellular zone, registers his position by sending its address code. The 

1 4 mobile station is implemented with circuitry that automatically transmits a 

1 5 position registration request containing the address code of the mobile 

1 6 station on entering a new cell, or provided with a manual switch that 

1 7 triggers the circuitry to transmit such a request 

18 In Fig. 8A, controller 71 of each base station 4 performs programmed 

1 9 operations which begin with a position registration process· 80. The 

2 0 process 80 includes decision step 801 which determines if there is a 

2 I position registration request received either from a mobile station or a 

2 2 neighboring base station. ff there is one, control branches to step 802 to · 

2 3 store the mobile user's address code contained in the received · 

2 4 registration request into the position registration memory 72. Exit then is 

2 5 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 . 

2 7 originated from a mobile station, control branches to step 804 to transmit 

28 a copy of the received mobile use_r address code to neighboring base 

2 9 stations via paths indicated at 61 and 62 in Fig. 6, and proc~eds to enter a 

3 0 call termination process 81 (Fig. 88). Othe.rwise, it skips step 804 and 
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1 enters the call termination process 81, which is also executed when the 

2 decision at step 801 is negative. 

3 Prior to description of the call termination process 81 ~ it is appropriate 

4 to refer to Fig. 9 to describe operations performed by the paging station 

5 8 of Fig. 6. When the paging station. r~ceives PSTN user and mobile user 

6 address codes from the PSTN 1 (step 91), it broadcasts a call-setup signal 

7 containing a copy of the· received PSTN and mobile users' address codes 

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

9 announcement unit 23 to urge the PSTN calling station to _go on hook in 

1 0 the same manner as described. 

11 Referring to Fig. 88, call termination process 81 begins with decision 

I 2 step 811 which checks to see if a ~all-setup signal is received from paging 

1 3 station 8. If the decision is affirmative at step 811, control branches at 

I 4· 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 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

registration memory 72. An alert signal is ·then broadcast from the base 

station (step 813) and the ~eception 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 1 0 

and connection 11 is established, the paging station 8 broadcasts a ca!J­

setup signal containing the JD 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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1 while urging the calling party to clear the connection 11 . The call-setup 

2 signal is received by an base stations. Since the address code of the 

3 mobile station 10 is stored only in base stations 4-1-4-3, these stations 

4 respond to the call-setup signal by broadcasting alert signals as indicated 

s in .fig. 1 O_. Mobile station 10. a_Qswers thi.s cal! by_ $endi.ng an off-hook 

6 signal, which is received by base station 4-2 which then dials the PSTN 

1 user address code to establish connection 15. 

8 Fig. BC shows a modified version of th~ position registration and can 

9 termination processes. According to this modification, the position 

1 o registration request from a mobile station is stored in a base station that 

11 transmits a copy of this request at the time it receives a call-setup signal 

12 from the paging station,. rather th~n at the time it receives the request 

1 3 from the mobile station. The program execution starts with initialization 

14 step 821 which initializes a flag F to 0. Exit then is to decision step 822 to 

1 5 check to see if a position registration request is received from a mobile 

1 6 station or from a neighboring base station. If the request is not received, 

1 7 control returns to.step 821, and if it is received· from a mobile station, 

1 8 control branches to step 823 to set the flag to 1. Following step 823 or in 

1 9 response to a decision at step 822 indicating that a request is received 

20 from a neighboring base station, control branches to step 824.to st9re 

21 the received request into ·the position registration memory 72. When 

2 2 each of the base stations receives a call-setup signal from the paging 

2 3 station 8 {step 825), it examines the contents of the call-setup signal to 

· 2 4 determine whether it contains the same mobile user address code as that 

2 5 -stored in the position registration memory 72 (step 826). If the answer is 

2 6 affirmative, control branches to step 827 to check to see if flag F is set to 

2 7 1. If F = 0, control recognizes that the position registration request has 

2 8 been received direct from the mobile station, it proceeds to step 828 to 

2 9 transmit a copy of the stored position registration request to neighboring 

3 O base stations over channels 61, and 62, for example, and proceeds to 
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1 step 829 to broadcast an alert signal. If the· test at step 827 results in a 

2 negative decision, control recognizes that the request has been received 

3 from a neighboring station, it executes step 829. When an off-hook 

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

. s . .. 830),. the .base station dials the.·reGeJved PSTN -user--address code (step 

6 

7 

8 

9 

10 

11 

12 

J3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2& 

29 

30 

831) to the P.STN 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 is also 

connected to transceiver 112 which broadcasts the call-setup signal to all 

base stations in response to receipt of a PSTN user address code and a 

mobile user address code from the PSTN via channel 9 in the same 

manner as described above. Controller 111 is further .connected to the 

PSTN through a channel 113 to receive a position registration request 

from each of the base stations located within the service ·area of the 

paging station 8. 

As shown in Fig. 12, a position registration is initiated by a request 

transmitted from a mobile station on entering a given base station zone. 

On receiving the registration request (step 121 ), each base station 

transmits a copy of this request to the paging station 8 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 

tequestlng 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 an~ 

the ID code of the base station contained in the request into the memory 
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1 110. Following the execution of step 132- or negative decision of step 

2 131, control enters a call receiving mode which begins with step 133 in 

3 which it checks to see if a PSTN user address code and a mobile user 

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

5 · affirmative, control branches at step 133 ·to step 1·34·to·check to see if the 

6 received mobile user address code matches an address code stored in 

7. the position registration memory 110, control exits to step 135 to select a 

8 c_orresponding base station identifier code from the memory, and 

9 proceed~ to step 136 to broadcast the selected base station ID code {or 

1 o together with the base station ID codes of neighboring stations) and a 

I I copy of the received PSTN user and mobile user ad~ress codes, which is 

12 followed by the notification of an on-hook announcement to the PSTN 

13 user station.(step 137). 

1 4 If mobile station 10 sends a position registration request on entering 

1 5 service zone 5-2, the request is transmitted through channel 6-2 to the 

1 6 PSTN where a connection 134 is established between channels 6-1 and 

1 7 113 ·and stored into the position registration memory 11 0. · When PSTN 

1 8 user station 2 places a call to mobile station 10, a connection 115 is first 

1 9 established to the paging station from user station 2 via channel 9. 

2 0 Paging station 8 retrieves the ID code of the base station 4-2 from the 

2 1 memory 110 and broadcasts a call-setup· signal .containing the retrieved 

22 JD code and the received PSTN user and mobile user address codes. 

2 3 Thus, it is only the base station 4-2 that responds to the call-setup signal 

2 4 by broadcasting the address code of the mobile station 10 contained in 

2 5 the call-setup signal. On hearing the announcement, the use~ at station 2 

2 6 replaces··the handset, while the base station 4-2 dials the address code of 

2 7 the PSTN user station 2 to establish a connection 116 from PSTN station 2 

2 8 to mobile station 10 through channel 6-2. 

2 9 • A fourth embodiment of this invention, .shown in Fig. 14, relates to a 

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



--------------------=~~---------

NE-483 

-14 -

1 located in a customer premises 140 in which base stations 4'-1-41-3 are 

2 provided to cover zones 5-1-5-3, respectively. Communication between 

3 the PSTN 1 and the PBX 141 proceeds through communication channels 

4 148 A position registration memory 142 is provided for storing mobile's 

5 position data. A radio-receiver 143- is ··connected to the· PBX to establish a 

6 channel to the paging station 8. Receiver 143 is also adapted to receive a 

7. position registration signal from a mobile station 1 Oa on entering the 

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

9 and rn~bile user address codes in response to an incoming call from the 

1 O paging station 8. 

11 In Fig. 1 5, when a position registration request is sent from mobile 

1 2 station 1 Oa 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 

1 5 address code contained in the received request into positjon registration 

16 memory 142 (step 152). Following th~ execution of step 152 or negative 

1 7 decision of step l51, qmtrol enters a call receiving· mode which begins 

18 with step 153 in whith it checks to see if base station lD codes, a PSTN 

1 9. user address code and a mobile user address code are received from the 

20 

21 

22 

23 

24 

25 

26 

27 

2& 

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 proc~eds to step 

156 to ""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. 

2 9 Referring briefly to Fig. 16, if each base station receives an alert signal 

3 O from the PBX 141 (step 1 61 ), it broadcasts a copy of the alert signal. If 
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mobile station l Ob is located in zone 5-2, an off-hook signal will be 

returned to the base station 4'-2 from that mobile station within a 
specified time (step 162), and the off-hook signal is relayed by the base 

station 4'-2 to the PBX (step 163). 

.. .Returning to Fig. 15, control proceeds to decision ·step 158 to check 

to see if an off-hook signal is received from a base station within a 

specified time. If the decision is affirmative, 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 1 Ob located in zone 5-2 following the registration of the 

mobilet~ position, a connection 146 is established through the PSTN to 
. . 

the paging station 8 and the address code_s of both caHing~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 1 Ob to answer the call. When user station 1 Ob answers the 

can, base station 4 1-2 transmits an off-hook signal to the PBX, which, in 

response, reads the PSTN user address code from memory 144 and 
. . 

establishes a connection 14 7 to channel 148 and transmit the PSTN user 

code to the PSTN to establish a connection 149 to the calling party. The 

embodiment of Fig. 14 is particularly useful for applications where mobile 

users are working or travelling in an underground space. 

In the previous embodiments, the _calling PSTN user must replace the 

handset if the common channel 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 l 71, a switching circuit 1 72 and a memory 173. 
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1 Switching circuit 172 has inlet terminals connected to line terminals 174 

2 and 175 of the PSTN and an outlet terminal connected to line 9. 

3 Controll~r 171 is also connected to the line terminals 174, 175 to receive 

4 calls from the PSTN. Switching circuit 1 72 is normally establishing a. 

5 ··connection 1 79 between terminal l7 4 and line 9 to allow incoming calls 

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

1. As illustrated in Fig. 18, the controfler 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 

1 o address codes and corresponding mobile user address codes arriving at 

11 line terminal 174 into the memory 173 (step 181 ). When a ringing 

1 2 connection is established through -the paging station to a destination base 

13 station, completing steps 811 to 814 of Fig. 88, the latter dials the address 

14 code of the line t~rminal 175 to access the connectior:t unit 170 and 

1 5 transmits the calling PSTN user address code and the called mobile user 

1 6 address code as indicated by step 190 in Fig. 19. These code signals are 

1 7 received by the controller 171 (step 182), whereupon it makes a search 

1 8 through the memory 173 for corresponding address code_s stored 

1 9. therein. If a coincidence is detected_ (step 183 ), controller 171 directs the 

2 0 switching circuit 172 to establish a connection 177 between line. terminals 

21 175 and 174 and dears the connection 179. Therefor, the call from PSTN 
22 

23 

24 

25 

26 

27 

28 

29 

30 

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

141, a connection 17 6 is first established in the PSTN to the fine terminal 

1 7 4 and the PSTN user address code and the called party address code 

are transmitted through connection 1 79 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 memory 173. The 

resultant coincidence causes connection 177 to be established and 

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

2 Depending on the amount of traffic to be carried through the paging 

3 station 8, the switching circuit 172 may comprise an array of cross-points 

4 as indicated in Fig. 17a to established multiple switched connections 

5 connected to corresponding fine terminals of the PSTN. If the controller 

6 171 sequentially establishes a path 177 in the multi-contact switch 172 

7· and knows which path 179 is used to transmit a call-setup signal to the 

8 paging station 8, then the memory 173 could be dispensed with. 

9 Th~re is often a need to move across the boundary of adjacent 

1 O zones when a ·conversion is in progress. A simplified way of zone 

11 switching is shown in Fig. 20. In a typical example, the system includes. 

1 2 two base stations 200-1 and 200-2 located in adjacent zones 201-1 and 

13 202-2, respectively. Each base station includes a base station equipment 

1 4 202 connected to the PSTN 1 through line 204 and a high-power radio 

15 transceiver 203 whi~h receives signals from line 204 and establishes a 

1 6 channel with the high-power transceiver 203 of an adjacent base station. 

1 7 Note that the paging station 8 of the previous embodiments is not . 

18 provided. Communication between a PSTN user station 2 and a mobile 

1 9 · user station 205 in home zone 201 -1 proceeds through a connection 206 

2 0 established .in the PSTN and through line 204-1 to base station equipment 

21 202-1. 

2 2 Using a digital TOMA (time-division multiple access) technique, 

2 3 mobile station 205 is periodically monitoring the field intensity of the 

2 4 signal from the home base station at the site of the mobile station. As 

2 5 shown in Fig. 21, if the field intensity at the site of the mobile .station 205 

2 6 reduces below a certain threshold as it is moving in a direction toward the ,. 
2 7 adjacent base station .(step 211) during the conversion with the PSTN user 

2 8 2, it searches through available speech channel identifiers indicated by a 

2 9 control channel and selects one of the channels having highest-intensity 

3 0 identification signals which indicate the channel numbers and the base 
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1 station transmitting these signals (step 212). The mobile station 205 then 

2 transmits back to the home base station 200-1 a zone-switching signal 

3 (containing new channel ID and the ID of base station 200-2) through the 

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

-5 ·entering the base· station 200-2 (step 213), and ·switches ·to· the new 

·6 channel (step._· 214). 

7. Meanwhile, each base station is constantly monitoring the control 

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-

1 o power transceiv:er 203-1, and sends the channel identifier received from 

11 the mobHe station {step 222), the signal being transmitted to the high-

1 2 power transceiver 203-2 where it is coupled to the base station 

: 1 3 equipment 202-2. Base station equipment 202-2, on detecting a signal 

1 4 from_ high-power transceiver 203-i (step 223), establishes a ·channel 

1 5 identified by the received signal to the entering mobile station (step 224). 

l 6 In this way, conn_ection ·is ~utomatically reestablished through high-

1 7 power.transceivers 203-1 and 203-2. 
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CLAIMS 

1 1. A personal mobile ~ommunications system for seJVicing a 

z plurality of-·cells, comprising: 

3 a plurality. of base stations ( 4-1-4-4) located in respective cells (5-

4. 1 -5-4 ), each of said base· stations being connected to a pubfic switched 

5 telephone network (PSTN); and 

6 a central station (8) connected to said PSTN (1) for receiving a PSTN 

7 user address code and a mobile user address code from the PSTN (1) 

8 when a PSTN user places a call to a mobile user and broadcasting the 
9 received PSTN user and mobile us~r address codes over an area (3) 

1 O 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 

1 3 response, broadcasting an alert signal for alerting mobile stations, and 

14 one of the base stations diaHng the received P~TN user address code to 
1 5 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; 
I 7 · 176-178) is established in the PSTN between the PSTN user and the 
18 

1 

2 

3 

4 

5 

6 

7 

8 

9 

mobile user. 

2. A personal mobile communications system as claim~d 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 

memofy~(72), said position registration request including a mobile user ,, 
address code identifying 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. 

f llllllf tlllll 11111 IJlll ff f 111 
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1 3. A personal mobile communications system as claimed in claim 1, 

2 wherein each of said base stations includes a position registration 

3 memory (72) and control means (71, 801-804, 811-816) for storing a 

4 position registration request from the mobile station into said memory 

s (72), said position registration request including a mobile user address 

6 code identifying said mobile station, transmitting a copy of the received 

7 position registration request to neighboring base stations (4-1, 4-3), 

s receivi~g and ~toring said copy of said request from a neighboring base 

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

1 o station, and broadcasting said alert.signal when a match is detected 

11 between the mobile user address .code received from said central station 

1 2 (8) and the stored mobile user address code. 

1 4. A personal mobile communications system as claimed in daim 1, 

2 wherein each of said base stations includes a posi~ion registration 

3 memory (72) .and control means (71, 821-832) for storing a position 

4 registration request from a mobile station into said memory (72), said 
5 position registration request including a mobile user address code 

6 identifying the mobile station, broadcasting said alert signal and 

7 transmitting a copy of the received position registration request to 

8 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 

1 o the stored mobile. user address code, receiving and storing said c_opy 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. 

5. A personal mobile carm.mications system as claimed in anycne of cl.a.im$ 1 to 4, 

2 wherein each of said base statio.n (4-1-4-3) further comprises means 
3 (1 21, 122) for receiving a position registration request from a mobile 
4 station (10) identifying the mobile station and transmitting the received 

·-· -- ... :...- ---- ----- -- -
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request and a base station identifier to said central station via said PSTN, 

and broadcasting said alert signal when said call-setup signal contains the 

base station identifier of the base station, wherein said central station (8) 

further comprises ~ position registration memory (110), and control 

means (131,· l 32, 135, 136)-for. receiving -and storing the· position 

registration request from the base stations into said position registration 

memory (110), selecting ·one of said base stations ( 4-2) identified by the 

base station identifier stored in said position registration memory (110), 

and broadcasting said call-setup signal additionally containing sai~ base 

station Identifier. 

. . 
6. A personal mobile comm~nications system as claimed in claim 5, 

wherein said call-setup signal transmitted from the central ~tation-(8) . 

additionally contains the base station identifiers of base stations ( 4-1, 4-3) 

in the neighborhood of said one base station ( 4-2). 

7. A person~! mobile communications sy~tem comp~ising: 

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 loc11ted 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 said call-setup signal from said 

central station (8) and transmitting the received call-setup signal to said 

local switching system (141 ), 

said local switching system including means (15 3, 15 7-159) for 

\ \111111 l\llll 11111 \llll ll llll 
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16 receiving the call-setup signal from said receiver means (143} and, in 

1 7 response, transmitting an alert signal to the base stations (4'-1-4'-3) 

1 8 located in said premises (140) and dialing the PSTN user address code 

1 9 contained in the received call-setup signal to said PSTN when a mobile 

20 station (1 Ob) identified by·the mobile-user address ·code contained in said 

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

2 2 established in the PSTN between the PSTN user and the mobile user. 

1 8. A personal mobile communications system comprising: 

2 a local switchjng system °(141) located in a premises (140) and 

3 connected to a public switched telephone network (PSTN); 

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

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

6 connected to said local switching system (141 ); 

7 a central station (8) c<;>nnected to said PSTN (1) for receiving a PSTN 

8 user address cod~ and a mobile user address code from the PSTN (1) 

9 when a PSTN use.r places a call to a mobile us47r and broa<:fcasting the 

1 o 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 

1 3 a mobile station, said position registration "request including a mobile· user 

14 address code identifying the mobile station, and receiving said call-setup 

1 5 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, 1 ?7-159) for 

19 receiving and storing the position r.egistration request from said receiver 

2 O means (143) into a position registration memory (142), and receiving and 

21 storing the call-setup signal from said receiver means (143) into an 

2 2 address memory (144), transmitting an alert signal to the base stations 

23 (4'-1-4'-3) located in said premises (140) when there is a match between 

I lllllll llllll lllll ltlll ti IHI 
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2 4 the mobile user address code stored in said address memory (144) and 

2 5 the position registration request stored in said position registration 

2 6 memory (142), and dialing the PSTN user address code stored in the 

27 address memory (144) to said PSTN when a mobile station (lOb) 

2 8 identified by the mobile user address code stored in the address 

2 9 memory (144) goes off hook so that a connection {147-149) is 

3 o. established in the PSTN between the PSTN user and the mobile user. 

1 9. A personal mobile communications system as claimed in claim 1, 

2 2, 3, 4, 5 or 6, further comprising: 

3 switching means (170) for estabHshiOg a first connection (179) 

4 between the PSTN and said central station (8) for coupling the call-setup 

5 signa1 from the PSTN to the central station and establishing a second 

6 connection (177, 178, 179) between one of said base stations {4-2) and 

7 said PSTN user station (2), instead of said first connection, in response to a 

8 dialing signal fror:n said one base station (4-2) when the PSTN user 

9 address code is dialled. 

1 10. A personal mobile communications system as claimed in 

2 claim 7 or 8, further comprising: 
3 switching means (170} for establishing a first connection (179} 

4 between the PSTN and said central station (8) for coupling the caJJ--setup 

5 signal from the PSTN to the central station and establishing a second 

6 connection (1 77, 178, 1 79) between said local switching system (141) 

7 and said PSTN user station (2), instead of said first connection, in response 

8 to a dialing signal from said local switching system when the ·PSTN user 

9 address code is dialled. ,, 

1 11. A personal mobile communications system as claimed in any 

2 ·one of claims 1 through1q,wherein said central station is a paging station 

3 (8) for broadcasting paging signals for alerting radio pagers located in 

' \lllllt tlllll lllll lllll ll 1111 
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4 said area. 

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 signalling network {1 7) of said 

4 PSTN. 

1 13. A personal mobile communications system for servicing a 

2 plurality of cells, comprising: 

3 a plurality.of base stations (200-1, 200-2) located in respective cells 

4 (201-1, 201-2), each of said base s~tions being connected to a public 

5 switched telephone network (PSTN) and including a transmit/receive 

·.6· means (203, 203-2) for establishing a tJNo-way channel to the transceiver 

7 of an adjacent base station; .-
8 each of said base stations (200-1, 200-2) receiving a signal from a 

9 mobile s~tion indicating that the mobile station is crossing a boundary 

1 o between· said base stations. during a conversati<?n 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, 

1 3 each of said base stations, on receiving a signal from the 

1 4 transmit/rec_eive means of the base station, coupling the received signal 

1 5 to said mobile station. 

1 14. A personal mobile communications system as claimed in 

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

3 is a r.adio transceiver for establishing a t:No-way radio channel. 

11~1~ 11111) IU}I ~tiJ \I ~II 


