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Method and arrangement for a handover between base
station controllers

Field of the Invention

The invention relates to a handover between
base station controllers in a ©personal tele-~
communications system (PCS).

Background of the Invention

Various cellular radio systems enabling
perscnal wireless data transmission have been in use
for long. An example of the mobile communication
systems is the European digital mobile communication
system GSM (Global System for Mobile Communications).
In addition, a new generation of radio systems is being
developed, which is expected to further expand the
possibilities of personal wireless communication. One
of these systems under standardization is the Personal
Communication System (PCS) in the United States. In
accordance with the present expectations, there will be
two types of PCS networks, namely traditional overlay
type networks, and fixed ISDN and PSTN networks. There
will be ‘a number of alternatives for the radio
interface, one of which is the GSM based PCS1900 {a GSM
system operating within the frequency range of 1900
MHz) .

Modification - of an existing mobile
communication standard (such as GSM or DCS1800) to a
PCS-overlay network is a relatively straightforward
process. Instead, more problems will be caused by PCS
networks similar to the fixed ISDN and PSTN networks,
employing a standard local exchange (LE) of the fixed
network instead of a mobile services switching centre,
such as an ISDN/PSTN based network is not directly
compatible with the GSM network architecture. The
mobile services switching centre is the central entity
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of the network in a GSM based overlay network. In an
ISDN/PSTN based network, however, the local exchange LE
does not have any functions supporting. the mobile
communication network..  In the future, the local
exchange LE may be assumed to include a small set of
general functions that support switching of mobile
communication networks (non-call related signalling,
handover switching support of some kind), but they are
not necessarily very useful for meeting the
requirements of the PCS1900 system, for instance.

A solution to this problem is disclosed in
*Switching and signalling generic requirements for
network access services to personal communication
services (PCS) provider", GR-2801-CORE, Issue 1,
December 1993, Bellcore, Bell Communications Research,
particularly chapter 1, pp. 1 to 10, chapter 2, pp. 1
to 26, and chapter 3, pp. 133 to 137. In a Bellcore
network disclosed in the above document, the radio

~ interface is a wireless access communication system

WACS (Bellcore TR INS-001313), which is connected to
the local exchange of a fixed network. An intelligent
network is connected to the local exchange, providing
the 1local exchange with the service 1logic, the
databases and the operations required for the mobility
management of the access network. In other words, an
AIN network (Advanced Intelligent Network) provides the
subscriber database services, location management,
authentication, access control etc. in an integrated
manner. The basic features of call control are located
in an ISDN local exchange, from which call control can
initiate intelligent network operations in accordance
with predetermined triggeré' via a standard AIN
interface. The Bellcore system also supports handover,
which is referred by Bellcore to as "Automatic Link
Transfer" (ALT). The aim of ALT is to ensure the
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continuity of a service to the user when the signal
strength varies during an answered call. The signal

- 'strength may vary e.g. if a PCS user is moving, or if
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the conditions of the radio envirbnment change. The aim
of ALT is to enable the continuity of an answered
ongoing call without interruption, and without the user
taking any measures for performing an ALT or being
aware of the fact the ALT has taken place. Chapter 3,
pp. 133 to 138 of the above-mentioned document
discloses an ALT procedure in which a local exchange
operates as the "anchor point" of handover. In other
words, . when an ALT is carried out from an old base
station system (IPS/RPCU) to a new base station system
{IPS/RPCU), the connection to the old base station
system is released . in the exchange, and a new
connection is established to the new base station

"system.. In such a case, the local exchange for the
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fixed network is the anchor point of switching and
signalling. The handover employing the local exchange
as the anchor point may be carried out in new national
ISDN exchanges having the required features. This

handover concept, however, cannot be considered as an
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appropriate way of proceeding, particularly at the
initial stage of the PCS systems, because most of the
existing exchanges of the fixed network represent the
older type, and it is not possible to guarantee the
availability of -exchanges . that have the required
features. Furthermore, problems are caused by the fact

that a network element incompatible with the access
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network standard, such as the GSM, is used .as the
anchor point of handover connections.

" PCT Publication WO 95/01694 discloses a
handover between base station systems under the local
exchange of a fixed network whereby the anchor point
for handover is maintained in the mobile communication
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system. In other words, the first base station
controller in the call operates as the anchor point to
which the initial connection established via the local

exchange'is maintained for the entire duration of the
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call. In the handover, a further connection is
established from the anchor baSe'station contreller to
a second base station controller. '

' Summary of the invention

The object of the present invention is to

provide an improved, flexible handover between base

station controllers, independent of the features of the
local exchange of the fixed network.

" This is achieved with an arrangement for
carrying out a handover between base station
controllers in a telecommunications system . that
comprises a local exchange of a fixed network; mobile
stations; base station syétems providing the mobile
stations with a wireless access network to the local
exchange, each base station system comprising a base
statipn controller and a pluraiity'of base stations;
tranémission lines for connecting the :local exchange to
the base station controllers; the control of the
handover between the base station controllers (BSC)
being’lobated in the BSC's so that the first BSC of the
call functions as the anchor point at which the
original connection established via the local exchange
is maintained; and from which a further connection is

‘established to a second BSC in a handover situation. In
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accordance with the invention, the arrangement is
characterized in that

| the base station controllers are arranged to
unrelease the local call connection between base
station controllers at the end of the call, and keep'it
in reserve for the following handover between base
station controllers, :
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_ the first or the second base station
controller is arranged to make the decision on using
said reserved local call conhection as a further
connection in a new handdver between base station
controllers, and to 'cbmmunicate the decision and
possible additional parameters related to the
connection to the other one of the base station
controllers.

The invention further relates to a method for
performing a handover between base station controllers
in a telecommunications system comprising a local
exchange of a fixed network; mobile stations; base
station systems providing the mobile stations with a

.wireless access network to the local exchange, each
base station system comprising a base station

controller and a plurality of base stations; and
transmission circuits for connecting the local exchange
to the base station controllers, comprising the-steps
of: : o

establishing a connection for a call from the
local exchange to a first base station controller
serving a mobile station, _

performing a handover for switching the call
and the mobile station from the first base station .
contreoller to a second base station controller,

controlling the handover by the base station
controllers independently of the local exchange,

saving the connection from the local exchange
to the first base station controller, _ '

establishing a further connection from the
first base  station controller to the second base
station controller as a local call switched wvia the
local exchange, _ . '

switching a call via said further connection
to the second base station controller. In accordance
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with the 1nventlon, the method is characterized by

unrelea51ng the local call connectlon between
the base statlon controllers at the end of the call and
keeping it in reserve for the following handover
between base station controllers,

maklng a dec151on in the first or the second
base station controller on u31ng said reserved local
call connectlon as a further connection in a new
handover between base station controllers,

_ communicating the decision from the - base
station controller that has made the decision to the
other base station controller,

establlshing a further handover connection via
said reserved local call connection from the first base
station controller to the second base station
controller. '

The invention further relates to' a second
method for performing a handover between base station
controllers, said method being characterized by

establishing a new connection for a local call

'in advance and keeping it in reserve for a handover

between base station controllers,

controlling the handover by the base station
controllers independently of the local exchange,

saving the connection from the local exchange
to the first base station controller,

making a decision ‘in the first or the second
base station controller on using said reserved local
call connection as a further connection in a new

“handover between base station controllers,

communicating the decision from the base

station controller that has made the decision to the
other base station controller, '

| ‘establishing a -further connection for a

"handover via said reserved local call connection from
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the first base station controller to the second base
station controller.

In the invention, the first base station
controller operates the "anchor point" of the handover
in a way known per se, the initial speech connection
having been switched from the local exchange of the
fixed network to the base station via said BSC, and
further to a mobile station along the radio path. When
a handover is performed to the second BSC, the initial
connection between the ISDN local exchange and the
first BSC is maintained, and a further connection is
established from the first BSC to the second BSC either
in form of a local call via a local exchange/local

. exchanges, or via a permanent connection between the

base station controllers. The handover is controlled by
the base station. controllers. On account of the
solution in accordance with the invention, the "anchor
peint” and the controller of handover is a network
element of the radio system, that is, a base station
controller, and the local exchange only switches the
connection in accordance with the commands of the base
station controller. In a handover employing a permanent
connection, the local exchange does not participate in
the handover in any way. As the handover in accordance
with the invention does not require any additional
features from the local exchange, it is also'possible

- to perform a handover under the local exchanges of the

present type. _
Establishing a local call via a local exchange

demands signalling between the local exchange and both
of the base station controllers. In practice, this
signalling load may be reduced so that a connection
once established for a local call between two base
station controllers is not released immediately after
-a call or calls that have used..the connection are
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terminated or handed over to another location. Instead,
it is possible to maintain the connection for a local
call and keep it in reserve for the following handover
that requires a connection between the base station

controllers. The decision on saving the connection may

be taken e.g. on the basis of the traffic load or
handover density in the network, that is, when it is
assumed that handover connections may soon be needed.
It is also possible to establish "handover" connections
for local calls in advance for the subsequent handovers
when they are expected to take place. The invention
reduces the amount of signalling because the connection
resources to the local exchange are not reserved and
released every time that new handovers take place. A
connection once established for a local call can be
used for several handover connections. What.is needed
is signalling between base station controllers only
when they establish and release handover connections
via this type of "permanent" connection for a local
call. Establishing and releasing connections for local
calls can thus be carried out in a more stable manner

than establishing and releasing the actual handover

connections. The invention also allows shortening the
switching time of a handover.

' Permanent connections between base station
controllers may be established within the network at
least where handovers frequently take place between
these base station controllers. Permanent connections
reduce handover-related signalling, and are more
advantageous as compared with local calls switched via
the local exchange. :

Available capacity of another existing local
call can also be used for establishing a further
connection. This is possible when the speech coding
rate/data transfer rate of the radio system is so small

7
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(e.g. 13 kbits) that several speech/data signals may be
inserted into one 64-kbit or 56-kbit transmission
channel. _

The base station controllers decide whether a
reserved local call, a new local call or a permanent
connection is wused for @establishing a further
connection for a handover. Two transmission circuits
are required for each further connection, one for each
direction of transmission. If a new local call is
established for the further connection for a handover,
both base station controllers may choose independently
of each other the transmission circuits to the local
exchange, which connects them. If a further connection
for a handover is established by means of a reserved
local call in accordance with the.invention or. via a

. permanent. .connection, or available capacity of an

existing local call is used, it is important to know
which party will make the decision on the type of the

. connection, and reserve the connection. If both parties

were allowed to make reservations independently of each
other, the same lines could be reserved simultaneously
from both ends. For eliminating this problem, the
responsibility for the decision-making may be given to
either one of the' base station .controllers. The
decision is then communicated by means of signalling to
the other party. A base station controller may shift
the decision-making to the other base station
controller by omitting the definition of the switching
data in signalling.

Brief description of the drawings

In the following, the invention will be
disclosed by means of the preferred embodiments with
reference to the attached drawings, in which

Figure 1 is a block diagram illustrating an
ISDN based -PCS network according to the invention,
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' dividing the functions of the mobile services switching
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centre to functional units and allocating them to
different ‘network elements,

Figures 3A, 3B, 3C and 3D show three different
ways of performing a handover between base station
controllers, ' '

Figure 4 4is a block diagram showing the
handover legs in association with two successive
handovers, ' : - :
Figures 5A, 5B, and 5C show ‘a 'signalling
diagram wherein a new handover A-B' is established, and
an old handover leg A-B shown in Figure 4 is released,

Figure 6 shows a signalling diagram-  for a

" handover based on a previously reserved connection,

Figure 7 shows a signalling: diagram for a
handover based on a permanent connection.
| Preferred embodiments of the invention

The basic principles of the invention may be
applied to connecting any wireless access network to
the local exchange of a fixed network and to an

intelligent network. In the preferred embodiments of

the invention, the access network is a radio system
based on the GSM system, such as PCS1200. In other
words', the access network is modified from the GSM
mobile communications system or its 1800-MHz version
DCS1800. As to the details of the GSM system, reference
is made to ETSI GSM recommendations and to the book
"The GSM System for Mobile Communications”, M. Mouly,
M. Pautet, Palaiseau, France, 1992, ISBN:2-9507190-0-0-
7.

The block diagram in Figure 1 illustrates the
network elements of a PCS1900 network based on a fixed
network. The access network PCS1%00 ‘comprises base
station systems BSS, each BSS comprising one base
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station controller BSC and a plurality of base stations
BTS. The base stations BTS communicate over the radio
interface with personal stations PS (mobile stations).
The radio interface between a PS and a BTS, as well as
the interface between a BTS and a BSC are similar to

those in a conventional overlay PCS1900 system, and
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they are not paid closer attention to herein. Unlike in
a conventional GSM network, however, the base station
controllers BSC are not connected to the MSC, but to
the local exchange LE of a fixed network, such as ISDN
or PSTN. In the preferred embodiments of the invention,
the local exchange is constituted by an ISDN exchange.
The local exchange LE, in turn, is connected to the
service. control point SCP of an Advanced Intelligent
Network AIN via a standard  intelligent network
connection. In;some-cases,:the“intelligent network is
not required. In such a case, the local exchange itself
may contain more intelligent functions. Further, the
local exchange LE may be connected to the other local
exchanges LE or trunk exchanges TX of the ISDN network,
as usual.

A PCS network based on a fixed network is thus
not directly compatible with the GSM architecture, as
there is no mobile services switching centre MSC
therein. In a conventional overlay mobile
communications network, the mobile services switching
centre MSC is the central unit of the network, but the
local exchange of a fixed network does not support all
of the MSC functionality. Therefore, in the present
invention, the functions of the mobile communications
switching centre are divided into functional units,
which are located in the base station controller BSC,
except for the call control. In addition, by‘means of
the intelligent network AIN, a function corresponding

-to the home location register HLR of the GSM system is
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provided, as well as part of a function corresponding
to the visitor location register. :

- Possible allocation of the functional units to
the different network elements is illustrated in Figure
2. Punctionally, the names of the units all end with
the letter F (function) in order to make a distinction
between functional units, and physical network elements
(BSC, SCP, lE,...) in which they may be located. In the
following, each fiuinctional unit will be described
briefly. _

BSCF (Base Station Controller Function)
corresponds to the normal BSC functionality in the GSM
network. ' '

- 'BSCF+ (Base Station Controller Function
Additions):
- divides the A-interface from the BSCF so. that call
control is assigned to LEF and other signalling to
RSCF, '
- carries out the switching operations related to
handover (HO) acting as the anchor point for the
switching operations, :
- converts GSM-based call control into ISDN call
control,
- includes different possible interworking functions.

LEF (local exchange function) includes the

standard functions of an ISDN local exchange LE
(National ISDN3 as a default). LEF may also support
non-call related (NCA) signalling from the base station
system BSS to the service control point SCP. In the
preferred embodiment of the invention, no modifications
are suggested to the standard LEF function because an
ISDN based PCS1900 system should be able to operate
under the ISDN local exchange LE of any standard fixed

network.
RSCF (radio system control function) performs
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several tasks of the mobile services switching centre
MSC. It controls radio resources (i.e. it generates
e.g. assignment and handover commands, and controls the
handover between base station controllers BSC or local
exchanges LE). In addition, RSCF is also an interface
unit between the A-interface protocols and MAP
protocols. | |

HOF (handover decision function). This unit is
separated from the RSCF in order to enable control of
the handover process from an even higher level.
However, the high-level decisions only, such as
overload control, are made by the HOF. The actual
handover is carried out by the BSCF+, and it is
controlled by the RSCF. _

VLRF (visitor location régister function) is
a traditional VLR divided into two parts: VLRIF and

'VLR2F. .The upper part VLR2F of the VLR is located in

20

25
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the service control point SCP of the intelligent
network, and the 1lower part VLRIF in the access
network, more precisely in the base station controller.
In accordance to the division that presently seems most
preferable, the lower VLR1F handles authentication,
location management, temporary identification, etc.,
whereas the upper VLR2F handles service control and
other matters related to the user's profile.

SCF (service control function) is a standard
service control function SCF of the fixed network,
providing the standard intelligent network services
(AIN). Moreover, it has an ability to carry out
location interrogations to the HLRF (corresponding to
the gateway-MSC- situation), and local location
interrogations to the VLRF, as well as to co-operate
with the VLRF for responding to AIN interrogations,

etc. S
The HLRF (home location register function) is
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a home location register in accordance with the GSM. In
addition, the'intelligent network comprises an EIRF
(equipment identification register function), and
possibly“an SMS-GIWF (short message service gateway -
interworking function), which are not paid ‘closer
attention to herein. - :

In the preferred embodiment of the'invention,
the functional units described above are distributed

among the network elements in' accordance with Figure 2:

the LE contains the LEF unit; the SCP contains the SCF
and VLR2F units; the BSC contains the BSCF and BSCF+
units, as well as the access manager AM containing the
RSCF, HOF and VLR1F units. Alternatively, the entire
VLRF may be located in the BSC or in the SCP.

It must be noted that it is only the

‘functional units BSCF, BSCF+, and LEF that handle the

actual speech/data connections. These functional units

‘located in the lower part of the functional model are

20

tied to routing connections ' (chain of connections:

'BSCF, BSCF+, LEF). The other functional units ' handle

signalling only, and their allocation may therefore
differ from what has been disclosed above.
The preferred embodiment 'of -the invention

" further comprises a new alternative signalling path 10,

25

which bypasses the LE between the BSC and the SCP. This
allows a more simple signalling between the BSC and the
HLR. The sighalling interfaces LE-BSC and SCP-BSC are
termed as C-interfaces. The signalling of a C-interface

' may employ non-call related signalling of an ISDN

30
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network, or alternatively, it is possible to utilize a
Signalling System NR 7 (S87) network for the PCS-
related signalling between the BSC and the AIN.

' 'In the following, handover procedures in
accordance with the invention will be disclosed. In a
handover, an ongoing call is handed over from a traffic



*

| WO 96/26620

10

15

20

25

30

35

PCT/FI96/00084

15

channel onto another traffic channel in the same or an
adjacent base station. The continuity of the call is
thus ensured when the signal strength/Quality varies
when the user moves or the radio environment changes.
A handover between base stations located under the same
BSC (intra-~BSC handover) is substantially performed in
the same way as in a conventional PCS1900 system, and
it is not essential to the invention. Instead, the
present invention, provides improvements to a handover
between two base station controllers BSC.

Figures 3A, .3B, 3C, and 3D show three
different ways of performing a handover between BSC's.

'Figure 3A shows a situation prior to a handover, in

which a connection is switched via a LE to a BSCl, and
further to a mobile station MS via the radio path. The
aim is to perform the handover so that the call will be
switched via a BSC2 to the mobile station MS. Figure 3B
shows a handover in accordance with the prior art,
using the LE as the anchor point for the handover,
which requires new features from the LE. This handover
technique may be possible in new ISDN exchanges, but it
is not a good way of implementation in an early stage
of development of the PCS systems as the availability
of the exchanges provided with the required features

‘cannot be guaranteed. Further problems are caused by

the fact that -a network element incompatible with the
access network standard (e.g. GSM) is used as the
anchor pcint for handover. _

Figure 3C shows handover based on a local’
call, in which the initial connection LE-BSC1 is saved,
and a further connection is established between the
base stations BSCl and BSC2 via the LE by means of a
local call BSC1-LE-BSC2. On account of this solution,
BSCl1 operates as the anchor point for the handover, and
the LE only switches the connection. As no additional
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features are required from the LE, the handover may be
performed under all present ISDN exchanges.

Figure 3D shows a handover based on a
permanent connection. In this case, the initial

connection LE-BSCl is also saved, and-a "local call” is

established between BSCl and BSC2, whereby BSC2
operates as the anchor point. In this case, however,
when the call is established, it is not switched by the
LE, but the permanent connections between BSCl and BSC2
are used. It must be noted that these permanent
connections may physically be routed via the LE. It is

‘advantageous to use permanent connections between the
" BSC's in accordance with Figure 3D where handovers take

15

place frequently between said BSC's.
' Local call-based subsequent handover
Figure 4 shows a call situation in which the

'orlglnal call has been established from a LE to a

BSC/A. This connection is identified by the number

"DNOrig, Thereafter, a-handover has been performed to a

20

BSC/B. As a result, a local call-based handover leg has

been established. This handover leg reserves one
circuit DNAold on the side of the anchor BSC/A and one
circuit DNBold on the side of the base station

‘controller BSC/B. In the following, a new subsequent

25

handover from BSC/A to BSC/B' will be described. In
this handover, a new local call-based handover leg will
be established, which reserves a circuit DNAnew on the
side of the anchor BSC/A, and a circuit DNBnew on the

‘'side of the base station controller BSC/B'. After a

30
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successful handover, the old handover leg is released.
This is the most complicated case of handover, which is
described with reference to the signalling diagram
shown in Figures 5A, ‘5B, and 5C, wherein the used
numbering  corresponds to the - numbering used

hereinafter.
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_ The names of new messages that are not
standard GSM, ISDN, or AIN messages are written with
small letters. Capital letters are used in messages in
which changes have been made in parameters only. LEF/A,
LEF/B, and LEF/B' are the LEF units of the base station
controllers BSC/A, BSC/B and BSC/B' in the LE
respectively.

1: HANDOVER REQUIRED message initiates a
handover as in thé GSM. BSCF+ only forwards this
message to RSCF. _

2: map_select_target is a new message that has
been introduced to enable handover decisions to be made
on a higher level in the network. This may be useful if
RSCF is allocated to the BSC, and the BSC is not
considered to have sufficiently global -information on
the traffic load of the network etc. The message is

sent to HOF. The only. purpose of this message is to

- 20°
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select the most appropriate target cell. (TCI) for the
handover and return the target number (Tnr) that
indicates the RSCF related to the target cell. -

3 MAP_PREPARE_SUBSEQUENT_HANDOVER is a
message in accordance with the GSM. The target number
parameter (Tnr), however, points to the new visited
RCSF, not to the MSC. _

4: The decision on what type of a connection
should be used for a new handover leg to side B' is
made in RSCF. In this example, it is assumed that the
RSCF -on the anchor side will make this decision.
Alternatively, the decision may also be made by B'. The

-possible alternatives for establishing a connection are

to establish a local call BSC/A-BSC/B' via the LE, to
use a permanent connection between BSC/A-BSC/B*,
provided that there is one, or to use a previously
reserved, unreleased connection for a local call BSC/A—
BSC/B', or part of a previously reserved connection for
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a local call. RSCF also controls the use of access
circuits, that is, dlrectory numbers DN. RSCF allocates
a new access CerUlt DNAnew for a new local call that
contains a new leg A-B'. '

MAP__ PREPARE HANDOVER is 'as in the GSM, with
the exception that a - new - parameter HOCT (handover
connection type) has been added thereto for enabling
application of ' different types of handover. 1In
addition, the message" may include other parameters
related to the HOCT parameter. The values of the HOCT
paraméters, and the possible additional parameters are
defined in closer detail in Table I. In a case in which
part of an existing loéal call is used, for instance,
the message could include two additional parameters:
DNBnew for indicating that the access circuit
corresponds to an existing local call on side B', and
a CIC (circuit identity code) for indicating which part
of the 64-bit/s circuit is used. :

5: RSCF on side B' allocates an access circuit
DNBnew for a new local call. It must be noted that in
a conventional GSM system the VLR allocates the
handover number for the new leg. The directory number
DNBnew allocated by RSCF, instead, is closely related
to the access'circuit'used. Therefore, it cannot be
returned once the handover is completed, which is the
case in the conventional GSM, but only after the
handover leg has been released due to releasing a call
or due to a new handover. It must also be noted that
two access circuits and ‘the corresponding directory
numbers are required for a mnew handover leg. .

6: HANDOVER_REQUEST message is as in GSM, but
an allocated handover number is sent between RSCF/B’
and BSCF+/B' - instead of 'CIC. HOCT and possible
additional parameters are-included in this message, as
well. ' '
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7:'-HANDOVER_REQUEST message is as in GSM.
HANDOVER_REQUEST_ack is as in GSM. BSCF+/B' only
forwards the message to the RSCF on side A. A Layer 3
information parameter (L3 info) contains the
HANDOVER_COMMAND (see 21). | |

8: MAP PREPARE HANDOVER ack is as in GSM. The
HOCT parameter is also included (see 11}, as defined in
Table I. The HOCT parameter {and the possible
additional parameters) are returned to the anchor side
to enable negotiation of the connection type and/or
control of the telecommunication resources from side
B'. In this example, HOCT does not convey any new.
information to the anchor side A.

9: new;leg_dommand is a new message linking.
the RSCF handover control with the BSCF+ call control.
RSCF commands BSCF+ to.establish a new handover leg for
the present : call. The new leg will use the number
DNAnew and the corresponding access circuit in the
BSCF+ on side A, and the number DNBnew (and the
corresponding access circuit) in the BSCF+ of side B'.
HOCT indicates that the type of this handover is "new
local call". _

_ 10: SETUP message is as in an ISDN network.
The local exchange must establish a local call for the
handover leg. ' .

11, 12, 13: INITIAL ADDRESS_MESSAGE, CALL_
PROCEEDING and SETUP are as in ISDN.

14: setup detect is a new message that
indicates to RSCF/B' that a new handover leg is ready.
BSCF+/B' is able to link this leg with the previously
reserved radio resources on the basis of the used
access circuit that corresponds to the number DNBnew.

15, 16, 17: ALERTING, ADDRESS_COMPLETE_MESSAGE
and ALERTING are similar to those in ISDN.

18: new_leg_complete indicates that a new
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handover leg has been established successfully.

 19: MAP_PREPARE_SUBSEQUENT HANDOVER ack is as
in GSM. - ' -
20, 21: HANDOVER COMMAND is. as in GSM.
BSCF+/B' only forwards the message, but it must be
noted that the CONNECT message can now be sent (see
25). ' ' '
: 25, 26, 27, 28, 29: CONNECT, CONNECT_ACK,
ANSWER_MESSAGE, CONNECT and CONNECT_ACK are as in ISDN.

30: connect_detect is a new message indicating
that the access circuit has been connected.

~ 31: MAP_SEND_END_ SIGNAL is as in GSM.

32: switch leg_command is  a .new message
indicating BSCF+/A that the new leg can be used from
this moment on. As a result, the old handover leg may
be left out. In this example, the HOCT parameter
indicates that the local call related to the old leg
may be released (cf. Table I). It must "be noted,
however, that it is not necessary to release the local
call after all the handover legs contained in it have
been released. It is also possible to keep the
connection waiting for new handover leges between side
A and side B'. In such a case, the value of the HOCT
parameter is "nothing” (cf. Table I).

33, 34, 35, 36: MAP_SEND END SIGNAL_ACK
message, CLEAR COMMAND messages, and CLEAR_COMPLETE
messages are as in GSM. BSCF+ only forwards the
CLEAR_COMMAND message and disconnects the handover leg.

37, 38, 39: DISCONNECT, RELEASE and
RELEASE _COMPLETE are as in ISDN.

40: disconnect_detect is a new message
indicating that the access circuit and the directory
number have been released. _

41, 42, 43, 44, 45: RELEASE, RELEASE_ACK,
DISCONNECT, RELEASE and RELEASE COMPLETE are as in
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ISDN. _

46: disconnect_detect is a new message
indicating that the access circuit and the directory
number have been released.

Handover based on a reserved connection

In this exemplary case, a handover is
performed from base station controller BSC/A to base
station controller BSC/B using a local call BSC/A -
BSC/B for establishing a handover leg, which local call
has been reserved previously or left unreleased during
a previous call or handover. In other words, the idea
is that a local call that has once been reserved does
not have to be released immediately after a call (or
calls) using it has been released, -or a handover has
been made to a new. locatlon durlng the call. The local
call can be saved, 1nstead, and kept in feserve for the

‘following handover that requires a connection between

20

25

30

35

the same base station controllers. In the handover
process shown in Figures 5A - 5C, for instance, the
local call between BSC/A and BSC/B could have been left
unreleased by setting the value of the HOCT parameter
of the switch_leg command message sent in 32 to
"nothing”. Another alternative is to reserve
connections for local calls of this kind between base
station controllers e.g. for reasons related to call
management when it is assumed that handover connections
may soon be needed. This method according to the
invention reduces the - signalling between the base
station controllers and the local exchanges as the
connection resources are not reserved and released
every time that new handover connections are needed or
when they are no longer needed. By means of the method
of the invention, establishing and releasing 1local
calls may thus be carried ocut in a more stable manner
than establishing and releasing the actual handover
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connection.

The éignglling'diégram shown in Figure 6 shows
this kind of a nandQVQr'from BSC/A to BSC/B based on a
reservéd call. -In Figure 6, the messages whose
structure corresponds to the structure of the messages
shown in Figures S5A, 5B, and 5C are marked with the
same numbers. In the following explanation, only the
differences éomparéd with'thé corresponding messages in
Figures 5A - 5C will be listed. In the example it is
assumed that the decision on the handover type is made
by side B. Thé'Rgcﬁ of side A sets the value of the
HOCT parameter of the MAP_PREPARE_HANDOVER message to
"undefined", which indicates to side B that it will
have to make the decision on the handover type (cf.
Table I). S - |

1, 2: are as shown in Figure S5A, with the
exception that they' take place in base station
controller BSC/A | -

3: miésing, since there is no old handover leg
in this example, as in Figure 5, .

4: side B decides to use an existing local
call between BSC/A and BSC/B. Therefore, it sets the
value of the HOCT parameter in the HANDOVER REQUEST
message to "ef;sting local c¢all" and includes the
directory number DNBnew and the circuit identity code
CIC in the message. The message is sent to the BSCF+ of
side B. ' : ' :
5: The CIC contained in this HANDOVER_REQUEST
message is the identifier of the circuit of A
interface, that is, different from the CIC in message
2. |

6,7: as in Figure 5A, but in BSC/B,

8: side A must be informed of which handover
type has been decided on. For this reason, the RSCF of
side B sets the value of the HOCT parameter of the
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MAP_PREPARE_HANDOVER ack message to "existing local
call®™ and includes the directory number DNBnew and the
circuit identity code CIC of the reserved circuit (see

~message 2) in the message.

10

15

20

9: It is assumed herein that the RSCF of side
A is able to derive the directory number DNAnew from
the directory number DNBnew it has received. DNBnew,
DNAnew and CIC are included in the new_leg command
message, which is sent to the BSCF+ of side A for
switching the handover leg.

10 - 17: unnecessary,

18: as in Figure 5B, but in BSC/A,

-19:. unnecessary,

20, 21: as in Figure 5B, but in BSC/A,

22, 23, 24: as in Figure 5C, but in BSC/B,

25, 26, 27, 28, 29, 30: unnecessary,

31: as in Figure 5C, but in BSC/B,

32, 33, 34, 35, 36: as shown in Figure 5C, but
in BSC/A.

As appears from the signalling example shown

. above, using a previously reserved local call as a

handover leg results in remarkable reduction in the

" signalling load especially between the LE and the

25

35

BSC's.

It must be noted that a 1local call-based
handover may also be-pgrformed in a subsequent handover
in accordance with Figures 5A - 5C between BSC/A and
BSC/B'. o N
Handover based on a permanent connaction
This handover procedure is simpler than the
most complicated case of handover. A permanent
connection between BSCF/A and BSCF/B is now used. This
permanent connection is identified by means of a new
CIC parameter. In this example, which 'is shown in the
signalling diagram in Figure 7, the RSCF on the anchor
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side A controls allocation of resources, that is, of
the CIC. 'The folldwing*explanation'6nly discloses the
dlfferences compared with the messages described in the
31gna111ng dlagram in Flgures SA - 5C. The value of the
HOCT parameter is "permanent connection” in all the
messages (cf. Table I). :

~ 1: A CIC has been -added to the
MAP_PREPARE_HANDOVER message. This is due to the fact
that the RSCF of side A must communicate to the RSCF of
side B which circuit is used on the permanent
connection between BSC/A and BSC/B. 1In the -exainple
shown in Figures 5A - 5C, in which the handover was
based on a new local call, both side A and side B were
able to choose independehtly the access circuit used
and the directory number DN. '

2: The CIC has been added to the
HANDOVER_REQUEST message, and DNBnew has been removed
as compared With-the case shown in Figures SA - 5C. The
CIC identifies the permanent connection, whereas DNBnew
identifies the access circuit, and is thus unnecessary
in this example. This CIC may be the same as that in
message 1 or derived therefrom.

3: This CIC is different from that in message

2.
4: DNBnew has been removed, side A has decided

that a permanent connection is to be used for the
handover leg, and has already sent a CIC related to it.
Therefore, a new access circuit and a directory number
DN corresponding to it are not necessary.

In the new_leg_command message, a CIC is sent

instead'of'di;ectery numbers DNBnew and DNBold. Only

the CIC is required for switching.the handover leg..
Although the invention has been disclosed with

reference to certain embodiments only, it must be

understood that the explanation has only been made by
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way of example, and alterations and modifications may
be made to it wit,hou't deviating from the scope and the
spirit of the invention set forth in the attached
claims.
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TABLE |
MAP_PREPARE_HANDOVER (RSCFJA -> RSCRIB)- . . L
{nocT: ~ --|CONNECTION hnn‘mnnl COMMENTS:
. _ nomot A'I' P.\nmmns: ' '
"NEW LOCAL CALL" iCY - ‘I8 SIDE DOES NOT NEED TO KNOW THE DN OF
: THE A SIDE (DNA NEW) BECAUSE THE LOCAL
CALL WILL BE ESTABLISHED BY THE A SIDE.
l"EXISTING LOCAL CALL"  ]A ___|DNBnaw, CIC i
*PERMANENT CONNECTION |A e
ﬂ'unnsrmsn' B S A SIDE JUST EXPECTS B SIDE TO MAKE THE
- 1 DECISION
|!'no CONNECTION NEEDED" |NEITHER

HANDOVER_REQUEST (RSCFIB > RSCF+/B)

TCONNEGTION JADDITIONAL
CONTROL AT: |PARAMETERS:

"NEW LOCAL CALL” AORE __ |DNBew ' 1
"EXISTING LOCAL CALL" __|A ORB____|DNBrew, CiC |
[FPERMANENT CONNECTION |A OR B Be_ -
[0 CORNEGTION NEEDED™ JNETTHER |- — _
MAP: PREPARE_ HANDOVER.ack (RSCFIA -> RSCF) o
HOCT: CONNECTION |AUDITIONAL  [COMMENTS:
| CONTROL AT: [PARAMETERS: '

{IN THIS PARAMETER USAGE SCENARIO B
KNOWS IF IT HAS SET UP THIS LOCAL CALL.

"PERMANENT CONNECTION [A
“NO CONNECTION NEEDED" NEITHEH

" {"NEW LOCAL CALL" A _ |DNBrew:
B —_IDNBoew '
- I"EXISTING LOCAL CALL®  |A DNAnew 1S INCLUDED ONLY IF: s KNOWS IT.

new_leg_command (RSCFIA -> RSI:F+M)

focr: CONNECTION {ADDITIONAL
CONTROL AT: |PARAMETERS:

"NEW LOCAL CALL" AGRB____|DNAniw,DNBnew
"EXISTING LOCAL CALL"__|A DN Anew, DNEnew,CIC
|"PERMANENT CONNECTION |A OR "

swm:h _leg_command (RSBFIA > HSGF-!-!A)

~ [CONNECTION Annmom COMMENTS:

CONTROL AT: PABIMETERS

["RELEASE OLD LOCAL CALL" |A OR B - IN THIS CASE THE OLD LEG IS BASED ON A
o LOCAL CALL AND RSCF WANTS THAT LOCAL

| THE NEW LEG.

“"NDTHINE" AoRB - " _|NO CALL RELEASES NEED TO BE DONE.
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.Claims:

l. An arrangement for carrying out a handover
between base station controllers in -a
telecommunications system that comprises a local
exchange (LE) of a fixed network; mobile stations (PS):
base station systems providing the mobile stations with
a wireless access network to the local exchange, each
base station system comprising a base station
controller (BSC) and a plurality of 'base stations
(BTS); transmission circuits for connecting the local
exchange to the base station controllers; the control
of the handover between the base station controllers
(BSC) being located in the BSC's so that the first BSC
of the call functions as..the anchor .point at.which the
original connection established.via_the:local-exchange
is maintained, and from which a further connection is
established to a second BSC in a handover,
characterized in that

the base station controllers are arranged to
unrelease the. 1local call connection between base
station controllers at the end of the call, and keep it
in reserve for the following handover between base
station controllers,'

the first or the second base station
controller is arranged to make the decision on using
said reserved local call connection as a further
connection in a new handover between base station
controllers and to communicate the decision and
possible additional parameters related to the
connection to the other one of the base station
controllers. _

2. An arrangement as claimed in claim 1,
characterized in that the base station
controllers (BSC) are arrénged to establish a new local

' * € L M S %
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call connection between the base station controllers in
advance, if necessaxy; and keep it in reserve for the
following  handover between the base station
controllers. _ : R

3. An arrangement as claimed in claim 1 or 2,
chatracterized in that a same local call
connection is uséq fb; establishing two or more non-
simultaneous further handover connections without
releasing it between the connections.

' 4. An arrangement as claimed in claim 1, 2 or
3, characterized in that establishing a
further handover cohnectioh via said reserved local
call connection only involves signalling between the
base station controllers (BSC).

5. An a:rangement as claimed in claim 1,
characterized in that
' there is a permanent transmission connection
between at least two base station controllers,

" one of the base station controllers
participating in the handover is arranged to decide
whether the further handover connection is a local call
switched via an  ISDN local exchange, or a connection
established via said permanent transmission connection,
and to communicate the decision to another base station
controller. ' '

6. An arrangement as claimed in claim 5,
characterized in that said local call is
a new local call that has been established for a
handover.

7. An arrangement as claimed in any one of the
preceding claims, c haracterized in that
said local call is a local call established previously
between the base station controllers and having
available transmission capacity.

' 8. A method for performing a handover between

_—

N O
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base station controllers in a telecommunications system
comprising a local exchange”of a fixed network; mobile
stations; base statioh systems providing the mobile
stations with a wireless access network to the local
exchange, each base station system comprising a base
station controller and a plurality of base stations:;
and transmission circuits for connecting the 1local
exchange to the base station controllers, comprising
the steps of:

establishing a connection for a call from the
local exchange to a first base station controller
serving a mobile station, '

performing a handover for switching the call
and . the mobile station. from the first base station
controller to a second base station,cohtroller,

controlling the handover by the base station
controllers independently of the local exchange,

' saving the connection from the local exchange

to the first base station cohtroller,

establishing a further connection from the

first base station controller to the second base

25

30

35

station controller as a local call switched wvia the
local exchange,

- -switching the call via said further connection
to the second base station controller,

characterized by
unreleasing the local call connection between

the base station controllers at the end of the call, if
necessary, and keeping it in reserve for the following
handover between base station controllers, _
making a decision in the first or the second
base station controller on using said reserved local
call connection as a further connection in a new
handover between base station controllers,
communicating the decision from the base

' * € L K S *
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_statlon controller that has made the dec151on to the
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other one of the base station controllers,

establlshlng a further handover connection via
said reserved local call connection from the first base
station controller to the second base station
controller. ' '

9. A method as claimed in claim 8,
charact erized by using the same local call
connection for estsblishing tWwoO oOr more non-
simultaneous further' handover connections without
releasing it between the connections.

10. A method as claimed in claim 8 or 9,
characterized Dby establishing a further
handover connection via said- reserved local call
connection by means of signalling between the base
station controllers only.

11. A method as claimed in claim 8,
character 1 z ed by e

deciding - 1n the first or the second base

" station controller whether a further handover

connection is established from the first base station
controller to the second base station controller as a
local call switched via the local exchange or via a
permanent transmission connection between the base
station controllers, '
communlcatlng from the base station controller
that has made the decision, the selected handover
connection type to'the second base station controller,
- establishing a further connection in
accordance with the selected connection type from the
first base station controller to the second base
statlon controller.’
12. A method for performing a handover between
base station ‘controllers in a communications system
comprising a local exchange of a fixed network; mobile

| RN N
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stations; base station systems providing the mobile
stations with a wireless access network to the local
exchange, each base station system comprising a base
station controller and a plurality of base stations;
and transmission circuits for connecting the local
exchange to a base station controllers, comprising the
steps of:

establishing a call connection from the local
exchange to the first base station controller serving
a mobile station,

performing a handover for switching the call
and the mobile station from the first base station
controller to a second base station controller,

characterized by

establishing a new local call connection in
advance and keeping it ' in reserve for a handover
between base station controllers,

controlling the handover by the base station
controllers independently of the local exchange,

saving the call connection from the local
exchange to the first base station controller,

making a decision in the first or the second
base station controller on using said reserved local
call connection as a further connection in a new
handover between base station controllers, '

communicating the decision by the base station
controller that has made the decision, to the other
base station controller,

establishing a further handover connection via
said reserved local call connection from the first base
station <controller to the second base station
controller.

13. A method as claimed in claim 12,
characterized in that a same local call
connection is used for establishing two or more non-

A ) RN
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simultaneous further handover connections without
releasing the call between the connections.
14. A method as claimed in claim 12 or 13,
characterized by establishing a further
5 handover connection via said reserved local call
connection by means of signalling between the base
station controllers only. |
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