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(57) Abstract

A method, a mobile communication system and a
controller controlling the use of the radio resources of the
mobile communication system, by means of which it is
decided when the optimization of the lu link between a
mobile switching centre and the controller is triggered. In
the method, history data is maintained (204, 205, 206, 214)
on the roaming of the mobile station, at least one condition
triggering the link optimization is set based on the history
data, a check is made in response to updating the history data
to see if the condition is fulfilled (207), and if the condition
is fulfilled, the link optimization is triggered (208, 209, 210).
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TRANSMISSION LINK OPTIMIZATION

BACKGROUND OF THE INVENTION

The invention relates to triggering the optimization of a link between
network elements controlling the radio channels of a mobile communication
system and a mobile switching centre as a result of handover, and particularly
to when the optimization is triggered.

Cellular communication systems are characterized in that mobile
stations can freely move and connect from one cell to another within the area
of the mobile communication system. Crossover is just a re-registration to a
new cell, when the mobile station does not have an ongoing call. If a mobile
station has an ongoing call during crossover, the call must also be connected
from one base station to another with as little disturbance to the call as
possible. Crossover performed during a call is called handover. Handover may
also take place within a cell from one traffic channel to another.

Several different types of handovers can be distinguished
depending on which elements of the mobile communication system participate
in handover. In the following, handover types are described using the IMT-
2000 system (International Mobile Telecommunication 2000) as an example
system. It is one of the third-generation mobile communication systems.
Another example of a corresponding system is Universal Mobile
Communication System (UMTS). UMTS is being standardized in ETSI
(European Telecommunication Standards Institute), whereas the IMT-2000
system is being standardized by ITU (International Telecommunication Union).
These future systems are very similar in basic features. The network
architecture of the IMT-2000 system is illustrated in Figure 1. It describes the
parts of the system that are most important for handover. Mobile switching

centres MSC connect incoming and outgoing calls and control the radio

network controllers RNC of their areas. In the following, the mobile switching
centre and the radio network controller are connected by referring to the
mobile switching centre as the radio network controller's own mobile switching
centre. For instance, in Figure 1, the radio network controllers RNC1 and
RNC2 have the same own mobile switching centre MSC1 and the radio
network controller RNC3's own mobile switching centre is MSC2. The radio
network controllers RNC are responsible for the control functions related to
radio access and control the base transceiver stations BTS in their area,
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through which the mobile stations are connected to the network over radio
paths. The details of the network structure bear no essential significance for
the invention.

There are three basic types of handover. When a mobile station
remains in the area of the same radio network controller RNC, the handover is
called handover between base transceiver stations. When the radio network
controller area changes, but the mobile station remains within the area of the
same mobile switching centre MSC, the handover is called internal handover
within a mobile switching centre. When the mobile station moves from the area
of the first mobile switching centre MSC-1 to the area of a second mobile
switching centre MSC-2, the handover is called handover between mobile
switching centres. Additionally, systems using code division multiple access
(CDMA), such as the known third-generation mobile communication systems
currently being developed, handover is either soft or hard. in a soft handover,
the mobile station can during handover be simultaneously connected to the
network through several base transceiver stations, until one of them proves to
be better than the others on the basis of its signal. In a hard handover, the
mobile station is connected to the network through only one base transceiver
station.

When a call is made to or from a mobile station MS, a connection is
established between the mobile station and a mobile switching centre MSC.
The connection is established through a radio network controller RNC. This
radio network controller is called the serving RNC and other radio network
controllers are drift RNCs. The serving RNC is also called an anchor RNC.
The serving RNC acts for instance as a combining point, i.e. it handles the
diversity combining in soft handover. The connection to the switching centre is
established by creating an lu link for the call, i.e. a speech channel between
the serving RNC and its own mobile switching centre. During handover, the
serving RNC can be maintained by means of an interface lur between the
radio network controliers. A drift RNC can also be a serving RNC at the same
time acting for instance as a combining point in soft handovers. According to
present knowledge, when handover is completed between two radio network
controllers RNC, the drift RNC becomes the serving RNC from which a new lu
link is created for the call, and the old link is released. An alternative solution is
that the radio network controller which is the first serving radio network
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controller stays as the serving radio network controller and a new lu link is not
created.

The problem with the above solution conforming to present
knowledge is the continuous change of lu link, if the mobile station moves
back and forth between two radio network controliers and causes an lu link
optimization after each handover, or alternatively moves quickly from one area
to another. This is illustrated in the example in Figure 1, in which a mobile
station MS makes a call while being in area A1 and moves to area A2 during
the call as indicated with the arrow. The serving RNC is first RNC1 and the lu
link is lu1. The mobile station moves to the area of radio network controller
RNC?2 and the lu link is optimized to lu2. Next, the mobile station moves to the
area of radio network controiler RNC3 and the lu link is optimized to lu3. If the
move happens quickly, the optimization of the lu link to lu2 uses up network
resources unnecessarily. Correspondingly, if the mobile station moves back
and forth, for instance between the areas of base transceiver stations BTS1
and BTS2, and causes an optimization of the lu link with every handover,
network resources would be unnecessarily used. Again, if the mobile station
stays long under the control of radio network controller RNC2, network
resources can be saved by optimizing lu2 as the lu link.

The problem with the alternative solution is that network resources
are unnecessarily used if the lu link is not optimized again. Network resources
are especially misspent in the example in Figure 1 when the mobile station
moves from area A1 to area A2, if lu1 remains as the lu link even if it is under
the control of a different mobile switching centre. The problem is emphasized,
if the RNC-RNC connections are not built separately and they utilize the same
transmission resources as the MSC-RNC connections.

BRIEF DESCRIPTION OF THE INVENTION

It is thus an object of the invention to develop a method and an
apparatus implementing the method, which solve the above-mentioned
problems and perform the lu link optimization just at the right time in a manner
which saves network resources. This object is achieved by a method, a
system, a controller and a mobile station characterized by what is disclosed in
the independent claims. The preferred embodiments of the invention are set
forth in the dependent claims.
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The invention is based on the idea that information, i.e. history data,
is collected concerning handovers of a mobile station and after certain
conditions based on the history data are fuffilled, the lu link between the
mobile switching centre and a radio network controller is optimized again.

The method and system of the invention provide the advantage that
unnecessary optimization of the lu link is avoided and the link is optimized only
when the optimization saves network resources. The mobile station performs
handovers between radio network controllers normally, but to the network side
the handover between the radio network controllers, ie. the Ilu link
optimization, is performed in a manner which optimizes the use of network
resources.

In a preferred embodiment of the invention, the history data
includes network information that is updated in connection with each
handover. This provides the advantage that the conditions triggering
optimization can be made versatile to better take different handovers into
consideration.

In a further preferred embodiment of the invention, the history data
comprises a handover counter which is updated in connection with handovers
between controllers. By means of the counter, it is very simple to detect
handovers between controllers and react to them.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in greater detail in
connection with preferred embodiments and with reference to the attached
drawings in which

Figure 1 illustrates a mobile communication system of the invention,

Figures 2 and 3 show a flow chart of radio network controller
functions in the first preferred embodiment of the invention,

Figure 4 shows a signalling diagram in the first preferred
embodiment of the invention during soft handover,

Figure 5 shows a signalling diagram in the second preferred
embodiment of the invention during soft handover,

Figure 6 shows a signalling diagram in the third preferred
embodiment of the invention during soft handover, and

Figure 7 shows a block diagram of a radio network controller of the
first preferred embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention can be applied to any cellular communication
system in which routing of connections is based on the use of a serving RNC
or a corresponding network element. In the following, the invention will be
described in greater detail in an exemplary manner in connection with the IMT-
2000 system without limiting the invention to this solution, however. Figure 1
shows a simplified IMT-2000 network structure described earlier in the text. A
mobile communication system implementing the functionality of the present
invention comprises not only means required for prior art optimization of the lu
link, but also means for maintaining and updating the history data and means
for comparing the history data and the predefined condition(s). The means are
preferably located in the radio network controller RNC. The means or a part of
them can also be located elsewhere, for instance in the mobile switching
centre or in the mobile station.

The present invention can be applied to various handovers. The
invention is in no way related to the factors triggering handover of air interface
or to which network element is the one deciding on the handover of a mobile
station.

Figure 2 shows a flow chart of the radio network controller functions
in the first preferred embodiment of the invention in which the target cell of the
handover is in the service area of a radio network controller. In the first
preferred embodiment of the invention, the history data is maintained in the
radio network controller RNC and the history data comprises both network
information and a handover counter. Additionally, the history data is updated in
the radio network controller in which service area the target cell is. The history
data could also be updated in the radio network controller in which service
area the originating cell is.

The initial situation in Figure 2 is that a radio network controller
receives a handover request (ho request) whose target base transceiver
station BTS is under the control of the radio network controller. In step 201 it is
checked if the originating base transceiver station is under the control of the
radio network controller. If the originating base transceiver station is not under
the control of the radio network controller, in step 202 it is checked if this is a
soft handover (sho). If the handover request is for a soft handover, in step 203
a branch acknowledgement is transmitted. Naturally, this happens on the
condition that the radio network controller can accept the soft handover and
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does not have to refuse it for instance due to misspending of resources. In
such a case, the mobile station is commanded to generate a hard handover.
Some time after the branch acknowledgement, in step 204 history data is
received from the RNC in which area the originating cell is. Next, in step 205
the network information in the history data is updated. In the first preferred
embodiment, the network information is updated by adding as the latest
network information data on the base transceiver currently serving the mobile
station, information on the radio network controller itself and on its own mobile
switching centre. The network information can also include information on
when handover has been made. Next, in step 206 the handover counter is
updated, as this concerns handover between radio network controllers. In this
embodiment it does not matter, whether it is a case of internal handover within
a mobile switching centre or handover between mobile switching centres. In
another embodiment, these can also be taken into account for instance by
using a separate counter for handovers between mobile switching centres or
by increasing the handover counter reading with figures of different size for
different handover types. After the updates, in step 207 it is checked if the
condition is fulfilled or, if there are several conditions, whether one of them is
fulfilled. An operator can freely define the conditions and there is no maximum
limit to them. However, there must always be at least one condition. The
condition can, at its simplest, be just a certain value of the handover counter,
for instance 2, or a minimum time elapsed from the previous handover. A
condition may include complex expressions, for instance as follows: if the
mobile switching centre has changed or if the RNC has stayed the same
during the last two handovers, but the third last handover was performed in the
area of another RNC, the lu link is optimized. If the condition was not fulfilled in
step 207, the next handover will be waited for. If the condition or one of the
conditions was fulfilled, the handover counter is reset to zero in step 208, the
lu link is optimized by signalling a speech channel open to the mobile
switching centre in step 209, after which in step 210 a command is sent to
release the old Iu link. In one embodiment, also the network information or a
part of it is reset to zero after the condition is fulfilled.

If the received handover request is for a hard handover (step 202),
a command is sent in step 211 to perform a hard handover (hho). After this, in
step 212 history data is requested from the RNC in whose area the originating
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cell is, and operation moves to step 204 in which the requested history data is
received. From step 204, operation continues as described above.

If the handover is an internal one within a radio network controller,
operation moves from step 201 to step 213 in which normal handover steps
are performed. After handover has been performed, the network information is
updated in step 214. After the update, operation moves to step 207 in which it
is checked if the condition or one of the conditions is fulfilled. From step 207,
operation continues as described above.

The initial situation in Figure 3 is that a radio network controller
receives a handover request (ho request) whose target base transceiver
station is not under the control of the radio network controller. This means that
the originating base transceiver station is under the control of the radio
network controller. In step 301 the handover request is forwarded to the radio
network controller whose base transceiver station is the target base
transceiver station. (It is assumed here that the radio network controller can
accept a soft handover and does not have to refuse it for instance due to
misspending of resources. In such a case, the mobile station is commanded to
generate a hard handover.) In step 302 it is checked if the handover request is
for soft handover (sho). If the handover request is for soft handover, in step
203 branch acknowledgement is transmitted and after some time, in step 304
a request to release the radio network controller's own branch is received. In
step 305 an acknowledgement for branch release is sent and after this, the
entire history data is sent in step 306. After some time, the lu link release
command is received in step 307 and the lu link is released in step 308.

If the handover request was for hard handover (step 302), in step
309 a handover acknowledgement is transmitted. After this in step 310, a
request for the history data is received and from there, operation moves to
step 306 in which the history data is sent. From step 306, operation continues
as described above.

The steps described above in Figures 2 and 3 are not in an
absolutely chronological order and some of the steps can be executed
simultaneously or deviating from the given order. Other normal functions
related to handover and lu link optimization can also be executed between the
steps. Some of the steps can also be left out. It is essential to update the
history data at some point and to check after the update if the condition is
fulfiled. In one embodiment, it is not necessary to separately request the
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history data in connection with hard handovers, as the radio network controller
sends all of the history data after forwarding the handover acknowledgement.
In the embodiments in which the history data does not include network
information, steps relating to updating network information are not performed.
Correspondingly in the embodiments in which the history data does not
comprise a handover counter, steps relating to updating it are not performed.

If the history data is updated in the serving RNC (i.e. in the radio
network controller in which area the originating cell is), steps relating to
updating and the check concerning the condition are performed there, and the
history data is sent only after the condition is fulfilled. Correspondingly, in such
an embodiment, the radio network controller of the target cell sends updates to
the history data to the radio network controlier of the originating cell up until
the lu link is optimized.

If the history data is maintained in the mobile station, steps related
to updating are performed there and the radio network controller requests the
history data during each handover to check if the condition or one of the
conditions is fulfilled. The radio network controller also sends updates to the
history data to the mobile station during each handover. The radio network
controller can request only some of the history data from the mobile station
even though it sends all updates to the history data. This provides the
advantage that different conditions are possible for different radio network
controliers and yet the amount of data transmitted through the air path is
minimized.

If the history data is maintained in the mobile switching centre,
steps relating to updating are performed there and the radio network controller
sends updates to the history data to the mobile switching centre during each
handover. If the check of the condition(s) and triggering of the lu link
optimization are also performed in the mobile switching centre, the radio
network controller does not have to request the history data or a part of it
during each handover to check if the condition or conditions are fulfilled.

Figure 4 shows the signalling of the first preferred embodiment of
the invention during soft handover. It is assumed for simplicity’s sake that the
mobile station is during soft handover only connected to two base transceiver
stations of which one is under the control of the radio network controller RNC1
and the other correspondingly under the control of the radio network controller
RNC2. The serving RNC of the mobile station is RNC1 from which an lu link is
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established to its own mobile switching centre. The mobile station requests in
message 4-1 for another branch for soft handover from the serving radio
network controller RNC1. The serving radio network controller RNC1 detects
that the target cell of the soft handover is in the area of the radio network
controller RNC2 and sends a soft handover request to it in message 4-2.
RNC2 accepts the soft handover and sends a branch addition permission in
message 4-3 to RNC1 which then forwards the permission to the mobile
station MS in message 4-4. When the signal of the base transceiver station in
the service area of RNC2 proves to be better than a signal of another base
transceiver station, the branch between the base transceiver station in the
service area of RNC1 and the mobile station is released. The branch is
released by sending from the mobile station MS a request to release the soft
handover branch in message 4-5. When RNC1 identifies the request to
release the branch and detects that the mobile station is about to leave its
service area, it sends all history data to RNC2 in message 4-6, because the
branch to be released was in a handover which was performed in the area of
RNC2. At the same time, RNC1 sends a command in message 4-7 to the
mobile station MS to release the branch.

When the radio network controller RNC2 receives the history data, it
updates it to correspond to the new situation as described in Figure 2. After
the update, the radio network controller checks in step 4-8 if one of the
predefined handover conditions is fulfilled. In the example shown in Figure 4,
the condition was fulfilled, in which case in step 4-8 the lu link is optimized by
signalling a speech channel open 10 the radio network controller RNC2’'s own
mobile switching centre. Normal lu connection creation procedures can be
used when signalling this lu link. When the lu link is optimized, a command is
sent in message 4-9 to the radio network controller RNC1 to release the lu link
reserved for the mobile station between RNC1 and its own mobile switching
centre.

in connection with a hard handover, the signalling described in
Figure 4 changes so that messages 4-1, 4-2, 4-3 and 4-4 become messages
for hard handover and messages 4-5 and 4-7 are not received. Instead,
message 4-6 is sent only after RNC2 sends RNC1 a message requesting the
history data. Step 4-8 and message 4-9 remain unchanged.

Figure 5 shows the signalling of the second preferred embodiment
of the invention during soft handover. In the second preferred embodiment, the
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history data is maintained in the mobile station and the RNC which has an lu
link to the mobile switching centre checks the condition or conditions. It is
again assumed for simplicity's sake that the mobile station is during soft
handover connected to only two base transceiver stations of which one is
under the control of the radio network controller RNC1 and the other
correspondingly under the control of the radio network controller RNC2. The
serving RNC of the mobile station is RNC1 which has an lu link to its own
mobile switching centre.

The mobile station asks in message 5-1 for a second branch for soft
handover from the serving radio network controller RNC1. The serving radio
network controller RNC1 detects that the soft handover target cell is in the
area of the radio network controller RNC2 and sends a soft handover request
to it in message 5-2. RNC2 accepts the soft handover and sends a branch
addition permission in message 5-3 to RNC1 which forwards the permission to
the mobile station MS in message 5-4. At least one of the network controllers
adds updatés to the history data, i.e. update data, to the permission. In
another preferred embodiment, the network controller RNC2 adds to the
permission update data on itself, its mobile switching centre and the base
transceiver station in whose area the soft handover branch is required. In
addition to this, the network controller RNC1 adds to the permission data
increasing the handover counter reading, because this is a handover between
radio network controllers. When the signal of the base transceiver station in
the service area of RNC2 proves to be better than a signal of another base
transceiver station, the branch between the base transceiver station in the
service area of RNC1 and the mobile station is released. The branch is
released by sending from the mobile station MS a request in message 5-5 to
release the soft handover branch. When RNC1 identifies the request to
release the branch, it requests history data from the mobile station MS in
message 5-6. RNC1 can ask for all history data or just a certain part of the
data, for instance only the history data of the mobile switching centres or the
value in the handover counter, depending on what data it needs to check the
condition or conditions triggering the lu optimization. The mobile station sends
the requested history data to RNC1 in message 5-7. Having received the
history data, RNC1 sends a command in message 5-8 to the mobile station
MS to release the branch. Next, in step 5-9 the radio network controller RNC1
checks if one of the predefined handover conditions is fulfilled. In the example
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in Figure 5, the condition is fulfilled, which means that a command to optimize
the lu link is sent in message 5-10 to the radio network controller RNC2 to
whose area the mobile station has moved. RNC2 optimizes the lu link in step
5-11 by signalling a speech channel open to its own mobile switching centre.
After this, RNC?2 informs the radio network controller RNC1 in message 5-12
that the lu link optimization is completed. Having received the message, RNC1
releases the Iu link reserved for the mobile station to its own mobile switching
centre.

Figure 6 shows the signalling of the third preferred embodiment of
the invention during soft handover. This embodiment is particularly well suited
for situations where the Iu link should be in the radio network controller which
has the most soft handover branches. It is assumed for simplicity’s sake that
the mobile station is during soft handover connected to only two base
transceiver stations of which one is under the control of the radio network
controller RNC1 and the other correspondingly under the control of the radio
network controller RNC2. The serving RNC of the mobile station is RNC1
which has an lu link to its own mobile switching centre. The mobile station
asks in message 6-1 for another branch for soft handover from the serving
radio network controller RNC1. The serving radio network controller RNC1
detects that the soft handover target cell is in the area of the radio network
controller RNC2 and sends a soft handover request to it in message 6-2.
RNC2 accepts the soft handover and sends a branch addition permission in
message 6-3 to RNC1 which in step 6-4 updates the history data with the
information on the branch additon and, at the same time, checks if the
condition is fulfilled. In this example, the condition is not yet fulfilled. After this,
RNC1 forwards the permission in message 6-5 to the mobile station MS.
When the signal of the base transceiver station in the service area of RNC2
proves to be better than a signal of another base transceiver station, the
branch between the base transceiver station in the service area of RNC1 and
the mobile station is released. The branch is released by sending from the
mobile station MS a request in message 6-6 to release the soft handover
branch. RNC1 identifies the request to release the branch and sends a
command to the mobile station MS in message 6-7 to release the branch. At
the same time, in step 6-8 RNC1 updates the history data to correspond to the
new situation as described in Figure 2. After the update, the radio network
controller checks in step 6-8 if one of the predefined handover conditions is
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fulfilled. In the example shown in Figure 6, the condition is now fulfilled and
RNC1 sends all history data to RNC2 in message 6-9. After this, RNC1 takes
care of the lu link optimization with normal procedures in step 6-10. After the
optimization of the lu link, the lu link is established from RNC2 to its own
mobile switching centre and the lu link between RNC1 and its own centre has
been released.

If the condition is not fulfilled in step 6-8, RNC1 receives history
data updates from RNC2 in an update message (not shown in the figure) and
executes step 6-8, i.e. updates the history data and checks the condition.
When the condition is fulfilled, RNC1 sends message 6-9 and executes step 6-
10.

If the condition had been fulfilled in step 6-4, message 6-9 would
have been sent after sending message 6-5 or simultaneously with it. After this,
step 6-10 would have been executed. After receiving message 6-6, RNC1
would have sent message 6-7 to the mobile station and a message for
updating the history data to RNC2 in which the history data would have been
updated.

In connection with a hard handover, the signalling described in
Figure 6 changes so that messages 6-1, 6-2, 6-3 and 6-5 become messages
for hard handover, message 6-6 is not received and step 6-8 is not executed.
If the condition is fulfilled in step 6-4, message 6-9 is sent and step 6-10 is
executed. If the condition is not fulfiled in step 6-4, RNC1 receives history
data updates in an update message from RNC2 and then executes step 6-4,
i.e. updates the history data and checks the condition. When the condition is
fulfilled, RNC1 sends message 6-9 and executes step 6-10. For clarity’s sake,
Figures 4, 5 and 6 above show only a part of the signalling related to handover
and the network elements participating in the signalling. The invention is also
not in any way restricted to the signalling messages described above, and the
names of the network elements and participants in the signalling may vary by
system. Signalling can also take place in a different order than described in
Figures 4 and 5, some of the signalling messages in the figures can be divided
into several parts or combined into one message. It is also possible to transmit
more data in the signalling messages than described above.

The signalling described above is not restricted to whether the
handover between the radio network controllers is internal within a mobile
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switching centre or between mobile switching centres, because each radio
network controlier optimizes the lu link with its own mobile switching centre.

For clarity’s sake, in the cases described in Figures 2, 3,4, 5and 6
it has been assumed that the mobile stations have two active connections at
the most through two radio network controllers. In situations in which the
mobile station has several active connections through several radio network
controllers, information on the optimization of the lu link must be transmitted at
least in the embodiments in which history data is collected in the radio network
controller from which the lu link is optimized. In addition, new lur links must
possibly be created. This is done using normal lur connection creation
procedures.

If several lu links are simultaneously maintained, it is possible to
determine on the basis of the history data when any of the lu links can be
released and thus free network resources.

Figure 7 shows a block diagram of a radio network controller of the
first preferred embodiment of the invention. The radio network controller refers
to a network element which controls the use of the radio interface of its area.
In different systems different names are used for these network elements, for
instance in the GSM system, these are called base station controllers (BSC).
The radio network controller of the present invention does not require major
changes to a prior art radio network controller.

The radio network controller of the invention comprises at least a
connection part 1 through which it receives messages from mobile switching
centres, other radio network controllers, base transceiver stations and through
base transceiver stations from mobile stations. Connection part 1 also
connects calls between a mobile switching centre and a mobile station. By
means of the connection part 1, the operator can set conditions to implement
the lu link optimization and update them. The condition can be different for
each radio network controller and they need not be inter-dependent, if the
operator so wishes. This provides the advantage that the structure of the
network infrastructure can extremely well be taken into account when defining
the conditions thus enabling an efficient optimization of network resources.

The radio network controller of the invention also comprises a
control part 2 which handles the prior art functions of the radio network
controller. In addition, the control part 2 is adapted to check the condition or
conditions triggering the optimization of the lu link, and when the condition is
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fulfilled, to optimize the lu link in one of the ways described above. The control
part 2 can also be adapted to update the history data maintained in the
memory of the radio network controller. The control part 2 can also be adapted
to transmit updates to the history data to another radio network controller.
Alternatively, the control part 2 is adapted to request history data from a
mobile station and to add to the messages sent to mobile stations updates to
the history data as described above.

The radio network controller of the first preferred embodiment also
comprises enough memory 3 to maintain the history data. The subscriber-
specific history data 31 comprises in the first preferred embodiment a
handover counter 311 and network information 312. The network information
includes data on the base transceiver stations BTS, the radio network
controller RNC and the mobile switching centre MSC of the N last handovers.
When all memory locations reserved for network information are full, the oldest
network information is deleted and the newest inserted. History data can also
comprise only the handover counter or merely network information. Network
information can include only a part of the above-mentioned data and, in
addition to it, other data, such as the handover execution time or information
on the existing branches of the call and their number per radio network
controller. The number of branches in a soft handover can form the condition
triggering the lu link optimization. History data can also include information on
what kind of channels a mobile station has or has had at a certain time.

The mobile station of the present invention does not require major
changes to a prior art mobile station. The mobile station of the invention is
adapted to maintain history data on its roaming, receive updates to the history
data from the mobile communication network during handover and update the
history data it maintains with the received data. The mobile station is also
adapted to receive a request for the history data and advantageously send
only the part of the history data that is requested. These functionalities can be
implemented with program routines.

Even though it is said above that the history data is updated during
handovers, the invention is not restricted to this alternative. The history data
can be collected and updated also in connection with location updating. The
invention is also not restricted to the alternative where the history data is
maintained in one place. The maintenance of history data can also be
distributed between the mobile station and the serving radio network controller



10

15

WO 99/55110 PCT/F199/00280

15

for instance so that the mobile station maintains the network information and
the radio network controller the handover counter. A corresponding distribution
can also be made between the mobile switching centre and the radio network
controller.

It will be understood that the above description and the related
figures have merely been presented to illustrate the present invention. The
specifications of mobile communication systems in general and of the IMT-
2000 system in particular evolve rapidly. Including various functionalities in the
network elements may change. Therefore, all terms and expressions should
be interpreted as widely as possible and they are intended to describe and not
to limit the invention. It will be obvious to those skilled in the art that as the
technology evolves, the basic idea of the invention can be implemented in
many different ways. The third-generation mobile communication systems are
planned to be the primary areas of application of the invention. However, the
invention can as applicable be used with the existing systems, such as the
GSM system. The invention and its embodiments are thus not restricted to the
examples described above, but can vary within the scope of the claims.
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CLAIMS

1. A method for triggering the optimization of a call-related link
between a controller controlling the radio interface of a mobile communication
system and its mobile switching centre in a mobile communication system in
which a mobile station can roam from one cell to another within the area of the
system, in which method

a link is created between the first controller serving the location cell
of a mobile station and its mobile switching centre to establish a call-related
connection between the mobile station and the mobile switching centre,

one or more handovers from the originating cell to a target cell are
performed during the roaming of the mobile station, which celis can be located
in the service areas of different controllers, in which case the handover takes
place between contfollers,

characterized in that the method further comprises the
following steps:

history data is maintained (204, 205, 206, 214) on the roaming of
the mobile station,

at least one condition, based on the history data, triggering the
optimization of the link is set,

in response to updating the history data, a check is made to find
out, if the condition is fulfilled (207), and

if the condition is fuffilled,

the link optimization is triggered (208, 209, 210).

2 A method as claimed inclaim 1, characterized inthat

the history data includes network information comprising at least
data on the controller serving the location cell of the mobile station, and

in the method,

a predefihed amount of network information is maintained, and

the network information is updated during each handover (205,
214).

3. A method as claimed in claim 1 or 2, characte rized in
that the history data includes data on the channels used by the mobile station.

4. A method as claimed in claim 1, 2 or 3, characterized in
that

the history data includes a handover counter, and
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in the method,

the handover counter is updated during said handover between
controllers (206).

5. A method as claimed in claim 4, characterized in that
the handover counter is reset to zero in response to the triggering of the link
optimization (208).

6. A method as claimed in claim 1, 2,3 or4,characterized

in that

at least a part of the history data is maintained in the mobile station,
and

updates to the history data are received during handover.

7 A method as claimed in claim6,characterized inthat

a message requesting history data is received in the mobile station,
and

the part of the maintained history data which was requested is sent.

8 A method as claimed in claim 1,2, 3or4,characterized
in that

at least a part of the history data is maintained in said first
controller, and

the maintained history data is transmitted during said handover
between controllers from the first controller to the second controller serving the
location cell (204, 305).

9. A method as claimed in claim 1, 2,3 or4,characterized
in that

at least a part of the history data is maintained in said first
controller,

updates to the history are transmitted from the second controller
serving the location cell to the first controller, and

the maintained history data is transmitted from the first controller to
the second controller in response to link optimization.

10. A mobile communication system comprising

at least one mobile switching centre (MSC),

at least two controllers (RNC1, RNC2, RNC3) to control the use of
the air interface of the mobile communication system in their own areas,
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at least one mobile station (MS) which can roam in the mobile
communication system from the service area of the first controller to the
service area of the second controlier during a call, and

which system is adapted

to perform at least one handover in the air interface as a result of
roaming, and

to connect a call between the mobile station and the mobile
switching centre by means of a call-specific link (lu) between a controller
(RNC) serving the location cell of the mobile station and its mobile switching
centre (MSC),

characterized in that the mobile communication system
comprises

memory means (RNC) for storing history data on the roaming of the
mobile station,

comparison means (RNC) for comparing the history data with at
least one predefined condition, and

control means (RNC) responsive to the comparison means for
triggering the optimization of the call-related link.

11. A mobile communication system as claimed in claim 10,
characterized inthat

the history data (31) comprises network information (312) on at
least the controllers (RNC), and

the memory means are adapted to update the network information
(312) during each handover of the mobile station.

12. A mobile communication system as claimed in claim 10 or 11,
characterized in that the history data includes information on the
channels used by the mobile station.

13. A mobile communication system as claimed in claim 10, 11 or
12,characterized inthat

the history data comprises a handover counter (311), and

the memory means are adapted to update the handover counter
(311) in response to handover between two controllers.

14. A controller (RNC) controlling the use of the radio channels in a
mobile communication system, which controller is connected to a mobile
switching centre (MSC) of the mobile communication system and to another
corresponding controller, which controller is adapted to optimize a call-related

PCT/F199/00280
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link (lu) between the controller and the mobile switching centre,
characterized inthatthe controller (RNC) is further adapted

to compare the history data on the roaming of the mobile station
with at least one predefined condition, and

to generate the optimization of the link when the condition is
fulfilled.

15. A controller as claimed in claim 14, character ized in
that it (RNC) is adapted to maintain history data on the roaming of the mobile
station.

16. A controller as claimed in claim 14 or 15, charac terized
in that it (RNC) is adapted to ask for the history data on the roaming of the
mobile station during handover.

17. A controller as claimed in claim 16, characte rized in
that it (RNC) is adapted

to ask for the history data from the mobile station, and

to send network information containing data on at least the
controller to the mobile station during handover.

18. A mobile station (MS) which can roam in the area of a mobile
communication network, characterize d in that the mobile station is
adapted

to maintain history data on its roaming,

to receive updates to the history data during the handover of the
mobile station, and

to send the history data to the network during handover.

19. A mobile station as claimed in claim 18, charac terized
in that it (MS) is adapted

to receive a message from the network requesting history data, and

to send to the network only the part of the history data which the
network requests in the message.

PCT/F199/00280
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