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 Acces s Stratum)
terminated between the mobile station and a mobile switching center. BACKGROUND ART 15[0002]
With reference to Fig. 7, a re-connection process-i A&qqi&ﬁ\lcommunication system of the LTE (Long
Term. Evolution) scheme will be explained. [00@%]% s illustrated in Fig. 7, in step S501, when a
mobile station UE detects a quality deterioratiposdf & ratintingNspecifically, an RRC 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 ile, stati E detects a failure in the radio link (RLF: Radio Link Failure) and
acﬁvates a timuggqgﬂ?ly.ﬁﬁ EE PELB ( :

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 amobile
communication system of the LTE (Long Term Evolution) scheme will
be explained.

[0003]

20 As 1llustrated 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 eNB1, 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 T311l.

[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 thespecific 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] Instep 8503 when the specific cell is not discovered during 10 a time that the

timer T311 is activate . q;ﬁgﬁ tati

discovered cell, or thérllﬁgi ter ﬁf? cell'is dlscoﬁﬁ%%zﬂlgr%aitlgm E e tlmerﬂ% 3%% l%tlvated
then the mobiletition UE jserfositiencdde haddlectin(PRicéds statel ;ﬁﬂ@@ﬁa Specddfiiey, in step
504, the mobile station UE starts camping on a cell under the control of a radio base station eNB2.

[0008] In step &bk, tRe i E6RY eRALRIH 6 AR Mﬂ@&@@i%t%o@\tﬁgmﬁiﬁt@nﬁﬂéﬂ@t&&%ﬂ UE

h d th | h | under th I d | 2. andt f
the mobils swo P RerA AR BT L L hoR o) EVEIHBBIL Sa BB AT 1 & racic

base statign epEYly ThareferidheidRynliRkdlaia- desinaiadpe apkﬁwesmmlel%l@dﬁbwm@ut 25
reaching the mobile station UE. [0009] In step S507, the radio base station eNB1 releases an 51

connection withsth@nagsiid swktieiispeenteravieik kortthemidis! e stativhi SiEdrt afsEhharads ®mo
response, W|th|n au)rijsdeé%rénclgggful
[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 1s activated, then the mobile station UE is transitioned to
an 1dle state (RRC_Idle state).
15 [0007]

Thereafter, iIn step 504, the mobile 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 eNBl1. Therefore,
the downlink data destined to the mobile station UE 1s lost without

25 reaching the mobile station UE.

[0009]

In step S507, the radio base station eNBl releases an S1

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. [8011] 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

SUMMARY ORTHEINUERTIGR BRO R iR P8 S E TR R Rt
However, the gegveidordlgnailecamemitieaian systemoidd 8 redtavrinuba thetrgivesggannot

detect the transition of a 20 state of the mobile station UE (transition from an RRC Connected state to
an RRC Idle sl&181 8 ulting from the RLF, until the downlink data is generated, and the downlink data

generated n his periop =agshrAbaH! SR RASiT S BiRaINY UE BV S ThaseRenta
5 paging signal to the mobile station UE.
[0011]

In step S509, i1n 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 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 ldle 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 is

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 MBE when the mobile station UE is transitioned to the
RRCldle state resulting from the RLF, and thus, 4 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 5 is to provide a mobile station capable of making it difficult for downlink

data to be Iostéqyrﬁéi%%% g@%ﬁ(ﬁggﬁéﬁéﬁ irgnfiitme tog?%ﬁéé s{e?)terrgég{;i&g_from RLF. MEANS

FOR SOLVIN Afirst aspec resent invention is summarized as
a mobile statigromeBIHing: 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 termifd@bef@reentiie R6eFetatlslyaAd Eofmobie BILRIMIGS cEAt?YRFEPBIR the first

protocol functigp is configured to nptify, when detecting a failure in.a radiog link established with the
Facio base stallJf. BP O GTHEIREBABTILR B Elrocd GO ARG o G BEEA B o LY St 8iacrion
process, the sggopd PHRIIGRIUAGHORIATEStARSH B BaHE e coTeRRIRG RECTPEQ T#TGiEN € fepfigured
to transmit, in response to the notification, a location registration request signal to the mobile switching

center. [0017] &3 IH@Krsdatpectof the plasint eventia, tHehpcaidn keyisstaibroreqUést s§nal can

include a flag requesting a recovery of the radio link. [0018
g trqansit oned to %m Ed%e state esullting from RLF.

MEANS FOR SOLVING THE PROBLEM

10 [0016]

A Tirst aspect of the present invention iIs 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



5 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 notifgation. 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 faily 46025 DRE e N0RR] corfhASiPAN AE0CRARAERR I

summarized as am Ie station including: a first prot ol function correspondlng to aérst protocol

terminated bemeﬁsmrtmﬂerla@@é@rsageh@lr,athffb@seamaéoap@edcafsacm@mﬂﬂiﬁmtlon

corresponding to a second protocol terminated between the mobile station and a mobile switching
center, whereif@héaRsTpestdcerainatiog EeonpdlEtoatiansitien ¢ a ndesktaafidiadh EMpse of a

fi d | iod.after the fail |h dio link hlished with dio,h ion i
detectedt: and FLELBEET TR A RRERS R Tt HSRATHE R ol A st

signal to tge Wltchmg 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]n thén e stcaspespeotoftite pressanihviemnvient #ansedined pesdatdrmined
period can be confi ureﬁl 1% be measured by the first rotocol function or the second %é)tocol function.

EFFECT OF T @ BREEN2] KA PRI R SRR e sehE s iok?

transmrttheIocatlonreglstratlonrequestS|gnaI,basedcn1atype

of communications performed via 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 TfTirst 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 i1s 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 iIs 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. I] Fig. I 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 gpeEtipnor tMRE201MENE pommunication 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 @%&#ple of the present invention. 25[Fig. 6] Fig. 6 Is a functional block diagram of a

mobile station according to a econd modification of the enj invention. Fig. 7Is a

diagram explaining anﬂbpg?é% ?i'&e a c% vgﬁﬂoﬁgf:%r%hé) ?T%r#nﬁ (%Y%ﬁeﬁgtéf# g?]tﬁi Etscheme.

7 BEST MODES RRBGARR YD Gopbifi FEENMUBNTIONEAR36h capable of making it
difficult for downlink data to be lost even if the mobile station

UE i1s 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
mobi le communication system according to a First embodiment of the
present invention.

[Fig. 2] Fig. 2 1s 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 illpstrated in Fig. 1, the mobile communication
system according to the embodiment is a mobile communication system of the JUTE scheme, and
includes: amobile switching center MME; aradio base station eNB14eNB2; 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) corresponding to an AS (first protocol) terminated between the mobile

station UE an@ggsIramipbasecrattaRRNBIGoUIN THES funwvaioni@econd protocol function)
corresponding to an NAS 20 (second protocol) terminated between the mobile station UE and the
mobile switchil§@&hler NNE. [0027] The AS function includes a monitor unit 11 and a notification

it 12. 25[0028] , - . The monitor unit 11 is configured tor th ion of a fail i
avadio Ink (ol S COMERECAlbueys TGt 2 Ao Pte et oy "

broadcasginfom@tigpéggﬁﬂirm@é(pﬁgmregistration area. 8[0029]

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]

10 As i1llustrated 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 eNB1/eNB2; and a mobile station UE.

[0026]

15 As 1llustrated 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) i1n a radio link (for example, an RRC connection)
established with the radio base station eNBl 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, w@en 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. [003 0029 The NAS function includes a location registration processing unit 21, a timer 22,
and a service quesl transmission unit 23. 15[0032] The location registration processing unit 21

is configured to transmmihe |neaticfi czgisBAtion itquestisigeainFrgliredckinghAtdga/pdede)tecthe
mobile switching center MME, when the notification indicating that the RLF has been detected is

received 20 frbmtﬂlﬂstfim%ﬁoﬂ%rdﬁﬁ@ﬁﬂi@'&@[fsﬁb&cfﬂé the fPo(BﬁEﬁ rbgidigibadd @Ii!@(ﬁ%red in
locaton regioth PRI gt Ry SomecC S oSt Ra A e e} SeiSEing o
recovery gf thg{g@pdﬁ]l@@%]m@]bgq@wgi}gm@@tlpg RISELSEHR@_ unit 21 may also be 9
[0030]
Alternately, when a cell subject to location registration
Is discovered based on the location registration area included iIn
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 1s 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
1s 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 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 the mobile station UE , a

time notified frg r&%twgiléﬁgea éﬁ@e&?éijgﬁg@rﬁyﬁg&yi?gdl Hmﬁ'a%“ﬁﬁé’cféwm \gork by a

random number. The predetermined time may be configured er depending on each mobile

station UE or egglvereigset-isetd moatiiE statipos UE. [0037] The service request transmission
unit 23 is configured to transmit a service request signal (Service Request) to the mobile switching

center MME, MR8 notification indicating that the 20 RLF is detected is received from the AS

function and there is t upan data to be transmijted. [0038 - The servi%r%%yest isg%n lis a
signal used in the re-c FeliSh ngesrse&’%{% 5§50 ﬁ%?éngeug's'fg Yetifes ir?&e

an

establishrgent af e Gased it (RRGSAReran détvnsadg RaspaabanieliBes &g treinafter,
with reference to Fig. 3 and 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 the mobile 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 1s 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 iIn 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 th@ mobile station UE activates a timer 1310,
when the quality deterioration of the radio link (RRC connection) established with 10 the radio base
station eNBL1 is detected. [0042] In step S102, when the quality deterioration of the radio link is

not recovered g%%rﬁjmgnttmﬁlgi’,l%e i ai%%the AS function of the mobile station UE detects the
atimer T311. Oggl

RLF and activates uring a time that the timer T311 is activated, the AS
function of the[lpohiq 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 mafddia§bie spediiestil.qperakion akichs1aobihen apspadiaa€tfns not

discovered d“EQ%@e%”&%é%artJ Pﬁgt Irtnoe rtﬁg’ 1e%nbso |tr|nvgr%?:dvv ﬁhleget r(]1ees.L<J:I|§i Ce)rét(\?v)ﬁttr?frefe rence

5 to Fig. 3.
[0041]

As 1llustrated 1In 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 T311l 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 T311 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_ldle state).



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). 11 [00#5] 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 5 may notify the NAS function of the mobile station
UE that the ceﬂtdtéj jgct to the location registration is discovered 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 radiohagghstationsNBAHE0AR] funtttien D¥0Sibe M fenctieatdighe weobile
station UE transmits the location registration request signal to the mobile 15 switching center MME,

after a predeté?ﬂﬁi&i?ﬁ:r_ﬁ@?el&%eﬁ%féﬂ@@eﬂ/fndime @@@@é&i@ﬁ}l’é@@héﬁicﬁi@ﬁ.m@f ~n
NBL for the rABEE GOrkeHon CELATRE RIS &anE LCaaaLbE Nt ST b
switching sentea)/ N FA)SERES 11AS RAHRE RSNBTtL e RBTIRSEAORTUR IESIBRE 0% (9RP] In step
S108, in response to the received paging signal,
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 S105, 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 S106, 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 mobi le switching center MME transmits the paging signal to the
mobile station UE in step S107.
[0049]
In step S108, iIn 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



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 NNE. [0050] 12 data via the radio link
established in step S108. [0051] Secondly, the figst 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 5201 to S204 are identical to those from steps S101 to

S104 iIIustrateaia{'JEd:igig. {ﬂ[gOﬁngl o I%ﬁte@sﬁggﬁ’%gl‘?eHA f%‘gtﬁ/ré fdge mobile station UE

transmits the location registration request signal including a flag ag) requesting a recovery of
the radio link, fot®1mobile 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 connex@iePNWilly th&hgdibibede eraIGdRB ObriRe mebid & eesiWH Gaflion

establishes the S1 connection with the radio pase 20 stati NBZ2 for the mobile station UE.
Voreover, the SYEETT RS LA T e AT UL S s bR iSS A h A BB St
UE.[0055 o Fig. 4.
[0052]
As 1llustrated 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 S205, the NAS function of the mobile station UE
transmits the location registration request signal including a
Tlag (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 eNBl 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



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 theé3embodiment-based mobile communication 13
system, when the AS function of the mobile station UE detects the RLF, the AS function of the mobile
station UE is configured to notify the NAS function of the detection, and according to the notification,

the NAS functigggihe DaiedB e MR ERIF-ERd dmRnLtt ingplendegistpuieauest

signal to the mabile switching center e to reduce a time require e mobile

station UE to rRicpyereons theridigisiater aing inisofidesita td onbe itsldtiedi funteradinoda®yto be
lost. 10[0057] Moreover, according to the embodiment-based mobile communication system, the
NAS function &@e MobilefstaGEAE i9EorterededeckEpn thanstamsrrigldingtiotPeqtibst signal,

=bove-desor AL HEARAN anch s o POUAE 06 a0t LSt st Coa seldh of the
location rfsgist@si@ﬁi?ﬁb@é_tﬁ&grﬁ%ﬁ%weﬁm kheditme & isticatiOrti-deiediteswgrmaccording
to embodiment-based mobile communication system, the NAS function of the mobile station UE is
configured to ttanthdtniod ideaton tefistratteniegyubbttsignbhusthint isquesethibe ddmedissgyned to
each mobile S’E’;latitoirr]néJ I?”equired 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
i1s 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, 1t i1s 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, setting a setting value to 0 (zero).



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 transmiti@d by, for example, setting a setting value to 0
(zero) . 14 [0059] (First Modified Example) With reference to Fig. 5, a mobile communication
system according to a first modified example of the present invention will 5 be described while
focusing on th (gé% nce in the mobile communication system according to the above-described first
embodiment. [E ?;Es illustrated in Fig. 5, the AS function of the mobile 10 station UE includes the
notification unig gy attraeeiehien BREASI@nd a timer 14. In 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 WkkRh&edgibanes: f@tiod @NDis detdektl @ SpREL MeakiaBmB&deNit 13 is
configured to té%résérpg itpla %%hgkfi rst modified example of the present inventionwill
5 be described while focusing on the difference in the mobile
communication system according to the above-described Tfirst
embodiment.
[0060]
As i1llustrated 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. In 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 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 i1s 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 iIs transmitted
last, the NAS function that the second predetermined period elapses

after the data i1s transmitted last. In such a case, the timer 14

may be configured to measure the second predetermined period.



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 configurgd 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 may be configured to
measure the séﬁﬁaggégredetermined period. 15 [0064] The NAS function of the mobile station UE
includes a location registration processing unit 21, and a timer 22. [0065] 5The location registration

processing unit 21 is condguasdFtmraismibthenecadionlegietaion (s iasilsigas! dolbeanpbie
switching center MME, after the second predetermined period elapses after the data is transmitted

last. [0066] 10neeRsEEaEI Bt PHRESSS KON deaTE Bé NABGuAckINRr 22.
[0065]

5 The location registration processing unit 21 1s 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



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 th@&econd 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 f fpSInAe IGALON FAARIFPNLTAUCBI SIORa! 44 Hie Phile SWIERIDG 6RIIRS MME:

when the location registration processing unit S Teceived the notification that the second

predeterminec:peno Piaaskirosy shem Sduacieli afertbe ¢ata iabensnited Rhresl. [#i¢Si(Second

Modified Example)  With reference to Fig. 6, a mobile communication system according to a
second modifielRIAMSIBES the present invention 16 will be described while focusing on the difference
in the mobile ication system according to the above-described first embodiment. [0069] 5As
illustrated in FWe configuration of the mobile station UE according to the second modified

example i identical toAaf pf traprakile siationgEcacaaiding FaRiNeseripgd fsbgodiment

except that a communication state management unit 24 is provided as the NAS function. 10[0070]
The communicttaii siatdimanagecheny Uiot hdsseedigdracdd fiachgxangpe discantendiications

performed via each radio link. In this case, when the type of communications is managed, QoS of the
communicatiofn&) e HathgeHoBs oﬁ%ﬁbﬂqnﬁ%gﬁ?@rdmg to the above—degcrlbeg

first embodiment except that a communication state management unit
24 1s 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
iIs 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.



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 comrtiunications 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 corgaa% ations performed via the radio link in which the failure has been detected by the
AS function is a speclfic communication, and not to transmit the location registration request signal

when the type @ftebramviodipEipes iExaihgnémn a specific communication. 17 [0073] (Third Modified
Example) The location registration processing unit 21 may be configured to transmit the location

registration request sidh@ 5 tRAQE ROuUtIHGPHERIIIASNR, M@CMIWewUBEpO%le) f&¥he eIl under

h | of d vered, mobi icat f th h he cell und
the control of F2 TRANE Erih ST & P BRE L SRR A A Rt R B,

selection procgapL0RGFting ARcaivpaEtena Rgaloscap HIPVALRERIEND Ethb reat be

configured to transmit the location registration request signal to the cell under the control of the
discovered mabidesoitineunicativn kyatem di geoweTbiliAcGichbencomrem et ISR gyt es sthite
Signaling RedUCtIOWCDIﬁ/IAap “ﬁgmL,OO?SAen the cell under the control of the mobile
communication system of the LTE scheme is not discovered in the
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 (ldle

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(Electronical ly Erasable and Programmable ROM), a register,
a hard disk, a removable disk, and CD-ROM.

[0077]



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 implemégted 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

P ble ROM), O, icadl ister, a hard
sk & removable cio o B3 MO0 e Coa S B S s R te

processor so tapktha-pusmasser can WitktandreRd-sdorniatioiieie ke iawothenstofipgnmeglizim.
Such a storing medium may also be accumulated in the processor. Such a storing medium and

processor maydé® kg gerrd ti AS RtichushsAerd Rthekisfang¥ihsaomasreustabistedEldr the
radio base sta iﬁn eNB or the motgle with{i§? center MME. Ag a discrete con%%?ent such a storing
r e

medium and proSeRES s We ardified MR HOBRIHEANY P GRTRA 0 DARE HEFERARE or the
mobile switchigg gesier. NGOG may B&UsrFmgERPa itventibiee heencawpiainecip detail

by using the above-described embodiments; however, It is obvious that for persons skilled in the art,
the present indneismadd ndodindtedad #tan eehBodimtntsepidiacshidiein.ithegntsentiMB .inveation can

be implemented as a corrected, modified mode without departing from the gist and the scope of the
present inventbii BSEA Dy PRPARAL T AHRTcRe SHY ALk 5tthBr Al SPERRESHOR Eenfied for

aﬁi\z‘g‘g the £APRIEPLTH ASkINEH PPLBRITS AMUENERI theaplgi0 ey eSeatibEWigs- 19
or the mobile switching center MME.
10 [0078]
Thus, the present invention has been explained in detail
by using the above-described embodiments; however, 1t 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 i1s intended for explaining the example only and does

not impose any limited meaning to the present invention.



[Claim 1] A mobile station comprising: 5a 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 betweth the mobile station and a mobile 10 switching
center, wherein the first protocol 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 first protocol
function is configured to detect a failure 15 in the regi/gll'&g( and to activate a second timer, when the
quality deterioration of the radio link is not recovered before the first timer expires; the first protocol
function is configured to transition to an idle state, when an inter-RAT cell is discovered during a time
20 that the second timer is activated, and to notify, to the second protocol function, the failure; and the
second protochfA@ttiohls configured to transmit, in response to the notification, a location registration
request signal to aAmob'Ie Fwitcpirﬁ center in a.radio communication system 25 to which the
inter-RAT cell belongs. [8%#&1 ﬁ ™é ood}lecgg%ﬂ%'c%%rding to claim 1, wherein

5 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
10 switching center, wherein
the Tirst protocol 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 First protocol function is configured to detect a failure
15 in the radio link and to activate a second timer, when the quality
deterioration of the radio link 1s not recovered before the first
timer expires;
the First protocol function i1s configured to transition to
an idle state, when an inter-RAT cell is discovered during a time
20 that the second timer iIs activated, and to notify, to the second
protocol function, the failure; and
the second protocol function is configured to transmit, iIn
response to the notification, a location registration request
signal to a mobile switching center In a radio communication system

25 to which the inter-RAT cell belongs.

[Claim 2]
The mobile station according to claim 1, wherein

the second protocol function is configured to transmit, even



the second protocol function is configured to transmit, even 20 if an ISR is applied, the location
registration request signal in response to the notification. [Claim 3] 5The mobile station according to

claim 1, wherein

the first protocol function is an A9 function corresponding to an AS that serves as

the first protocol; and the second protocol function is an NAS function corresponding to an NAS that
serves as the second protocol.

1T an ISR 1s applied, the location registration request signal In

response to the notification.

[Claim 3]

The mobile station according to claim 1, wherein

the fFirst protocol function is an AS function corresponding

to an AS that serves as the first protocol; and

the second protocol function 1is an NAS function

corresponding to an NAS that serves as the second protocol.





