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ABSTRACT

A mobile communication method according to the present
invention includes a step A of releasing, by a gateway device S-GW, a
first GBR bearer for a mobile station UE and transmitting “Downlink
Data Notification” to a packet exchanger SGSN 1if a fault of a radio
network controller RNC 1s detected 1n the state in which a second GBR
bearer for the mobile station UE is set, a step B of transmitting, by the
packet exchanger SGSN, “Paging” to the mobile station UE, and a step
C of starting, by the packet exchanger SGSN, a procedure for releasing
the second GBR bearer when no response to the “Paging” is received

from the mobile station UE in a predetermined period.
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DESCRIPTION
MOBILE COMMUNICATION METHOD, MOBILITY MANAGEMENT

NODE, AND PACKET EXCHANGER

TECHNICAL FIELD

[0001] The present invention relates to a mobile communication

method, a mobility management node, and a packet exchanger.

BACKGROUND ART

[0002] With reference to Fig. 15 and Fig. 16, a description will be
provided for a control process of a GBR (Guaranteed Bit Rate) bearer
when a fault occurs 1n a radio base station eNodeB 1n a mobile
communication system employing an E-UTRAN (Evolved UTRAN)

scheme.

[0003] Firstly, with reference to Fig. 15, a first example of the control
process of the GBR bearer will be described.

[0004] As 1llustrated in Fig. 15, in step S1000, a GBR bearer setting
process 1s performed, so that a GBR bearer 1s set between a mobile
station UE and a radio base station eNodeB, between the radio base
station eNodeB and a gateway device S-GW (Serving Gateway), and
between the gateway device S-GW and a gateway device P-GW (PDN
Gateway).

|0005] In step S1001, a fault occurs 1n the radio base station eNodeDB,

and a resumption process 1s performed.

[0006] If a packet addressed to the mobile station UE, which 1s
transferred via the gateway device P-GW and the gateway device S-GW,

1s recelved 1n step S1002, the radio base station eNodeB transmits
“Error Indication” to the gateway device S-GW 1n step S1003.

[0007] The gateway device S-GW releases a GBR bearer resource for
the radio base station eNodeB 1n step S1004, and buffers the packet
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addressed to the mobile station UE, which 1s received from the

gateway device P-GW, 1n step S1005.

[0008] In step S1006, the gateway device S-GW transmits “Downlink
Data Notification” for notifying the packet, which 1s being buffered,

addressed to the mobile station UE, to a mobility management node
MME (Mobility Management Entity).

[0009] In step S1007, the mobility management node MME transmits

“Paging” addressed to the mobile station UE to the radio base station

eNodeB, and activates a paging timer.

[0010] In step S1008, even when there is no response to the “Paging”
from the mobile station UE until the paging timer expires, the mobility
management node MME holds the GBR bearer between the gateway
device S-GW and the gateway device P-GW rather than releasing the

GBR bearer.

[0011] Secondly, with reference to Fig. 16, a second example of the
control process of the GBR bearer will be described.

[0012] As illustrated in Fig. 16, in step S2000, a GBR bearer setting
process is performed, so that a GBR bearer is set between the mobile
station UE and the radio base station eNodeB, between the radio base

station eNodeB and the gateway device S-GW, and between the
gateway device S-GW and the gateway device P-GW.

[0013] In step S2001, a fault occurs in the radio base station eNodeDB,

and a resumption process 1s performed.

[0014] In step S2002, the radio base station eNodeB transmits a
RESET signal to the mobility management node MME.

[0015] In step S2003, the mobility management node MME transmits
“Release Access Bearer Request” to the gateway device S-GW.
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[0016] The gateway device S-GW releases a GBR bearer resource for
the radio base station eNodeB in step S2004, and transmits “"Release

Access Bearer Response” to the mobility management node MME 1n
5 step 52005.

[0017] If a packet addressed to the mobile station UE 1s received from

the gateway device P-GW in step S2006, the gateway device S-GW
buffers the packet in step S2007.

10
[0018] In step S2008, the gateway device S-GW transmits “Downlink
Data Notification” for notifying the packet, which 1s being buffered,
addressed to the mobile station UE, to the mobility management node
MME.

15

[0019] In step S2009, the mobility management node MME transmits

“Paging” addressed to the mobile station UE to the radio base station

eNodeB, and activates a paging timer.

20 [0020] In step S2010, even when there is no response to the “Paging”
from the mobile station UE until the paging timer expires, the mobility
management node MME holds the GBR bearer between the gateway
device S-GW and the gateway device P-GW rather than releasing the
GBR bearer.

25
PRIOR ART DOCUMENT
NON-PATENT DOCUMENT
[0021] Non-Patent Document 1: 3GPP TS23.401

Non-Patent Document 2: 3GPP TS24.301

30 Non-Patent Document 3: 3GPP TS523.007

Non-Patent Document 4: 3GPP TS23.060

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

35 [0022] However, in the mobile communication system, as 1llustrated in
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Fig. 15 and Fig. 16, in the state in which the GBR bearer 1s set, even
when a fault occurs in the radio base station eNodeB, since 1t 1s not
possible to disconnect the GBR bearer in a core network at an
appropriate timing, if a service is provided based on time charging 1n

the GBR bearer, there is a problem that it is not possible to stop the

charge.

[0023] Furthermore, even in a mobile communication system
employing a UTRAN scheme, in the state in which the GBR bearer 1s
set, even when a fault occurs in a radio network controller RNC, since
it is not possible to disconnect the GBR bearer in a core network at an
appropriate timing, if a service is provided based on time charging 1n
the GBR bearer, there is a problem that it 1s not possible to stop the

charge.

[0024] Therefore, the present invention has been achieved in view of
the above-described problems, and an object thereof 1s to provide a
mobile communication method, a mobility management node, and a
packet exchanger, by which it is possible to disconnect a GBR bearer 1n
a core network at an appropriate timing when a fault occurs 1n an
apparatus in a radio access network in the state in which the GBR

bearer 1s set.

MEANS FOR SOLVING THE PROBLEM

[0025] A first characteristic of the present embodiment 1s summarized
in that a mobile communication method 1ncludes: a step A of releasing,
by a first gateway device, a first bearer for a mobile station and
transmitting downlink data notification for notifying a downlink data
signal addressed to the mobile station to a mobility management node,
the downlink data signal being buffered, 1f a fault of a radio base
station 1s detected 1n the state in which the first bearer for a mobile
station 1s set between the first gateway device and the radio base
station and a second bearer for the mobile station i1s set between the
first gateway device and a second gateway device; a step B of

transmitting, by the mobility management node, a paging signal to the
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mobile station: and a step C of starting, by the mobility management
node, a procedure for releasing the second bearer when no response to

the paging signal is received from the mobile station i1n a

predetermined period.

[0026] A second characteristic of the present embodiment 1s
summarized in that a mobile communication method includes: a step of
transmitting, by a mobility management node, a bearer release request
to a first gateway device and activating a predetermined timer 1f a
fault of a radio base station is detected 1n the state in which a first
bearer for a mobile station is set between the first gateway device and
the radio base station and a second bearer for the mobile station 1s set
between the first gateway device and a second gateway device; a step of
releasing, by the first gateway device, the first bearer according to the
bearer release request; and a step of starting, by the mobility
management node, a procedure for releasing the second bearer when
no connection request is received from the mobile station before the

predetermined timer expires.

[0027] A third characteristic of the present embodiment 1s summarized
in that a mobility management node 1s configured to transmit a paging
signal to a mobile station when a first gateway device detects a fault of
a radio base station, releases a first bearer for a mobile station, and
transmits downlink data notification for notifying a downlink data
signal addressed to the mobile station to a mobility management node,
the downlink data signal being buffered, 1n the state in which the first
bearer is set between the first gateway device and the radio base
station and a second bearer for the mobile station 1s set between the
first gateway device and a second gateway device, and configured to
start a procedure for releasing the second bearer when no response to
the paging signal 1s received from the mobile station 1n a

predetermined period.

[0028] A fourth characteristic of the present embodiment 1s

summarized in that a mobility management node 1s configured to
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transmit a bearer release request to a first gateway device and activate
a predetermined timer if a fault of a radio base station 1s detected 1n
the state in which a first bearer for a mobile station 1s set between the
first gateway device and the radio base station and a second bearer for
the mobile station is set between the first gateway device and a second
gateway device, and configured to start a procedure for releasing the
second bearer when no connection request 1s received from the mobile

station before the predetermined timer expires.

[0029] A fifth characteristic of the present embodiment 1s summarized
as a mobile communication method including: a step A of releasing, by
a first gateway device, a first bearer for a mobile station and
transmitting downlink data notification for notifying a downlink data
signal addressed to the mobile station to a packet exchanger, the
downlink data signal being buffered, if a fault of a radio network
controller is detected in the state in which the first bearer 1s set
between the first gateway device and the radio network controller and
a second bearer for the mobile station 1s set between the first gateway
device and a second gateway device; a step B of transmitting, by the
packet exchanger, a paging signal to the mobile station; and a step C of
starting, by the packet exchanger, a procedure for releasing the second
bearer when no response to the paging signal 1s received from the

mobile station 1n a predetermined period.

[0030] A sixth characteristic of the present embodiment 1s summarized
1in that a mobile communication method includes: a step of
transmitting, by a packet exchanger, a bearer release request to a first
gateway device and activating a predetermined timer if a fault of a
radio network controller 1s detected 1n the state in which a first bearer
for a mobile station 1s set between the first gateway device and the
radio network controller and a second bearer for the mobile station 1s
set between the first gateway device and a second gateway device; a
step of releasing, by the first gateway device, the first bearer according
to the bearer release request; and a step of starting, by the packet

exchanger, a procedure for releasing the second bearer when no
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connection request is received from the mobile station before the

predetermined timer expires.

[0031] A seventh characteristic of the present embodiment 1s
summarized in that a packet exchanger is configured to transmit a
paging signal to a mobile station when a first gateway device detects a
fault of a radio network controller, releases a first bearer for a mobile
station, and transmits downlink data notification for notifying a
downlink data signal addressed to the mobile station to a packet
exchanger, the downlink data signal being buffered, in the state 1n
which the first bearer is set between the first gateway device and the
radio network controller and a second bearer for the mobile station 1s
set between the first gateway device and a second gateway device, and

configured to start a procedure for releasing the second bearer when no
response to the paging signal is received from the mobile station 1n a

predetermined period.

[0032] An eighth characteristic of the present embodiment 1s
summarized in that a packet exchanger 1s configured to transmit a
bearer release request to a first gateway device and activate a
predetermined timer if a fault of a radio network controller 1s detected
in the state in which a first bearer for a mobile station 1s set between
the first gateway device and the radio network controller and a second
bearer for the mobile station 1s set between the first gateway device

and a second gateway device, and configured to start a procedure for
releasing the second bearer when no connection request 1s received

from the mobile station before the predetermined timer expires.

EFFECT OF THE INVENTION

[0033] As described above, according to the present invention, 1t 1s
possible to provide a mobile communication method, a mobility
management node, and a packet exchanger, by which 1t 1s possible to
disconnect a GBR bearer in a core network at an appropriate timing

when a fault occurs 1n an apparatus 1n a radio access network 1n the
state in which the GBR bearer 1s set.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0034] [Fig. 1] Fig. 1 is a diagram explaining the operation of a mobile

communication system according to a first embodiment of the present
invention.

[Fig. 2] Fig. 2 is a sequence diagram explaining the operation of
the mobile communication system according to the first embodiment of
the present invention.

[Fig. 3] Fig. 3 is a flowchart explaining the operation of the
mobile communication system according to the first embodiment of the
present invention.

[Fig. 4] Fig. 4 is a sequence diagram explaining the operation of
the mobile communication system according to the first embodiment of
the present invention.

[Fig. 5] Fig. 5 is a sequence diagram explaining the operation of
a mobile communication system according to a first modification of the
first embodiment of the present invention.

[Fig. 6] Fig. 6 1s a flowchart explaining the operation of the
mobile communication system according to the first modification of the
first embodiment of the present invention.

[Fig. 7] Fig. 7 1s a diagram explaining the operation of a mobile
communication system according to a second modification of the first
embodiment of the present invention.

[Fig. 8] Fig. 8 1s a sequence diagram explaining the operation of
the mobile communication system according to the second modification
of the first embodiment of the present invention.

[Fig. 9] Fig. 9 1s a diagram explaining the operation of a mobile
communication system according to a second embodiment of the
present invention.

[Fig. 10] Fig. 10 1s a sequence diagram explaining the operation
of the mobile communication system according to the second
embodiment of the present invention.

[Fig. 11] Fig. 11 1s a sequence diagram explaining the operation
of a mobile communication system according to a first modification of

the second embodiment of the present invention.
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[Fig. 12] Fig. 12 is a diagram explaining the operation of a
mobile communication system according to a second modification of the
second embodiment of the present invention.

[Fig. 13] Fig. 13 is a sequence diagram explaining the operation
of the mobile communication system according to the second
modification of the second embodiment of the present invention.

[Fig. 14] Fig. 14 is a diagram explaining the operation of a
mobile communication system according to a third modification of the
second embodiment of the present invention.

[Fig. 15] Fig. 15 is a sequence diagram explaining the operation
of a conventional mobile communication system.

[Fig. 16] Fig. 16 1s a sequence diagram explaining the operation

of a conventional mobile communication system.

BEST MODES FOR CARRYING OUT THE INVENTION

[0035] (Mobile communication system according to first embodiment of
the present invention)

With reference to Fig. 1 to Fig. 4, a mobile communication

system according to a first embodiment of the present invention will be
described.

[0036] The mobile communication system according to the present
embodiment 1s a mobile communication system employing an

E-UTRAN scheme, and 1includes a server device PCRF (Policy and
Charge Rule Function), a gateway device P-GW, a gateway device

S-GW, a mobility management node MME, and a radio base station
eNodeB as illustrated in Fig. 1 and Fig. 2.

[0037] Hereinafter, with reference to Fig. 1 to Fig. 4, the operation of
the mobile communication system according to the first embodiment of

the present invention will be described.

[0038] As 1llustrated in Fig. 1 and Fig. 2, in step S100A of Fig. 2, a
GBR bearer setting process is performed, so that a GBR bearer 1s set

between a mobile station UE and the radio base station eNodeB,
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between the radio base station eNodeB and the gateway device S-GW,
and between the gateway device S-GW and the gateway device P-GW.
Hereinafter, the GBR bearer between the radio base station eNodeB
and the gateway device S-GW will be referred to as “first GBR bearer
(first bearer)”, and the GBR bearer between the gateway device S-GW
and the gateway device P-GW will be referred to as “second GBR

bearer (second bearer)”.

[0039] In step S100B of Fig. 2, a fault occurs in the radio base station
eNodeB, and a resumption process is performed. Then, in step S100C
of Fig. 2, the process A illustrated in Fig. 15 or the process B
illustrated 1n Fig. 16 1s performed.

[0040] In step S101, the gateway device S-GW transmits “Downlink
Data Notification” for notifying a packet (a downlink data signal),
which is being buffered, addressed to the mobile station UK to the
mobility management node MME.

[0041] In step S102, the mobility management node MME transmits
“Paging (paging signal)” addressed to the mobile station UE to the

radio base station eNodeB, and activates a paging timer.

[0042] In step S103, when there is no response to the “Paging” from the
mobile station UE until the paging timer expires, the mobility

management node MME performs a GBR bearer determination process
1llustrated 1n Fig. 3 1n step S104.

[0043] As 1llustrated 1n Fig. 3, 1n step 104A, the mobility management
node MME determines whether a second GBR bearer for the mobile

station UE exists. In the case of “YES”, the present operation
proceeds to step S104B. In the case of “NO”, the present operation
proceeds to step S104D.

[0044] In step S104B, the mobility management node MME determines

whether the second GBR bearer for the mobile station UE 1s a bearer
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through which a service is provided based on time charging. In the

case of “YES”, the present operation proceeds to step S104C. In the
case of “NO”, the present operation proceeds to step S104D.

[0045] In step S104C, the mobility management node MME starts a
procedure after step S105 in which the second GBR bearer for the
mobile station UE is released. Meanwhile, in step S104D, the
mobility management node MME maintains the second GBR bearer for
the mobile station UE rather than releasing the second GBR bearer for
the mobile station UE, thereby completing the process. At this time,
the mobility management node MME may transmit a signal for

requesting resource release toward the radio base station eNodeB to

the gateway device S-GW.

[0046] In addition, in step S104B, instead of the above-mentioned
determination, the mobility management node MME may also
determine whether a predetermined QCI (QoS Class Identifier), for
example, “QCI = 1 (Speech)”, 1s assigned to the second GBR bearer, or
determine whether predetermined conditions based on a
predetermined operator policy have been satisfied. Here, the QCI
denotes information indicating the level of QoS of the second GBR

bearer.

[0047] When 1t 1s decided that the second GBR bearer for the mobile

station UE is released 1n step S104C, the mobility management node
MME transmits “Delete Bearer Command” to the gateway device S-GW
1n step S105.

[0048] In step S106, a GBR bearer release procedure 1llustrated in Fig.
4 1s started, so that the second GBR bearer for the mobile station UE 1s

released.

[0049] As illustrated 1n Fig. 4, 1f the “Delete Bearer Command” 1s
received, the gateway device S-GW transmits the “Delete Bearer
Command” to the gateway device P-GW 1n step S106A.
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[0050] In step S106B, when a charging process 1s performed between
the gateway device P-GW and the server device PCRF at an application
level, “PCEF Initiated IP-CAN Session Modification” procedure 1s

performed, so that the charging process 1s stopped.

[0051] The gateway device P-GW transmits “Delete Bearer Request” to

the gateway device S-GW 1n step S106D, and stops a charging process
for the GBR bearer for the mobile station UE in step S106E.

[0052] In step S106F, the gateway device S-GW transmits the "Delete
Bearer Request” to the mobility management node MME.

[0053] In step S106G, a procedure shown from step 4 to step 7 of Ig.
5.4.4.1-1 of TS 23.401 defined by the 3GPP 1s performed.

[0054] In step S106H, the mobility management node MME transmits
“Delete Bearer Response” to the gateway device S-GW, and 1n step
S1061, the gateway device S-GW transmits the “Delete Bearer
Response” to the gateway device P-GW.

[0055] In accordance with the mobile communication system according
to the first embodiment of the present invention, in the state 1n which
the GBR bearer is set, when a fault occurs 1n the radio base station
eNodeB, 1t 1s possible to disconnect the second GBR bearer at an

appropriate timing, thereby stopping the charging process related to
the second GBR bearer.

[0056] (First Modification)

With reference to Fig. 5 and Fig. 6, a mobile communication
system according to a first modification of the above-mentioned first
embodiment will be described. The following 1s a description of the
mobile communication system according to the first modification while
focusing on the difference from the mobile communication system

according to the first embodiment described above.
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[0057] As illustrated in Fig. 5, the operations of steps S150A to S150C
are the same as those of steps S100A to S100C 1llustrated 1n Fig. 2.

[0058] In step S151, the gateway device S-GW transmits “Downlink
Data Notification” including “Cause: Error Indication received from
RNC/eNodeB (predetermined information)” to the mobility

management node MME.

[0059] In step S152, the mobility management node MME transmits
“Paging (paging signal)” addressed to the mobile station UE to the

radio base station eNodeB, and activates a paging timer.

[0060] In step S153, when there 1s no response to the “Paging” from the
mobile station UE until the paging timer expires, the mobility
management node MME performs a GBR bearer determination process

1llustrated 1n Fig. 6 1n step S154.

[0061] As 1llustrated in Fig. 6, 1n step S154A, the mobility

management node MME determines whether a second GBR bearer for

the mobile station UE exists. In the case of “YES”, the present
operation proceeds to step S154B. In the case of “NO”, the present
operation proceeds to step S154L.

[0062] In step S154B, the mobility management node MME determines
whether the second GBR bearer for the mobile station UE 1s a bearer
through which a service 1s provided based on time charging. In the
case of “YES”, the present operation proceeds to step S154C. In the
case of “NO”, the present operation proceeds to step S154E.

[0063] In step S154C, the mobility management node MME determines
whether the “Cause: Error Indication received from RNC/eNodeB” 1s

included in the received “Downlink Data Notification” and the content
of the information element corresponds to a disconnection reason. In

the case of “YES”, the present operation proceeds to step S154D. In



10

15

20

25

30

30

CA 02777581 2012-04-12

JNTTD-788-PCT 14

the case of “NQO”, the present operation proceeds to step S154KE.

[0064] In step S154D, the mobility management node MME releases
the second GBR bearer for the mobile station UE. Meanwhile, 1n step
S154E, the mobility management node MME maintains the second
GBR bearer for the mobile station UE rather than releasing the second
GBR bearer for the mobile station UE, and then, completes the process.
At this time, the mobility management node MME may transmit a

signal for requesting resource release toward the radio base station
eNodeB to the gateway device S-GW.

[0065] In addition, in step S154B, instead of the above-mentioned
determination, the mobility management node MME may also
determine whether a predetermined QCI, for example, “QClI =1
(Speech)”, 1s assigned to the second GBR bearer, or determine whether
predetermined conditions based on a predetermined operator policy

have been satisfied.

[0066] Furthermore, the mobility management node MME may also be

configured not to perform the determination in step S154B.

[0067] Moreover, when the “Cause: Error Indication received from
RNC/eNodeB” is included 1n the “Downlink Data Notification” and the

content of the information element corresponds to the disconnection

reason, the mobility management node MME may also be configured to

set a value different from a normal value to the paging timer.

[0068] As a consequence, an effect 1s obtained 1n which 1t 1s possible to

reduce the time until the GBR bearer 1s released.

[0069] The operations of steps S155 and S156 are the same as those of
steps S105 and S106 1llustrated 1n Fig. 2.

[0070] (Second Modification)

With reference to Fig. 7 and Fig. 8, a mobile communication
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system according to a second modification of the above-mentioned first
embodiment will be described. The following is a description of the
mobile communication system according to the second modification,
focusing on the points of difference from the mobile communication

system according to the first embodiment described above.

[0071] As illustrated in Fig. 8, the operations of steps S200A and
S200B are the same as those of steps S100A and S100B 1llustrated 1n

Fig. 2.

[0072] In step S201, the radio base station eNodeB transmits a RESET
signal to the mobility management node MME.

[0073] When the RESET signal 1s received, the mobility management

node MME may perform the GBR bearer determination process
1llustrated 1n Fig. 3 or Fig. 6 1n step S201A.

[0074] The mobility management node MME activates a GBR bearer
release standby timer 1n step S202, and transmits “Release Access

Bearer Request” to the gateway device S-GW 1n step S203.

[0075] The gateway device S-GW releases a GBR bearer resource for
the radio base station eNodeB 1n step 5204, and transmits “Release

Access Bearer Response” to the mobility management node MME 1n
step S205.

[0076] In step S206, when there 1s no connection request from the
mobile station UE until the GBR bearer release standby timer expires,

the mobility management node MME transmits “Delete Bearer

Command” to the gateway device S-GW 1n step S207.

[0077] In step S208, the GBR bearer release procedure illustrated in

Fig. 4 1s started, so that the second GBR bearer for the mobile station
UE 1s released.



10

15

20

25

30

35

CA 02777581 2012-04-12

JNTTD-788-PCT 16

[0078] In accordance with the mobile communication system according
to the second modification, even when there 1s no packet addressed to
the mobile station UE, it is possible to disconnect the second GBR
bearer at an appropriate timing, thereby stopping the charging process
related to the second GBR bearer.

[0079] The characteristics of the present embodiment as described

above may be expressed as follows.

[0080] A first characteristic of the present embodiment 1s summarized
in that a mobile communication method 1ncludes: a step A of releasing,
by a gateway device S-GW (a first gateway device), a first GBR bearer
(a first bearer) for a mobile station UE and transmitting “Downlink
Data Notification (downlink data notification)” for notifying a
downlink data signal addressed to the mobile station UK to a mobility
management node MME, the downlink data signal being buffered, 1f a
fault of a radio base station eNodeB 1s detected 1n the state in which
the first GBR bearer 1s set between the gateway device S-GW and the
radio base station eNodeB and a second GBR bearer (a second bearer)
for the mobile station UE 1s set between the gateway device S-GW and
a gateway device P-GW (a second gateway device); a step B of
transmitting, by the mobility management node MME, “Paging (paging
signal)” to the mobile station UE; and a step C of starting, by the
mobility management node MME, a procedure for releasing the second

GBR bearer when no response to the “Paging” 1s received from the
mobile station UE 1in a period (a predetermined period) defined by a

paging timer.

[0081] In the first characteristic of the present embodiment, in the
step C, when 1t 1s determined that the second GBR bearer 1s a bearer
through which a service 1s provided based on time charging, the
mobility management node MME may also further start the procedure

for releasing the second GBR bearer.

[0082] In the first characteristic of the present embodiment, in the
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step C, when 1t 1s determined that a predetermined QCI (for example,
QCI = 1) 1s assigned to the second GBR bearer, the mobility

management node MME may also further start the procedure for

releasing the second GBR bearer.

[0083] In the first characteristic of the present embodiment, 1n the
step C, when 1t 1s determined that “Cause: Error Indication received
from RNC/eNodeB (predetermined information)” 1s included 1n the
“Downlink Data Notification” and the content of the information
element corresponds to a disconnection reason, the mobility
management node MME may also further start the procedure for

releasing the second GBR bearer.

[0084] In the first characteristic of the present embodiment, in the
step A, when “Error Indication (error indication signal)” 1s received
from the radio base station eNodeB, the gateway device S-GW may also
detect a fault of the radio base station eNodeB.

[0085] A second characteristic of the present embodiment 1s
summarized in that a mobile communication method includes: a step of
transmitting, by a mobility management node MME, “Release Access
Bearer Request (bearer release request)” to a gateway device S-GW
and activating a GBR bearer release standby timer (a predetermined
timer) 1f a fault of a radio base station eNodeB 1s detected 1n the state
1in which a first GBR bearer for a mobile station UE 1s set between the
gateway device S-GW and the radio base station eNodeB and a second
GBR bearer for the mobile station UE 1s set between the gateway
device S-GW and a gateway device P-GW; a step of releasing, by the
gateway device S-GW, the first GBR bearer according to the “Release
Access Bearer Request”; and a step of starting, by the mobility
management node MME, a procedure for releasing the second GBR
bearer when no connection request 1s received from the mobile station

UE before the GBR bearer release standby timer expires.

|0086] A third characteristic of the present embodiment is summarized
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1n that a mobility management node MME 1s configured to transmait
“Paging” to a mobile station UE when a gateway device S-GW detects a
fault of a radio base station eNodeB, releases a first GBR bearer for the
mobile station UE, and transmits “Downlink Data Notification” to the
mobility management node MME 1n the state 1n which the first GBR
bearer 1s set between the gateway device S-GW and the radio base
station eNodeB and a second GBR bearer for the mobile station UE 1s
set between the gateway device S-GW and a gateway device P-GW, and
configured to start a procedure for releasing the second GBR bearer
when no response to the “Paging” 1s received from the mobile station

UE 1n a period defined by a paging timer.

|[0087] In the third characteristic of the present embodiment, when 1t
1s determined that the second GBR bearer 1s a bearer through which a
service 1s provided based on time charging, the mobility management
node MME may also be configured to further start the procedure for

releasing the second GBR bearer.

|0088] In the third characteristic of the present embodiment, when 1t
1s determined that a predetermined QCI 1s assigned to the second GBR
bearer, the mobility management node MME may also be configured to

further start the procedure for releasing the second GBR bearer.

[0089] In the third characteristic of the present embodiment, when it

1s determined that “Cause: Error Indication received from
RNC/eNodeB” 1s included 1n the “Downlink Data Notification” and the

content of the information element corresponds to a disconnection

reason, the mobility management node MME may also be configured to

further start the procedure for releasing the second GBR bearer.

10090] A fourth characteristic of the present embodiment is
summarized 1n that a mobility management node MME is configured to
transmit “Release Access Bearer Request” to a gateway device S-GW
and activate a GBR bearer release standby timer if a fault of a radio
base station eNodeB 1s detected 1n the state in which a first GBR
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bearer for a mobile station UE is set between the gateway device S-GW
and the radio base station eNodeB and a second GBR bearer for the
mobile station UE 1s set between the gateway device S-GW and a
cateway device P-GW, and configured to start a procedure for releasing
the second GBR bearer when no connection request 1s received from
the mobile station UE before the GBR bearer release standby timer

expires.

[0091] (Mobile communication system according to second embodiment
of the present invention)

With reference to Fig. 9 and Fig. 10, a mobile communication
system according to a second embodiment of the present invention will
be described. Hereinafter, the mobile communication system
according to the second embodiment of the present invention will be
described while focusing on the difference from the mobile
communilcation system according to the first embodiment as described

above.

[0092] The mobile communication system according to the present
embodiment 1s a mobile communication system employing an UTRAN
scheme, and includes a server device PCRF, a gateway device P-GW, a
gateway device S-GW, a packet exchanger SGSN, and a radio network
controller RNC as illustrated in Fig. 9 and Fig. 10.

[0093] Hereinafter, with reference to Fig. 9 and Fig. 10, the operation
of the mobile communication system according to the second

embodiment of the present invention will be described.

[0094] As 1llustrated 1in Fig. 9 and Fig. 10, 1n step S300A, a GBR bearer
setting process 1s performed, so that a GBR bearer is set between a
mobile station UE and the radio network controller RNC, between the
radio network controller RNC and the gateway device S-GW, and
between the gateway device S-GW and the gateway device P-GW.

Hereinafter, the GBR bearer between the radio network controller
RNC and the gateway device S-GW will be referred to as “first GBR
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bearer (first bearer)”, and the GBR bearer between the gateway device
S-GW and the gateway device P-GW will be referred to as “second GBR

bearer (second bearer)”.

[0095] In addition, the GBR bearer between the radio network
controller RNC and the gateway device S-GW will be referred to as
“Direct Tunnel”. Furthermore, instead of the “Direct Tunnel”, the
(GBR bearer may also be set between the radio network controller RNC
and the packet exchanger SGSN, and between the packet exchanger
SGSN and the gateway device S-GW. In this case, the GBR bearer

will be referred to as “Non-Direct Tunnel”.

[0096] In step S300B, a fault occurs in the radio network controller
RNC, and a resumption process is performed. Then, in step S300C,
the process A 1llustrated in Fig. 15 or the process B illustrated in Fig.

16 1s performed.

[0097] In addition, 1n the second embodiment, the radio base station
eNodeB 1n Fig. 15 and Fig. 16 1s regarded as the radio network
controller RNC and the mobility management node MME in Fig. 15
and Fig. 16 1s regarded as the gateway device S-GW.

[0098] In step S301, the gateway device S-GW transmits “Downlink
Data Notification” to the packet exchanger SGSN.

[0099] In step S302, the packet exchanger SGSN transmits “Paging
(paging signal)” addressed to the mobile station UE to the radio

network controller RNC, and activates a paging timer.

[0100] In step S303, when there is no response to the “Paging” from the
mobile station UE until the paging timer expires, the packet exchanger

SGSN performs the GBR bearer determination process illustrated in
Fig. 3 1n step S304.

[0101] When 1t 1s decided that the second GBR bearer for the mobile
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station UK 1s released, the packet exchanger SGSN transmits “Delete
Bearer Command” to the gateway device S-GW 1n step S305.

10102] In step S306, the GBR bearer release procedure 1llustrated in
Fig. 4 1s started, so that the second GBR bearer for the mobile station

UE 1s released.

|0103] In accordance with the mobile communication system according
to the second embodiment of the present invention, in the state in
which the GBR bearer is set, when a fault occurs in the radio network
controller RNC, 1t 1s possible to disconnect the second GBR bearer at

an appropriate timing, thereby stopping the charging process related
to the second GBR bearer.

10104] (First Modification)

With reference to Fig. 11, a mobile communication system
according to a first modification of the above-mentioned second
embodiment will be described. Hereinafter, the mobile
communication system according to the present first modification will
be described while focusing on the difference from the above-mentioned

mobile communication system according to the second embodiment.

10105] As 1llustrated in Fig. 11, the operations of steps S350A to S350C
are the same as those of steps S300A to S300C 1llustrated in Fig. 10.

10106] In stepS351, the gateway device S-GW transmits “Downlink
Data Notification” including “Cause: Error Indication received from

RNC/eNodeB (predetermined information)” to the packet exchanger
SGSN.

[0107] In step 5352, the packet exchanger SGSN transmits “Paging
(paging signal)” addressed to the mobile station UE to the radio

network controller RNC, and activates a paging timer.

[0108] In step 5353, when there is no response to the “Paging” from the
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mobile station UE until the paging timer expires, the packet exchanger

SGSN performs the GBR bearer determination process 1llustrated 1n
Fig. 6 1n step S354.

[0109] The operations of steps S355 and S356 are the same as those of
steps S305 and S306 1llustrated 1n Fig. 10.

[0110] (Second Modification)

With reference to Fig. 12 and Fig. 13, a mobile communication
system according to a second modification of the above-mentioned
second embodiment will be described. Hereinafter, the mobile
communication system according to the present second modification
will be described while focusing on the difference from the
above-mentioned mobile communication system according to the

second embodiment.

[0111] In the mobile communication system according to the second
modification, the “Direct Tunnel” 1s applied, that 1s, a packet
transferred from the gateway device P-GW to the gateway device S-GW
is configured to be transferred to the radio network controller RNC

without passing through the packet exchanger SGSN.

[0112] As 1llustrated 1in Fig. 13, the operations of steps S400A and
S400B are the same as those of steps S300A and S300B 1llustrated 1n
Fig. 10.

[0113] In step S401, the radio network controller RNC transmits a
RESET signal to the packet exchanger SGSN.

[0114] When the RESET signal 1s received, the packet exchanger
SGSN may perform the GBR bearer determination process 1llustrated

1in Fig. 3 or Fig. 6 1n step S401A.

[0115] The packet exchanger SGSN activates a GBR bearer release

standby timer 1n step S402, and transmits “Release Access Bearer
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Request” to the gateway device S-GW i1n step S403.

[0116] The gateway device S-GW releases a GBR bearer resource for
the radio network controller RNC in step S404, and transmits “Release

Access Bearer Response” to the packet exchanger SGSN 1n step 5405.

[0117] In step S406, when there 1s no connection request from the
mobile station UE until the GBR bearer release standby timer expires,

the packet exchanger SGSN transmits “Delete Bearer Command” to

the gateway device S-GW 1n step S407.

[0118] In step S408, the GBR bearer release procedure 1llustrated 1n
Fig. 4 1s started, so that the second GBR bearer for the mobile station
UE 1s released.

[0119] In addition, in step S401, the packet exchanger SGSN may also
be configured to detect a fault 1n the radio network controller RNC

using a method other than the method of receiving the RESET signal

from the radio network controller RNC.

[0120] For example, the packet exchanger SGSN may also be
configured to detect a fault in the radio network controller RNC using
an RANAP signal process and the like.

[0121] (Third modification)

With reference to Fig. 14, a mobile communication system
according to a third modification of the above-mentioned second
embodiment will be described. The following 1s a description of the
mobile communication system according to the third modification,
focusing on the points of difference from the mobile communication

system according to the second embodiment described above.

[0122] In the mobile communication system according to the third
modification, the “Non-Direct Tunnel” is applied, that i1s, a packet

transferred from the gateway device P-GW to the gateway device S-GW
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1s configured to be transferred to the radio network controller RNC

through the packet exchanger SGSN.

[0123] The operations of steps S400A and S400B illustrated in Fig. 13
are performed, and then the radio network controller RNC transmits a
RESET signal to the packet exchanger SGSN in step S501.

[0124] When the RESET signal is received, the packet exchanger
SGSN may perform the GBR bearer determination process illustrated

in Fig. 3 or Fig. 6.

10125] The packet exchanger SGSN activates a GBR bearer release
standby timer 1n step S502, and releases a GBR bearer resource for the
radio network controller RNC in step S5083.

[0126] In step S504, when there is no connection request from the
mobile station UE until the GBR bearer release standby timer expires,
the packet exchanger SGSN starts the GBR bearer release procedure
1llustrated in Fig. 4, thereby releasing the second GBR bearer for the
mobile station UE.

[0127] The characteristics of the present embodiment as described

above may be expressed as follows.

[0128] A first characteristic of the present embodiment is summarized
In that a mobile communication method includes: a step A of releasing,
by a gateway device S-GW (or a packet exchanger SGSN), a first GBR
bearer for a mobile station UE and transmitting “Downlink Data
Notification” to a packet exchanger SGSN if a fault of a radio network
controller RNC 1s detected in the state in which the first GBR bearer is
set between the gateway device S-GW and the radio network controller
RNC or between the radio network controller RNC and the packet
exchanger SGSN, and between the packet exchanger SGSN and the
gateway device S-GW, and a second GBR bearer for the mobile station

UE 1s set between the gateway device S-GW and a gateway device
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P-GW; a step B of transmitting, by the packet exchanger SGSN,
“Paging” to the mobile station UE; and a step C of starting, by the
packet exchanger SGSN, a procedure for releasing the second GBR
bearer when no response to the “Paging” 1s received from the mobile

station UK 1n a period defined by a paging timer.

[0129] In the first characteristic of the present embodiment, in the
step C, when 1t 1s determined that the second GBR bearer is a bearer
through which a service is provided based on time charging, the packet

exchanger SGSN may also further start the procedure for releasing the
second GBR bearer.

[0130] In the first characteristic of the present embodiment, in the
step C, when 1t 1s determined that a predetermined QCI (for example,
QCI = 1) 1s assigned to the second GBR bearer, the packet exchanger

SGSN may also further start the procedure for releasing the second
GBR bearer.

[0131] In the first characteristic of the present embodiment, in the
step C, when 1t 1s determined that “Cause: Error Indication received
from RNC/eNodeB” is included in the “Downlink Data Notification”
and the content of the information element corresponds to a
disconnection reason, the packet exchanger SGSN may also further

start the procedure for releasing the second GBR bearer.

10132] In the first characteristic of the present embodiment, in the
step A, when “Error Indication” is received from the radio network
controller RNC, the gateway device S-GW may also detect a fault of the

radio network controller RNC.

[0133] A second characteristic of the present embodiment is
summarized in that a mobile communication method includes: a step of
transmitting, by a packet exchanger SGSN, “Release Access Bearer
Request” to a gateway device S-GW and activating a GBR bearer

release standby timer if a fault of a radio base station eNodeB is
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detected in the state in which a first GBR bearer for a mobile station
UE is set between the gateway device S-GW and a radio network
controller RNC and a second GBR bearer for the mobile station UK i1s
set between the gateway device S-GW and a gateway device P-GW; a
step of releasing, by the gateway device S-GW, the first GBR bearer
according to the “Release Access Bearer Request”; and a step of
starting, by the packet exchanger SGSN, a procedure for releasing the
second GBR bearer when no connection request 1s received from the
mobile station UE before the GBR bearer release standby timer

expires.

[0134] A third characteristic of the present embodiment 1s summarized
in that a packet exchanger SGSN 1s configured to transmit “Paging” to
a mobile station UE when a gateway device S-GW detects a fault of a
radio network controller RNC, releases a first GBR bearer for the
mobile station UE, and transmits “Downlink Data Notification” to the
packet exchanger SGSN in the state in which the first GBR bearer 1s
set between the gateway device S-GW and the radio network controller
RNC and a second GBR bearer for the mobile station UE 1s set between
the gateway device S-GW and a gateway device P-GW, and configured
to start a procedure for releasing the second GBR bearer when no
response to the “Paging” is received from the mobile station UK 1n a

period defined by a paging timer.

[0135] In the third characteristic of the present embodiment, when 1t
1s determined that the second GBR bearer 1s a bearer through which a
service 1s provided based on time charging, the mobility management
node MME may also be configured to further start the procedure for

releasing the second GBR bearer.

[0136] In the third characteristic of the present embodiment, when 1t
1s determined that a predetermined QCI 1s assigned to the second GBR

bearer, the mobility management node MME may also be configured to

further start the procedure for releasing the second GBR bearer.
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[0137] In the third characteristic of the present embodiment, when 1t
is determined that “Cause: Error Indication received from
RNC/eNodeB” is included in the “Downlink Data Notification” and the
content of the information element corresponds to a disconnection
reason, the mobility management node MME may also be configured to

further start the procedure for releasing the second GBR bearer.

[0138] A fourth characteristic of the present embodiment 1s
summarized in that a packet exchanger SGSN 1s configured to
transmit “Release Access Bearer Request” to a gateway device S-GW
and activate a GBR bearer release standby timer if a fault of a radio
network controller RNC is detected in the state in which a first GBR
bearer for a mobile station UE 1s set between the gateway device S-GW
and the radio network controller RNC and a second GBR bearer for the
mobile station UE is set between the gateway device S-GW and a
cateway device P-GW, and configured to start a procedure for releasing
the second GBR bearer when no connection request is received from
the mobile station UE before the GBR bearer release standby timer

explres.

[0139] In addition, the operation of the above-mentioned the mobile
station UE, radio base station eNodeB, the mobility management node
MME, the gateway device S-GW, the gateway device P-GW, the packet
exchanger SGSN or the radio network controller RNC may be
implemented by hardware, may also be implemented by a software
module executed by a processor, or may further be implemented by the

combination of the both.

[0140] The software module may be arranged in a storage medium of
an arbitrary format such as a RAM (Random Access Memory), a flash
memory, a ROM (Read Only Memory), an EPROM (Erasable
Programmable ROM), an EEPROM (Electronically Erasable and

Programmable ROM), a register, a hard disk, a removable disk, or a

CD-ROM.
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[0141] Such a storage medium 1s connected to the processor so that the
processor can write and read information into and from the storage
medium. Such a storage medium may also be accumulated 1n the
processor. Such storage medium and processor may be arranged 1n an
ASIC. Such ASIC may be arranged 1n the mobile station UE, radio
base station eNodeB, the mobility management node MME, the
gateway device S-GW, the gateway device P-GW, the packet exchanger
SGSN or the radio network controller RNC. As a discrete component,
such storage medium and processor may be arranged in the mobile
station UE, radio base station eNodeDB, the mobility management node
MME, the gateway device S-GW, the gateway device P-GW, the packet
exchanger SGSN or the radio network controller RNC.

[0142] The scope of the claims should not be limited by the preferred embodiments

set forth herein, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS
[Claim 1]

A mobile communication method, comprising:

a step A of transmitting, by a mobility management node, a
bearer release request to a first gateway device if an error indication
signal is received from a radio base station 1n the state in which a first
bearer for a mobile station 1s set between the first gateway device and
the radio base station and a second bearer for the mobile station is set
between the first gateway device and a second gateway device;

a step B of releasing, by the first gateway device, the first bearer
according to the bearer release request; and

a step C of starting, by the mobility management node, a

procedure for releasing the second bearer.

[Claim 2]

The mobile communication method according to claim 1, wherein,
in the step C, when it 1s determined that the second bearer 1s a bearer
through which a service 1s provided based on time charging, the mobility
management node further starts the procedure for releasing the second

bearer.

[Claim 3]

The mobile communication method according to claim 1, wherein,
in the step C, when 1t 1s determined that a predetermined QCI is
assigned to the second bearer, the mobility management node further

starts the procedure for releasing the second bearer.

[Claim 4]
The mobile communication method according to claim 1, wherein,
in the step C, when the second bearer is a GBR bearer, the mobility

management node further starts the procedure for releasing the second

bearer.
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[Claim 5]

A mobility management node for managing communications
between a radio base station, a first gateway device, a second gateway
device and a mobile station, the mobility management node comprising:

means for transmitting a first bearer release request to the first
cateway device if an error indication signal 1s received from the radio
base station; and

means for releasing a second bearer if the error indication signal
1s received from the radio base station;

wherein the first bearer 1s set between the first gateway device
and the radio base station and the second bearer 1s set between the first

gateway device and the second gateway device.

[Claim 6]

A mobile communication method, comprising:

a step A of transmitting, by a packet exchanger, a bearer release
request to a first gateway device if an error indication signal is received
from a radio network controller in the state in which a first bearer for a
mobile station 1s set between the first gateway device and the radio
network controller and a second bearer for the mobile station is set
between the first gateway device and a second gateway device;

a step B of releasing, by the first gateway device, the first bearer
according to the bearer release request; and

a step C of starting, by the packet exchanger, a procedure for

releasing the second bearer.

[Claim 7]

The mobile communication method according to claim 6, wherein,
in the step C, when i1t is determined that the second bearer is a bearer
through which a service i1s provided based on time charging, the packet

exchanger further starts the procedure for releasing the second bearer.
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[Claim 8]
The mobile communication method according to claim 6, wherein,
in the step C, when it 1s determined that a predetermined QCI is

assigned to the second bearer, the packet exchanger further starts the

- procedure for releasing the second bearer.

[Claim 9]
The mobile communication method according to claim 6, wherein,
in the step C, when the second bearer 1s a GBR bearer, the packet

exchanger further starts the procedure for releasing the second bearer.

[Claim 10]

A packet exchanger for packet exchange communications between
a radio network controller, a first gateway device, a second gateway
device and a mobile station, the packet exchanger comprising:

means for transmitting a first bearer release request to the first
cateway device if an error indication signal is received from the radio
network controller;

means for releasing a second bearer if the error indication signal
is received from the radio network controller;

wherein the first bearer is set between the first gateway device
and the radio network controller and the second bearer 1s set between

the first gateway device and the second gateway device.
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FIG. 14
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