1 DESCRIPTION MOBILE STATION TECHNICAL FIELD 5[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 10 (NAS function) corresponding to a second protocol (NAS: Non Access Stratum) terminated
between the mobile station and a mobile switching center. BACKGROUND ART 15[0002] With
reference to Fig. 7, a re-connection process in a DEdgfIe@TONUnication system of the LTE (Long Term
Evolution) scheme will be explained. [0003] 20As illustrated in Fig. 7, in step S501, when a mobile station
UE detects a quality deterioration of a radio link" iéglﬁZIaWRRC connection) established with a radio
base station eNB1, the mobile station UE activates a timer T310. [0004] 25In 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 iFBEEGEBLIFAIFLF: Radio Link Failure) and activates a timer T311.

5 [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
10 (NAS function) corresponding to a second protocol (NAS: Non Access
Stratum) terminated between the mobile station and a mobile

switching center.

BACKGROUND ART

15 [0002]

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

[0003]

20 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]

25 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]



[0005] 2 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 sp&cific 5 cell. At this time, when a "UE Context" of
the mobile station UE is managed in the specific cell, then the establishment of the radio link is
successful. [0006] In step 5503, when the specific cell is not discovered during 10 a time that the timer
T311 is activated, when the Uk Gontext" ofdhetmohilenstation UE isanatimanaged i theldiseovered cell,
or when an inter-RAT cell is discovered during a time that the timer T311 is activated, then the mobile

station UE is transitiGhedtd aR it Bt (RRC Jae"Stats) R50667] THeSafte: stél 504 the mobile

station UE starts camping o a&sllyader the cantrol ofa radio,base statiopeNB2.J0008] Instep 5505,
the mobile switching center MME does not know 20 that the mobile station UE has started the camping

on the cell under theregnfrol bitheraldio ask st&ic eNBRL and-thdreforaape Mobifeswitching center
the cownlink Gata destined fo HemORTE Staton UE sl wilhout 55 12adhicg e ol sifon UE. |
[0009] In stepis5thdbedadialasestation edlB] releases-arnSioonsection withithe aaabile switching
center MME for the mobile station UE, because there is no response, within a predetermined
link 1s successful.
[0006]
In step S503, when the specific cell is not discovered during
10 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).
15 [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
20 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
25 reaching the mobile station UE.
[0009]
In step S507, the radio base station eNBl releases an Sl

connection with the mobile switching center MME for the mobile

station UE, because there is no response, within a predetermined



3 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 5
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 10 switching center MME. [0012] In step S510, the radio base station
eNB2 transmits dewnlink datanviarthewadiodinkestablished irostep GH0Nk1S SIIMMARME QBTHE
INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0013] However, the conventional
mobile communicAfoHSS/stEn7Ras SHoBemiRtH tHe dBtibik Gl detBet thé trahsitioh-of a 20 state

of the mobile statippd4E;(transition from an RRC_Connected state to an RRC_lIdle 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 staion3IES [0014] 25T Hee coriventional peobite doMRnmumicatidohsystem has

another 5 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 1link with the radio base
station eNB2 by transmitting a service request to the mobile

10 switching center MME.
[0012]
In step S510, the radio base station eNB2 transmits downlink

data via the radio link established in step S509.

15 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

20 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]

25 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 1is

transitioned to the RRC_Idle state resulting from the RLF, and thus,



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_Idle state resulting from the RLF, and thus, 4 it tékes 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 5 is to provide a mobile station capable of making it difficult for downlink
data to be lost even iftheamobilesstationtUE isdsansitiomed (1o anddte) stateresulting from RLF. MEANS
FOR SOLVING THE PROBLEM 10[0016] A first aspect of the present invention is summarized as a
mobile station inclﬁgi?rjré‘:]a first protocol function corresponding to a first protocol terminated between the

mobile station and a radiorhaserstation; aad-a second; prteeobfunction, Laceigesponding te,a second
protocol terminated between the mobile station and a mobile switching center, wherein the first protocol

function is configuréd oGty wiTer deteeting @ failufeivariodink establisked withtheradio base

station, or when discovering  gell sybject to lgcation registration by, 2 cell 20, selaction pragess, the
second protocol function of the getectlon; and the secon protocol?unctl nis configured to transmit, in
response to the naiification, adecatiam registration regeesti signaktothe imebike: switchingecentéer. [0017]

25In the first aspect of the present invention, the location registration request signal can include a flag

requesting a recovéry Githersdioimiejob3sf State resulting from RLE.

MEANS FOR SOLVING THE PROBLEM

10 [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

15 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

20 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]

25 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



S 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. 5[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 performed via the radio link in which the failure 10 has been
detected. [0020] proAceconthaspechofdhe presentmventian iscsummearized asa mobieigtation
including: a first protocol function corresponding to a first protocol terminated between the mobile 15

station and a radid BASESALIOA drifHSEcSHE prdtocd ThctiBrcaRESpBhding 16 58EBhBT Totocol

terminated betweep the mebile station,and axnohileiswitchinghcenterwherein thedirst proteeol function is
configured to transition to an idle state after an elapse of a first predetermined period after the failure in

the 20 radio link eBtztsiRtradwIPrtHeerddio Isdse stticir indetsctedi and-the setdihd protecol function is
configured to gran %tngocation 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 25 period efapses after daiaie trangmitted lastsf0021hventn dhe secondaspeact of the
present invention, the second predetermined period can be configured to be measured by the first

protocol function SttRE SECond protbedl fimtish. EFFEET OF THE IRVENTION'[0D22] As éxplained

above, according tq the present invetion, iﬁegistration request signal, based on a type
of communications performedvia the radio link inwhich the failure
10 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
15 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
20 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
25 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.



5 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 10[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 15 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 20
mobile communic gﬁ%'fls?gm%@tm'ﬁ} e first embodiment of the present invention. [Fig. 5]
Fig. 5 is a functional dlegk diagram of a mobile station according to a first modified example of the present
invention. 25[Fig. 6] Fig. 6 is a functional block diagram of a mobile station according to a second
modification of the presenrtirvaptivined aqrig, 73Figriisa tagramregpliting aardperation of a

conventional gobile commppieaien e LI SCNRTe,  BRSTMODES EQR GARRYING OUT

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

10 [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

15 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

20 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.

25 [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.



(Mobile communication system according to a first embodiment of 5 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] 10As illustrated in Fig. 1, the mobile communication system
according to the embodiment is a mobile communication system of theLTEscheme, andincludes:amobile
switching center MME; aradio base station eNB1/eNB2; and a mobile station UE. [0026] 15As illustrated
in Fig. 2, the mobile station UE according to the embodiment includes: an AS function (first protocol
function) correspondin to an Aﬁﬁi{St rotocol) terminated between the mobile station UE and the radio
base station eNB; Eﬁ?‘&g&ﬁ BFot'BEEI Mm %rrespondlng to an NAS 20 ( second
protocol) terminated @ﬁyveen the mobile station UE and the mobile switching center MME. [0027]

The AS function includes a monitor unit 11 and a notification unit 12. 25[0028] The monitor unit 11 is
configured to monitée'theé gereretivicet adailare (RLF AR dadio fink (fdriexantiilecdiRO @bnnection)
established with th% radloelzs)zél%% slt%'g]%n eNB;. and broadcast information including a location registration
area. 8[0029

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

[0025]

10 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 eNBl/eNB2; and a mobile station UE.

[0026]

15 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

20 (second protocol) terminated between the mobile station UE and the
mobile switching center MME.

[0027]

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

25 [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.



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 5 station eNB1, when the
failure is detected. [0030] Alternately, when a cell stibject to location registration is discovered based
on the location registration area included in the received broadcast information, the notification unit 12 is
10 configured to notify the NAS function of the discovery, in a cell selection process. [0031] The
NAS function includes ajlocation registration processing unit 21, a timer 22, and a service request
transmission unit 23. 15[0032] The location registration processing unit 21 is confri%éjred to transmit a

location registration requetsigRaF FFATE THackinG Atéa Spaats) Bt mobik Switéhirg’ cEiiter MME,

when the notificatipnsindigating:thatitbe;RLd-hasbeen detegted is-received 2Q fromatheAS fynction, or
when the cell subject to the location registration is discovered in the cell selection process and there is no

uplink data to be tfdesntittedP[G033 RRC fpihis Taise thesloehtiopheyistration reqagsesirre may 25 be
configured to pclusdaeag if(l)ar%; QgtlivewFI%g) E%%u%%tﬁ% arecover eocfttgg radio link. [0034] The location
registration processing unit 21 may z}a]lso be 9 ’

[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

10 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.
15 [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

20 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

25 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,



after an elapse of a predetermined period from receiving the above-described notification. [0035] The
location registration processing unit 21 may also be 5 configured to transmit the location registration
request signal, during a time that the predetermined pefiod elapses from receiving the above-described
notification. [0036] The predetermined period is configured to be measured by 10 a timer 22. The
predetermined time may be a time autonomously generated by the mobile station UE, a time notified from
the network, or a tirfies@btained. by saukiplying theltinee motifie dfeamcthemetwarkdayt aramdone number.
The predetermined time may be configured to differ depending on each mobile station UE or each group

of the 15 mobile st TETOOFA Ot The8eriid request transmission unit 23 is configured to

transmit a service rggyiest signal (Service Request) to the mobile switching center MME, when the
notification indicating that the 20 RLF is detected is received from the AS function and there is the uplink
data to be transmitted. [0038] Locafhesergigesicgiidstsignarissa sighainised Inthe relsoniection
process by thg mocbile statioendL{%, €., a sigLn'%\IEZS re%{eStin% an.esta lishment of the radio {ink (RRC

connection) with th(e)r}gé%l ase statllfgfrﬁ1 eNB2. §O§8T elr%rllnaﬁg%,swﬁﬁ reference to %ia.l%ngnd Fig. 4, an

during a time that the predetermined period elapses from receiving

the above-described notification.

[0036]

The predetermined period is configured to be measured by

10 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
15 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

20 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 wused in the
re—connection process by the mobile station UE, i.e., a signal
25 requesting an establishment of the radio link (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



10 embodiment will be explained. [0040] Firstly, a first operation of the mobile communication
system according to the embodiment will be described with reference 5to Fig. 3. [0041] As illustrated
in Fig. 3, in step S101, the AS function of the mobile stiion UE activates a timer T310, when the quality
deterioration of the radio link (RRC connection) established with 10 the radio base station eNB1 is
detected. [0042] In step S102, when the quality deterioration of the radio link is not recovered before
the timer T310 expitesdthemther AIS fiecticm of thednobile station UE detects the RLF and activates 15 a
timer T311. [0043] During a time that the timer T311 is activated, the AS function of the mobile station
UE performs a cell $&fdction process. And, when a specific cell is discovered, then the AS function of 20

the mobile station UE attempts tq establish & radi link;with the radiobase statighhmanaging.the specific
cell. [0044] In step S103, when the specific cell is not discovered during a time that the timer T311 is
activated, when thev4tenGentesding to the embodiment will be described with reference

5 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

10 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

15 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

20 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
25 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).



25 the mobile station LIE 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 LIE is transitioned
to an idle state (RRC_Idle state). 11 [0045] In thisldase, 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 5 may notify the NAS function of the mobile station UE that the cell subject to the
location registratiorpisidiscovered by the cell selection process. [0046] Thereatfter, in step S104, the
AS function of the mobile 10 station UE starts a camping on a cell under the control of the radio base

station eNB2 . [0047] T $Bp STE5 the NAS funcidn dfthehobile StaidnUE trnsHitythe location

registration requestsignak to the mebile s switchinggenter MME <after a-predetermingd period elapses
after receiving the above-described notification. [0048] In step S106, the mobile switching center MME

releases an Si corirfetidR With! thefrahio st statidre eNBIUor thermebile20rstation UE:ARE, when there
'S the uplink data %’aQGn%%‘“‘%m“‘r?edN'ﬂ? FioRils switching. Genten MME, transmits the naging.signal to the
mobile station UE in“step S 67t
subject to the location registration is discovered by the cell
selection process.
[0046]
Thereafter, in step S104, the AS function of the mobile
10 station UE starts a camping on a cell under the control of the radio
base station eNB2.
[0047]
In step 5105, the NAS function of the mobile station UE
transmits the location registration request signal to the mobile
15 switching center MME, after a predetermined period elapses after
receiving the above-described notification.
[0048]
In step 5106, the mobile switching center MME releases an
S1 connection with the radio base station eNBl for the mobile
20 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,
25 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



[0049] In step S108, in response to the received paging signal, 25 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] 12 data via the r&dlio link established in step 5108. [0051]
Secondly, the first operation of the mobile communication system according to the embodiment will be
described with reference 5to Fig. 4. [0052] As illustrated in Fig. 4, the operations from steps S201 to
S204 are identicaktocthoseafrone stejps $10Mhto Sdidbillustradedrin Figp3s10§0053] In step S205, the
NAS function of the mobile station UE transmits the location registration request signal including a flag
(Active Flag) requégﬂﬁé]a recovery of the radio link, to the mobile switching center MME, after a

predetermined period elapses & aftefyeceiving the-abeve:describedmnatification. {09541« 1 onln step
S206, the mobile switching center MY .E releases the 51 connection with the radio base station eNB1 for
the mobile stationUE" ahd estabiisiesaiie S erdorhietivhwiith trredesiio baggwith reference

5 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.
10 [0053]
In step 5205, 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
15 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
20 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
25 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



20 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 25 data via the radio link establishetfin 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 13 system, when the AS function of the mobile station UE
detects the RLF, thesASrfunction ofi¢heamabile: statiart WRdseorifigured ta aotify thetNAS fuhetion of the
detection, and according to the notification, the NAS function of the mobile station UE is 5 configured to

transmit the locatidfi're ﬁéﬁoﬁ??&&&@&%fgﬁ%? e Db SHitlhiy CEHEP MREC T RES HitYs possible to

reduce a time requifgd fexshesmobilestation UE to recover fram the.idle statg, and; it isppossible to make it
difficult for downlink data to be lost. 10[0057] Moreover, according to the embodiment-based mobile

communication syt the NAS fubioraéftheéuwnebllerstationtDE igeohiigurde:to erangit ke location
registration regue%to%ig{lal, aefée%bgé%itrigg. for a %eed%tergjcined timei% sigped to each ngogilenl station UE

after receiving the above-descr notﬁfg%ﬂtlon, and ﬁﬁUS%,QI{liSr % ssible 0 avoid A situation where the

transmission of thedocationwegistationreguestsignaiMs congested @t heduanel exit, etcijoe58]
20Furthermore, according to embodiment-based mobile communication system, the NAS function of the
rnob”estaﬂonUEatlme 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.

10 [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

15 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]

20 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

25 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).



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 25 possible to
avoid a situation where the transmission of the locatiorl fegistration request signal is congested at the
tunnel exit, etc., by not allowing the location registration signal to be transmitted by, for example, setting a
setting value to O (zero) . 14 [0059] (First Modified Example) With reference to Fig. 5, a mobile
conmunication system according to a first modified example of the present invention will 5 be described
while focusing on the difference in the mobile communication system according to the above-described
first embodiment. {6066 AYIRdStaed 7 ERY.8B, the AS function of the mobile 10 station UE includes the

notification unit 12, a trangmigsionaAinit 13. and & timersl4 JInthis casethe AS functionsisseenfigured to
transition to an idle state, after an elapse of a first predetermined period after the failure (RLF) in the radio
link established with thetadiotisase stationoeNBlisddetentete ¢5[006Hresent invention will

5 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

10 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.

15 [0061]

The transmissionunit 13 is configured to transmit the uplink
data.
[0062]
The notification unit 12 is configured to monitor a time
20 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
25 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.



The transmission unit 13 is configured to transmit the uplink data. [0062] The notification unit 12 is
configured to monitor a time 20 at which the uplink data is transmitted by the transmission unit 13, and to
notify, to the NAS function, the transmission time of thd ¥plink data. [0063] The notification unit 12 is
configured to notify, after a 25 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. In such a
case, the timer 14 [mayde configured to measure the second predetermined period. 15 [0064] The
NAS function of the mobile station UE includes a location re%istration Erocessing unit 21, and a timer 22.

[0065] 5The location registrationprote5smy Unit P18 sorftigurdd 10 it tHeTat afiGA régistration
request signal to thegnepileswitching-center MME « after the secopdpredetermined period elapses after

the data is transmitted last. [0066]
[0065]

5 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]

10 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 the mobile switching center MME, determining that

15 +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

20 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

25 last.

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

according to a second modified example of the present invention



10In 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 requesttsignal to the mobile switching center MME,
determining that 15 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 20Jocation degistratian processingudnit@ bmaydel configaned tortransmidthie docation
registration request signal to the mobile switching center MME, when the location registration processing

unit 21 has received e HGtificatibn That tHe §E65HE PrédetBrmbingd PRvicd &

RigeLROmithe ks function

after the data is trapsmitied 25last. [0068] (Second Modified Example) With reference to Fig. 6, a
mobile communication system according to a second modified example of the present invention 16 will be
described while fotigf¥g on the difference in the mobile communication system according to the

above-descril:ged first em%c)sdim%nt. Jgta)ggliSﬁps ylyéstr%{ed ierFi .ne‘%, the C(%qfi urg iocrlllgf t%%

UE according to the second modifie

example Is identical to that of the mobile stafion

.nﬂobile station
lle .
according to the

above-described first embodinent extcepd that eneosambinicatian State exanagement aaitt24ig provided as

the NAS function. 10[0070]

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.

10 [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

15 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

20 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

25 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.



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 indicakfhg 15 whether the current service is areal 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 perforened via 20 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 Sighal 2eWhertHg fpe6f communications performed via the radio link in which the

failure has been detected-y. the A3 fupgtionisasspecifis.comrmunication, and potio transmitthe location
registration request signal when the type of communications is other than a specific communication. 17

[0073] (Third Modifietf Exansgle)o tr henfgedtion tegistration pedcessingumic 2dusrly bexonfigured to
transmit the lqcati Mﬁgiﬁtra ion reguestéi %I 5 (Bﬁ}): Bout@ Area l) ga£e LAU: Local Area Uopdate)
to the cell un§gr tr?e cohtro%}flzi1 aiscroevaéreﬁoeb'ile corhma(r:ﬁica?l%orr1e %ys?egmaoféthet\(?v&l-ﬁvliesc eme, when
the cell under the controlofdheoatohile eemnilirication<systent o therlmbk ischteme isyratdisebvered in the
cell selection process. 10[0074] In this case, the location re%stration processing unit 21 may be

configured to tran$hiit tHe ISt atior Psgistration fegq st sighaf fo the ¢eiftnder e 'dontfii B the
discovered mobile-communication system ofthe\WeBMASseheme; evan ifiancRRdidle 15 state

Signaling Reduction)" is applied.
cell selection process.
10 [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

(4

15 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

20 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
25 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]



[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 20
module executed by a processor, and may further be iffplemented 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 25 memory, ROM (Read Only Memory), EPROM (Erasable Progranmable
ROM), EEPROM (Electropically Etasable aird RiogrammalletROM) tasegisiessadarddiskta removable
disk, and CD-ROM. [0077] 18 Such a storing medium,is connected to the processor so that the
processor can writd' Gang8reatftormatioRints and froffthe BsHAG medium t8udhch Ststhg Miedium may

also be accumulated,in; the REQeEsSOr seuchs asstoringmedium and pressssormawhe aranged S in ASIC.
Such ASIC may be arranged in the mobile station UE or the radio base station eNB or the mobile

switching center MIEP AR a HisereteSeorporetit sacted Storimg! inediemsandrpioee ssoranasbe arranged

in the mobile §tation UE th(=S ra ioAtgrixée station eNB _or thcfe mobile swi clling center MME. 10[0078]
Thus, the presentllrr]lventll(gh has been exp ai egelna&éft%ﬂqney ué?ng l?ﬁe %%olvee-d%s%nﬁﬁigg emb%rdiments;
however, it is obvious thatiforpersens skiledins the an thetpresenti invientigreésinet limited tsthe
embodiments explained herein. The present 15 invention can be implemented as a corrected, modified

mode without deparfiiig FFortHE YR the §chge OF thé elent iveRtioh deived by e Bfaims.
Therefore, the desgription.of the spedification is intendegkfor.explaining the,gxampleqnly ang does not

impose any limited meaning to the present invention. 20
or the mobile switching center MME.
10 [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

15 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.

20



19 CLAIMS [Claim 1] A mobile station comprising: an AS (Access Stratum) function corresponding
to an AS 5 terminated between the mobile station and a radio base station; and a NAS (Non Access
Stratum) function corresponding to a NAS terminated Bé€tween the mobile station and a mobile switching
center, wherein 10the 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,
when the quality deterioration in the radio link is not ceaamsred before the 15 first timer expires, a failure in
the radio link and to activate a second timer; the AS function is configured to transition, when a
specific cell is not didcoverel during a time that the second timer is activated, to an idle state, and to
notify the NAS 20 function thatthe-failuse in the sagdio link is detected and a cell discovered by a cell
selection process; and the NAS function is configured to transmit, in response to the notification, a
location registration requést signaditothesmobiletsWitching ceirer. 25 [Clan2]iThe hrolsile station

aCCOﬂMngtO(§wnE%k%q§g gh.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 a mobile switching
center, wherein
10 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, when the quality
deterioration in the radio 1link is not recovered before the
15 first timer expires, a failure in the radio link and to activate
a second timer;
the AS function is configured to transition, when a
specific cell is not discovered during a time that the second
timer is activated, to an idle state, and to notify the NAS
20 function that the failure in the radio link is detected and a
cell discovered by a cell selection process; and
the NAS function is configured to transmit, in response
to the notification, a location registration request signal to
the mobile switching center.
25
[Claim 2]
The mobile station according to claim 1, wherein
the NAS function is configured to transmit, even if an

ISR is applied, the location registration request signal in



the NAS function is configured to transmit, even if an ISR is applied, the location registration request
signal in response to the notification. 21 Abstract MOBILE STATION In a mobile station (UE ) according
to the present invention, 5 an AS function is configuredtb 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 configuredgo:trgnsmitrire18aespoaseitorthe notification, a location registration request signal
to a mobile switching center (NNE). FIG. 2



