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(57) Abrege/Abstract:
The Invention relates to a method for performing a paging call in a cellular mobile communications system, wherein a terminal

device Is operated In a first radio cell of the mobile communications system provided with radio signhals from a radio transmission
device, sald terminal device being In an Idle state, and data to be transmitted to the terminal device are present In a data
transmission device of the mobile communications system. The invention Is characterized Iin that upon detection of a loss of service
or fault in the radio transmission device, measures for handling the loss of service/fault In said radio transmission device are taken,
with the goal of restoring the accessibility of the mobile radio device for which said radio transmission device Is the last known radio

transmission device.
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e (57) Abstract: The invention relates to a method for performing a paging call in a cellular mobile communications system, wherein
~.. a terminal device is operated in a first radio cell of the mobile communications system provided with radio signals from a radio
transmission device, said terminal device being in an idle state, and data to be transmitted to the terminal device are present in a data
transmission device of the mobile communications system. The invention is characterized in that upon detection of a loss of service
e Of fault in the radio transmission device, measures for handling the loss of service/fault in said radio transmission device are taken,
with the goal of restoring the accessibility of the mobile radio device for which said radio transmission device is the last known radio
transmission device.
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Veroffentlicht:

— it internationalem Recherchenbericht

(57) Zusammenfassung: Die Erfindung betrifft Verfahren zur Durchfithrung eines Pagings in einem zellularen Mobilkommuni-
kationssystem, wobei in einer ersten Funkzelle des Mobilkommunikationssystems, die von einer Funkiibertragungseinrichtung mit
Funksignalen versorgt wird, ein Endgerit betrieben wird, das sich in einem Ruhezustand befindet, und in einer Dateniibertragungs-
einrichtung des Mobilkommunikationssystems Daten anstehen, die an das Endgerdt zu ibermitteln sind. Die Erfindung zeichnet
sich dadurch aus, dass bei einer Erkennung eines Ausfalls oder einer Stérung der Funkiibertragungseinrichtung MalBnahmen zur
Behandlung des Ausfalls/Stérung dieser Funkiibertragungseinrichtung getroffen werden mit der Zielsetzung, die Erreichbarkeit des
Mobilfunkendgerits, fiir die diese Funkiibertragungseinrichtung die letzte bekannte Funkiibertragungseinrichtung ist, wiederherzu-

stellen.
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Method for ensuring the accessibility of mobile radio devices using an Optimized paging

mechanism

The invention relates to a method for ensuring the accessibility of mobile radio user equipment (UE)
operating in idle mode in the case of a loss of service of the radio transmission device in the service

area (cell) of which the UE was last active and switched into 1dle mode.

Prior Art

Stérting situation: a mobile radio user equipment device (UE) is located within a radio cell ot a
mobile radio network and is accessible for data to be transmitted. If no data is transmitted within a
certain time period, this data transmission inactivity causes the mobile radio user equipment UE to
be put into a so-called idle mode, in which data transmission 1s no longer immediately possible. In
this mode, mobile radio user equipment devices can change their preferred cells without any

information to this effect being sent to the mobile radio network.

As soon as data is again ready to be transmitted to the UE, the network must therefore first detect the
preferred radio transmission device, the so-called “serving cell” for the particular mobile rad10 user
equipment. This is customarily achieved by means of paging mechanisms. The latter trigger a
“radio paging” in all radio transmission devices belonging to a defined area, the so-called “'paging
area.” The mobile radio user equipment addressed in the radio paging message thereupon responds
to the radio transmission device in the service area of which it is located. Once the serving cell has
been determined by this mechanism, the data to be transmitted can be delivered to the mobile radio

user equipment.
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In the older, non pre-published application DE 10 2006 006 485 optimized paging mechanisms are
disclosed that initially attempt to access the mobile radio user equipment UE only via the radio
transmission device in the service area of which the UE switched to idle mode. In the text that
follows, this radio transmission device will be referred to as the “last known radio transmission
device.” If the UE is in fact still located in this area that is supplied with radio signals by the “last
known radio transmission device,” this avoids an unnecessary radio paging within the remaining

paging area, thus resulting in an optimization.

To this effect, as shown in Figure 1, the last known radio transmission device C is usually stored
within a data transmission device A for each mobile radio user equipment device UE (Figure 1,
Steps (1) and (2)). On this basis, data that arrives for UEs is forwarded via a mobility control device
B directly to the last known radio transmission device C allocated to the respective UE, (3a). The
radio transmission device C initiates a “radio paging,” (6). The user equipment UE responds (7). 1f

the UE is in fact still located in the service area of this radio transmission device, the latter delivers

the data directly (3b).

If, alternatively, the UE cannot be accessed via the last known radio transmission device by means
of a radio paging , the last known radio transmission device “C” triggers within the

mobility control device B a paging within the entire paging area. Once the current serving cell

has been determined by this mechanism, the UE 1s

accessible again and the data to be transmitted can be delivered to the UE.

With this method, the following problem can occur: if a radio transmission device (e.g. radio
transmission device C in Figure 1) experiences a loss of service, all UEs that went into idle mode

within the service area of the radio transmission device C, i.e. for which the radio transmission
2
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device C is the last known radio transmission device, would no longer be accessible for subsequent

data transmissions, even if the UEs were in the meantime located in the service area of a ditferent
radio transmission device (that did not experience a loss of service.) This difficulty results from the
fact that the data transmission device A continues to fofward data for UEs for which the radio
transmission device C is the last known radio transmission device, to the radio transmission device

C, even if C is experiencing a loss of service.
Disclosure of the Invention

The invention has as its object to improve the above-described paging method and make 1t more

rehiable.
This object is achieved according to the invention by a method according to claim 1.

Preferred embodiments of the invention and additional advantageous features of the invention are

specified in the subclaims.
The inventive solution essentially consists of two steps:
1) Detection of the outage of a radio transmission device

2) Handling the outage of this radio transmission device, with the goal of restoring the accessibility

of the mobile radio user equipment devices UEs for which this radio transmission device 1s the last

known radio transmission device.

Preferred embodiments of this inventive solution and details of these process steps will be described

1in more detail below.
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Detecting the outage of the radio transmission device, according to step a) can be achieved in

various ways:

la) by monitoring the connections between the data transmission device(s) A and the radio

transmission devices C, and

1b) by monitoring the connections between the mobility control device(s) B and the radio

transmission devices C.

Handling the outage of the radio transmission device, according to step B), can comprise the

following:

After the outage of a radio transmission device C has been detected, the accessibility of as many
UEs as possible for which the radio transmission device C is the last known radio transmission

device, can be achieved by means of one of the following vanants:

2a) All UEs for which the radio transmission device C is the last known radio transmission device
are addressed via all remaining radio transmission devices of the entire paging area by means ot a

radio paging. A UE that is located in the service area of a different radio transmission device within
the paging area and receives the radio paging message responds to this message to the radio
transmission device in the service area of which it is located. The radio transmission device
thereupon reports the current location to the relevant data transmission device, whereupon the data

transmission device uses the new location for the respective UE and is accordingly able to again

access the UE.

2b) For each UE for which the radio transmission device C is the last known radio transmission
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device, a different radio transmission device of the same paging area is allocated within the data
transmission device as the last known radio transmission device. The type of allocation of other
radio transmission devices may be random or according to a certain pattern (¢.g. allocation of the
radio transmission devices serving the geographically immediately surrounding areas of the radio

transmission device experiencing the outage.)

Once the allocation is complete, it is now ensured that each UE that is not located 1n the exclusive
service area of the radio transmission device experiencing the outage is accessible again. The reason
for this is as follows: in the case of the arrival of data for a UE, two cases may occur: either the UE
is in fact located in the service area of the last known radio transmission device that has been
allocated randomly or according to a certain pattern. In this case, as shown in Figure 1, the data can
be delivered directly. Otherwise (the UE is not located in the service area of the radio transmission
device allocated as the last known radio transmission device), a radio paging is triggered within the
entire paging area (sce above) . This ensures that all UEs that are not located
in the exclusive service area of the radio transmission device experiencing the loss of service are

accessible again.
Additional embodiments of the invention:

In step 2a) the paging of all UEs of the radio transmission device C experiencing the outage can be

achieved in three different ways: (1) directly for all UEs in one contiguous time period, or (2)

distributed over a longer time period (e.g. several minutes), or (3) for a certain UE only when data is

again ready to be sent for the respective UE.

In case (3) the following must be considered: if the data transmission device and the mobility control
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device are physically separate it must be made certain that the mobility control device notices the
arrival of new data. This can be achieved in various ways: (a) the data transmission device can
inform the mobility control device of the arrival of new data, or (b) the mobility control device takes
over the data connection(s) of the radio transmission device experiencing the Outage until the UE

has been located.

In step 2a, the UEs that were in idle mode prior to the outage can be put back in idle mode after the

paging of all UEs of the radio transmission device C experiencing the outage.

While step 2 (“handling of the outage of the radio transmission device...”) is being carried out, data
for the individual UEs can be buffered until these UEs have been located, such that the loss of data

due to the outage of the radio transmission device 1s minimized.

The invention will be explained in more detail below with the aid of drawings. Additional features

and advantages of the invention will become apparent in the process.

Figure 1 schematically shows the signaling in a paging method using a last known radio

transmission device.
Figure 2 schematically shows the signaling according to an inventive paging method.
Figure 1 has already been discussed in the introductory part of the description.

Figure 2 shows the inventive optimized solution for the case that the last known radio transmission

device C,y is experiencing a loss of service or interruption.

After the outage of a radio transmission device C has been detected, be it by means of monitoring
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the connections between the data transmission device(s) A and the radio transmission devices C, or
by means of monitoring the connections between the mobility control device(s) B and the radio
transmission devices C, the accessibility of as many UEs as possible for which the radio

transmission device C is the last known radio transmission device can be restored.

The data transmission device A attempts to send new incoming data for the UE via the last known
radio transmission device Cyy to the user equipment UE. The last known radio transmission device
Cai 1s experiencing a loss of service, and the attempt to make contact accordingly fails, (3a).
Because of the outage of the radio transmission device Cyy, an “area paging request” 1S now
triggered in the paging area to all radio cells belonging to a paging area, (11). The mobility control
device B sends a paging méssage “cell paging request” to all radio transmission devices (5)—e.g.
Cn—belonging to the paging area. The radio transmission devices, €.g. C,eu, 1nitiate a “radio
paging” that can be received by all user equipment devices UE located within the respective ranges
thereof (6). The user equipment UE addressed in the “radio paging” that is located in the service
area of the “new” radio transmission device C,e, announces itself to the “new” radio transmission
device C,e, that currently represents the “serving cell”. A radio resource allocation to the user
equipment device takes place (7), during which process the radio transmission device C,y Informs
the data transmission device A of the location of the user equipment device UE, (8). New data can
now be transmitted from the data transmission device A via the “new” radio transmission device to

the user equipment UE, (9).

Alternatively, it is possible to allocate for each UE for which the radio transmission device Cyy 1s the
last known radio transmission device a different radio transmission device Cye, as the last known

radio transmission device, in the same paging area. The type of allocation of other radio

7
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transmission devices—e.g. C,.y;—can be performed randomly or also a;:cording to a certain pattern
(e.g. allocation of the radio transmission devices that serve the areas geographically immediately
surrounding the radio transmission device experiencing the outage.) Once the allocation of the new
radio transmission device Cye, is complete, it is now ensured that each UE that is not located in the
exclusive service area of the radio transmission device Ca, experiencing the outage is accessible
again. The reason for this is as follows: in a case of the arrival of data for a UE, two cases may
occur: either the UE is in fact located 1n the service area of the last known radio transmission device
C.., that has been allocated randomly or according to a certain pattern. In this case, as shown in
Figure 1, the data can be delivered directly. Otherwise (the UE is not located in the service area of
the radio transmission device C,, allocated as the last known radio transmission device), a radio
paging is triggered in the entire paging area (see above), as shown in Figure 2. This ensures that all
UEs that are not located in the exclusive service area of the radio transmission device experiencing

the loss of service are accessible again.
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A data transmission device

B mobility control device

C radio transmission device

C.: last used last known radio transmission device
Cheu  newly allocated radio transmission device (in the case of a loss of service/interruption in Cyy)

UE  user equipment

Process steps shown in the drawings

(1)  user equipment (UE) goes into idle mode

(2) signaling of the idle mode to the network components C, B, A

(3) transmitti’ng of new data for UE to A

(3a) transmitting of new data for.UE directly to C

(3b) transmitting of new data from C to UE

(4)  paging request in the paging area from A to B by means of paging message: “area paging
request”

(5) paging request from B to one or more C in the radio cells of the paging area by means ot
paging message: “cell paging request” '

(6) radio paging from C to UE by means of paging message: “radio paging”

(7) radio resource allocation C<->UE by means of a “resource assignment” procedure

(8) transmission of the location of UE from C to B and A by means of paging message: “cell
paging response”

(9) transmission of the new data from A to UE

(10) paging of the UE by Cy, failed

(11) paging request in the paging area from C, to B by means of paging message: “area paging

request”
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What is claimed is:

1. Method for performing a paging in a cellular mobile communication system,
wherein user equipment devices (UE) are operated in a first radio cell of the mobile
communication system supplied with radio signals by a radio transmission device (C;
Cait), said user equipment devices (UE) being in an idle mode, and data to be
transmitted to the user equipment devices (UE) being present in a data transmission
device (A) of the mobile communication system, comprising the steps of

detecting an outage/interruption in the radio transmission device (Cai) by
means of monitoring the connections between the data transmission device (A) and
the radio transmission device (Ca), and by monitoring the connections between a
mobility control device (B) and the radio transmission device (Ca),

taking measures for handling the outage/interruption in the radio transmission
device (C,) with a goal of restoring the accessibility of the mobile radio user
equipment devices for which said radio transmission device (Cay) Is a last known
radio transmission device,

wherein the step of taking measures comprises addressing all user equipment
devices (UE) for which said radio transmission device is the last known radio
transmission device by sending a radio page message from all remaining radio

fransmission devices (Cpey) IN @an entire paging area.

2. Method for performing a paging in a cellular mobile communication system,
wherein user equipment devices (UE) are operated in a first radio cell of the mobile
communication system supplied with radio signals by a radio transmission device (C;
Cai), said user equipment devices (UE) being in an idle mode, and data to be
transmitted to the user equipment devices (UE) being present in a data transmission
device of the mobile communication system, comprising the steps of:

detecting an outage/interruption in the radio transmission device (Cait) by
means of monitoring the connections between the data transmission device (A) and
the radio transmission device (Cat), and by monitorihg the connections between a
mobility control device (B) and the radio transmission device (Can);

taking measures for handling the outage/interruption in the radio transmission

device (Cax) with a goal of restoring the accessibility of the mobile radio user

10



CA 02685111 2014-12-16

equipment devices for which said radio transmission device (Cay) is a last known
radio transmission device,

wherein the step of taking measures comprises allocating, within the data
transmission device (A) for each user equipment devices for which said radio
transmission device (C,y) is the last known radio transmission device, a different

radio transmission device (Cpey) Of the same paging area.

3. A method according to claim 1, wherein the user equipment (UE) located in the
service area of a different radio transmission device (Cyeu) Within the paging area and
receiving the radio paging message responds to said message to the radio
transmission device (Cyey) in the service area of which it is located, after which the
radio transmission device (Cney) Of the relevant data transmission device (A) reports
the current location of the user equipment device (UE), whereupon the data
transmission device (A) uses the new location for the respective user equipment (UE)

and can deliver the data.

4. A method according to claim 2, wherein once the allocation is complete, it is
ensured that the user equipment (UE) that is not located in the exclusive service area

of the radio transmission device (Cai) experiencing the outage Is accessible again.

5. A method according to any one of claims 1 through 4, wherein the paging of the
user equipment (UE) of the radio transmission device (Ca) experiencing the outage
can be achieved in three different ways: (1) directly for all UEs in one contiguous time
period, or (2) distributed over a longer time period (e.g. several minutes), or (3) for a
certain user equipment device (UE) only when data is again ready to be sent for the

respective UE.

6. A method according to any one of claims 1 though 5, wherein in case the data
transmission device (A) and the mobility control device (B) are physically separate,
the arrival of new data for the user equipment is detected by the mobility control
device in such a way that: (a) the data transmission device (A) can inform the mobility
control device (B) of the arrival of new data, or (b) the mobility control device (B)
takes over the data connection of the radio transmission device (Ca) experiencing

the outage until the user equipment (UE) has been located.

11
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7. A method according to any one of claims 1 through 6, wherein after the paging of
the user equipment (UE) of the radio transmission system (C,) experiencing the
outage, the user equipment (UE) that was in idle mode prior to the outage is put back
Into 1dle mode.

8. A method according to any one of claims 1 though 7, wherein during the handling
of the outage of the radio transmission device (C.), data intended for the user
equipment (UE) before the user equipment (UE) is located is buffered, such that the

loss of data due to the outage of the radio transmission device is minimized.

12
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