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PROVIDING INDIVIDUAL SUBSCRIBER SBRVICBS IN A CELLULAR MOBILE
CO!‘!MUNICATIOKS NETWORK

BACKGROUND
The present invention relates to a system for

providing individual supplementary subscriber services in a
cellular mobile communications network, and more particularly

to the use of a home location register for implementing

individual supplementary subscriber services in a cellular
mobile communications network. ,

A primary characteristic of a mobile cqmmunications
system, such as a cellular t-eléphone system, is the fact that
subscribers to the systenm may move around. Accordingly, such
systems are typically realized as a network of neighboring

~ radio cells which together provide complete coverage of the"

area to be se:r:yiced. Each cell has a Base Station (BS)

~ operating on a set of radio channels. The set of radio

channels assigned to a given cell is different from the
channels used in neighboring cells in order to avoid inter-
ference. A group of BS's is controlled by a Mobile services:

‘Switching Center (MsC), which controls calls to and from the
Public Switched Telephone Network (PSTN), Integrated Services

Digital Network (ISDN), and Public Land Mobile Network (PLMN)..
In a cellular telephone system, the role of the MSC is
equivalent to that of the local exchange in the fixed network.
That is, the MSC is :espdnsible for handling tasks such as
switching, routing and charging. -

‘It is desirable to provide a mobile subscriber with
a uniform set of services that he can use independent not only
of his current location, but alsc independent of which
operator is serving his current location. For this reason,
well-known cellular systems such as the Nordic Mobile Telep-

 hone System (NMT) . the Total Access Communication System

(TACS) , Advanced Mobile Phone System (AMPS), American Digital
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Cellular System (ADC), the Global System for Mobile Com-
munication (GSM), and the Pacific Digital Cellular System
(PDC) have all adopted standardized techniques for providing
both basic as well as supplementary services to a roaming
subscriber. As used in this specification, the term "basic
service" refers to the ability of a communication network to
simply establish a call. The term "basic service" will also
refer here to those services, such as three 'party ‘calling,
which are available to all subscribers without requiring an
individual subscription to a service. In contrast, the term
"supplementary service" refers to all of those capabilities,
in mobile as well as fixed networks, which go beyond those
services which are considered "basic" . and vhich do require an
individual subscription before that service can be invoked.
Individual ‘supplementary subscriber services may be divided
:"Ln_to’ two types: those which modify or supplement the process
of originating a call (referred to here as "A-subscriber
services"), and_those which modify or supplement the process
of terminating (i.e., receiving) a call, referred to here as
"B-subscriber services"). 'A-subscribe_r services include, but
are not limited to: barring of outgoing calls, and private
numbering plans. B-subscriber services may be broken down
into those which are invoked unconditionally, regar"dless of
the status of the called subscriber or the network, and those
whose invocation depends on a particular status or condition

_being present at the subscriber or in the network. Uncon-

ditional B-subscriber services include, but are not limited
to: barring of incoming calls; call forwarding, uncorn-
ditional. Conditional B-subscriber services inclnde: call
forwarding on busy; call forwarding on no reply:; call forwar-

'ding on congestion; and call waiting. The. operations and

implementations of such cellular systems are well known in the
art, and described in numerous publications. For example, the
GSM standard is described as part of the ETSI standard. GSM
specifications 02.82-02.89, 03.81-03.90, 04.10, and ' 04.80-

'~ 04.90 are hereby incorporated by reference. ADC is based on
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the IS-54 standard. A detailed description of any of these

well-known systems is beyond the scope of the present discus-
sion. However, features of these systems which are pertinent _
to the present invention will be briefly outlined below.

In order to be able to place a call which terminates
at a mbb.ile station (MS) whose whereabouts may be continually
changing, a data base is requii:ed in the network for keeping
track of a particular MS. The above cellular systems have
adopted the use of a data base called the Home Location
Register (HLR), which is implemented as a node in the mobile
radio communication network. The HLR for use in GSM is
described in GSM specifications 09.02, 03.12 and 03.08, which
are hereby inc'orporated by reference. ﬁhen someone subscribes

~to receive service from an operator, such as any of the ones

mentioned above, his subscription is entered in the HIR of
that operator. The HLR contains subscriber information, such
as supplementary services. Furthermore, ;ne HIR stores
information about the location of the MS, which information
identifies the MSC serving the present location of the MS.
This information is updated as the MS moves around by having
the MS send location information to its HLR by means of an
MSC. | |

Thus, when an MS roams into a new MSC area, it
registers with that MSC, which in turn requests data about the

'MS from the HLR. At the same time, the HIR is informed of

which MSC area the MS is presently located in. If, later on,
the MS wants to make a call, the MSC will already have the
information needed for the call set-up without having to
interrogate the HLR each time.

In addition to basic subscriber services, in-

-dividual supplementary subscriber services may also be .

supported. As mentioned above, these include, for example,
call forwarding on busy, and private numbering plans (i.e.,
the MS's use of a personally selected "short number" for
piacirig a call to a recipient whose full number is known and

.used by the system). The HLR typically plays a part in
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managing individual supplementary subscriber .services in
that, in addition to storing the present location of a roaming

 subscriber as described above, the HLR may also store subscri-

ber categories and call forwarding numbers. The HLR updates
subscriber cateéo:y infqniati-on and forwarding numbers (i.e.,
"C-numbers") in its memory when requested to do so by an
authorized terminal (i.e., a terminal in the wirebound network
with the associated subscription number, or a mobile radio
terminal which has authenticated itself as the subscriber

' terminal). The HIR transmits selected parts of this infor-

mation to an interrogating MSC on the occasion of registration
of a roaming MS, and to é gateway MSC (GMSC) on the occasion
of MS-terminated calls as explained in more. deté._i], below.
However, no information is transmitted to an MSC merely
because an MS is originating the call (e.g., a mobile station
calling a w1rebound subscriber). |

In a typical network, then, A-subscriber services
and conditional B-subscriber services are provided by the MSC,
based on the subscriber categories provided to the VMSC by the
HLR at the time of registration. There is no need for the MsC
to again contact the HLR at the time of call setup. Also, in
the prior art, the HIR is not capable of making conditional
decisions because the standardized MSC-HLR interface does not -
include the_ability to report subsc:iber status (e.g., busy,
no answer, etc.) to the HLR, nor does it allow the conveyance
of commands depending ‘on such ‘input. By contrast, uncon-
ditional B-subscriber services are invoked by the HLR because
a call to a mobile'subscriber always means that the first MSC
contacted (i.e., the GMSC) will consult the HIR in order to
learn the whereabouts of the subscriber. At this time, the
HIR is in the best position to handle unconditional services
such as barrmq an incoming call, or sending to the GMSC the

_C~-number to which the call is to be unconditionally forwarded.

In order to standardize the means of communication
between an HIR and an MSC, cellular communications systems
have adopted the use of the Mobile Application Part (MAP) of



WO 9520299 | _ - PCT/SE95/00009

10

15

20

25

30

35

)

the communications protocol known as CCITT Signaling System

No. 7. Recommendations Q.701-707, Q.711~714 and Q.771-775 in
CCITT's "Blue Book" are hereby incorporated by reference.
There are different variants of the MAP protocols for use with
correspondingly different cellular standards (GSM, ADC, PDC,
etc.). ' ' - '
As new supplementary services are developed, it is
necessary to be able to quickly incorporate them into existing
mobile and non-mobile (i.e. "fixed") communications networks.
In fixed networks, i'apid service development is achieved by
the use of a network definition known as Intelligent Network
(IN). The idea of IN is to provide intelligent nodes in the
network which may be consulted by other nodes in the network
and updated from other nodes. Intelligent nodes consist of
data processing equipment connected to other nodes only via
data links for signaling. Intelligent nodes do not have

- switched user connections for speech or for user data trans-

fer. Consequently, they may be accessed via data links only
from particular other nodes in the nei:work, such as service
switching points (SSPs) in the PSTN. In accordance with the
IN concept of functional entities, new services are introduced.
by adding new program modules in the IN~-nodes, each cofrespon-
ding to an IN functional entity. For _exaniple,. a services
control point (SCP) is the node in the network where most of
the service logic resides. A services switching point (SSP),
as described above, is the node that handles the switching.
functions necessary to enable the services invoked by the SCP. -

‘These nodes correspond to functional en‘éiti_es which
have been defined by the IN standards presented in CCITT
Recommendation Q.1218, which is héréby incorporated by

' reference. The SCP is the hardware node corresponding to the

service control function (SCF), and the SSP is the hardware
node corresponding to the service switching function (SSF) .
Another function, the service data function (SDF), is also
implemented in the SCP. It stores the service data needed for
the SCF. Communication between the SSF and the SCF (and
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therefore, between the SSP and the SCP) is by means of a
protocol called the Intelligent Network Application Part
(INAP), which is also an application on CCITT no. 7.

. The use of the IN network addresses the problem of
how to rapidly implement new supplementary services in a fixed
network. However; the IN network has been developed withgut

. consideration for the problem of how to provide these same new

supplementary services in a cellular environment, in which
subscribers are mobile.. As a result, a number of proprietary

‘solutions for use in the cellular environment now exist,

producing a situation in which some supplementary services are
implemented in the HLR, and other services are implemented in
the SCP. Furthermore, management and implementation of most
supplementary services within the cellular environment is
distributed between the MSC and the HLR.

This approach impedes the rapid development of new
services because the introduction of a supplenentary service
often not only requires a change to the HLR for management of
the service and a change to the MsC for invocation of the
service, but it also often requires a modification of the MAP
protocol between the HLR and the MSC in order to permit the
transferring of the supplementary services data between the

" HLR and the MSC. Consequently, the introduction of supplemen-

tary services in a cellular system requires a very long lead -
time, due to the number of node_s.that must be updated with new
software, and the fact that the operétor_ usually wants the new
service to be available throughout the entire network before
being offered to the subscribers, so that all MSC's in the
network must be updé,ted before a new service is offered to the
mobile subscribers. '

As mentioned above, the IN solutions in the fixed
network environment achieve rapid introduction of new
services as a result of the ft_mctionai. division between the
SCF and the SSF, in which the complete individual service

‘logic resides in the SCF, and the SSF only performs generic

switching functions (e.gq., monitor and report call events, set
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up new leg, disconnect leg) under the direction of the SCF.
However, the IN solution cannot also be applied to the
cellular environment because there is a conflict between the
operation strategies of the SCF and the HLR, the SDF and the
HLR and the SSF and the MsC. That is, the SCF performs the

_ same functions as the HLR, but it uses a different implemen-

tation 'and different interfaces. The same may be said of the
relationship between the SDF and the HLR, as well as between
the SSF and the MSC.-- For example, the SCF is meant to control
all services in an intelligent network. However, this
arrangement is violated by the cellular standards which always

require that the HIR contain the information that is necessary

for invoking a number of services, such as call forwarding
unconditional and barring of inéoming calls. 'Similarly, in
the intelligent network the SDF serves as the data storage
ftinc_tion for the subscriber, whereas subscriber data in a
cellular network is always stored in the HLR.

' For goordinating ‘services between the . mobile
network and the fixed network, there ekist only the switched
connections between the PSTN and the PIMN, i.e., between the

"End Office/Tandem (EO/T), which is a unit in the PSTN, and the

MSC which is the corresponding unit in the PIMN. The EO/T has
an interface to the SCP which stores vital service information
for the PSTN subscribers. Similarly, as described above, the
MSC has an interface to the HIR which stores location and
service information for the PIMN subscribers. - According to
the present state of the art, the PSTN cannot access the HLR
and the PIMN cannot access the SCP. Consequently, if a
subscriber requests a service that is available in the other

‘network but not in his own, providing this service is only

possible by routing the call to the other network, because
signaling associated with these services is not provided'
between the networks. _ C |

To illustrate the solutions presently being applied |
to provide supplementary services to mobile subscribers, two
examples will now be presented. The first of these examples
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will explain how the supplementary service known as "call
forwarding on busy" has been implemented in the prior art.
The purpose of the "call forwarding on busy" service is to
allow a called subscriber to designate an alternative number
which will terminate an incoming call in the event that the

- subscriber's primary number is already in use (i.e., busy).

The following description, then, serves as an example of the
prior art implementation of a supplementary service which
suppleme_nt_s the ability to terminate a call. It will now be
described with reference to Figufes 1 and 2.

N In step 201 a wirebound subscriber 101 (A = origina-
ting subscriber) calls a cellular subscriber 103 (B = called
subscriber), and the call is set up from the calling subscri-
ber to MSCl 104 through connection 105, PSTN 109, connection
106. It will be recognizéd that, in this example, the calling
subscriber could alternatively be a cellular radio subscriber
102. However, for the remainder of this description, refe-
rence will be made only to the wirebound subscriber 101.

In step 202 the MSC1 104 utilizes the MAP-interface
108 to ask the HLR 107 about the present location of cellular
subscriber 103 and gets back the cellular subscriber's roaming
number. o | . ’
o In step 203 the MSC1 104 uses the roaming number to
route the call to the cellular subscriber 103 via connection
111, PSTN 109, connection 112 and MSC2 113.

In step 204, MSC2 113 detects that the called

‘cellular subscriber 103 is busy. In response, logic means

within the MSC2 113 cause it to read in its category store
(which was updated via MAP-interface 117 when the B subscriber
roamed to the region of MSC2) that this particular called
sub‘scriber has "“call forwarding on busy" to a particular c
number given in the store. '

In response to this determination, the Mscz 113, in
step 205, routes the call to the C terminal 114 via connection
115, the PSTN 109 and connection 116, thereby completlng the
supplementary service.
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It can be seen from this example that the infor-

mation for originally routing the call is provided by the HLR

107, but that the logic decision of call forwarding, which is

"also a routing decision, is made by MSC2 113. If the called

cellular subscriber 103 were to request that call. forwarding
be turned on or off, this would require updating not only the
HLR 107, but also the visited MSC2 113. It would be prefera-
ble to have to update only one node.

In the second example, the prior art implementation
of a "private numbering plan" service is illustrated. In this
service, a calling subscriber places a call by using only a
short number which the calling subscriber associates with the
called subscriber. The calling subscriber relies on the
service provider to substitute the full number for the called
subscriber _and correctly route the call. This supplementary
service has been selected as an example because it illustrates
the type of supplementary service which supplements the
ability to originate a call. The prior art implementation of
this supplementary service will now be described with refe-
rence to Figures 3 and 4.

In step 401, a calling mobile radio subscriber 301
(A = originating subscriber) calls a cellular subscriber 302 -
(B = called subscriber) using a short number out of a private
numbering plan subscribed to and stored in the SCP 303.

In step 402, the MSCl 304 reads in its category
store (which was updated via the MAP-interface 305 when the A

- subscriber roamed to the region of MSC1 304} that the calling

mobile radio subscriber 301 has a "private- numbering plan®
stored in SCP 303. In response, the MSC1 304 routes the call
to SSP 306 by way of connection 307, the PSTN 309, and
connection 308. SSP 306 was selected because it is the switch
associated with SCP 303. , '

In step 403, SSP 306 asks the SCP 303, via the
interface 311 (the INAP), to translate the short number of B.
In response, the SSP 306 gets back the actual num.ber which

. may,- for example, be a mobile radio mmber.
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In step 404, SSP 306 routes the call to the MSC2 314
via connection 312, PSTN 309, and connection 313.

In step 405, MSC2 314 asks HLR 318, via the MAP-
interface 319, about the location of the called cellular
subscriber 302. 1In response, the HLR 318 provides the MSC2
314 with a roaming number for the called cellular subscriber
302. The MSC2 314 then routes the call to the called cellular
subscriber 302 by way of connection 316 and MSC3 315, thereby -
completing the supplementary service.

It can be seen from this example that the infor-
mation for routing the call to SSP 306 is provided in advance
by the HLR 318 when it sends a category to MSCl. Fu:_:'thermore,
the number translation and information for routing the call
back to the cellular network is provided by the SCP 303.
Then, the routing of the call to the called cellular subscri-
ber 302 is performed by HLR 318 giving a roaming number to
MSC2 314. In addition to the disadvantage caused by l;nproduc-
tive loops (i.e,, extra connections and points of decision-
making in the routing of the connection), it is impossible for
the calling subscriber 301 to change his private numbering
using his mobile terminal, because the required interface is
not defined. ' | ' '

SUMMARY

It is therefore an cbject of the present invention.

. to provide a mobile communications system which prev'ides for

the rapid incorporation of new supplementary serV1ces.

It is a further object of the present :mventlon to
prov1de a procedure for comnmunicating between the MSC and HLR
whereby status information 15 communlcated from the MSC to the

HLR at the time of call setup, and wherein the HIR uses the

information from the MSC to make a logical decision regarding |

the setup of the call and returns this decisibn to the Msc.
It is a still fui:the_r object of the present inven-

tion to provide a procedure for originating calls from mobile
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cellular subscribers, whei:ein the MSC, in response to detec-
ting that the calling .subscriber is of a 'parti'cular categcery
(Ka), consults the HLR, reporting at least the subscriber
identity to the HLR.

It is yet a further object of the present invention
to provide a procedure for terminating calls to a mobile
cellular subscriber wherein an MSC (normally the GMSC), upon
requesting a roaming number from the HIR; receives a command
from the HLR to monitor events, such as the called mobile
cellular subscriber being busy or not replying, during the
call set-?up to the called mobile cellular subscriber, and to
notify the HLR of any occurrence of such events.

It is a further object of the present 1nventlon to
provide a procedure whereby the HLR may ask the connected
subscriber for information, preferab]_.y by voice prompting,
and wherein an answer is returned to the HLR, preferably by
using a Dual Tone Multi Frequency' (DTMF) signal for com-
municating the information to the MSC, and then converting the
information into a message for transmission to the HIR.

It is yet another object of the present invention to
provide an HLR performing the above indicated functions.

It is another object of j‘!:he present invention to
provide an MSC performing the above indicated functions. |

In accordance with one aspect of the present
invention, the foregoing and other objects are achieved in a
mobile communications system requiring only that a single
intelligent node be consulted at call setup for a particular

calling subscriber subscribing to individual originating

services and that no more than one intelligent node be
consulted at call setup for that particular called subscriber

. subscr:l.hlng to individual terminating services.

In accordance with another aspect of the invention,
a calling subscriber supplementary service may be implemented
in a mobile communications system comprising a home location
register (HLR) coupled to a mobile services switching center
(MSC) by sending a supplementary service category for the
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calling subscriber from the HLR to the MSC. When the MSC
detects initiation of a call from the calling subscriber and
presence of the supplementary service category for the calling
subscriber, the MSC sends a supplementary service request to
the HLR. The suppleméntary service request is received in the
HLR, énd in response thereto, the HLR determines call routing
information in accordance with supplementary service parame-
ters. This determination may require, for example, that a
subscriber's short number from a private numbering plan be
translated into a full number which can be used by the MSC for
routing the call. The call routing information is then sent
from the HLR to the MSC. ‘

In accordance with another aspect of the invention,
a.called subscriber supplementary service may be implemented
by deteé_ting, in the MSC, initiation of a call from a calling
subscriber to a mobile called subscriber. In response, the
MSC sends the HIR a request for a roaming number corresponding
to the called subscriber. In response to this request, the
HLR sends the MSC the roaming number and a command to monitor
the progress of the call. The MSC uses the roaming number to
route a call from the calling subscriber to the called
subscriber. The MSC then detects a status condition and
presence of the command to monitor the progress of the call,
the status condition being indicative of non-complétion of the
call from the calling subscriber to the called subscriber.
The status condition may indicate, for exaniple, that the
calied subscriber is busy. In response; the MSC sends to the
HIR a supplementary service request indicative of the status
condition. This supplementary service request is received by
the HLR, which may determine, for example, that the called
subscriber is enﬁitled to_ a call forwarding on busy supplenmen-
tary service. Consequently, the HLR determines supplementary
call routing information in accordance with supplementary
service parameters. This may simply consist of providing the
alternative routing information for use when the called
subscriber is busy; Alternatively, the supplementary service
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paramefers may require that a selection be made from among
several réuting alternatives, in dependence, for ex_ample, on
the time-of-day. After it Has been determined, the HIR sends
the supplementary call routing information to the MSC.

In yet another aspect of the invention, a called
subscriber supplementary 'servic;'e . may be implemented by
detecting, in the MSC, initiation of a call from a calling
subscriber to the called subscriber, which is normally a
mobile subscriber. In response, the MSC sends the HLR a
request for a roaming number corresponding to the called
subscriber. In.responding to this request, the HLR detects an
availability condition for the called subscriber.  For
example, the availability condition may indicate that the
called subscriber is in a meeting, and is therefore to receive
only an important call, and that an unimportant_call is to be
routed to an alternative destinétion. Upon detecting this
availability condition, the HIR sends a request to the MSC for
information that will determine', at least in part, which
routlng :|.nformation is to be selected. For example, the
requested information may indicate whether the calling:
subscriber is initiating the important call or th_e unimportant
call. The MSC may determine this information by sending
suitable voice 'prompts to the calling subscriber, who may
respond to the MsC by activating keys on the keypad of his
telephone to produce correspond:.ng DTMF signals which are -
received by the MSC. The HLR then receives, from the MSC,
information responsive to the information request. The HLR
uses the received information to determine supplementary call
routing information in accordance with supplementary service
parameters. It then sends the supplementary call routing
information to the MSC, which uses the supplementary call
routing information to route the call from the calliing
subscriber accordingly. '
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BRIEF DESCRIPTION OF THE DRAWINGS

The ocbjects and advantages of the invention will be
understood by read:.ng the following . detazled descrlptlon in

conjunction with the drawings in which:
Figure 1 is a diagram of a pr:Lo:_r: art technique for
implementing the call forwarding on busy supplementary

‘service in a mobile communications network.

Figure 2 is a flow chart of a prior art technique
for implementing the call forwarding on busy supplementary
service in a mobile communication's network.

~ Figure 3 is a diagram of a prior art technique for
1mplement1ng the private numbering plan supplementary service
in a mobile communications network.

Figure 4 is a flow chart of a prior art techhique.
for implementing the private numbering plan supplementary
service in a mobile communications network.

Figure 5 is a diagram of a mobile communications
network in which the call forwarding on busy supplementary
service has been -provided in accordance with the present
invention. . _ | ' '
Figure 6 is aj flow chart for impiementing the call
forwarding on busy supplementary service in a mobile com-

munications network in accordance with the present invention.

Figure 7 is a diagram of a mobile communications
network in which the pri\fate numbering plan supplementary
service has been provided in accordance with the present
invention. o |

_ Fié'ure 8 is a flow chart for implementing the
private numbering plan supplementary service in a mobile
communications network in accordance with the present_
invention. .

Figuré 9 is a block diagram of a mobile com-
munications network in accordance with the present invention.
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Figure 10 is a flow chart of the "interactive call
termination supplementary service", in accordance with the .

present invention. .
Figure 11 is a flow chart of the "tlme-dependent

"call forwarding supplementary service", in accordance with

the present invention.

DETAILED DESCRIPTION

In contrast to the prior art solution of relymg on
the IN network architecture to provide the necessary support
for new services within a mobile communications network, a
mobile communications network in accordance with the present
invention provides these new services within the existing
mobile communications. architecture. That is, the HIR is
enhanced with nev service .capabilities, and the MsC takes a
more generic- service switching role without containing any
service logic for new individual supplementary services. It
should be the role of the HLR to store and administer all
subscriber data for individual mobile subscribers (such as
data relat:mg to voice mail services), and to contain all of
the logic for implementing specific aspects of the individual
call set-up phase for new supplementary services.

Compared to dividing the responsibility for
handling new subscriber services between the HIR and different
peer entities, such as the SCP, a number of advantages are.

‘obtained by the new approach of concentrating the _handllng of
_mobile subscriber data, as well as the invocation of mobile

subscrib_'er individual services, in the HLR. Some of these
advantages are described as follows: '

Service management:

The term "service management® refers, among other
things, to the installation of new supplemerntary services for
mobile cellular subscribers in the intelligent nodes of the.
network. Under the new 'approach described here, this is
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simplified because this installation only needs to be done in
the HIR. _

By comparison, the old approach of distributing
responsibility for invoking services between different nodes
in the network, such as the HIR and the SCP, requires more
time and effort to install new supplementa_:y_ services.
Therefore one of the main objectives with the new network
architecture is to enable subscription management for mobile
subscribers to be focused in a single node, namely the HIR,
for all services. '

Service interaction:

In the existing cellular standards, supplementary |
service for a mobile subscriber is administered in the HLR.
That is, the HLR must either invoke the service itself, such
as with the call forwarding unconditional service, or else it
must at least maintain-information about the services that a
subscriber is eptitled to (i.e., the subscriber categories),
so that that information can be commum.cated to an MSC at the
time of location reg:.stration.

In the event that a supplementary service for a
mobile subscriber would be invoked by both the SCP and the
HLR, the service interaction problem in the prior art would
have to be solved on a network level, thus requiring very
complex solutions. An example of this is the previously
described prior art implementation of the private numbering

' plan service, in which the HIR must be responsible for routing

the call to the SSP, and the SSP/SCP is then responsible for
first translating the short number into a full number, and
then routing the call to the B-subscriber.

By contrast, the presently described solution,
wherein all services specific for a particular mobile subscri-
ber are handled by a single node (the HIR), eliminates the
service interaction problem so that simpler impleme'nf.ation
solutions can be used. An example will be presented below, in
wvhich under the new approach, invocation of the private
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numbering plan service is entirely handled by the HIR, without
the need for routing to an SSP. :

User service control: _
Today the supplementary service included in the

cellular networks can be controlled by the mobile subscriber

using special procedures from the mobile station.
' Since these procedures are handled in the network

_ by the HIR it will still be possible to utilize the same

10

15

20

25

30

supporti that exists today for user control of the new mobile

subscriber services.
It is essential that the subscriber have means to

'control-t!_ue supplementary services that he/she has subscribed
to, otherwise these services will not be used in practice.

The method of the pfesent invention, whereby all mobile
subscriber specific services are handled in the HLR, means
that user control will be possible for all supplementary
services, both existing and future. |

i Pi-otocol between HLR aﬁd MS8C

To incorpofate this new network architecture into
an existing cellular neﬁwqu , a new communication protocol is
introduced between the MSC and the HLR. This new protocol is
called a Mobile Supplementary Services Application Part
(MSSAP) .. The MSSAP is preferably a protocol which replaces
the existing MAP protocol between the MSC and the HLR. The
MSSAP will perform all of the operations which are currently

‘performed by the existing MAP protoceol, and in addition, will

permit the new communications described below. The MSSAP is
used for communication between the MSC and the HLR at mobile
terminated calls as well as at mobile originated calls. Those
having ordinary skill in the art of communications protocols
will readily be capable of implementing the MSSAP protocol in
accordance with the description which follows. -
The MSSAP contains the necessary functions for
allowing the HIR to obtain all the information it needs to
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invoke supplementary services. The MSSAP also contains
procedures similar to the INAP interface between the SSP and
the SCP, in order to enable the MSC to have a more generic
service switching function than it has in prior art systems.
Means are also provided for using the MSSAP as a communication
link between the MSC and the HLR for mobile originated calls,
a feature which is not possible wzth the prior art MAP
standards. ' o

In accordance with the present invention, the MSSAP
provides for comimnicating the following information: .

- Commands to transmit voice messages from the
MSC to the subscriber. This is used when the HLR, desiring to
send a particular voice message (e.g., a "'prompt") ~to the

- subscriber, commands the MSC to connect to an intelligent

peripheral  (IP) that actually generates the voice prompt
(selected from a number of stored voice messages) to be
transmltted to the subscriber. '

- -Transmitting answers received by the MSC from
the subscriber to the HIR in the form of messages. The
answers may be communicated to the MSC from the subscriber in
the form of a Dual Tone Multi-Frequency (DTMF) signal.
However, the MSC must convert this into a message that is
suitable for transmission to the HIR via the MSSAP.

- Transmitting called subscriber status (e.g.,
busy, no reply, not reachable) and network conditions (e.g.,
“congestion") to the HLR. The MSC would send this information

to the HLR in response to detecting the.présence of a command,

previously received from the HLR, instructing the MSC to
monitor and report such conditions. '

- Transmitting A-subscriber parameters (e. g. ; A~
number, terminal type, etc.) from an MSC to the HLR during
call origination. This transmission would occur in responsé
to the subscriber having a particular A-category. |

' - Transmitting answers (e.g., full number of a

‘private numbering plan) from the ELR to the MSC as a response

to the MSC's transmission of A-sybscriber parameters.
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- Transmitting requests from the HLR to the MsC

' to set up a call to a specified destination.

. - Transmitting requests from the HLR to the MSC
to connect or disconnect the different parties involved in a
call to/from each other,

The various inventive features of the present

' invention, in which all substantive subscriber service
decisions are made by the HLR, with the MSC only having to

decide whether or not the HLR should be consulted for a
subscriber service decision, and without having to rely on
nodes within the wirebound network making any of these
de_cisions, will now be illustrated with reference to several
examples. In each of these, the described steps are prefera-

bly implemented by coﬁputer programs. Those of ordinary skill

in the art of computer programming in communications systems
environments will readily be able to write suitable programs
for implementing the present invention from the description

which follows.

Referring now to Figures 5 and 6, the inventive
solution to the problem of providing the "call forwarding on
busy" service will now be presented. This supplementary
service is presented merely as one illustration of how a
service that supplements the ability to terminate a call would
be implemented in accordance with the present invention.
Those having ordinary skill in the art will readily appreciate
how the principles shown in the following example can be
applied to other supplementary services.

In step 601 a wirebound calling subscriber 501 (A =
calling subscriber) places a call to a cellular subscriber 503
(B = called sui:scriber) and the call is set up from the

calling subscriber to MSC1 504 via connection 505, PSTN 509,

and connectionlsos. Although the assumption in this example |
is that the call originates with a wirebound subscriber, it
will be apparent that the same methods to be described could
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also be applied when thé-ofigina_ting subscriber is a calling
cellular radio subscriber 502. '

In step 602 the MSC1 504 asks the HLR 507 via the
MSSAP 517 about the present location of the called cellular
subscriber 503. In response, the HLR 507 provides the MsC1
504 with a réaming number corresponding to that called
cellular subscriber 503. In addition, the HLR 507, after
determining that the called cellular subscriber 503 is
entitled to receive the "call forwarding on busy" service,
gives the MSC1 504 a "call monitor command", which instructs
the MSCl 504 to monitor the progress of the call, and to
report the existence of any status conditions, such as "busy"
or “no reply". o ,

In step 603 MSCl 504 uses the roaming number to
route the call to the called cellular subscriber 503 via
connection 511, PSTN 509, connection 512 and MSC2 513.

In step 604 MSC2 513 detects that the called
cellular subscriber 503 is busy and sends this B-subscriber
state back to MSC1 504 (e.g., by transmission of an ISDN User
Part (ISUP) message) over the path which has been established
between MSC2 513 and MSC1 504. After receiving this B-
subscriber stétus information and detecting the presence of
the previously received "call monitor command", the MSCl1 504
responds by informing the HLR 507 of the busy status, via a
supplementary service request. This communication also takes
place via the above-described inventive extension of the MAP.
interface, called MSSAP 517. In response to the supplementary
service request, the HLR 507 again ascertains that the called
cellular subscriber 503 is entitled to receive the “call
forwarding on busy" service, and subsequently determines, in
accordance with the supplementary service parameters as-
sociated with the call forwarding on busy service, the

‘particular € number to which the call should be routed. It

then returns a message to the MSC1 504 via MSSAP 517 in-
dicating the determined particular C number.
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In step 605 MSCl 504 routes the call to the C
terminal 514 via the connection 515, PSTN 509 and the connec-
tion 516, thereby completing the supplementary service.

Thus in accordance with the present invention, the

HLR 507 was solely responsible not only for determining the

initial roaming number for. the called cellular subscriber, but
also for determining that the MSC1l 504 should establish a

~connection to the C terminal 514 upon receiving a message that

the called cellular subscriber 503 was busy.

The next illustrative  example of the present
invention concerns the implemenﬁation of a private numbering
plan service for a mobile subscriber. In this service, a
calling subscriber places a call by using only a short number
which the calling subscriber associates with the called
subscriber. The calling subscriber re'l_ies on the serv:ice'
provider to substitute the full number for the called subscri-
ber and correctly route the call. This supplementary' service
is being presented merely as one illustration of how a service
that supplements a mobile subscriber's. ability to origiriate
a call would be implemented in accordance with the present
invention. Those having ordinary skill in the art will
readily appreciate how the principles shown in the f§llowing
example could be applied to other supplementary services.

_ Referring now to Figures 7 and 8, in step 801 a -
mobile radio subscriber 701 roams into the area served by MSC1
704, and registers its location there. Aas part of location
registration, the MSCl 704 receives from f_he_ HLR 718 via the
MSSAP interface 717 the subscriber categories for the mobile
radio subscriber 701. In accordance with the present inven-
tion, the received subscriber categories include a new
category, here de_s_ignated"'KA“, which tells the MSC1 304 that

‘it is to contact the HIR 718 whenever this subscriber origina-

tes a call (A=originating' subscriber), even if that call is to
be routed to a terminal in the wirebound network (i.e., even
if the called terminal is not a mobile subscriber). -
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In step 802 the originating mobile radio subscriber
701 calls a cellular subscriber 702 (B = called subscriber)
using a short number out of a private numbering plan subscri-
bed to and stored m the HIR 718.

' In- step 803, the MSCl 704, recogn:.zlng that the
calling cellular subscriber 701 is a category KA subscriber,
uses the MSSAP interface ‘?17 to.contact the HLR 718, informing
the HLR 718, via a supplementary service request, of the

' calling cellular subscriber's request and identity. The HLR

718 recognizes that the callJ.ng cellular subscriber 701 is
using a private "short number”, and translates this number
into a full number suitable for routing the call in the
network, in accordance with the supplementary service
parameters which are associated with the private numbering‘
plan supplementary service. Also in step 803, after the MsCl
704 has received the full number of the called cellular
subscriber 702, it again uses the MSSAP interface 717, this
time transmitting to the HIR 718 the full number of the called
cellular subscriber 702 along with 'a_ request that the HLIR 718
return the called cellular subscriber's roaming number. In
response, the HLR 718 determines tne roaming number of the
called cellular subscriber 702, and returns this information

‘to the MSC1 704 by means of the MSSAP 717.

In step 804 MSC1 704 uses the full number and the

roaming number to route the call to the called cellular
" subscriber 702 via the connection 707, PSTN 709, the connec-

tion 716, and MSC2 715.

In order to simplify the explanation, an assumption
in the above example was that both the A-subscriber and the B-
subscriber have the same HLR. However, this may not be the
case. In the event that subscribers A and B have correspon-
ding home location i;'eg-isters HILR-A and HLR-B, then it is
necessary for MSCl to consult both HLRs at the time of call
origination. That is, the MSC1 would first contact the HLR-3,
using the MSSAP interface, in order to 'have't_h_e short number
translated to a full number. Then, the MSC1 would contact the
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HLR~-B, via the MSSAP interface, in order to obtain the roaming
number of the B-subscriber. Note that in this case, two
intelligent nodes are consulted for one call set up. However,
this is done via _signalliz'ag' links without routing the call in

| loops between PLMN and PSTN as was necessary in the prior art

(see Figure 3).

' " A mobile communications network in accordance with
the present invention will now be described with reference to
Figure 9. A cellular mobile radio station 904 communicates
with a base station 905 _Via a radio connection 907. The base
station 905 is, -in turn, connected to the switch 933 of an MSC
902. Other MSC's similarly exist in the system, as represented
by the other MSC 903. However, this description will focus on
the MSC 902, which is representative of the other MSC's in the
system. . C ' .
The switch 933 is coupled to an external PSTN 906 by
means of the connection 937. Within the MSC 902, the switch
933 is coupled to a processor 931 by means of connection 935,
and to an intelligent peripheral 932 by means of connection
932. The connection 935 permits the processor 931 to control
the oper_atidn of the switch 933. The intelligent peripheral
932 stores voice messages, or prompts, which may be played to
a subscriber by appropriate routing through the switch 933.
A connection 934 between the intelligent peripheral 932 and
the processor 931 permits the processor 931 to control the

- operation of the intelligent peripheral 932.

The processor 931 in the MSC 902 is coupled, by
means of connection 925, to input/output (I/0) ldgic 924
located in the HLR 901. The I/O logic 924 is similarly
coupled to other MSC's in the system. Communication on the
connection 925 uses the MSSAP protocol of the present inven-
tion. The processor 921 is preferably responsible for
maintaining the proper protoc_ol in the HLR 901. In a prefer-
red embodiment, the processor 921 is also capable of com- -
municating by means of the standardized MAP protocol, in order
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to maintain compatabilty with other MSC's which have not been
updated to use the MSSAP protocol of the present invention.
The I/0 logic 924 is couplegd, by means of connection -
92'8, to a processor 921. The processor preferably also
includes a data memoéry for storing operands used during
processing. The HLR 901 also includes a program store 923
coupled to the processor 921 by means of connection 927, and
a real time clock 922 coupled to the proces.sor 921 by means of

~ connection 926.

The above configuration permits network status
information to be routed through the MSC 902 to the HIR 901,
which can then make decisions by means of the processor 921.
The mobile radio station 904 may transmit data to the base
station 905, which in turn relays that data to the MSC 902
whose processor 931 again relays that data to the HLR 901.
The processor 921 of' the HLR 901 can then take appropriate
actions on the basis of the received data. An example of this
will be illustrated below. _ .

The MSC 902 is also capable of making decisions to
the extent that it recognizes the new subscriber category
(i.e., KA) and the call monitor comm_and,‘bo'th described here,

‘and takes appropriate action. In particular, the new subscri-

ber category KA tells the MSC 902 that the HLR 901 must be

- consulted whenever a corresponding subscriber attenpts to

originate a call. This permits the HLR 901 to handle such
services as the private numbering plan described in detail
above. The new call monitor command tells the MSC 902 that it

must monitor and report certain called subscriber or network

status information that may occur during an attempted routing
of a corresponding call. This permits the HLR 901 to process
such services as the call forwarding on busy service described
in detail above. . ' |

In accordance with the present invention, the
mobile communications éyst'em is capable of easily providing’
more complicated services. For example, an interactive call
termination supplementary service will now be described with
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reference to Figure 10. This service is useful, for example,
if a B-subscriber is in a meeting and wants to be able to
receive important calls, but would like all other calls to be
routed to a voice machine. The calling A-subscriber is .

. therefore to be given the option of having his call put

through to the B~subscriber, or else having it routed to the
voice machine so that he can leave a message.

The :|.mp1exnentat10n of this service in ‘accordance
w:.th the present invention will now be described. Referring
to block 1001 in Figure 10, the A~subscriber attempts to place
a call to the B-subscriber. Since the B-subscriber is a
mobile cellular subscriber, the call is first routed to MSC1.
As explained in previous examples, the MSC1 accesses the HIR,

by means of the new MSSAP interface, in order to obtain the

roaming number of the B-subscriber. However, in block 1002,
the HLR detects in it‘s_ data base that an availability con-
dition exists for the B-subscriber, such as the fact that the
B~-subscriber is_currently in a meeting (the B-subscriber had
previously informed the HLR of this). Therefore, in block
1003, instead of simply transmitting the roaming' number to the
MSCl over the MSSAP 1nterface, the HLR uses a feature of the
new MSSAP interface to tell the MSC1 to send a voice prompt to .
the A-subscriber. The voice prompt informs the A-subscriber
of the options to either connect directly to the B-subscriber
if the call is important, or else to connect to the B-subscri-
ber's voice mail number. The A-subscriber makes a selection
by, for example, using the Ikeypad on his telephone to send a

selected DTMF signal through the base station to the MSC1.
The MSC1 then converts the requested information contained in
30.-°

the DTMF signal into a message for transmission back to the
HLR over the MSSAP. Depending on the A-subscriber's response,
the HLR uses the MSSAP interface to send either the B-subscri-
ber's roaming number (block -1004), or else. the voicemail
number to the MSC1. In-block 1006, the MSC1 uses the number
received from the HIR to finish routing the call.
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_ Another more com‘pl_icated supplementary service that
can easily be implemented in the mobile co_mmunicétions system
in accordance with the preéent invention is the "time-depen-
dent call forwarding suppleﬁientary service." This service
allows a subscriber to désignat_e different forwarding numbers
(i.e., "C-numbers") for use at correspondingly different
times of the day. Such a service cannot accurately be
provided in prior art systems because the C-number in those
systems is provided to the MSC2 at the time that -the B-
subscriber registers there, which may be much earlier than the
time that the service is actually invoked.

' The implementation of this service in accordance
with the present invention will now be described with refe-
rence to Figure 11. In block 1101, the A-subscriber attempts
to place a call to the B-subscriber. Since the B-subscriber
is a mobile cellular subscriber, the call is first routed to
MSCl. As explained in previous examples, the MSCl accesses
the HLR, by means of the new MSSAP interface, in order to -
obtain the roaming number of the B-subscriber. In block 1102,
the HLR again uses the MSSAP interface to provide the MsCl
with the roaming number of the B-subscriber, as well as the
call monitor command, described above. In block 1103, the
MSC1 routes the call to the B-subscriber. As described in
earlier examples, this connection may go through a second MSC,
designated MSC2. Upon finding that the B-subscriber is busy,
the MSC2 routes this "busy" status information back to MSC1.
In block 1104, when the MSC1 receives this status information,
it determines that a call monitor command has previously been
received for this call. In response to this, the MSC1 uses
the MSSAP to send the "busy" status information to the HIR, by
means of a supplementary service request. The HIR, after
again determining that the B-subscriber is entitled to receive

' the "time~dependent call forwarding supplementary service,"

checks the time of day and the parameters for call-forwarding

‘as earlier established by the B-subscriber. If, for example,

the B-subscriber designated one call-forwarding number (i.e.,
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a "C-riumber") for the morning and one for the afternoon, the
HLR uses the MSSAP interface to give th= MSC1 either the first
C-number (block 1105) or the second C-number (block 1106),
depending on what time it is. The MSCl then uses this
information, in block 1107, to route the call.

‘ The invention has been described with reference to
particular embodiments. However, it will be readily apparent
to those skilled in the art that it is poss‘iblé to embody the
invention in specific forms other than those of the preferred
embodiments described above. This may be done without
departing from the spirit of the invention. The preferred
embodiment is merely illustrative and should not be considered
restrictive in any way. The scope of the invention is given
by the appended claims, rather than the preceding description,
and all variations and equivalents which fall within the range
of the claims are intended to be embraced therein.
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1. In a mobile coﬁmunidati_ons system comprising a home

.location register coupled to a mobile services switching

center, a method for prov1d1ng a supplementary service to a
calling subscriber, comprising the steps of:

sending a supplementary service category for the
call:mg subscriber from the home locatlon register to the
mobile services switching center;

detecting, in the mobile services switching center,
initiation of a call from the calling subscriber and presence
of the supplementary service category for the calling subscri-
ber; ) '

sending a supplementary service request from the
mobile services switching center to the home location reg-ister
in response to said detecting step;

receiving the supplementary service request in the
home location register, and in response thereto, determining,
in the home location register, call reuting information in
accordance with supplementary service perameters: and

send:Lng ‘the call routing information from the home
location reglster to the mobile services switching center..

2. The method of 'claim 1, wherein the step of deter-
mining call routing information comprises translating a short
number into a full number corresponding to a called subscri-
ber.

3. - In amobile communications system comprising a home .
location register coupled to a mobile services switching
center, ‘a method for providing a supplementary service to a
called subscribe_r, comprising the steps of:

detecting, in the mobile services switching center,

‘initiation of a call from a calling subscriber to the called
‘subscriber; ' :
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sending in response to the detected call initia-
tion, from the mobile services switching center to the home
location register, a request for a roaming number correspon-
ding to the called subscriber;

- sending in response to the request for a roam:.ng
number, from the home location register to the mob:.le services
switching center, the roaming number and a call monitor
command for the called subscriber:;

using the roaming number in the moblle serv1ces
switching center to route a call from the call:.ng subscr:.ber
to the called subscriber; .

detect:.ng, in the mobile services sw:.tch.mg center,
a status condition and presence of the call monitor command
for the called subscriber, the status condition being in-
dicative of non-completion of the call from the calling
subscriber to the called subscriber;

sending a supplementary service request and the
status conditiop from the mobile services switching center to
the home location register in response to said detecting step;

receiving the supplenentary service request and the
status condition 1n the home location register, and in

‘response thereto, determ:.nlng, in the hone locatlon reg:.ster . '

supplementary call routing information in accordance with

' supplementary service parameters; and _

sending the s‘upplementaz'y call routing information
from the home location register to the mobile services
switching center. ' '

4. The method of claim 3, wherein the status condition
is a busy indication, and the supplementary service is a call
forwarding on busy supplemen_tary. service.

5. The method of claim 3, wherein the step of deter-
mining supplementary call routing information in accordance
with supplementary service parameters comprises determining
a first supplementary call routing information if the sup- -
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plementary service request is received during a first time
period, and determining a second supplementary call routing

“information if the supplementary service request is received

during a second time period.

6. In a mobile communications system congp’rising a home -
location register coupled to a mobile services switching
center, a method for providing a supplementary service to a
called subscriber, comprising the 'steps of: '
‘detecting, in the m.obile'se'rvices switching center,
initiation of a call from a calling subscriber to the called

subscriber;
sending ‘in response to the detected call initia-

'tion, from the mobile services switching center to the home

location reglster, a request for a roaming number correspon-
ding to the called subscriber. )

detect:.ng , in the home location register in
response to the-request for a roaming number, an availability
condition for the called subscriber; ' |

sending, in response to the detected availability
condition, an information request from the home location
register to the mobile servicjes switching center;

in the mobile services switching center, in
response to receiving the information request, sol_ieiting and
subsequently receiving requested information from the calling
subscriber;

sending the requested information from the mobile
services swit_ching center to the home location register:

using, in the home location register, the requested
information to determine supplementary call routing infor-
mation to a selected destination in accordance with supplemen-
tary service parameters, ' '

send:.ng, from the home location reglster to the
mobzle services sw:.tch:.ng center, the supplementary call
routing information: '
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using the supplementary call routing information in
the mobile services switching center to route a call from the
calling subscriber to the selected destination.

7. The method of claim 6, wherein the requested
information received by the mobile services switching center
from the calling subscriber is in the form of a dual tone
multi-frequency signal. |

8. The method of claim 7, wherein tne mobile services

switching center converts the dual tone multi-frequency

signal into a message containing the requested information for
sending to the home location register.

9. The method of claim 6, wherein the availability

condition indicates that the called subscriber is to receive
only an important call, and that an unimportant call is to be
routed tqQ an alternative destination.

10. The method of claim s, wherein the requested
information indicates whether the calling subscriber is

initiating the important call or the unimportant call.

11. Inamobile comnunications system comprising a home

_location register coupled to a mobile services switching

center, a system for providing a supplementary service to a
calling subscriber, comprising:
means for sending a supplementary service category
for the calling subscriber from the home location register to
the mobile services sw:.tching center; '
means for detecting, in the mobile services
switching center, initiation of a call from the calling

‘'subscriber and presence of the supplementary service category

for the calling subscriber.
means, responsive to an output of said means for

detecting, for sending a supplementary service request from
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the mobile services switching center to the home locat:.on
reg:.ster. _

means for receiving the supplementary service
request in the home location recjiste'r-, an_d' in response

thereto, determining, in the home location register, call

routing information in accordance with supplementary service

parameters; and
means for sending the call routing information from

the home location register to the mobile services switching
center.

12. The system of claim 11, wherein the means for

determining call routing information comprises means for

transiating a short number into a full number corresponding to
a called subscriber. '

13. In a mobile communications system comprising a home
location register coupled to a mobile services switching
center, a system for providing a supplementary service to a

' called subscriber, comprising:

means for detecting, in the mobile services
switching center, initiation of a call from a calling subscri-
ber to the called subscriber:; -

means for sending in response to the detected call
initiation, from the mobile services switching center to the
home 1location reg_ister, a request for a roaming number
corresponding to the called subscriber;

" means for sending in response to the request for a
roaming number, from the hone location register to the mobile
services switching center, the roaning number and a call
monitor command for the called subscriber:

means for using the roaming number in the mobile
services switching center to route a call from the calllng

- subscriber to the called subscriber;

means for detecting, in ‘the mobile services
switching center, a status condition and presence of the call
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monitor command for the called subscriber, the status con-
dition being indicative of non-completion of the call from the
calling subscriber to the called subscriber: '

means, responsive to an output of said means for
detecting, for sending a supplementary service request and the
status condition from the mobile serv;i.ces switching center to
the home location register: '

. means for receiving the supplementary service
request in the home location register, and 1n response
thereto, determining, in the home 1ocat:l.on reg1ster, sup-
plementary call routing information in accordance with
supplementary service parameters; and

means. for sending the supplementary call rout:.ng

~information from the home location register to the mobile
services switching center.

14, The system of claim 13, wherein the status condition
is a busy indication, and the supplementary service is a call
forwarding on busy supplementary service.

15. The system of claim 13, wherein the means for
determining supplementary call routing information in
accordance with supplementary service parameters comprises
means for determining a first supplementary call routing
information if the supplementary service request is received
during a first time period, and means for determining a second
supplementary call routing information if the supplementary
service request is received during a’ second time period.

16. In a mobile communications system comprisj.ng a home
location register coupled to a mobile services switching
center, a system for providing a supplementary service to a
called subscriber, comprising: '

means for detecting, in the mobile services
switching center, initiation of a call from a calling subscri-
ber to the called subscriber;



-

0 O R

WO 95/20299 e Lo os ' ' PCT/SE95/00009

10

15

20

25

30

34

A

means for sending in response to the detected call
initiation, from the mobile services switching center to the
home 1location register, a request for a roaming number

corresponding to the called subscriber;

means for detecting ’ in the home location register
in response to the request for a roaming number, an availa-
bility condition for the called subscriber:; _

means for sending, in response to the detected
availability condition, an information request from the home ,
location register to the mobile services switching center;

means, -responsive to receiving an information
request in the mobile services switching center, for solici-
ting and subsequently receiving requested information from
the calling subscriber: :

means for sending the requested information from
the mobile services switching center to the home location
register. _ '

means, for using, in the home location register, the

requested information to determine supplementary call routing

information to a selected destination in accordance with
supplementary service parameters; |

means for sending, from the home location register
to the mobile services switching center, the supplementary '
call rout:.ng information; and

means for using the 'supplementary call routing
in'forination in the mobile services switching center to route
a call from the calling subscriber to the selected des-
tination.

17. - The system.of claim 16, . wherein “ the requested - '

‘information received by the mobile services switching center

from the calling subscriber is in the form of a dual tone
multi-frequency signal. '

18. The system of claim 17, wherein the means- for
sending the requested information from the mobile services
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switching center to the home location register cqnvei'ts the
dual tone multi-frequency signal into a message containing the
requested information for sending to the home locaticn

register.

19. . The system of claim 16, wherein the availability
condition indicates that the called subscriber is to receive
only an important call, and that an unimportant call is to be
routed to an alternative dgstination. '

20. The system of claim 19, wherein the requested
information indicates whether the calling subscriber is
initiating the important call or the unimportant call.

21. A mobile se:vides switching center, comprising:
means for receiving, from the home location

register, a supplementary service category for a: calling

subscriber:; . . | :

_ means for detecting initiation of a call from the

calling subscriber and presence of the supplementary service

‘category for the calling subscriber;

means, responsi,ve to an output of said means' for
detecting, for sending a supplementary service request from
the mobile services sﬁitching center to the home locatiocn
register: |

means for receiving, from the home location
register, call i'outing information that has been determined
in accordance with supplementary service parameters.

22. : The mobile services switching center of claim 21,
wherein initiation of a call from a calling subscriber
includes receiving a short number corresponding to a called
subscriber, and wherein the call routingl information is a full
number corresponding to the called subscriber.

23. A mobile services switching center, comprising:



.

WO 95/20299

10

15

20

25

30

PCT/SE95/00009

W

36

means for detecting initiation of a call from a
calling subscriber to a called subscriber; |

means for sending in response to the detected call
initiation, from the mobile services switching center to a
home location re_g_ister, a request for- a roaming number
corresponding to the called subscriber; '

means  for receiving, from the home 16¢at;ion
register, the roaming number and a call monitor command for
the called subscriber; _ .

means for using the roaming number to route a call
from the calling subscriber to the called subscriber;

_ iteans for detecting a status condition and presence
of the call monitor command for the called subscriber, the
status condition being indicative of non-completion of the
call from the calling subscriber to the called subscriber;

means, responsive to an output of said means for

-detecting, for sending a supplementary service request and the

status-condition from the mobile services switching center to
the home location register: and '

means for receiving, from the home 1location
register, supplementary call routing information that is
determin_‘ed in accordance with supplementary service parame-
ters. ' :

24. " The mobile services switching center of claim 23,
wherein the status condition is a busy indication, and the
supplementary service is a call forwarding on busy supplemen-
tary service. '

25. The mobile services switching center of claim 23,

- wherein the supplementary call routing information is a first

supplementary call routing information if the supplementary
service request is sent during a first time 'period , and a
second supplementary call routing information if the sui:-'
plementary service request is sent during a second time

period.
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26. A mobile services switching center, comprising:

means for detecting initiation of a call from a
calling subscriber to a called subscriber:

means for send:.ng to a home location register in
response to the detected call initiation, a request for a
roaming number corresponding to the called subscriber;

means for receiving an information request from the
home location register} ' |

means, responsive to receiving an information
request, for eoliciting and subsequently receiving requested
information from the calling subscriber; _

means for sending the requested information from
the mobile services switching center to the home location
register; ' .
means for receiving, from the home location
register, supplementary call routing information to a

- destination that is selected in response to the requested

20

25

'30_

' 1nformation ; and

means for using the supplementary call routing
information in the mobile services switching center to route
a call from the calling subscriber to the selected des-
tination. -

27. The mobile services switching center of claim 26,
wherein the reqﬁested information received by the mobile
services switching center from the calling subscriber is in

‘the form of a dual tone multi-frequency signal.

28. The mobile s_ervic_es switching center of claim 27,
wherein the means for sending the requested information from

the mobile services switching center to the home location

register converts the dual tone multi~frequency signal into
a message containing the requested information for sending to
the home location register.
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29. The mobile servzces switching center of claim 26,
wherein the requested information indicates whether the

' call:.ng subscriber is_ initiating an important call or an

unimportant call.

30. A home location register, eomprising:

means for receiving a supplementary service request
from a mobile services switching center, the supplementary
service request indicating that a calling subscriber is
initiating a call;

means, responsive to receipt of the supplementary
service request, for determining call routing information in
accordance with supplementary service parameters; and

means for sending the call routing information from
the home location register to the mobile services switching

center.

31. . The home location register of claim 30, wherein the
means for determining call routing information comprises
means. for translating a short number into a full number
corresponding to a called subscriber.

32. A home location register, comprising:

means for receiving, from a mobile services
switching center, a request for a roaming number corresponding
to a called subscriber; -

meens , responsive to the roaming number requést
means, for determining that the called subscr:.ber is to
receive a called suhscr:.ber supplementary service;

means, respons:.ve to an output of the determining
means, for sending, to the mobile services switching center,
the roaming number for routing a call from a calling subscri-
ber to the called subscfibe’r, and a call monitor command for
the called subscriber; .

means for receiving, from the mobile services

switching center, a supplementary service request and a status
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condition indicative of non-completion of the call from the
calling subscriber to the called subscriber:;

' means, responsive to an output of the supplementary
service request receiving means, for determining supplemen-
tary call routing information in accordance with supplemen-
tary service parameters:; ahd ' ' _

means for sending the supplementary call routing
information from the home location register to the mobile-

services switching center.

v -
33. The home location register of claim 32, wherein the

status condition is a busy indication, and the supplementary -
service parameters correspond to a call forwarding on busy
supplementary service.

34. The home location register of claim 32 , Wwherein the
means for determining éupple’mentary call routing information
in accordance with supplementary service parameters compriées
means for determining a first supplementary call routing
information if the supplementary service request is received

- during a first time period, and means for determining a second.

20

25

30

supplementary call routing information if the supplementary
service request is received during a second time period.

.35. ' A home location register, comprising:

means for receiving, from the mobile services
switching center, a request for a roaming number corresponding
to a called subscriber: | '
means for detecting, in response to an output of the
roaming number request receiving means, an availability
condition for the called subscriber; _ |
means for sending, in response to the detected
availability condition, an information request from the home
location register to the mobile services switching center;
means for receiving the requested information from

. the mobile services switching center:;
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means for using the requested information to
determine suppleme_ntary call routing information to a
selected destination in accordance with supplementary service
parameters; and | _ '

means for send_i.hg the sui:ple_'mentary call routing
information to the mobile services switching center.

36. The home location register of claim 35, wherein the
availability condition indicates that the called subscriber
is to receive only an impori:ant call, and that an unimportant
call is to be routed to an alternative destination.

37. The home location register of claim 36, wherein the
requested information indicates whether the calling subscri-
ber is initiating the important call or the unimportant call.



