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(57) Abrege(suite)/Abstract(continued):

This means that there Iis a vast number of bearer services, which causes problems for both the network operators and the mobile
subscribers. According to the invention, the number of bearer services Is reduced by defining the bearer service to cover several
data rates, and by negotiating, at the call set-up stage, the data rate to be used by the data call in the bearer service between the
mobile station (MS) and the mobile communication network (MSC). The next step Is to negotiate the data rate between the mobile
communication network (MSC) and the fixed network, such as PSTN or ISDN. Then, If required, the data rate of the mobile
communication network and the radio channel resources are adapted to the data rate used towards the fixed network.
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The present invention generally relates to data transmission services in mobile communication systems. A mobile subscriber may
typically be entitled to different kinds of tele and bearer services. Presently, each user data rate is an independent bearer service. This
means that there is a vast number of bearer services, which causes problems for both the network operators and the mobile subscribers.
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negotiating, at the call set-up stage, the data rate to be used by the data call in the bearer service between the mobile station (MS) and the
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the fixed network, such as PSTN or ISDN. Then, if required, the data rate of the mobile communication network and the radio channel
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Mobile communication system and method for establishing a
data call

Field of the Invention

The present invention generally relates to mobile
communication systems and particularly establishing data
calls employing different data rates and bearer services.

Background of the Invention

Iin addition to conventional speech transfer, modern
nobile communication systems provide their users with
various kinds of data transfer features. The services
provided by the mobile communication systems may generally
be divided into Tele Services and BRBearer Services. A
bearer service is a telecommunication service which
constitutes the transfer of signals between the user-
network interfaces. As an example of bearer services,
modem services are mentioned. In a tele service, the
networks also provides terminal equipment services.
Examples of major tele services, in turn, include speech,
telefax, and videotext services.

The bearer services are usually classified into
groups, such as asynchronous and synchronous bearer
services, according to a characteristic feature. In an
asynchronous bearer  sexrvice, the transmitting and
receliving data terminals only maintain their
synchronization during each individual character ¢tO be
transferred. In a synchronous bearer sexrvice, the
transmitting and receiving data terminals are synchronilzed
during the entire data transmission. Within each of such
groups there is group of Dbearer services, e.g. a

transparent service and a non-transparent service. In a

transparent service, the data to be transt exrred are
unstructured, and the transmission exrrors will Dbe
corrected by using channel coding only. In a non-

transparent service, the data to be transferred are
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structured into service data units, and transmission

errors are corrected (in addition to channel coding) by

using automatic requests for retransmission. In addition,

each user data rate 1is presently an independent bearer
cservice. Therefore, there will Dbe a hugely increased

number of different bearer services. FOX example, the

mobile communication system GSM (Global System for Mobile
Communication) now has 6 different asynchronous beareXx
services for the rates 300, 1200, 1200/75, 2400, 4800 and
9600 bit/s.

A mobile subscriber may typically be entitled to
different kinds of tele and bearer services. He may, for
example, have access to a speech service, relefax service
and various kinds of data sexrvices that utilize bearer
services. A mobile terminating or originating call may
rherefore require any of the aforementioned tele and
bearer services, or combinations thereof, for which reason
~he correct service must be addressed tO the mobile
communication network. In the GSM mobile communication
aystem, for example, call set-up signalling transmitted by
-~ mobile station contains information on the required
service in a specific BCIE (Bearer Capability Information
Element) . The mobile communication network may thus choose
the appropriate service for the mobile originating calls.
Calls originating from an ISDN (Integrated Services
Digital Network) also contain a similar information
element, indicative of the required service. If, however,
the call originates from or is xrouted via the public
switched telephone network (PSTN), information on the
service type of the call will not be transmitted to the
mobile communication network. In such a case, the mobile
communication network should be informed in some other way
what tyvpe of a basic service 1s required by the call. A

prior art solution to the problem is represented by a
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Multi Numbering Scheme in which a mobile subscriber has as
many directory numbers as he has different services tO
which he wishes to receive incoming calls. In accordance
with the multinumbering scheme, a calling subscriber dials
the directory number of the mobile subscriber according to
+he desired service. In the GSM system, the éervices of
+he sgcubscribers are determined 1in a subscribexr’s home
location register (HLR), in which . other subscriber
information is also stored permanently. The HLR is also
used for storing information on the mapping between the
directory numbers and the services of the subscribers. 1In
the HLR, a specific BCIE element indicating the type of a
~a2ll and the network resources required for the call is

" 31so linked with the directory number (MSISDN) .

For the network operator and the mobile
subscribers, such a vast number of services causes
confusion and trouble. In order for the mobile subscriber
to be able to carry out data calls to applications of
different rates, he must subscribe to several bearer
cervices from the network operator. From the point of view
of the network operator, it is 1n turn problématic that
each user should require numerous directory numbers, which
wastes the number space of the network. Furthermore,
determining the services in the network databases consumes
database capacity.

Tn the GSM network, for example, the problem 1s
becoming more acute as the determining of high-rate HSCSD
(High Speed Circuit Switched Data) data services, which
employ multi-slot technigue, 1ncreases the number of
bearer services on top of the single-slot services already
determined. Hence, it would be advantageous to both the
network operators and the mobille subscribers if the number
of different kinds of bearer services could be reduced.

A Disclosure of the Invention

It is object of the present invention to provide a
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digital mobile communication network in which one
determined bearer service can handle as many data rates as
possible.

This object is obtained by a method of the
invention for establishing a data call in a mobile
communication system. The method is characterized by the
steps of determining for a mobile subscriber at least one
data call bearer service covering several user data rates,

carrying out, upon establishing the data call
between the mobile communication network and the mobile
station, a user data rate negotiation for setting the user
data rate to be used in the data transfer between the
mobile station and the mobile communication network,

allocating radio channel resources for the data
call according to the user data rate negotiated,

continuing call set-up to the second party ot the
data call.

The invention further relates to a digital mobile
communication system which is characterized by comprising

at least one data call bearer service which covers
several user data rates and which is determined for the
mobile subscriber at the subscriber database of the mobille
communication network,

a negotiation procedure between the mobile station
and the mobile communication network, for mnegotiating
during call set-up, a user data rate used in the data call
for data transfer between the mobile station and the
mobile communication network,

call control, allocating radio channel resources
according to said negotiated user data rate.

The number of bearer services required in a mobille

communication network can be significantly reduced by the
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communication network, at the call set-up stage, the data
rate to be employed by the data call in the Dbearer
cervice. The next step is to determine the data rate
between the mobile communication network and the fixed
network, such as the PSTN or ISDN, i.e. the data rate of
the second party in the data call. If required, the data
rate of the mobile communication network and the channel
resources of the radio path are then adapted to the data
rate used in the direction towards the fixed network.

At the initial stage of call set-up, a negotiation
on the user data rate takes place between the mobile
station and the mobile communication network at the call
set-up stage. The mobile communication network may
consequently limit the call to employ such a data rate
which it is able to support, by signalling a rate
parameter in the BCIE at the call set-up stage. The mobile
station and/or an application used in a data terminal
equipment connected thereto may also limit the call to use
a2 transfer rate it supports by signalling a similar rate
parameter in the BCIE. The mobile subscriber can also
1imit the call to use a desired data rate by configuring
the BCIE rate parameter via the user interface. Followilng
this, the mobile communication network allocates the radio
channel resources and the network adaptor the call
desires, and establishes a connection to the fixed
network.

At the next stage, the data rate between the mobile
communication network and the fixed network is negotiated
or identified. If the.call is a modem call, the network
adaptor allocated above is a data modem. In the invention,
the network adaptor modem may, within the specific data
rate limit, carry out a data rate handshaking with a fixed
network data modem employing any data rate. This enables
operation with applications of the fixed network that use

different rates. Said rate limit means that t+the handshaken
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data rate is to be limited to a level lower than or
equalling the data rate negotiated by the mobile station
and the mobile communication network at the first stage.
As soon as the data rate handshaking has been completed,

5 +rhe network adaptor modem informs of the data rate
negotiated in the handshaking.

ITf the information 1S Unrestricted Digital
Tnformation (UDI) towards +rhe ISDN network, the data rate
employed towards the fixed network is recognized either

10 from the traffic channel itself, ISDN signalling, oOr in
any other sultable manner.

At the third stage of the call set-up procedure
according to the invention, the data rate of the mobille
communication network and the radio path channel

15 resources, allocated at the first stage, are if need be
adapted to the data rate used by the fixed network and
handshaken or recognized at the second stage. If the
handshaken or recognized user data rate is higher than the
rate negotiated by the mobile station and the mobile

20 communication network at the first stage, the call 1s
+released in the case of a transparent data call. If the
data rate handshaken or recognized at the second stage 1is
1ower than the transfer capacity ot channel resources
allocated on the radio path at the first stage, surplus

25 capacity is released and/or channel coding is changed for
a2 better one, if possible. If the data rate handshaken or
recognized at the second phase is as high as the rate
agreed upon at the first stage, the channel resources of
rhe radio path are maintained unchanged.

30 The present invention enables significant reduction
in the number of bearer services. It 1is possible to
determine, e.g., one asynchronous bearer sexrvice which can
he used in initiating all asynchronous data calls
regardless of whether rhe call 1is terminated as

35 transparent or non-transparent or which the final data
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rate will Dbe after the <call set-up according to the

invention. This means that only one directory number, and a

matching B has to be allocated for the subscriber for an

asynchronous bearer service (compared to s1xX numbers
presently) . This, 1n turn, vresults 1n a correspondling
saving of database capacity and network number space. In

addition, it facilitates making mobile-terminating calls
particularly, because the c¢alling subscriber only needs to
know one asynchronous data service number. In the same
manner it 1s possible to bring other, previously gseparate
bearer services under one bearer service oOr service class

for example so that all asynchronous data sexrvices

constitute a bearer service, PAD access constitutes a bearer

service, and Packet accesgss constitutes a bearer service.

According to a further broad aspect of the present
invention there is provided a mobile station for a digital
mobile communication system. The mobile station comprises

at least one data call bearer service which covers several

user data rates and which 18 determined for a mobile
subscriber at a subscriber database of a mobile
communication network. Means 1g provided for carrying out a

user data rate negotiation for setting a user data rate to

be usged 1n a data transfer with the mobile communication

network and for establishing the data call with radio
channel resources allocated according to the negotiated user
data rate.

According to a still further broad aspect of the
present 1nvention there 1s provided a mobile switching
center for a digital mobile communication system. The
switching center comprises means for providing at least one
data call bearer service which covers several user data
rates and which 1s determined for a mobile subscriber at a
subscriber database o©of a mobile communicatlion network.

Means 1s provided for negotiating with a mobile station
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during call set—up of a user data rate used in the data call
for data transfer between the mobile station and the mobile
communication network. Call control means allocates radio

channel resources according to a negotiated user data rate.

Brief Description of the Drawings

In the following, the 1invention will be described
by means of the preferred embodiments, with reference to the
accompanying drawlngs, 1n which

—
—

Figure 1 11lustrates a part of a mobille

communication network in which the present invention may be
applied,

Figure 2 shows a schematic block diagram of a
mobile services switching center with an associated network
adaptor equipment IWF,

Figure 3 1s a ¢signalling chart 1llustrating a
mobile-originating modem call,

Figure 4 1s a signalling chart ai1llustrating a

mobile-originating UDI call, and

Figure 5 1s a signalling chart 1llustrating a

mobile-terminating modem or UDI call.

The Preferred Embodiments of the Invention
The present 1nvention can be used 1in all
digital mobile communication systems that support several

different types of data services having different data
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races.

The present invention is particularly well suited
for data transfer applications in the Pan-European digital
mobile communication system GSM (Global System for Mobile
Communications) and other GSM-based systems, such as
DCS1800 (Digital Communication System), and the digital
cellular system PCS (Personal Communication System) in the
UsSA. The structure and operation of the GSM system are
well known by a person skilled in the art, and they are
specified 1in the ETSI (European Telecommunications
atandards Institute) GSM specifications. Reference is also
made to "GSM System for Mobile Communication" by M. Mouly
and M. Pautet, Palaiseau, France, 1992; 1ISBN 2-9507190-0-
7 .

The basic structure of the GSM system 1s
jllustrated by Figure 1. The GSM structure consists of two
parts: a base station system BSS and a network sub-system
(NSS) . The BSS and the mobile stations MS communicate over
radio connections. In the BSS, each cell is sexrved by a
pase station BTS. A group of base stations is connected to
2 base station controller BSC, whose purpose is to control
the radio frequencies and channels used by the BTS. The
BSCs are connected to a mobile services switching center
MSC. Specific MSCs are connected to other
relecommunication networks, such as the PSTN, and comprise
gateway functions for calls to and from these networks.
These MSCs are known as gateway MSCs (GMSC).

There are two main classes of databases, associated
with routing the calls. A home Ilocation register HLR
permanently or semi-permanently stores the subscriber data
of all the subscribers of the network, including
information on the services the subscriber may have access
to, and on the subscriber’s current location. The second
register type is a visitor location register VLR. The VLR

is usually associated with one MSC, but it may, however,
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serve several MSCs. It 1s common practice that the VLR is
integrated into the MSC. The integrated network element 1s
nown as a visitor MSC (VMSC) . Whenever the mobile station
MS is active (registered and capable of making oY
5 receiving calls), the majority of the mobile subscriber

area the MS 1is located.
grill referring to Figure 1, & data 1link is

10 established in the GSM system between a mobile station MS

network terminal TAF (Terminal Adaptation Function) 31 and

2 network adaptor IWF (Interworking Function) 41 in the

mobile communication network. In the GSM network, the data

1ink in data transfer is a V.110 rate adapted, V.24

15 interface compatible, UDIL coded digital Full Duplex

connection. In this connection, the V.110 connection 1is

originally a digital transmission channel developed for

ISDN (Integrated Services Digital Network) . The

r+ansmission channel adapts to the V.24 interface and also

20 provides a possibility for transfer of V.24 statuses

(control signals). The CCITT recommendation for a V.100

rate-adapted connection is specified in the recommendation

CCITT Blue Book: V.110. The CCITT recommendation for a

v.24 interface is disclosed in the CCITT Blue Book: V.24.

25 The terminal adaptor TAF adapts a data terminal DT

connected to the MS for the V.110 connection which is

established over a physical connection using one or more

++affic channels. The network adaptor IWF couples the

vV 110 connection to another V.110 network such as an ISDN

30 or anothexr GSM network, or tTO another transit network,
e.g. the public switched telephone network PSTN.

as disclosed above, modern mobile communication

systems support different kinds of tele and Dbearer

services. The bearer services of the GSM system are

35 specified in the specification GSM 02.02 version 4.2.0,
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and the tele services in the specification GSM 0.0.3
version 4.3.0.

The network adaptor IWF is often placed at the MSC.
Figure 2 illustrates a network adaptor apparatus placed at
the MSC, carryving out the adapting to the PSTN and the
data services of the ISDN network. For adapting to the
PSTN, an ISDN 3.1 kHz audic service or another GSM
network, the IWF comprises a group of baseband data modems
4127, which also include a rate adaptor. The modems 41A are
autobauding modems capable of handshaking any data rate
supported by the GSM system between 300-9600 bit/s, or for
HSCSD data services even higher transfer rates, for
example 14.4-28.8 kbit/s. For reasons of clarity, Figure 2
only shows one modem 41A, but any required number of them
may be used. The analog side of the modem 41A is connected
via an exchange termination ET and the digital side 1is
connected directly to a group switch GSW21 in the MSC. In
addition, wvia the exchange termination ET, digital
transfer links to the base stations system BSS are coupled
to the group switch 21. Furthermore, wvia the exchange
terminations ET, the transmissions channels of other
telecommunication networks, such as ISDN or PSTN, are
coupled to the group switch 21. The adaptor apparatus of
Figure 2 further comprises, for adapting to the UDI, a
data interface unit DIU 41B which contains a rate adaptor.
The DIU is used in GSM calls to adapt the user data, rate
adapted according to the V.110 recommendation, from the

ISDN, as well as the status and control information

according to the V.110 recommendation to the GSM traffic

channel, and in the opposite direction, the user data from

the GSM traffic channel as well as the status and control
information to the V.110 frame structure of the ISDN. The
ISDN side of the DIU 41B is connected via the exchange
terminal ET, and the GSM side directly to the group switch
GSW21. Although only one DIU 41B 1s shown 1n Figure 2,
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there may be any number of them depending on capacility
requirements. The group switch GSW21 and the network
adaptor apparatus, as well as data call establishing,
maintaining and releasing are all controlled by a call
control 42. The operation of the IWF is controlled by an
TWF controller 41C which, under control of the call
control 42, connects a network adaptor, i.e. the modem 41A
or DIU 41B, required by the bearer service used by a
particular data call for the data connection. In Figure 2,
2 solid line illustrates connecting the modem 41A, and a
broken line illustrates connecting the DIU 41B. As an
example of a mobile services switching center comprising
such a network adaptor apparatus, the Nokia
Telecommunication Ltd DX200 MSC can be mentioned.

As noted above, a moblle subscriber may
rraditionally have been entitled to different tele and
bearer services each having a separate directory number
MSISDN. In other words, each subscriber has had several
MSISDN numbers. In addition, it has been necessary TO
determine every tele and bearer service of every
subscriber in the subscriber’s HLR in connection with
other subscriber data, and to transfer them to the VLR. In
t+he subscriber data, every MSISDN number is associated
with a GSM system BCIE value, either directly or by means
of an index pointing to a BCIE values chart. The BCIE 1is
an information element used by the GSM system to transfer
information on all the network requirements related to the
call, such as transfer rates, number of data and end bits,
etc. The BCIE is described in, for example, the GSM
specification 04.08, version 4.5.0, pp. 423-431.

So far, every data rate has made up an individual
bearer service. In the present invention, it is no longer
necessary to determine every data rate required by the
user as a bearer service in the subscriber data, but it is

sufficient to determine only a few bearer service



CA 02232792 1998-03-23

WO 97/12490

10

15

20

25

30

35

PCT/FI96/00506

12

categories within which the subscriber has access to all
the data rates supported by the GSM network. Accordingly,
rhe Dbearer services 1in the subscriber data may e
classified, for example, the following way: asynchronous
services, synchronous services, PAD access and Packet
access.

This is feasible by means of the tree-stage call
set-up procedure according to the invention. At the first
stage, the data rate 1s negotiated between the MS and the
GSM network; at the second stage, the data rate to be used
between the GSM network and the fixed network, such as
DSTN or ISDN, is negotiated oxr recognized; and at the
third stage, the channel type and/or channel coding to be
used on the radio path (in a HSCSD service, also the
number of radio channels required) are, 1f necessary,
adapted to the final rransfer rate employed by the call.

The following will describe the call set-up of the
invention in the cases of a mobile-originating (MO) modem
call, a mobile-originating UDL call, and a mobile-
terminating (MT) call with reference to Figures 3, 4 and,
correspondingly, 5.

An MO modem call

With reference to Figure 3, the MS initiates call
set-up in an MO modem call by transmitting a CALL SETUP
message, containing the BCILE element, to the MSC. The
parameters of the BCILE indicate the service and the user
data rate desired. Typically, the BCIE rate parameter 1s
set by the MS, or the application used by a terminal
equipment DTE connected to the MS, to a data rate 1t
supports. It is also possible that the MS user limits the
data call to a rate he desires by configuring the BCILE
rate parameter through an MS user interface. The user may
choose this course of action if, for example, he 1s aware
rhat he is making a call to a slow-rate PSTIN service, OY

if he knows that for his particular purpose a slow-rate
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service is more economical than a high-rate service.

Having received the CALL SETUP message, the MSC/VLR
carries out a compatibility check and a Subscription
check. In the latter, the MSC/VLR checks from the
subscriber data whether the mobile subscriber is entitled
to the service regquested in the BCIE. In the compatibility
check, the MSC checks whether it 1s able to support the
service requested. If the MSC does not support the data
rate requested by the MS due to 1its TOO high a level, the
M3C reduces the data rate to a value it supports. If the
MSC supports the data rate requested by the MS, it keeps
the data rate at the same level. Following this, the MSC
sends to the ME& a CALL PROCEEDING message which indicates
o the MS that the call is proceeding. This message also
contains a BCIE element wherein a rate parameter 1s
indicative of the data rate chosen by the MSC. In step 2,
the MS checks the data rate indicated by the MSC. If the
possibly altered data rate 1is not accepted by the MS, it
may release the call. If the MS accepts the data rate , 1if
configures itself for this data rate.

Following this, the MSC reserves a terrestrial
connection and regquests the BSS to allocate a reqguired
radio channel (channels) by an ASSIGNMENT REQUEST message.
This message includes information on the Tresources
required. The BSS allocates the radio channel, and if the
MS tunes onto that channel, the BSS sends an
acknowledgement to the MSC in an ASSIGNMENT COMPLETE
message. Then, the MSC allocates required resources from
the network adaptor .IWF by transmitting an IWF SETUP
message. The IWF acknowledges the procedure with an
ACKNOWLEDGEMENT message. In Figure 2, allocating the IWF
resources according to Figure 3 (step 4) means that the
call control 42 commands the IWF controller 41C to reserve

the modem 41A.
Subsequently, the MSC initiates connection set-up
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ro the called PSTN subscriber with an INITIAL: ADDRESS
message. The called PSTN subscriber connects his modem toO
rhe line and replies with an ANSWER SIGNAL message. The
MSC directs the IWF modem onto the line with a MODEM ON
LLINE message (step 6). In Figure 2 MSC this means that the
call control 42 connects, by means of the GSW 21, the
modem 41A between the transmission line from the BSS and
the transmission 1line to the PSTN, as illustrated 1in
Figure 2. Following this, the GSM traffic channel becomes
synchronized between TAF and IWF, and the IWF modem 41A
begins handshaking on the data rate with the modem of the
called PSTN subscriber. As noted regarding Figure 2, the
TWEF modem 412 1is able to handshake, within the rate
limits, with a PSTN modem supporting any data rate. BY
means of the handshaking, it is possible to negotiate any
data rate supported by the PSTN modem to be the data rate
petween the IWF modem 41A and the PSTN modem. In this
manner, data calls to the fixed network applications that
use different rates are made possible within the framework
of one bearer service. Upon completion of the handshaking,
rhe IWF modem 41A informs the IWF controller 41C of the
handshaken data rate (step 8). If the handshaken rate 1is
high enough, i.e. the same as the rate negotiated by the
MS and the MSC, the IWF controller 41C directs the modem
41A to signal with traffic channel V.24 status (CT106,
CT109) to the MS that the traffic channel is ready for
data transfer (step 9). This is proceeded by a data

transfer step 10.
Tf, however, the IWF controller 41C detects at step

8 that the data rate handshaken by the modems 1s too 1ow
compared to the channel resources allocated on the radio
path according to the rate negotiated by the MS and the
MSC, the IWF controller 41C requests a change to the
number and/or type of channel from the MSC (call control

42) . The above may comprise changlng the channel coding
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into a more efficient one by applying a channel mode
modify procedure, changing the channel type from a full-
+ate channel to a half-rate channel, or by reducing the
number of traffic channels allocated for the connection
5 (in a multi-slot transfer). This is illustrated by the
messages CHANNEL NUMBER MODIFY and CHANNEL MODE MODIFY,
and an acknowledgement message thereto, ACKNOWLEDGE . Step

12 illustrates how the BSS releases superfluous channels,
and the MS and the BSS alter the channel coding of the

10 channels remaining in use suitable for the data rate. Step

13 exemplifies a case whereln, 1n case the user data rate
+emains lower than the transfer capacity of the number of
channels required, the TAF and the IWF rate-adapt,
according to the GSM specifications, the usexr data rate
15 for the traffic channel capacity in use. Folléwing this,
the GSM traffic channel synchronizes, and the TAF and the
IWF signal with the traffic channel V.24 statuses that the
traffic channel is ready for data transfer, step 14. This

is proceeded by the data transfer stage.

20 Mobile-originating (MO) UDI call
The following will describe, with reference TO
Figure 4, an MO type UDI call to the ISDN. Up to the
answer signal message transmitted Dby the terminal
equipment of the ISDN subscriber, and to step 5, the
25 beginning of the call set-up in Figure 4 occurs as
described above with reference to Figure 3. Following
this, the MSC connects the required IWF resources by
transmitting a "device on line" message to the network
adaptor IWF. In the MSC of Figure 2, this means that the
30 call control 42 commands the IWF controller 416 to connect
the DIU unit 41B, allocated above 1n step 4, ONto the
line. Consequently, the DIU is connected, via the group
switch 21, between the transmission line from the BSS and
the transmission line to the ISDN network, as illustrated
35 by the broken line in Figure 2. Following this, the GSM
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rraffic channel will be synchronized between TAF - IWEF,
and the ISDN traffic channel will be synchronized between
the IWF and the ISDN terminal equipment. Then, rate
recognition of the ISDN traffic channel will be carried
out according to the invention at step 8. If ISDN
signalling is employed in which the BCIE element
indicative of the user data rate is transferred, no other
rate recognition will be required. According to the
preferred embodiment of the invention, the transfexr rate
of an ISDN traffic channel is recognized by means of the
IWEF from the traffic channel itself. The data rate used 1s
recognized from the octet bit use at the synchronization
stage of the ISDN traffic channel. This means that the
synchronization zeros (0) according to the recommendation
TTU-T V.110 are noticeable in the used bits of the octet,
while other bits in each octet are ones (1) . According to
the ITU-T V.110 recommendation, the data rate used by ISDN
synchronous bearer services is coded 1n the E1, E2 and E3
bits of the V.110 frame used in the data transfer. The
user data rate of asynchronous ISDN bearer services, in
turn, can be found out from the ISDN traffic channel by
rhe IWF monitoring the exchange of parameters by the
terminal equipments, described in the ITU-T V.110
recommendation in the Appendix I, Inband Parameter
Exchange, I1IPE. Recognition of a data rate of a traffic
channel of an application or a telecommunication network
which is external to the GSM network, when interconnection
is implemented by direct and/or dedicated non-standardized
interfaces, may take place by other than the
aforementioned methods. As far as the invention 1is
concerned, it is only essential that the data rate used in
the UDI call is recognized. As soon as the IWF UDI 41B has
recognized the data rate on the ISDN traffic channel, 1t
informs the IWF controller 41C of the rate. After that,

the call set-up of Figure 4 proceeds the same way as 1in
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Figure 3 except that instead of the data rate handshaken
by the modems, the recognized data rate mentioned above 1s
now examined.

Mobile-terminating (MD) data call

ITn the following, with reference to Figure 5, &
mobile-terminating modem or UDI call will be described.
The gateway MSC, GMSC, recelves a call addressed to a
directory number MSISDN of a GSM mobile subscriber. The
GMSC requests routing information from the HLR‘by a "send
routing info" message. The HLR retrieves from its database
service information, i.e. the BCIE element, corresponding
with the MSISDN. For example, it is assumed that an
asynchronous 3.1 kHz Dbearexr service is in question,
covering in accordance with the invention all the data
rates. After this, the HLR requests a roaming number Ifrom
trhe VLR where, according to the subscriber data, the
mobile subscriber is currently located. The same request
message also transfers the BCILE element. The VLR stores
rhe BCIE element and allocates a roaming number MSRN for
trhe call. The MSRN is transmitted to the HLR which
forwards it to the GMSC. On the basis of the roaming
number, the GMSC routes the call to the MSC undexr control
of which the mobile subscriber 1is located. In step 3, the
MSC requests call set-up information from the VLR on the
basis of the MSRN. On the basis of the MSRN, the VLR
+etrieves the BCIE which was previously received from the
HL,R, and transmits it to the MSC. AL this stage, the MSC
~hecks whether it supports the bearer service requested.
Tf it does, it chooses the highest data rate it supports
for the bearer service. The chosen user data rate is
inserted as the value of the BCIE rate parameter in a call
set-up message "setup" which is transmitted to the MS. 1In
step 4, the MS checks whether it supports the Dbearer
service requested and the chosen user data rate. If 1t

does, it accepts the request as such. If the user rate 1is
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too high for the MS, it reduces the user rate to a level
it supports. Then, the MS sets the user data rate 1t
desires as the value of the rate parameter in the BCIE
which is transmitted to the MSC in an acknowledgement
5 message "call confirm". Following this, the MSC reqguests
rhe BSS to allocate radio channels required with an

"assignment regquest"'" message, and the BSS acknowledges

with an " assignment complete" message. After this, the
MSC allocates IWF resources required with a "setup”
10 message, and the IWFE acknowledges with arn

nacknowledgement" message. This is entirely identical with
allocating IWF resources in Figures 3 and 4. The MS
notifies with an "alerting" message that alerting of the
called subscriber has been commenced. The MSC, in turn,
15 uses an "address complete" message to inform the calling
subscriber in the PSTN/ISDN network that the connection
has been established. The MS then transmits a "connect”
message indicative of the called subscriber accepting the
call, which results in that the MSC transmits an "answer
20 signal" message to the calling PSTN/ISDN subscriber.
Following this, the modem or the rate adaptation 1is
connected to the line, and call set-up is continued as in
Figures 3 or 4 depending on whether the call is a modem
call from the PSTN network or a UDI call from the ISDN

25 network.
The following will deal with examples of a data

call set-up in different call situations.
Example 1: an MO modem call, transparent, the PSTN
determining the rate. The MS initiates a data call by
30 signalling in the set-up message BCIE the parameters: usexr
rate = 28.8, CE = transparent, ITC = 3.1 kHz, modem type =
autobauding. The MSC detects that it supports the service
requested and that the subscriber 1is entitled to the
bearer service requested. The MSC allocates the IWF

35 +resources and establishes a connection to the PSTN. A
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required number of radio channels will be allocated for
the call; the user rate of 28.8 kbit/s requires three 9.6
kbit/s subchannels. The MSC configures the IWF modem into
autobauding mode with 28.8 kbit/s as the maximum rate,
without errxror correction protocol. The IWF modem and the
PSTN modem hanshake for the rate 14.4 kbit/s, e.g. because
the PSTN modem does not support any higher rates. The IWF
takes into account the handshake result of the modems and
informs the MSC of the new user rate 14.4 kbit/s. The MSC
requests the BSS to reduce the number of subchannels used
by the call into two, whereby the BSS releases one
subchannel. The MS TAF and the IWF adapt the 14.4 kbit/s
user rate into two 9.6 kbit/s subchannels.

Example 2: An MO modem call, transparent, the PSTN
determining the rate. The MS signals 1n the set-up message
BCIE the parameters: user rate = 9.6, CE = transparent,
ITC=3.1 kHz, modem type = autobauding. The MSC detects
that it supports the bearer service requested and that the
subscriber is entitled to the bearer service requested.
The MS allocates the IWF resources and establishes a
connection to the PSTN. One 9.6 kbit/s channel will be
allocated for the call. The MSC configures the IWF modem
into autobauding mode with 9.6 kbit/s as the maximum rate,
without error correction protocol. The IWF modem and the
PSTN modem hanshake for the rate 4.8 kbit/s. The IWF takes
into account the handshake result of the modems and
informs the MSC of the new user rate of 4.8 kbit/s, and
requests that the channel coding be made more efficient by
a CMM procedure (Channel Mode Modify), or that the channel

1-rate channel to a half-rate

tyvpe be changed from a fu

channel. In accordance with the GSM specifications, the
IWF and the MS TAF adapt the 4.8 kbit/s user rate into the
available traffic channel.

Example 3: An MO modem call, transparent, the MSC

determining the rate. The MS signals in the setup message
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BCIE the parameters: user rate = 28.8, CE = transparent,
ITC = 3.1 kHz, modem type = autobauding. The MSC detects
that it supports the 3.1 kHz bearer service only at the
rate 9.6 kbit/s, or lower. The MSC further detects that
the subscribeer i1is entitled to the bearer service
regquested. The MSC thereby signals a new rate of 9.6
kbit/s to the MS with the BCIE rate parameter of the call
proceeding message. The MS accepts the new rate or
releases the call. Then, the MSC allocates the IWF
resources and establishes a c¢onnection to the PSTN. One
9.6 kbit/s GSM traffic channel will be allocated for the
call. The MSC configures the moden into autobauding mode
with 9.6 kbit/s as the maximum rate, without the error
correction protocol. The IWF modem and the PSTN modem
hanshake onto the same rate of 9.6 kbit/s, after which the
IWF and the MSTAF transfer data at the user rate of 9.6
kbit/s.

Example 4. An MO UDI call, transparent, the ISDN
determining the rate. The MS signals in the setup message
BCIE the paramters: user rate = 28.8, CE = transparent,
ITC = UDI. The MSC detects that 1t supports the bearer
service requested and that the subscriber is entitled to
the bearer service regquested. The MSC allocates the IWF
regsources and establishes a connection to the ISDN. A
required number of zradio channels, i.e. three 9.6 kbit
subchannels are allocated for the call. The MSC configures
the IWF rate adaptor DIU with 28.8 kbit/s as the maximum
rate. Following this, the IWF detects, by any of the above
ways, that the ISDN terminal equipment uses a different
data rate, e.g. 19.2 kbit/s, and signals the new user rate
of 19.2 kbit/s to the MSC. The MSC requests the BSS to
reduce the number of GSM subchannels allocated for the
call into two, whereby the BSS releases one GSM traffic
channel. The IWF and the TAF adapt the 19.2 kbit/s user

rate into two 9.6 kbit/s subchannels.
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Example 5: An MO UDI call, transparent, the MSC
determining the rate. The MS signals in the setup message
BCIE the paramters: user rate = 28.8, CE = transparent,
ITC = UDI. The MSC detects that the subscriber is entitled
to the bearer service requested, but the MSC itself only
supports UDI bearer services at 9.6 kbit/s or lower rates
itself. The MSC signals a new rate of 9.6 kbit/s to the MS
in the "call proceeding" message BCIE. The MS accepts the
new rate or releases the call. The MSC allocates the IWF
resources and establishes a connection to the ISDN. If
ISDN signalling support 1s available, the user rate of 9.6
kbit/s will be signalled to the ISDN. One 9.6 kbit/s GSM
traffic channel will be allocated for the call. The MSC
configures the IWF rate adaptor DIU with 9.6 kbit/s as the
maximum rate. The IWF and the ISDN terminal equipment
synchronize onto the rate 9.6 kbit/s. If ISDN signalling
support is not available, the terminal equipments may
negotiate a new rate using an in-band negotiation
according to the recommendation V.110. The TAF and the IWF

transfer data at the user rate of 9.6 kbit/s.

Example 6: An MT modem call, transparent, the
PSTN/ISDN determining the rate. The MSC/VLR receives,
either from the HLR or the PSTN/ISDN, a BCIE element
comprising the setup parameters: user rate = 28.8, ITC =
3.1 kHz. The MSC detects that the subscriber is entitled
to the bearer service requested. The MSC defines the BCIE
parameters of the setup message to be transmitted to the
MS as follows: modem type = autobauding, CE = Both NT, 1if
the MSC supports both the transparent and the non-
transparent data call. The MS specifies 1n the response
message "call confirm" whether the call will Dbe
transparent or non-transparent by setting the BCIE
parameter CE = T or CE = NT. In this example, a
transparent connection CE = T is established. The MSC

allocates the IWF resources and establishes a connection
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to the PSTN/ISDN. After that, the call seut-up procedure

proceeds as in Example 1 after the PSTN connection set-up.

Example 7: An MT modem call, transparent, the MSC
determining the rate. The MS receves, as in the example
above, the BCIE setup parameters: user rate = 28.8, ITC =
3.1 kHz. The MSC detects that the subscribeer is entitled
to the bearer service requested, but the MSC itself only

supports 3.1 kHz bearer services at 9.6 kbit/s or lower
rates. The VMSC sets the BCIE parameters of the setup
message transmitted to the MS as follows: modem type =
autobauding, CE = both NT, if the VMSC supports both the
transparent and the non-transparent data service, and
user rate = 9.6 kbit/s. The MS specifies that the call
will be transparent by setting the BCIE parameter CE = T
in the call confirm message. The MSC allocates the IWF
resources and establishes a connection to the PSTN/ISDN,
after which call set-up will continue as in Figure 2.

If the MS does not support in the data call as high
a data rate as the MSC is requesting, the MS may change
the user data parameter to a desired value in the "call
confirm" message BCIE. The MSC in such a case will attempt
a call set-up towards the fixed network at a rate
determined by the MS.

Example 8: In a call which will finally result in a
non-transparent call, the fixed network leg of the
connection and the GSM network leg do not necessarily have
to have equal data rates. Therefore, as far as the present
invention is concerned, it is sufficient that the rate
negotiation between the MS and MSC is accepted. From the
point of view of saving radio channels 1t 1s, however,
advantageous that radio channel resources not required are
also released in a non-transparent call in case the rate
of fered by the fixed network is clearly below the user
rate regquested. The following is an exemplary case of a

transparent MO modem call in which the PSTN determines the
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rate. The MS signals 1n the BCIE of the setup message the

parameters: user rate 28.8, CE = both NT, ITC = 3.1 kH=z,
modem type = autobauding. The MSC detects that 1t supports

the service requested and that the subscriber is entitled
to the bearer service requested. The MSC specifies the
call to be non-transparent, allocates the IWF resources
and establishes a connection to the PSTN. Required number
of radio channels, 1i1.e. three GSM subchannels, are
allocated for the call. The MSC configures the IWF modem
into autobauding mode in which the use of error correction
and compression protocol is allowed. The IWF modem and the
PSTN modem handshake at the rate of 14.4 kbit/s without
the compression protocol. The IWF takes into account the
result handshaken by the modems, and informs the MSC of
the new user rate of 14.4 kbit/s. The MSC requests the BSS
to reduce the number of subchannels reserved by the data
call from three into two, whereby the BSS releases a GSM
traffic channel. The TAF and the IWF adapt the 14.4 kbit/s
user rate into two 9.6 kbit/s subchannels by using the
radio link protocol (RTP).

It should also be noted that in all the exemplary
cases the MSC may signal the new user rate employed by the
fixed network to the MS which may, if it desires, to
release the call.

The Figures and the description related thereto are
only intended to illustrate the present invention. The
present invention may vary in details within the scope of

the attached claims.
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CLAIMS,

1. A method for establishing a data call i1n a mobile
communication system, comprising
determining for a mobile subscriber at least one
data call bearer service coverling several user data rates,
carryilng out, upon establishing the data call
between a mobile communication network and a mobile station,

a user data rate negotiation for setting the user data rate

to be used 1n data transfer between the mobile station and
the mobile communication network,
allocating radio channel resources for the data

call according to a negotiated user data rate,

continuing call set—up to a second party of the

data call.

2 . A method as claimed in claim 1, comprising
determining the user data rate of the second party
in the data call,
allowing for the second party 1in a transparent
call the user data rate which is lower than or equal to said

negotiated user data rate,

changing 1n a transparent call the negotiated user
data rate between the mobile station and the mobile
communication network to match the user data rate of the

second party 1n case the user data rate of the second party

1s lower than said negotiated user data rate.

3. A method as claimed 1n claim 1, comprising
determining the user rate of the second party 1in
the data call,
adapting radio channel resources allocated on the

basis of said negotiated user data rate at the beginning of
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the call set—up, according to the user data rate of the

second party.

4 . A method as c¢laimed 1in claim 3, wherein said
adapting of the radio channel configuration comprises at
least one of the following steps:

reducing the number of traffic channels allocated
for the call,

changing a channel coding, or

changing a channel type.

5. A method as claimed 1n claim 1, characterized 1in
that

the negotiation between the mobile station and the
mobile communication network comprises a further step of
agreeilng whether the data call will be transparent or non-

Cransparent.

6. A method as claimed in claim 1, 2, 3, 4 or 5,
comprising

defining, for the mobile subscriber, at least one
of the following data call bearer services, each covering

several user data rates: an asynchronous bearer service, a

synchronous bearer service, a PAD access bearer service, oOr

a Packet access bearer service.

7 . A digital mobile communication network, comprising

means for providing at least one data call bearer

service which covers sgeveral user data rateg and which 1i1s

- .

determined for a mobile subscriber at the a subscriber
database of the mobile communication network,

means for carrying out a negotiation procedure

between the mobilile station and a mobile communication

network, for negotiating during call set-up, a user data
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rate used 1in the data call for data transfer between the
mobille station and the mobile communication network,
call control means, allocating radio channel

resources according to a negotiated user data rate.

8 . A digital mobile communication network as claimed
in claim 6, comprising means for defining the user data rate
of the second party in the data call, and wherein the call
control 18 arranged, 1n response to the second party having
a lower user data rate than said negotiliated user data rate,
to alter the negotiated user data rate between the mobile
station and the moblle communication network to match the

ﬁ
e

user data rate of the second party.

9. A digital moblle communication network as claimed
1in claim 8, wherein the call control means 1s arranged to

adapt the data call radio channel configuration, allocated

on the Dbasis of said negotiated user data rate at the

beginning of the call set-up, according to the user data

rate of the second party.

10. A digital mobile communication network as claimed

in c¢claim 9, wherein sailid adapting of the radio channel
configuration comprises at least one of the following
operations: reducing the number of traffic channels
allocated for the <call, changing a channel coding or a

channel type.

11. A digital mobille communication network as claimed
1in claim 7, wherein

1n the negotiation procedure between the mobile
station and the wmobile communication network, 1t 18 also

agreed whether the data call will be transparent or non-

Cransparent.
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12. A moblle station for a digital mobile
communication system, comprising

at least one data call bearer service which covers
several user data rates and which 1s determined for a mobile
subscribex at a subscriber database of a mobile
communication network,

means for carrying  out a user data rate
negotiation for setting a user data rate to be used in a
data transfer with the mobile communication network and for
establishing the data call with radio channel resources

allocated according to a negotiated user data rate.

13. A mobile station as claimed in claim 12,
comprising means for changing, at a subsequent phase of a
setup of a transparent data call, the negotiated user data
rate between the moblile station and the mobile communication
network to match a user rate of a second party of the data
call 1n case the user data rate of the second party is lower

Chan said negotiated user rate.

14 . A mobile station as claimed in claim 13, wherein
the means for changing comprises means for adapting the data
call radio channel configuration, allocated on the basis of

said negotiated user data rate at the beginning of the call

set-up, according to the user data rate of the second party.

15. A mobile station as claimed 1n c¢laim 14, wherein
said adapting of the radio channel configuration comprises
at least one of the following operations: reducling the
number of traffic channels allocated for the call, changing

a channel coding or a channel type.
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16 . A mobile station as claimed in claim 12,
comprising

means for negotiating with the mobile
communication network whether the data call will  Dbe

Cransparent or non-transparent.

17. A mobile switching center for a digital wmobile

communication system, comprising

means for providing at least one data call bearer

seyvice whilich covers several user data rates and which 1s

determined for a mobile subscriber at a subscriber database

of a mobile communication network,

means for negotiating with a mopbile station during

call set—up of a user data rate used 1n the data call for
data transfer between the mobile station and the mobile
communication network,

call control means for allocating radio channel

resources according to a negotiated user data rate.

18. A moblle switching center as claimed 1n claim 17,

comprising means for defining the user data rate of the

second party 1in the data call, and wherein the call control
means 1s arranged, 1n response to the gsecond party having a
lower user data rate than said negotiated user data rate, to

alter the negotiated user data rate between the mobile

station and the mobilile communication network to match the

user data rate of the second party.

19. A mobille switching center as claimed in claim 18,
wherein the call control means 1is arranged to adapt the data

call radio channel configuration, allocated on the basis of

sald negotiated user data rate at the beginning of the call

set-up, according to the user data rate of the second party.
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20. A mobile switching center as claimed 1n c¢laim 19,

wherein said adapting of the radio channel configuration

comprises at least one of the following operations: reducing

the numbexr of traffic channels allocated for the call,

changing a channel coding or a channel type.

21. A mobile switching center as claimed in claim 17,

comprising means for negotiating with the mobile station
whether the data «c¢all will be transparent or non-

Cransparent.
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