
A METHOD OF COMPLETING A TELEPHONE CALL IN A TELEPHONE SYSTEM Technical
Field The present invention relates to a method of complet- ing a telephone
call from a calling subscriber to a called subscriber when the called
subscriber does not answer the call. The subscribers are part of a tele-
communication system which includes at least one cellular mobile
telecommunication network. One of the subscribers is connected via the
mobile telecommunica- tion network and the other subscriber is connected
via the mobile telecommunication network or via a public switched telephone
network. The called subscriber is permanently registered in a home location
register and temporarily registered in a visitor location register which is
known to the home location register and incorporated in the mobile network.
Background Art Present-day mobile telephony is a rapidly growing
technology. Many mobile telecommunication systems, among them the European
GSM-system, have already passed through the first basic development phase
and the system designers are now concentrating on further improvements to
the systems, among other things with regard to system refinement and the
introduction of optional services. The land-bound public switched telephone
network has long included optional services such as "automatic callback
when the called subscriber is busy with another call" or "automatic
callback when the called subscriber does not answer". This known technique
is based on a database in which the identi- ties of the subscribers
involved are established in connection with a telephone exchange which
handles a 



calling subscriber and/or a called subscriber. The problem with
transferring this technique to a mobile    2 telecommunication system is
that the subscribers are mobile in the system. Since a mobile subscriber
often moves geographically in the telecommunication network or system,
difficulties are encountered in locating the subscriber when it becomes
possible to set-up a call connection, particularly when a long time has
passed between initiating the "automatic callback service" and the
execution of this service. Services of this nature are also found in
certain mobile tele- communication systems. For instance, an automatic
callback service is known to the art from Japanese Patent Specification JP
3-190,494. According to this known method, the identity numbers of both a
calling and a called subscriber are stored in a memory loca- tion while
waiting for the called subscriber to become available to receive the call.
When the subscriber is available, a call connection is set-up with the aid
of data taken from the memory location. The drawback with the technique
described in this earlier patent speci- fication is that the memory
location is tied solely to the cell area in which the mobile was located
when originally attempting to call the called subscriber. When the mobile
moves outside this cell area, it is no longer possible to locate the mobile
and the technique is therefore only suitable for use in smaller net- works.
The Japanese Patent Specification JP 3-235,563 also disclose an automatic
callback method, in which 



subscriber data is stored in a called mobile unit. Although this method
solves the problem of finding the mobile, it requires the provision of
additional equip- ment in each mobile unit that wishes to avail itself of
this service. Disclosure of the Invention The object of the present
invention is to provide for automatic callback in a cellular mobile
telecommunica- tion network even in those cases when a calling sub- scriber
and/or a called subscriber has/have travelled    3 a long distance in the
network from the time of initi- ating the callback service to the time at
which the service is carried out. The aforesaid problems are solved in
accordance with the invention by storing the location identity characters
of the two subscribers in an existing central database in the mobile
telecom- munication network. The central database, the so- called home
location register HLR has the traditional purpose of keeping an account of
the whereabouts in the network of all mobile units that are registered in
the system and are located in the network at that moment in time. This is
made possible by connecting the home location register HLR to all local
databases in the system, the so-called visitor location regis- ters VLR in
which there is stored a traffic area code which discloses the geographic
positions of the mobile units at each moment in time. According to the
inven- tion, the ability of the home location register HLR to know in which
visitor location registers all mobile 



units are registered is used to locate the aforesaid subscribers prior to
callback. This enables calls to be connected even when the subscribers have
moved from a first to a second visitor location register in the time lapse
between initiating callback and executing callback. In this regard the
mobile subscribers con- cerned require no additional equipment, as distinct
from earlier known techniques in which additional equipment was necessary.
The invention will now be described in more detail with reference to
preferred embodiments thereof and also with reference to the accompanying
drawings. The invention is characterized by the characteristic features set
forth in the fol- lowing Claims. Brief Description of the Drawings Figure 1
is a block schematic which illustrates a traffic situation between a
calling subscriber in a land-bound public switched telephone network and a
4 called subscriber in a GSM-type cellular mobile tele- communication
network. Figure la is a flowsheet which discloses an inventive method in
which the configuration according to Figure 1 is used. Figure 2 is a
schematic illustration of a traffic situation between a calling subscriber
in a GSM-type mobile telecommunication network and a called sub- scriber in
a land-bound public switched telephone network. Figure 2a is a flowsheet
illustrating an inventive 



method in which the configuration illustrated in Figure 2 is used. Figure 3
is a schematic block illustration of a traf- fic situation between a
calling and a called subscrib- er in a GSM-type mobile telecommunication
network. Figure 3a is a flowsheet illustrating an inventive method in which
there is used a configuration accord- ing to Figure 3. Best Modes of
Carrying Out the Invention A GSM-type public land mobile network, PLMN,
includes a gateway mobile telephone services switching centre which is
connected to several local mobile services switching centres, each of which
is connected in turn to a plurality of base station controllers. The GSM-
network is well specified in the so-called GSM-recom- mendations and the
network architecture is particular- ly described in recommendation GSM
03.02. Each base station controller is connected to a plurality of base
stations, each of which supervises a geographical area, called a cell. The
PLMN-network also includes a central database, a so-called home location
register,    5 which is connected to the gateway or central mobile
telephone services switching centre and also to all local mobile telephone
switching centres in the PLMN- network. Those mobile units which subscribe
to the mobile telecommunication network are registered in the home location
register. Each local mobile telephone switching centre includes a local
database called a visitor location register, in which all mobile units 



that are located with one of the cells handled by the local mobile
telephone services switching centre at any given moment in time are
registered. The Figure 1 illustration shows only one of the local mobile
services switching centres MSC, base station controllers BSC, visitor
location registers VLR and base stations BS, that are required to carry out
the present invention. Multiples of these units have been omitted from the
Figure for reasons of clarity. A mobile unit B1 belonging to the public
land mobile network PLMN and located at that moment within a cell area
which is controlled by the visitor location register VLR is registered
temporarily in the visitor location register VLR and permanently in the
aforesaid home location register HLR at the same time. The home location
register HLR is always informed of the visi- tor location register VLR in
which the mobile unit B1 is registered at that moment in time. Figure 1
also shows the parts of a land-bound public switched tele- phone network
necessary to the invention. The public telephone network includes a local
exchange LE which is connected to the gateway mobile switching centre in
the PLMN-network. This single connection between the two networks means
that all signalling between the public switched telephone network PSTN and
the PLMN- network must pass through the gateway mobile telephone services
switching centre GMSC. A calling subscriber Al, the so-called A-subscriber,
is permanently con- nected to the local exchange LE and the aforesaid
mobile unit B1, which is the called subscriber, the    



6 so-called B-subscriber, communicates with the base station BS via a radio
link. The radio link is shown in the Figure as a thick broken line. All of
the permanent connections between the earlier recited nodes GMSC, HLR, MSC,
BSC, BS, LE and Al have been illustrated in the Figure by thick full lines.
Signal- ling, which will be described in more detail further on, takes
place, of course, over the permanent connec- tions, although for the sake
of clarity signalling has been drawn on one side of these connections.
Signal- ling is illustrated with thin full lines. The arrow heads on the
signalling lines illustrate the signal- ling directions. Signalling between
the local exchange LE and the home location register HLR is transparent
through the gateway MSC, which is shown in Figure 1 with a thin full line
which includes two-directional arrows and which is common to this
signalling. The temporary compression of the signalling is intended to make
the overview in Figure 1 easier to follow. The signalling illustrated in
Figure 1 and necessary when carrying out the invention does not claim to
represent the complete signalling procedure that is carried out when
connecting a call. The Figure shows only the signalling in the two networks
PSTN and PLMN, while the signalling to and from the two subscribers Al, B1
involved is disclosed in text. Neither does the Figure illustrate
signalling which is considered to belong to known techniques. The
aforedescribed mobile telecommunication system PLMN operates in accordance
with GSM-recommendations. It will be understood, however, that the
described invention may also be used in similar type systems. 



The exemplifying embodiment described in detail below includes the service
"Automatic callback when busy". As before mentioned, in the case of
automatic call- back, it is essential to be able to locate the called
mobile subscriber B1 even when the mobile has moved geographically over a
long distance and has entered a    7 cell area which is handled by another
visitor location register. The inventive method now presented is able to
perform this essential function and comprises the following procedural
steps: - The A-subscriber Al calls the B-subscriber B1 and attempts to
establish a call connection. - The A-subscriber Al is informed that the
B-sub- scriber B1 is busy with another caller, by means of a busy or
engaged tone, i.e. a rapid sequence of short tone signals. These two steps
are well known to the art and form part of conventional signalling tech-
niques and will not therefore be described in detail here. The inventive
method then includes the following further steps: - The A-subscriber Al
dials the digit "5" on his telephone keypad, thereby requesting an
"automatic callback when busy" service. - The service request is forwarded
to the local exchange LE. - A message 1 "complete call" is sent from the
local exchange LE to the home location register HLR, trans- parent through
the gateway mobile services switching centre GMSC. 



- The arrival of the message 1 at the home location register results in the
creation of a reference number CRefi, which is placed last in a queue 10 in
the home location register HLR. The queue is comprised of the references
allocated to different subscribers who have attempted to establish a call
to the B-subscriber. If no attempts to reach the B-subscriber B1 have
earlier been made, the queue 10 is created and the reference CRefi of the
message 1 "complete call" is placed first in the queue. - The home location
register HLR, which knows in which visitor location register the
B-subscriber B1 is registered at that moment in time, diverts the message
8 1 "complete call" to the visitor location register VLR. - The visitor
location register VLR registers the message 1 "complete call" and sends to
the home loca- tion register HLR a confirmation message 2 "complete call
confirmed". - The home location register HLR diverts the confir- mation 2
"complete call confirmed" to the local ex- change LE together with the
reference CRefi transpar- ent through the central mobile switching centre.
- The A-subscriber Al is informed of the confirmation 2 by cessation of the
busy tone, whereafter the A- subscriber releases his connection with the
local exchange LE, by replacing his telephone receiver. - The B-subscriber
B1 is free to receive calls when an ongoing call with another subscriber is
terminated. 



- The local mobile telephone services switching centre of the B-subscriber
B1 informs the visitor location register VLR of the new status of
subscriber B1. This signalling has not been shown in Figure 1. - A message
3 "B-free" is sent from the visitor location register VLR to the home
location register HLR. - The home location register HLR confirms the
message 3 "B-free", by sending a confirmation message 4 "B- free confirmed"
to the visitor location register VLR. - The reference CRefi, which is now
assumed to head the queue 10, is sent to the local exchange LE from the
home location register HLR together with the message 3 "B-free",
transparent through the gateway mobile services switching centre GMSC. -
The A-subscriber Al is informed by a rapid sequence of short ringing
signals that the B-subscriber B1 is free to receive calls, wherewith the
A-subscriber acknowledges the message by lifting his telephone receiver,
whereafter the local exchange LE is informed of the new status of the
A-subscriber, i.e. that the A-subscriber has answered. This signalling
between the A-subscriber Al and the local exchange LE is a    9 well-known
technique and has not therefore been shown in the Figure. - An initial
address message IAM1 containing the telephone number of the B-subscriber B1
is sent to- gether with the reference CRefi from the local ex- change LE to
the gateway mobile switching centre GMSC. 



The following three procedural steps belong to conven- tional signalling
procedures in GSM-mobile telephony and have not therefore been illustrated
in the Figure. The purpose of these three procedural steps is to find a
mobile station roaming number MSRN1 which is as- signed temporarily to the
B-subscriber B1 while the connection is being established. In a later
stage, this roaming number leads to the initial address message IAM1 sent
to the local mobile services switch- ing centre MSC used by the
B-subscriber at that moment in time. - A query concerning the roaming
number allocated to the B-subscriber B1 is sent to the home location
register HLR from the gateway mobile services switch- ing centre GMSC. -
The home location register HLR, which contains information disclosing the
visitor location register in which the B-subscriber B1 is registered at
that time, diverts the reference/query to the visitor location register
VLR. - The visitor location register VLR sends information relating to the
roaming number of the B-subscriber B1 to the gateway mobile services
switching centre GMSC via the home location register HLR. The following
procedural steps are shown in the Figure: - A connection is established
from the A-subscriber Al to the B-subscriber B1, by sending the initial
address message IAM1 and the mobile station roaming    10 



number MSRN1 from the gateway mobile switching centre GMSC to the local
mobile services switching centre MSC. According to the invention, the
reference CRefi accompanies the initial address message IAM1 and the
roaming number MSRN1. The reference is then forwarded to the visitor
location register VLR. - The B-subscriber B1 is informed of the A-sub-
scriber's call with a conventional signal, whereupon the B-subscriber
answers the call by lifting his telephone receiver or by some corresponding
action and the connection is therewith considered established. - The local
mobile services switching centre MSC of the B-subscriber B1 informs the
visitor location register VLR of the new status of the B-subscriber B1,
i.e. that the B-subscriber has answered. This signal- ling is not shown in
Figure 1. - The visitor location register VLR sends a message 5 "B has
answered" to the home location register HLR, together with the reference
CRefi. - The home location register HLR removes the refer- ence CRefi from
the queue 10. As an extra safety precaution when carrying out the aforesaid
method, it is possible in accordance with the invention to allow the
reference CRefi to accompa- ny the query concerning the mobile services
roaming number MSRN1 of the B-subscriber. In this case, the reference is
transported from the gateway mobile switching centre to the local mobile
switching centre along two different routes. In this regard, the refer-
ence CRefi is transported directly from the gateway mobile switching centre
GMSC to the local mobile switching centre directly, in the aforedescribed
manner, and also via the home location register HLR. 



This redundant transmission ensures transportation of the reference CRefi
should the reference be lost for some reason or other when connecting a
call, for instance as a result of collision with a call from another
subscriber.    It should also be pointed out that when a mobile unit
switches from one visitor location register to another register, signalling
is effected in a manner which is conventional in conjunction with so-called
roaming in a mobile telecommunication system or network. Proce- dures for
locating mobile units are specified in GSM- recommendation 03.12. The
inventive automatic callback procedure is not influenced by this "roaming",
and the reference CRefi is always stored in the home location register HLR,
which is informed of changes in the visitor location register. Figure la is
a flowsheet describing the aforesaid procedure. The flowsheet and the
following simplified description of the procedures followed are intended to
be read together with Figure 1 and the text belonging to said Figure. The
acronyms and abbreviations in the text of the flowsheet refer to Figure 1,
these acro- nyms and abbreviations having been explained in the example
above. The method of procedure described with reference to the flowsheet
commences after the A- subscriber Al has called the B-subscriber B1 and
requested the service "automatic callback when busy", after having received
the busy tone. The method then continues in accordance with the following
description and in accordance with Figure la: 



- The message "complete call" is sent from the local exchange LE to the
home location register HLR, in accordance with block 100. - The reference
CRefi is created and placed last in the queue in the home location register
HLR, in accor- dance with block 101. - The home location register HLR sends
the message "complete call" to the visitor location register VLR, in
accordance with block 102. - VLR sends the confirmation message "complete
call - confirmed" to the home location register HLR, in accordance with
block 103.    12 - The home location register HLR sends the confirma- tion
message "complete call confirmed" and the refer- ence CRefi to the local
exchange LE, in accordance with block 104. - The B-subscriber B1 becomes
available to receive calls by terminating an ongoing call, in accordance
with block 105. The local mobile services switching centre MSC of the
B-subscriber B1 then informs the visitor location register of the new
status of the B- subscriber. - The message "B-free" is sent from the
visitor location register VLR to the home location register HLR, in
accordance with block 106. The home location register HLR then confirms
this message to the visitor location register VLR. - The reference CRefi
and the message "B-free" are sent from HLR to the local exchange LE, in
accordance 



with block 107. - The A-subscriber Al is informed that the B-sub- scriber
B1 is free to receive his call and the A- subscriber Al lifts his telephone
receiver, in accor- dance with block 108. - The initial address message
IAM1 and the reference CRefi are sent from the local exchange LE to the
local mobile services switching centre MSC, in accordance with block 109. -
The reference CRefi is sent from the local mobile switching centre MSC to
the visitor location register VLR, in accordance with block 110. - The call
is connected with the aid of the initial address message IAM1 and the
B-subscriber B1 answers, in accordance with block 111. - The visitor
location register VLR sends the refer- ence CRefi and the message "B has
answered" to the home location register HLR, in accordance with block 112.
- The home location register HLR removes CRefi from the queue, in
accordance with block 113.    13 A further inventive method in which the
same GSM-type public land mobile network PLMN as that described above in
general terms is used will now be described. The exemplifying embodiment
described in detail below refers to the service "Automatic callback when a
called subscriber fails to answer". In this case, the calling subscriber is
a mobile unit which belongs to the public land mobile network PLMN and the
called 



subscriber is a unit permanently connected to the public network. Similar
to Figure 1, Figure 2 illustrates solely the local mobile services
switching centre MSC, the base station controller BSC, the visitor location
register VLR and the base station BS necessary to carry out the invention.
A mobile unit A2 which belongs to the PLMN- network and which is located
temporarily within a cell area which is controlled by a visitor location
regis- ter VLR has earlier been described with reference to Figure 1 and is
registered temporarily in the visitor location register VLR and permanently
in the earlier mentioned home location register HLR. As before men- tioned,
the home location register is always informed as to which visitor location
register VLR the mobile unit A2 is registered at any given moment in time.
Figure 2 also illustrates those parts of the PSTN- network that are
necessary for carrying out the inven- tion, namely the local exchange LE.
In this example, the mobile unit A2 is the calling subscriber, the so-
called A-subscriber, and communicates with the base station BS via a radio
link. The called subscriber B2, the so-called B-subscriber, is permanently
connected to the local exchange LE. The earlier description of drawing
details with ref er- ence to Figure 1 are applicable directly to Figure 2.
The signalling illustrated in Figure 2 and necessary to the invention does
not claim to be the complete signalling that is performed when connecting a
call.    14 



The Figure illustrates only signalling in the two networks PSTN and PLMN,
while signalling to and from the two subscribers A2, B2 involved is given
solely in text. Neither does the Figure show the signalling that belongs to
known techniques. It is essential in the performance of an automatic
callback service to locate the mobile, in this case the calling
A-subscriber A2, when the calling sub- scriber has moved geographically
over a long distance and entered a cell area which is handled by a visitor
location register different to that in which the A- subscriber was
registered when initiating the call. The inventive method presented below
is able to carry out this essential function and comprises the follow- ing
procedural steps: - The A-subscriber A2 attempts to establish a call
connection with the B-subscriber B2. - The A-subscriber A2 is informed that
the B-sub- scriber B2 "does not answer the call", by means of a ringing
control tone which is not followed by an answer. These two steps are well
known to the art and the signalling procedure involved belong to conven-
tional techniques and will not therefore be described in detail. The
inventive method then comprises the following further steps: - The
A-subscriber A2 requests the service "automatic callback when a called
subscriber does not answer", by dialling the "2"-digit on his telephone
keypad. - This request is forwarded to the visitor location register VLR by
signalling conventionally via the base station BS, the base station
controller BSC and the local mobile telephone switching centre MSC. This
signalling has not been shown in Figure 2. 



- A message 21 "complete call" is sent from the visitor location register
VLR to the home location register HLR.    15 - The home location register
HLR diverts the message 21 "complete call" to the local exchange LE,
transpar- ent through the GMSC-centre. - The local exchange LE registers
the message 21 "complete call" and sends to the home location regis- ter
HLR a confirmation signal 22 "complete call - confirmed" together with a
reference MRefi, transpar- ent through the GMSC-centre. - The reference
MRefi is stored in a memory location 11 in the home location register HLR,
this memory location belonging to the A-subscriber A2 and contain- ing
references for the establishment of connections to different subscribers
from the A-subscriber. - The home location register HLR diverts the confir-
mation 22 "complete call confirmed" to the visitor location register VLR. -
The A-subscriber A2 is informed of the confirmation 22, whereafter the
A-subscriber releases his connec- tion with the PLMN-network. - The
B-subscriber B2 is activated, for instance by the B-subscriber lifting his
telephone receiver or in some other way, to show that he is free to receive
calls. - The B-subscriber B2 informs the local exchange LE of his new
status through a conventional signalling procedure. This signalling has not
been shown in 



Figure 2. - A message 23 "B-free" is sent from the local ex- change LE to
the home location register HLR, transpar- ent through the GHSC-centre. -
The home location register HLR diverts the "B-free" message 23 with the
reference MRefi to the local MSC via the visitor location register VLR. -
The A-subscriber A2 is informed that the B-sub- scriber B2 is free to
receive calls, for instance by means of a rapid sequence of short ringing
signals. The A-subscriber acknowledges this information, for instance by
lifting his telephone receiver, whereafter    16 the local MSC is informed
of the new status of the A- subscriber, i.e. that the A-subscriber has
acknowledged that the call can be connected. The signalling effected
between the A-subscriber A2 and the local MSC is a well-known technique and
has not therefore been shown in the Figure. - The call is connected in
accordance with known procedures, by sending an initial address message
IAM2 together with the telephone number of the B-subscriber and the
reference MRefi from the local MSC to the local exchange LE, transparent
through the GMSC- centre. - The B-subscriber B2 is informed of the call
from the A-subscriber A2, by means of conventional ringing signals, and the
B-subscriber answers the call by lifting his telephone receiver. The call
is therewith considered to be connected. 



- The B-subscriber B2 informs the local exchange LE of his new status, i.e.
that the B-subscriber has answered, by a conventional signalling procedure,
this signalling procedure not being shown in Figure 2. - The local exchange
LE sends a "B-answered" message 24 together with the reference MRefi
through the home location register HLR, transparent through the GMSC-
centre. - The home location register HLR removes the refer- ence MRefi from
its memory location 11. Figure 2a is a flowsheet which illustrates the
afore- described method. The flowsheet and the following simplified
description of the method are intended to be read together with Figure 2
and the descriptive text relating to this Figure. The abbreviations and
anagrams included in the text on the flowsheet have been explained in the
aforegoing example and refer to Figure 2. The method described with
reference to the flowsheet commences at a point after the A-subscriber A2
has called the B-subscriber B2 and requested the service "automatic
callback when a called subscriber    17 is busy with another call", after
having received the busy tone. The method then proceeds in accordance with
the following description and in accordance with Figure 2a: - The "complete
call" message is sent from the visi- tor location register VLR to the home
location regis- ter HLR, in accordance with block 200. - The home location
register HLR diverts the "com- 



plete call" message to the local exchange LE, in accordance with block 201.
- The local exchange LE sends the confirmation mes- sage "complete call
confirmed" and the reference MRefi to the home location register HLR, in
accordance with block 202. - The reference MRefi is stored in a memory
location memory 11 in the home location register HLR, in accor- dance with
block 203. - The home location register HLR diverts the confir- mation
message 22 "complete call confirmed" to the visitor location register VLR,
whereafter the A-sub- scriber is informed, in accordance with block 204. -
The B-subscriber B2 is activated and becomes avail- able for the call
connection. The B-subscriber B2 then informs the local exchange LE of his
new status, in accordance with block 205. - The message "B-free" is sent
from the local ex- change LE to the home location register HLR, in accor-
dance with block 206. - The home location register HLR diverts the "B-free"
message to the local MSC together with the reference MRefi, in accordance
with block 207. - The A-subscriber A2 is informed that the B-sub- scriber
B2 is free to receive calls, wherewith the A- subscriber acknowledges this
information by lifting his telephone receiver or by some corresponding
mobile telephone procedure. The local MSC is then informed of the new
status of the A-subscriber, i.e. that the A-    subscriber has acknowledged
that the call can be 



connected, in accordance with block 208. - The initial address message IAM2
is sent from the local MSC to the local exchange LE, together with the
reference, in accordance with block 209. - The B-subscriber B2 is informed
of the call from the A-subscriber A2, whereupon the B-subscriber an- swers
the call by lifting his telephone receiver and the call is therewith
considered to have been estab- lished, in accordance with block 210. The
B-subscriber B2 herewith informs the local exchange LE of his new status. -
The local exchange LE sends the message "B has answered" to the home
location register HLR together with the reference MRefi, in accordance with
block 211. - The home location register HLR erases the reference MRefi from
said memory location, in accordance with block 212. The aforedescribed
exemplifying embodiment of the service "Automatic callback when a called
subscriber does not answer the call" has been described with reference to
the case when the calling subscriber is a mobile unit and the called
subscriber is permanently connected to the land-bound public switched
telephone network. It will be understood, however, that the service can be
performed in accordance with the inven- tion in all cases when either one
or both of the two subscribers involved is or are a mobile unit/mobile
units. This also applies to the earlier described exemplifying embodiment
relating to "Automatic call- back when a called subscriber is busy with
another call". A further inventive method will now be described. This 



method utilizes the same GSM-type PLMN-network as that described in general
terms above. The exemplifying embodiment described in detail below relates
to a    19 service "Automatic callback when a called subscriber is busy
with another call". In this case, the calling subscriber and the called
subscriber are both mobile units belonging to the PLMN-network. As with the
earlier Figures, Figure 3 only illustrates those units of a PLMN-network
that are necessary in performing the invention. The PLMN-network includes a
home location register HLR, the function of which has been described in the
earlier embodiments. In the Figure 3 embodiment, the home location register
HLR is connected to two mobile services switching centres, here referred to
as first and second local mobile services switching centres MSCA and MSCB.
The remain- ing switching centres connected to the home location register
have been excluded from the Figure for the sake of clarity. Each of the two
mobile switching centres is connected to a respective base station control
unit, referred to respectively as first and second base station control
units BSCA and BSCB. Each of the base station control units is connected to
a respective base station, referred to as first and second base stationsd
BSA and BSB. Each of the MSCA and MSCB centres includes a respective
visitor loca- tion register, referred to here as first and second visitor
location registers VLRA and VLRB respectively. A first mobile unit A3
belonging to the PLMN-network 



and located temporarily within a cell area controlled by the first visitor
location register VLRA is regis- tered temporarily in the visitor location
register VLRA and permanently in the home location register HLR, similar to
that described with reference to the earlier embodiments. This also applies
to a second mobile unit B3 which is located within another cell area and
controlled by the second visitor location register VLRB. In the illustrated
embodiment, the first mobile unit A3 is the calling subscriber, the
so-called A-subscriber, and the second mobile unit B3 is the called
subscriber, the so-called B-subscriber.    20 As earlier described, the
home location register is always informed of which visitor location
register VLRA or VLRB the mobile units A3 and B3 are registered at any
moment in time. The communication between the mobile units and the
PLMN-network functions in the same way as that described earlier. The
technical details drawn in the earlier Figures also apply to Figure 3. The
signalling illustrated in Figure 3 and necessary to the invention does not
claim to represent the full signalling procedure that is effected when
setting-up a call connection. The Figure illustrates only the signalling
that is effected in the PLMN- network, while signalling to and from the two
sub- scribers A2, B3 involved is disclosed solely in the form of text.
Neither does the Figure show signalling that belongs to the known
technique. When performing an automatic callback service, it is 



essential to be able to locate the mobile subscribers concerned, in this
case the calling A-subscriber A3 and the called subscriber B3. This also
applies to those instances when one or both of the subscribers has/have
moved geographically over a long distance and entered a cell area that is
handled by a different visitor location register to that in which the sub-
scribers were registered when initiating the call. The inventive method
presented below is able to perform this essential function and comprises
the following procedural steps: - The A-subscriber A3 calls the
B-subscriber B3 with the intention of setting-up a call connection. - The
A-subscriber A3 is informed that the B-sub- scriber B3 is busy with a call
from another subscrib- er, by means of a busy tone, i.e. a rapid sequence
of short tone signals. These two steps are well-known to the art and the
signalling procedure forms part of conventional techniques and has not
therefore been    21 described in detail. The inventive method further
comprises the following steps: -  The A-subscriber A3 dials the "5" digit
on his telephone keypad, therewith requesting the service "Automatic
callback when a called subscriber is busy with another call". - The
A-subscriber A3 informs the first visitor location register VLRA of his new
status, by signal- ling via the first base station BSA, the first base
station control unit VSCA and the first local MSCA- 



centre. This signalling is of a conventional kind and has therefore not
been shown in Figure 3. - A message 31 "complete call" is sent from the
first visitor location register VLRA to the home location register HLR. -
When the message 31 arrives at the home location register HLR, there is
created a reference CRefj which is placed last in a queue 12 in the home
location register. The queue contains references which identify different
subscribers that have attempted to call the B-subscriber. If no earlier
attempts to reach the B- subscriber B3 have been made, the queue 12 is
created and the reference CRefj of the message 31 "complete call" is placed
first in the queue. - The home location register HLR, which is aware of
which visitor location register the B-subscriber B3 is registered at that
particular time, diverts the "com- plete call" message 31 to the second
visitor location register VLRB. - The second visitor location register VLRB
registers the "complete call" message and sends a confirmation message 32
"complete call confirmed" to the home location register HLR- - The home
location register HLR diverts the confir- mation message 32 "complete call
confirmed" to the first visitor location register VLRA.    22 - The
A-subscriber A3 is informed of the confirmation 32, whereafter the
A-subscriber releases his connec- tion with the PLMN-network. 



- The B-subscriber B3 becomes available to receive calls, when terminating
an ongoing call with another subscriber. - The local mobile services
switching centre MSCB of the B-subscriber B3 informs the second visitor
loca- tion register VLRB of the new status of subscriber B3. This
signalling is considered to be well-known and has not therefore been shown
in Figure 3. - A message 33 "B-free" is sent from the second visitor
location register VLRB to the home location register HLR. - The home
location register HLR confirms the message 33 "B-free" by sending a
confirmation message 34 "B- free confirmed" to the second visitor location
regis- ter VLRB. - The reference CRefj, which is now assumed to head the
queue 12, is sent from the home location register HLR to the first visitor
location register VLRA, together with the "B-free" message 33. - The
A-subscriber A3 is informed that the B-sub- scriber B3 is free to receive
calls, for instance by means of a rapid sequence of short ringing signals,
wherewith the A-subscriber acknowledges the informa- tion. The first
visitor location register VLRA is informed of the new status of the
A-subscriber, i.e. that the A-subscriber has acknowledged that the call
shall be connected. Signalling between the A-subscrib- er and the first
visitor location register VLRA is a well-known technique and has therefore
not been shown in the Figure. The following three procedural steps belong
to conven- tional signalling procedure in GSM-mobile telephony and have not
therefore been shown in the Figure. The 



purpose of these three procedural steps is to find a mobile station roaming
number MSRN3 that can be allo-    23 cated to the B-subscriber B3
temporarily while set- ting-up the connection. In a later stage, this
roaming number results in an initial address message IAM3 with the
telephone number of the B-subscriber B3 to the local telephone exchange
used at that moment by the B- subscriber. - A query concerning the roaming
number of the B- subscriber B3 is sent from the first local MSCA-centre to
the home location register HLR. - The home location register HLR, which
includes information as to the visitor location register which the
B-subscriber B3 is registered at that time, div- erts the reference/query
to the second visitor loca- tion register VLRB. - The second visitor
location register VLRB sends to the first MSCA-centre information relating
to the roaming number of the B-subscriber B3, via the home location
register HLR. The following procedural steps are shown in the Figure: - A
connection is established from the A-subscriber A3 to the B-subscriber B3,
by sending an initial address message IAM3 and the mobile station roaming
number MSRN3 from the first local MSCA-centre to the second MSCB-centre.
According to the present inven- tion, the reference CRefj accompanies the
initial address message IAM3 and the roaming number MSRN3. The 



reference is then forwarded to the second visitor location register VLRB. -
The B-subscriber B3 is informed of the call from the A-subscriber A3 by
conventional signalling, wherewith the B-subscriber answers the call by
lifting his telephone receiver, or by carrying out some other corresponding
mobile telephone procedure, and the call is considered to have been
connected.    24 - The local mobile services switching centre of the
B-subscriber B3 informs the second visitor location register VLRB of the
new status of the B-subscriber, i.e. that the B-subscriber has answered.
This signal- ling is considered to be conventional and has there- fore not
been shown in Figure 3. - The second visitor location register VLRB sends
to the home location register HLR a "B has answered" message 35 together
with the reference CRefj. - The home location register HLR removes the
refer- ence CRefj from the queue 12. As an additional safety precaution, it
is possible when carrying out the inventive method to allow the reference
CRefj to accompany the query concerning the roaming number MSRN3 of the
B-subscriber. This refer- ence is then transported from the first local
mobile services switching centre MSCA to the second local mobile services
switching centre MSCB, along two different routes. In this regard, the
reference CRefj is transported directly from the first local MSCA- centre
to the second local MSCB-centre as earlier 



described, and also through the home location register HLR. This redundant
transmission ensures transporta- tion of the reference CRefj even should
the reference be lost at the time of connecting the call for some reason or
other, for instance as a result of collision with a call from another
subscriber. Figure 3a is a flowsheet illustrating the aforedes- cribed
method. The flowsheet and the following simpli- fied description of the
method are intended to be read together with Figure 3 and the text
associated with said Figure. The abbreviations and acronyms used in the
text on the flowsheet have been explained in conjunction with the
description of the earlier em- bodiment and refer to Figure 3. The method
described with reference to the flowsheet commences at a point after the
A-subscriber A3 has called the B-subscriber    25 B3 and requested the
service "automatic callback when a called subscriber is busy with another
call", after having received the busy tone. The method then pro- ceeds in
accordance with the following description and in accordance with Figure 3a:
- The message "complete call" is sent from the first visitor location
register VLRA to the home location register HLR, in accordance with block
300. - The reference CRefj is created and placed last in a queue in the
home location register, in accordance with block 301. - The home location
register HLR forwards the message "complete call" to the second visitor
location regis- 



ter VLRB, in accordance with block 302. - The second visitor location
register VLRB sends a confirmation message "complete call confirmed" to the
home location register HLR, in accordance with block 303. - The home
location register HLR forwards the confir- mation "complete call confirmed"
to the first visitor location register VLRA, in accordance with block 304.
The A-subscriber A3 is informed of this confirmation, whereafter the
A-subscriber releases the connection, by replacing his telephone receiver
or by some corre- sponding mobile telephone procedure. - The B-subscriber
B3 becomes free to receive calls, by terminating an ongoing call with
another subscrib- er. The mobile services switching centre MSCB of the
B-subscriber B3 informs the second visitor location register VLRB of the
new status of the B-subscriber, in accordance with block 305. - A message
"B-free" is sent from the second visitor location register VLRB to the home
location register HLR, in accordance with block 306. - The reference CRefj
is sent from the home location register HLR to the first visitor location
register VLRA together with the "B-free" message. The A-sub-    26 scriber
A3 is informed that the B-subscriber B3 is available to receive calls. -
The A-subscriber lifts his telephone receiver or performs some
corresponding mobile telephone proce- dure, in accordance with block 308.
The first visitor 



location register VLRA is informed of the new status of the A-subscriber,
i.e. that the A-subscriber has answered. - A connection is established from
the A-subscriber A3 to the B-subscriber B3, by sending an initial address
message IAM3 and the reference from the first local mobile services
switching centre MSCA to the second mobile services switching centre MSCB,
in accordance with block 309. - The reference is forwarded from MSCB to the
second visitor location register VLRB, in accordance with block 310. - The
B-subscriber B3 is informed of the call from A- subscriber A3, and the
B-subscriber responds to the call by lifting his telephone receiver, or by
carrying out some other corresponding telephone procedure, and the call is
considered to have been connected, in accordance with block 311. The local
mobile services switching centre of the B-subscriber B3 informs the second
visitor location register VLRB of the new status of the B-subscriber, i.e.
that the B-subscriber has answered. - the second visitor location register
VLRB sends a "B has answered" message to the home location register HLR
together with the reference CRefj, in accordance with block 312. - The home
location register HLR erases the reference CRefj from the queue, in
accordance with block 313. In the exemplifying embodiments described above,
the automatic callback service has been presented in three normally
occurring traffic cases, namely cases in which:  



27 1. A calling A-subscriber is permanently connected to the land-bound
telephone network and a called B-sub- scriber is a mobile unit. 2. A
calling A-subscriber is a mobile unit and a called B-subscriber is
permanently connected to the land-bound telephone network. 3. A calling
A-subscriber and a called B-subscriber are both mobile units that are
located in cells which are handled by different visitor location registers
in a mobile telecommunication network. Certain configuration variants are
possible in the third traffic case. For instance, the two mobile units may
be located in cells that are handled by one and the same visitor location
register. It will readily be seen that the invention is able to locate the
two subscribers even in this case. It is also conceivable that the mobile
units may be located in different mobile telecommunication networks and
that these units can be located by different home location registers. This
configuration necessitates passing through a public switched telephone
network prior to establish- ing a call connection. This is achieved in
accordance with the invention with a combination of the first and the
second embodiments. As will be understood, several other variants of the
three embodiments described are conceivable, and it will be obvious to the
person skilled in this art that these embodiments do not limit the use of
the invention. It is also possible for certain mobile telecommunication
networks to include more than one home location register. This 



variant has no limiting effect on the scope of the invention, however, but
shall be seen merely as a variation of the aforedescribed case where the
mobiles belong to different mobile telecommunication networks, but with the
difference that the public switched telephone network need not be passed.
As before men- tioned, the invention can be applied to all mobile
telecommunication systems in which the mobile units    28 are registered
centrally in the system, for instance the digital American system, ADC.
This also implies that the term mobile unit used in this document may be
given different interpretations, depending on whether the mobile
telecommunication network handles vehicle- carried subscribers, pedestrian
subscribers, paging systems, data terminals, etc. It will be understood
that the invention is not re- stricted to the aforedescribed and
illustrated exem- plifying embodiments thereof and that modifications can
be made within the scope of the following Claims.    CLAIMS 1. A method of
completing a telephone call in a telecommunication system comprising a
public switched telephone network (PSTN) and a public land mobile network
(PLMN), said two networks being mutually linked by a gateway mobile
services switching centre (GMSC) and in which mobile telecommunication
system a 



calling subscriber (A1), the so-called A-subscriber, is connected to a
local exchange (LE) in the public switched telephone network (PSTN) and
where a called subscriber (B1), the so-called B-subscriber, is a mobile
unit which is able to communicate via a local mobile services switching
centre (MSC) in the public land mobile network (PLMN), and where the
B-subscriber is permanently registered in a home location register (HLR)
and temporarily registered in a visitor location register (VLR) known by
the home location register, said visitor location register belonging to the
local mobile services switching centre (MSC), said method comprising the
following steps: - the A-subscriber (Al) calls the B-subscriber (B1); - the
A-subscriber (Al) is informed that the B-sub- scriber (B1) is "not
available", wherein the inventive method comprises the further steps: - the
A-subscriber (Al) dials a code requesting a service "complete telephone
call"; - a "complete call" message (1) is sent from the local exchange (LE)
to the home location register (HLR); - the "complete call" message
initiates the insertion of a reference (CRefi) at the bottom of a queue
(10) in the home location register (HLR), said queue be- longing to the
B-subscriber (B1) and containing refer- ences of attempts made by different
subscribers to be connected to the B-subscriber; - the home location
register (HLR) diverts the "com- plete call" message (1) to the visitor
location regis- ter (VLR);   



30 - the visitor location register (VLR) registers the "complete call"
message (1) and sends a confirmation message (2) "complete call confirmed"
to the home location register (HLR); - the home location register (HLR)
sends the confir- mation message (2) "complete call confirmed" to the local
exchange (LE) together with the reference (CRe- fi); - the A-subscriber
(A1) is informed of the confirma- tion (2), whereafter the A-subscriber
releases the connection to the local exchange (LE); - the B-subscriber
becomes free to accept calls; - a message (3) "B-free" is sent from the
visitor location register (VLR) to the home location register (HLR); - the
home location register (HLR) confirms the "B- free" message (3) by sending
a confirmation message (4) "B-free confirmed" to the visitor location
regis- ter (VLR); - the reference (CRefi) positioned at the top of the
queue (10) is sent from the home location register (HLR) to the local
exchange (LE) together with the "B- free" message (3), and the A-subscriber
(Al) is then informed that the B-subscriber (B1) is free; - a call
connection is established with the aid of an initial address message (IAM1)
when the A-subscriber (Al) is free, wherein the reference (CRefi) accompa-
nies the initial address message from the local ex- change (LE) to the
gateway mobile services switching centre (GSMC) and from there to the local
mobile services switching centre (MSC), whereafter the refer- 



ence is forwarded to the visitor location register (VLR); - the
B-subscriber (B1) answers the call; - the visitor location register (VLR)
sends a message (5) "B has answered" to the home location register (HLR)
together with the reference (CRefi); and -  the home location register
(HLR) removes the refer- ence (CRefi) from the queue (10)    31 2. A method
of completing a telephone call in a telecommunication system comprising a
public switched telephone network (PSTN) and a public land mobile network
(PLMN), said two networks being mutually linked by a gateway mobile
services switching centre (GMSC), and wherein a calling subscriber (A2),
the so- called A-subscriber in the mobile telecommunication network is a
mobile unit which communicates via a local mobile services switching centre
(MSC) in the public land mobile network (PLMN), and in which mobile
telecommunication network a called subscriber (B2), the so-called
B-subscriber, is connected to a local exchange (LE) in the public switched
telephone network (PSTN) and the A-subscriber is permanently registered in
a home location register (HLR) and temporarily registered in a visitor
location register known by the home location register, said visitor
location register (VLR) belonging to the local mobile services switching
centre (MSC), wherein the method comprises the follow- ing steps: - the
A-subscriber (A2) calls the B-subscriber (B2); 



- the A-subscriber (A2) is informed that the B-sub- scriber (B2) is "not
available", wherein the inventive method comprises the following additional
steps: - the A-subscriber (A2) dials a code requesting a service "complete
telephone call"; - a message (21) "complete call" is sent from the visitor
location register (VLR) to the home location register (HLR); - the home
location register (HLR) diverts the "com- plete call" message (21) to the
local exchange (LE); - the local exchange (LE) registers the "complete
call" message (21) and sends a confirmation message (22) "complete call
confirmed" to the home location register (HLR) together with a reference
(MRefi); - the reference (MRefi) is stored in a memory loca- tion (11) in
the home location register (HLR), this memory location belonging to the
A-subscriber (A2) and    32 containing references for connection attempts
to different subscribers from the A-subscriber; - the home location
register (HLR) diverts the con- firmation (22) "complete call confirmed" to
the visi- tor location register (VLR); - the A-subscriber (A2) is informed
of the confirma- tion (22), whereafter the A-subscriber releases the
connection with the public land mobile network (PLMN); - the B-subscriber
(B2) becomes free to receive calls; - a message (23) "B-free" is sent from
the local 



exchange (LE) to the home location register (HLR); - the home location
register (HLR) diverts the "B- free" message (23) to the local mobile
services switching centre (MSC) together with the reference (MRefi), via
the visitor location register (VLR), whereafter the A-subscriber (A2) is
informed that the B-subscriber (B2) is free to receive the call; - a call
connection is established with the aid of an initial address message (IAM2)
in accordance with a known procedure when the A-subscriber (A2) is free,
wherein the reference (MRefi) accompanies the initial address message from
the local mobile services switch- ing centre (MSC) to the local exchange
(LE), via the gateway mobile services switching centre (GMSC); - the
B-subscriber (B2) answers the call; - the local exchange (LE) sends a
message (24) "B has answered" to the home location register (HLR) together
with the reference (MRefi); and - the home location register (HLR) removes
the refer- ence (MRefi) from the memory location (11). 3. A method of
completing a telephone call in a telecommunication system comprising a
public land mobile network in which a calling subscriber (A3), the
so-called A-subscriber, is a mobile unit which commu- nicates via a first
local mobile services switching centre (MSCA) and in which mobile
telecommunication system a called subscriber (B3), the so-called    33
B-subscriber is a mobile unit which communicates via a second local mobile
services switching centre (MSCB), 



wherein the two subscribers are permanently registered in a home location
register (HLR) and each temporarily registered in a respective visitor
location register (VLRA, VLRB) which are known to the home location
register and which are designated first (VLRA) and second (VLRB) visitor
location registers respectively, each of these registers belonging to one
of the local mobile services switching centres (MSCA, MSCB), where- in the
method comprises the following steps: - the A-subscriber (A3) calls the
B-subscriber (B3); - the A-subscriber (A3) is informed that the B-sub-
scriber (B3) is "not available", wherein the method according to the
invention further comprises the following steps: - the A-subscriber (A3)
dials a code requesting a service "complete telephone call"; - a message
(31) "complete call" is sent from the first visitor location register
(VLRA) to the home location register (HLR); - the "complete call" message
initiates a reference (CRefj) being placed last in a queue (12) in the home
location register, said queue belonging to the B- subscriber (B3) and
containing references to different subscribers who have attempted to be
connected to the B-subscriber; - the home location register (HLR) diverts
the "com- plete call" message (31) to the second visitor loca- tion
register (VLRB); - the second visitor location register (VLRB) regis- ters
the "complete call" message and sends a confirma- tion message (32)
"complete call confirmed" to the home location register (HLR); - the home
location register (HLR) forwards the con- 



firmation message (32) "complete call confirmed" to the first visitor
location register (VLRA); - the A-subscriber (A3) is informed of the
confirma- tion message (32), whereafter the A-subscriber releas-    34 es
the connection with the public land mobile network (PLMN); - the
B-subscriber (B3) becomes available to receive calls; -  a message (33)
"B-free" is sent from the second visitor location register (VLRB) to the
home location register (HLR); - the home location register (HLR) confirms
the "B- free" message (33) by sending a confirmation message (34) "B-free
confirmed" to the second visitor location register (VLRB); - the first
reference (CRefj) in the queue (12) is sent from the home location register
(HLR) to the first visitor location register (VLRA) together with the
"B-free" message (33), whereafter the A-subscriber (A3) is informed that
the B-subscriber (B3) is free; - a call connection is established with the
aid of an initial address message (IAM3) when the A-subscriber (A3) is
free, wherein the reference (CRefj) accompa- nies the initial address
message when said message is sent from the first mobile services switching
centre (MSCA) to the second mobile services switching centre (MSCB),
whereafter the reference is forwarded to the second visitor location
register (VLRB); - the B-subscriber (B3) answers the call; 



- the second visitor location register (VLRB) sends to the home location
register (HLR) a message (35) "B has answered" together with the reference
(CRefj); and -  the home location register (HLR) erases the refer- ence
(CRefj) from the queue (12). 4. A method according to Claim 1, c h a r a c
- t e r i z e d in that when setting-up a call con- nection, the reference
(CRefi) is also forwarded from the gateway mobile services switching centre
(GMSC) to the visitor location register (VLR) via the home location
register (HLR), so as to achieve a redundant, more reliable transmission of
the reference.    35 5. A method according to Claim 3, c h a r a c - t e r
i z e d in that when setting-up a call con- nection, the reference (CRefj)
is also forwarded from the first visitor location register (VLRA) to the
second visitor location register (VLRB) via the home location register
(HLR), so as to achieve a redundant, more reliable transmission of the
reference.    


