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DESCRIPTION

MOBILE STATION

TECHNICAL FIELD
[0001]

The present invention relates to a mobile station provided
with a first protocol function (AS function) corresponding to a
first protocol (AS: Access Stratum) terminated between the mobile
station and a radio base station and a second protocol function
(NAS function) corresponding to a second protocol (NAS: Non Access
Stratum) terminated between the mobile station and a mobile

switching center.

BACKGROUND ART
[0002]

With reference toFig. 7, a re—connection process in amobile
communication system of the LTE (Long Term Evolution) scheme will
be explained.

[0003]

As illustrated in Fig. 7, in step S501, when a mobile station
UE detects a quality deterioration of a radio link (specifically,
an RRC connection) established with a radio base station eNB1l, the
mobile station UE activates a timer T310.

[0004]

In step S502, when the quality deterioration of the radio
link is not recovered before the timer T310 expires, then the mobile
station UE detects a failure in the radio link (RLF: Radio Link
Failure) and activates a timer T311.

[0005]
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During a time that the timer T311 is activated, the mobile
station UE performs a cell selection process. And, when a specific
cell is discovered, the mobile station UE attempts to establish
a radio link with a radio base station that manages the specific
cell. At this time, when a “UE Context” of the mobile station UE
ismanaged in the specific cell, then the establishment of the radio
link 1is successful.

[0006]

In step S503, when the specific cell is not discovered during
a time that the timer T311l is activated, when the “UE Context” of
the mobile station UE is not managed in the discovered cell, or
when an inter—RAT cell is discovered during a time that the timer
T311 is activated, then the mobile station UE is transitioned to
an idle state (RRC_Idle state).

[0007]

Thereafter, in step 504, themobile station UE starts camping
on a cell under the control of a radio base station eNB2.
[0008]

In step S505, the mobile switching center MME does not know
that the mobile station UE has started the camping on the cell under
the control of the radio base station eNB2, and therefore, the
mobile switching center MME transmits downlink data destined to
the mobile station UE, to a radio base station eNB1l. Therefore,
the downlink data destined to the mobile station UE is lost without
reaching the mobile station UE.

[0009]

In step S507, the radio base station eNB1l releases an Sl

connection with the mobile switching center MME for the mobile

station UE, because there is no response, within a predetermined
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period from the mobile station UE, to an uplink synchronization
request signal transmitted to the mobile station UE in step S506.
[0010]

In step S508, the mobile switching center MME transmits a
paging signal to the mobile station UE.
[0011]

In step S509, in response to the received paging signal,
the mobile station UE establishes a radio link with the radio base
station eNB2 by transmitting a service request to the mobile
switching center MME.

[0012]
In step S510, the radio base station eNB2 transmits downlink

data via the radio link established in step S5009.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0013]

However, the conventional mobile communication system has
a problem in that the network cannot detect the transition of a
state of the mobile station UE (transition from an RRC_Connected
state to an RRC_Idle state) resulting from the RLF, until the
downlink data is generated, and the downlink data generated in this
period is lost without reaching the mobile station UE.

[0014]

The conventional mobile communication system has another
problem that the mobile station is configured to perform a
re—connection process after receiving the paging signal from the
mobile switching center MME when the mobile station UE is

transitioned to the RRC_TIdle state resulting from the RLF, and thus,
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it takes time for the radio link (U plane) to recover.
[0015]

Therefore, the present invention is intended to overcome
the above-described problem. An object of the present invention
is to provide a mobile station capable of making it difficult for
downlink data to be lost even if the mobile station UE is

transitioned to an idle state resulting from RLF.

MEANS FOR SOLVING THE PROBLEM
[0016]

A first aspect of the present invention is summarized as
a mobile station including: a first ©protocol function
corresponding to a first protocol terminated between the mobile
station and a radio base station; and a second protocol function
corresponding to a second protocol terminated between the mobile
station and a mobile switching center, wherein the first protocol
function is configured to notify, when detecting a failure in a
radio link established with the radio base station, or when
discovering a cell subject to a location registration by a cell
selection process, the second protocol function of the detection;
and the second protocol function is configured to transmit, in
response to the notification, a location registration request
signal to the mobile switching center.

[0017]

In the first aspect of the present invention, the location
registration request signal can include a flag requesting a
recovery of the radio link.

[0018]

In the first aspect of the present invention, the second
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protocol function can be configured to transmit the location
registration request signal, after an elapse of a predetermined
period from receiving the notification, or during a time that the
predetermined period elapses from receiving the notification.
[0019]

In the first aspect of the present invention, the second
protocol function can be configured to determine whether to
transmit the location registration request signal, based on a type
of communications performedviathe radio link in which the failure
has been detected.

[0020]

A second aspect of the present invention is summarized as
a mobile station including: a first protocol function
corresponding to a first protocol terminated between the mobile
station and a radio base station; and a second protocol function
corresponding to a second protocol terminated between the mobile
station and a mobile switching center, wherein the first protocol
function is configured to transition to an idle state after an
elapse of a first predetermined period after the failure in the
radio link established with the radio base station is detected;
and the second protocol function is configured to transmit a
location registration request signal to the mobile switching
center, after a second predetermined period elapses after data is
transmitted last, or during a time that the second predetermined
period elapses after data is transmitted last.

[0021]

In the second aspect of the present invention, the second

predetermined period can be configured to be measured by the first

protocol function or the second protocol function.
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EFFECT OF THE INVENTION
[0022]

As explained above, according to the present invention, it
is possible to provide a mobile station capable of making it
difficult for downlink data to be lost even if the mobile station

UE is transitioned to an idle state resulting from RLF.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

[Fig. 1] Fig. 1 is an overall configuration diagram of a
mobile communication system according to a first embodiment of the
present invention.

[Fig. 2] Fig. 2 is a functional block diagram of a mobile
station according to the first embodiment of the present invention.

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

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

[Fig. 5] Fig. 5 is a functional block diagram of a mobile
station according to a first modified example of the present
invention.

[Fig. 6] Fig. 6 is a functional block diagram of a mobile
station according to a second modification of the present
invention.

[Fig. 7] Fig. 7 is a diagram explaining an operation of a

conventional mobile communication system of the LTE scheme.
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BEST MODES FOR CARRYING OUT THE INVENTION

[0024]

(Mobile communication system according to a first embodiment of
the present invention)

With reference to Fig. 1 through Fig. 4, a mobile
communication system according to a first embodiment of the present
invention will be explained.

[0025]

As illustrated in Fig. 1, the mobile communication system
according to the embodiment is a mobile communication system of
the LTE scheme, and includes: amobile switching center MME; a radio
base station eNB1l/eNB2; and a mobile station UE.

[0026]

As illustrated in Fig. 2, the mobile station UE according
to the embodiment includes: an AS function (first protocol
function) corresponding to an AS (first protocol) terminated
between the mobile station UE and the radio base station eNB; and
an NAS function (second protocol function) corresponding to an NAS
(second protocol) terminated between the mobile station UE and the
mobile switching center MME.

[0027]

The AS function includes a monitor unit 11 and a notification
unit 12.

[0028]

The monitor unit 11 is configured to monitor the generation
of a failure (RLF) in a radio link (for example, an RRC connection)
established with the radio base station eNBl1 and broadcast

information including a location registration area.
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[0029]

The notification unit 12 is configured to notify, to the
NAS function, the detection of the failure (RLF) in the radio link
(for example, an RRC connection) established with the radio base
station eNBl, when the failure is detected.

[0030]

Alternately, when a cell subject to location registration
is discovered based on the location registration area included in
the received broadcast information, the notification unit 12 is
configured to notify the NAS function of the discovery, in a cell
selection process.

[0031]

The NAS function includes a location registration processing
unit 21, a timer 22, and a service request transmission unit 23.
[0032]

The location registration processing unit 21 is configured
to transmit a location registration request signal (TAU: Tracking
Area Update) to the mobile switching center MME, when the
notification indicating that the RLF has been detected is received
from the AS function, or when the cell subject to the location
registration is discovered in the cell selection process and there
is no uplink data to be transmitted.

[0033]

In this case, the location registration request signal may
be configured to include a flag (Active Flag) requesting a recovery
of the radio link.

[0034]
The location registration processing unit 21 may also be

configured to transmit the location registration request signal,
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after an elapse of a predetermined period from receiving the
above-described notification.
[0035]

The location registration processing unit 21 may also be
configured to transmit the location registration request signal,
during a time that the predetermined period elapses from receiving
the above-described notification.

[0036]

The predetermined period is configured to be measured by
a timer 22. The predetermined time may be a time autonomously
generated by themobile station UE, a time notified from the network,
or a time obtained by multiplying the time notified from the network
by a random number. The predetermined time may be configured to
differ depending on each mobile station UE or each group of the
mobile stations UE.

[0037]

The service request transmission unit 23 is configured to
transmit a service request signal (Service Request) to the mobile
switching center MME, when the notification indicating that the
RLF is detected is received from the AS function and there is the
uplink data to be transmitted.

[0038]

The service request signal is a signal used in the
re—connection process by the mobile station UE, i.e., a signal
requesting an establishment of the radio 1ink (RRC connection) with
the radio base station eNB2.

[0039]
Hereinafter, with reference to Fig. 3 and Fig. 4, an

operation of the mobile communication system according to the
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embodiment will be explained.
[0040]

Firstly, a first operation of the mobile communication
system according to the embodiment will be described with reference
to Fig. 3.

[0041]

As illustrated in Fig. 3, in step S101, the AS function of
the mobile station UE activates a timer T310, when the quality
deterioration of the radio link (RRC connection) established with
the radio base station eNBl is detected.

[0042]

In step S102, when the quality deterioration of the radio
link is not recovered before the timer T310 expires, then the AS
function of the mobile station UE detects the RLF and activates
a timer T311.

[0043]

During a time that the timer T311 is activated, the AS
function of the mobile station UE performs a cell selection process.
And, when a specific cell is discovered, then the AS function of
the mobile station UE attempts to establish a radio link with the
radio base station managing the specific cell.

[0044]

In step S103, when the specific cell is not discovered during
a time that the timer T311l is activated, when the “UE Context” of
the mobile station UE is not managed in the discovered cell, or
when an inter—-RAT cell is discovered during a time that the timer
T311 is activated, then the AS function of the mobile station UE

is transitioned to an idle state (RRC_Idle state).
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[0045]

In this case, the AS function of the mobile station UE
notifies the NAS function of the mobile station UE that the RLF
is detected. Alternately, the AS function of the mobile machine
may notify the NAS function of the mobile station UE that the cell
subject to the location registration is discovered by the cell
selection process.

[0046]

Thereafter, in step S104, the AS function of the mobile
station UE starts a camping on a cell under the control of the radio
base station eNB2.

[0047]

In step S105, the NAS function of the mobile station UE
transmits the location registration request signal to the mobile
switching center MME, after a predetermined period elapses after
receiving the above-described notification.

[0048]

In step S106, the mobile switching center MME releases an
S1 connection with the radio base station eNBl1 for the mobile
station UE. And, when there is the uplink data to be transmitted,
the mobile switching center MME transmits the paging signal to the
mobile station UE in step S107.

[0049]

In step S108, in response to the received paging signal,
the NAS function of the mobile station UE establishes a radio link
with the radio base station eNB2, by transmitting a service request
to the mobile switching center MME.

[0050]

In step S109, the radio base station eNB2 transmits downlink
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data via the radio link established in step S108.
[0051]

Secondly, the first operation of the mobile communication
system according to the embodiment will be described with reference
to Fig. 4.

[0052]

As illustrated in Fig. 4, the operations from steps S201
to S204 are identical to those from steps S101 to S104 illustrated
in Fig. 3.

[0053]

In step S205, the NAS function of the mobile station UE
transmits the location registration request signal including a
flag (Active Flag) requesting a recovery of the radio link, to the
mobile switching center MME, after a predetermined period elapses
after receiving the above-described notification.

[0054]

In step S206, the mobile switching center MME releases the
S1 connection with the radio base station eNBl1 for the mobile
station UE, and establishes the S1 connection with the radio base
station eNB2 for the mobile station UE. Moreover, the radio link
is established between the radio base station eNB2 and the mobile
station UE.

[0055]

In step S207, the radio base station eNB2 transmits downlink

data via the radio link established in step S206.

[0056]

(Operation and Effect of the mobile communication system according
to the first embodiment of the present invention)

According to the embodiment-based mobile communication



10

15

20

25

13

system, when the AS function of the mobile station UE detects the
RLF, the AS function of themobile station UE is configured tonotify
the NAS function of the detection, and according to the
notification, the NAS function of the mobile station UE is
configured to transmit the location registration request signal
to the mobile switching center MME. Thus, it is possible to reduce
a time required for the mobile station UE to recover from the idle
state, and it is possible to make it difficult for downlink data
to be lost.

[0057]

Moreover, according to the embodiment-based mobile
communication system, the NAS function of the mobile station UE
is configured to transmit the location registration request signal,
after waiting for a predetermined time assigned to each mobile
station UE after receiving the above-described notification, and
thus, it is possible to avoid a situation where the transmission
of the location registration request signal is congested at the
tunnel exit, etc.

[0058]

Furthermore, according to embodiment-based mobile
communication system, the NAS function of the mobile station UE
is configured to transmit the location registration request signal
within a predetermined time assigned to each mobile station UE,
after receiving the above-described notification, and thus, it is
possible to avoid a situation where the transmission of the
location registration request signal is congested at the tunnel
exit, etc., by not allowing the location registration signal to

be transmitted by, for example, settinga settingvalue to 0 (zero).
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[0059]
(First Modified Example)

With reference to Fig. 5, a mobile communication system
according to a first modified example of the present inventionwill
be described while focusing on the difference in the mobile
communication system according to the above-described first
embodiment.

[0060]

As illustrated in Fig. 5, the AS function of the mobile
station UE includes the notification unit 12, a transmission unit
13, and a timer 14. 1In this case, the AS function is configured
to transition to an idle state, after an elapse of a first
predetermined period after the failure (RLF) in the radio link
established with the radio base station eNB is detected.

[0061]

The transmissionunit 13 is configured to transmit the uplink
data.
[0062]

The notification unit 12 is configured to monitor a time
at which the uplink data is transmitted by the transmission unit
13, and to notify, to the NAS function, the transmission time of
the uplink data.

[0063]

The notification unit 12 is configured to notify, after a
second predetermined period elapses after the data is transmitted
last, the NAS function that the second predetermined period elapses
after the data is transmitted last. 1In such a case, the timer 14

may be configured to measure the second predetermined period.
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[0064]

The NAS function of the mobile station UE includes a location
registration processing unit 21, and a timer 22.

[0065]

The location registration processing unit 21 is configured
to transmit the location registration request signal to the mobile
switching center MME, after the second predetermined period
elapses after the data is transmitted last.

[0066]

In this case, the timer 22 included in the NAS function is
configured to measure the second predetermined period, and the
location registration processing unit 21 may be configured to
transmit, when the timer expires, the location registration
request signal to themobile switching center MME, determining that
the second predetermined period elapses after the data is
transmitted last.

[0067]

Alternately, the timer 14 included in the AS function is
configured to measure the second predetermined period, and the
location registration processing unit 21 may be configured to
transmit the location registration request signal to the mobile
switching center MME, when the location registration processing
unit 21 has received the notification that the second predetermined
period elapses from the AS function after the data is transmitted
last.

[0068]
(Second Modified Example)
With reference to Fig. 6, a mobile communication system

according to a second modified example of the present invention
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will be described while focusing on the difference in the mobile
communication system according to the above-described first
embodiment.

[0069]

As illustrated in Fig. 6, the configuration of the mobile
station UE according to the second modified example is identical
to that of the mobile station UE according to the above-described
first embodiment except that a communication state management unit
24 is provided as the NAS function.

[0070]

The communication state management unit 24 is configured
to manage a type of communications performed via each radio link.
In this case, when the type of communications is managed, QoS of
the communication may be managed, or information indicating
whether the current service is a real time service may be managed.
[0071]

The location registration processing unit 21 is configured
to determine whether or not to transmit the location registration
request signal, based on the type of communications performed via
the radio link in which the failure has been detected by the AS
function.

[0072]

For example, the location registration processing unit 21
is configured to transmit the location registration request signal
when the type of communications performed via the radio link in
which the failure has been detected by the AS function is a specific
communication, and not to transmit the location registration
request signal when the type of communications is other than a

specific communication.
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[0073]
(Third Modified Example)

The location registration processing unit 21 may be
configured to transmit the location registration request signal
(RAU: Routing Area Update, LAU: Local Area Uoepdate) to the cell
under the control of a discovered mobile communication system of
the WCDMA scheme, when the cell under the control of the mobile
communication system of the LTE scheme is not discovered in the
cell selection process.

[0074]

In this case, the location registration processing unit 21
may be configured to transmit the location registration request
signal to the cell under the control of the discovered mobile
communication system of the WCDMA scheme, even if an “ISR (Idle
state Signaling Reduction)” is applied.

[0075]

The operation of the above-described mobile station UE or
radio base station eNB or mobile switching center MME may be
implemented by a hardware, may also be implemented by a software
module executed by a processor, and may further be implemented by
the combination of the both.

[0076]

The software module may be arranged in a storing medium of
an arbitrary format such as RAM(Random Access Memory), a flash
memory, ROM(Read Only Memory), EPROM (Erasable Programmable ROM),
EEPROM (Electronically Erasable and Programmable ROM), a register,
a hard disk, a removable disk, and CD—-ROM.

[0077]
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Such a storing medium is connected to the processor so that
the processor can write and read information into and from the
storing medium. Such a storing medium may also be accumulated in
the processor. Such a storing medium and processor may be arranged
in ASIC. Such ASIC may be arranged in the mobile station UE or
the radio base station eNB or the mobile switching center MME. As
a discrete component, such a storing medium and processor may be
arranged in the mobile station UE or the radio base station eNB
or the mobile switching center MME.

[0078]

Thus, the present invention has been explained in detail
by using the above-described embodiments; however, it is obvious
that for persons skilled in the art, the present invention is not
limited to the embodiments explained herein. The present
invention can be implemented as a corrected, modified mode without
departing from the gist and the scope of the present invention
defined by the claims. Therefore, the description of the
specification is intended for explaining the example only and does

not impose any limited meaning to the present invention.
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CLAIMS

[Claim 1]

A mobile station comprising:

an AS (Access Stratum) function corresponding to an AS

terminated between the mobile station and a radio base station;

and

a NAS (Non Access Stratum) function corresponding to a NAS

terminated between the mobile station and

center, wherein

a mobile switching

the AS function is configured to activate a first timer, when

a quality deterioration of a radio link established with the radio

base station is detected;

the AS function is configured to detect a failure in the

radio 1link and to activate a second timer, when the quality

deterioration of the radio link is not recovered before the first

timer expires;

the AS function is configured to transition to an idle state,

when a specific cell is discovered during a time that the second

timer is activated, and when the AS function attempts to establish

a radio link with a radio base station that manages the specific

cell and the establishment of the radio 1link is failed, and to

notify, to the NAS function, the failure; and

the NAS function is configured to transmit, in response to

the notification, a location registration request signal to the

mobile switching center.

[Claim 2]

The mobile station according to claim 1,

wherein
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the NAS function is configured to transmit, even if an ISR is
applied, the location registration request signal in response to

the notification.
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Abstract

MOBILE STATION

Inamobile station (UE) according to the present invention,
an AS function is configured to notify, when detecting a failure
in a radio link established with the radio base station is detected
or when discovering a cell subject to a location registration by
a cell selection process, a NAS function of the detection or the
discovery; and the NAS function is configured to transmit, in
response to the notification, a location registration request

signal to a mobile switching center (MME).

FIG. 2



