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
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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]



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] 2 During a time that the timer
T311 is activated, the mobile station UE performs a celBselection process. And, when a specific cell is
discovered, the mobile station UE attempts to establish a radio link with a radio base station that
manages the specific 5 cell. At this time, when a "UE Context" of the mobile station UE is managed in the
specific cell, then the estahlishmeattafribectadiotlirk is saecessiuli {0806} i step 5503 whensthe specific
cell is not discovered during 10 a time that the timer T311 is activated, when the "UE Context" of the

mobile station UE 35 Hoth

getinthe Uiseoveret et OrRiRER S inte? RAT Tef iSkfis¢évéred during a

time that the timer.T311iis agtivated.then the mobilestationiUE isstransitigned 1o ansidie state (RRC_Idle
state). 15[0007] Thereatfter, in step 504, the mobile station UE starts camping on a cell under the control

of a radio base statigr&NBR1BOBS} In stepEB0batte pobile svitcHingrcantes MMESHees hibt know 20

that the mobilg statiol UE hca
eNB2, and therefocr%, the I%OB%I
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[0006]

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

[0007]

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

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

[0009]

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

connection with the mobile switching center MME for the mobile

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



[0009] In step 5507, the radio base station eNB1 releases an Si 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 synchronizatiod 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 UEestablishiesma radiadink withsthe tadiobasestationceNB2 byrtcansmittingiaservice
request to the mobile 10 switching center MME. [0012 In step S510, the radio base station eNB2
transmits downlink S&t5 VfatheYa |Bﬁﬁ{k38§fattﬁ%ﬁé3dti %@%%@?H@WﬁWWﬁEQNVENTION
PROBLEMS TO Bl §QLVED BY THE INVENTION [0013] However, the conventional mobile

communication system has a problem in that the network cannot detect the transition of a
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 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,



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. [0814] 25The 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 theiRRGkkshe siate mestilting fremitbelRbE, andthus; ) 4tbtakesstime. for the radio link (U
plane) to recover. [0015 Therefore, the present invention is intended to overcome the
above-described probtem. An object of the present invention 5 is to provide a mobile station capable of

making it difficult for downlink-data to benlost evennif the ragbile station ME isdransitioned tgman idle state
resulting from RLF. MEANS FOR SOLVING THE PROBLEM 10[0016] A first aspect of the present

invention is summigtizedbassa Assisite sestion dveieding?a filsi protocot fnetics eorréspendingto a first
protocol termi ategsbggweenvthf rgogggig_tgqgtna%nd a radlﬁot asecstation. %finig a f%%?@& r%tgrcol function

15 corresponding to a se%ro%dlpreotocol terminated between the mobile station and a mobile switching

center, wherein thedfinst priatoaakfunetiomnis cosdiguredto natify hwhenisetectistga failurerin asradio link
established with the radio base station, or when discovering a cell subject to a location registration by a
cell 20 selection proEEss, the §ECdiNd Protdtsi fahdtiGn sihe détectio® did the second protocol function
is configured to transmit, in response to the notification, a location registration request signal to the mobile

switching center. [0017]
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



25In the first aspect of the present invention, the location registration request signal can include a flag
requesting a recovery of the radio link. [0018] S protocol function can be configured to transmit the
location registration request signal, after an elapse of aYredetermined 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 transmitrihieclocationregistratiomregtiest signaly based otrartype of communications performed
via the radio link in which the failure 10 has been detected. [0020 A second aspect of the present

invention is summaTiZEd 48 & MbBifEtiior iiading: & fitsEPr tOBF furntiGn oTrEd iSRG to a first

protocol terminategbetwmeenthe mehile 19 station aned: asadin, base station; and aseeardqprotocol
function corresponding to a second protocol terminated between the mobile station and a mobile

switching center, whedeirctiiel fisst protdcsl fahetienss configireditoliransitiormg-an idistate after an
elapse pf a firgt pr%lﬂ(?rmined period after the fai_lurg in the_20 radio link est.ablishedlwith th.e raqlio base
station is detected; an ghe second protocol function is configured to transmit a location registration
request signal to the mobile swikchingscentescaftes & seeondqpredetanmined periodrelapsesrafter data is
transmitted last, or during a time that the second predetermined 25 period elapses after data is
Uansnﬂﬂedlast[éﬁfﬂOC01 function can be configured to determine whether to
transmit the location registration 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.



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. EFFECT OF THE INVENTION
[0022] As explained above, according to the present infention, it 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. [Fi (%Zé Fig. 2 is a functional block diagram of a mobile 15 station according to the
first embodiment gIFt‘FIéCE?e l%'i-\/ TION [Fig. 3] Fig. 3 is a diagram explaining an operation of the
mobile communicatign 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 presefsirvantigmed abfFig. 5]igréiisca fanetioral ticck diageahioha rbbile station
according to &first madifiedexample of the presept jnvention, 25IFia. 81519, 643 afynctignal block
diagram of a mobile

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.



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. 7 BEST
MODES FOR CARRYING OUT THE INVENTION [0024] (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 theL TEscheme, andincludes:amobile switching center MME; aradio base

station eNB1/eNBZERh*MhS0AE Rt b .G[O%ré%] A VFEREEN in Fig. 2, the mobile station UE

according to the emediment 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 pldesédisfurretion) corréspondingeto anNAS 20 (Csecohdsrotetoldenniriated between
the mobile stastionthJE %@%g@%{n%@%ﬁ%}%}mg center MME.

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.



[0027] The AS function includes a monitor 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
PRO connection) established with the radio base statiof eNB1 and broadcast information including a
location registration area. 8 [0029] The notification unit 12 is configured to notify, to the NAS function, the
detection of the failure (RLF) in the radio link  (for example, an RRC connection) established with the
radio base 5 statiaqroeNB1, when the failure is detected. [0030] Alternately, when a cell subject to
location registration is discovered based on the location registration area included in the received

broadcast information, thé Notfi*atlibh @it 12 i&°16 chnfiytréd s 1oti§the NAL furctidi? of te discovery,

in a cell selection precess[0031] the adheNAS function ingludes adoeation registrationiprogcessing unit
21, atimer 22, and a service request transmission unit 23. 15[0032]
(for example, an RRC connection) established with the radio base

5 station eNB1l, when the failure is detected.
[0030]

Alternately, when a cell subject to location registration
is discovered based on the location registration area included in
the received broadcast information, the notification unit 12 is

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,



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 fun&ion, 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 recovemyecaf the radiplink J0034pThedocationa@gisiration precessing Uninl may also be 9
after an elapse of a predetermined period from receiving the above-described notification. [0035] The
location registratidi’ Br6céSsing it 219l ‘&80 158 5 configured to transmit the location registration
request signal, duripgsa 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 B&a finrraltonawoLsly geheraret by henvobiletstationty B2 bstimeenotified from

the network, of a ime.gbtained by multiplying fhe-{ime noffied from the.netwark by,a rapdom number.
The predeterminea time 'may be conﬁgure to differ daependlng on each mobile station UE of each group

of the 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



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 tRe AS function and there is the uplink data to be
transmitted. [0038] The service request signal is a signal used in the re-connection process by the
mobile station UE, i.e., a signal 25 requesting an establishment of the radio link (RRC connection) with
the radio base statiohceNB2: {0039] Hereinafter] weith reference to Fig. 3 and Fig. 4, an 10 embodiment
will be explained. 004%] Firstly, a first operation of the mobile communication system according to
the embodiment wifl b&described with reference Sto Fig. 3. [0041]

Firstly, a first operation of the mobile communication

system according 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).



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 eNBL1 is detected. [0042] In step S102, whéh 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 stationd4E]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 JoB%4f 25 stel SOz When e Sedific B 1ot Hisdoveretd turing a time
that the timer T311 ds activated when e ke Context-of.25:the mahilestation LI is notananaged in the

discovered cell, or when an inter-RAT cell is discovered during a time that the timer T311 is activated,
then the AS functiop eftirchtsbile StatonaiElg trahsitfohéd e arpitllefstate (RRELdleastatey. 11 [0045]

s e, e AT L e ety P ML NS Lt bt st LS
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 eNB1 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



5 may notify the NAS function of the mobile station UE that the cell subject to the location registration is
discovered by the cell selection process. [0046] 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]
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 nugtification. {0048} dn step &1 @6 tthel mobile switshing eenter MME releases an Si
connection with the radio base station eNB1 for the mobile 20 station UE. And, when there is the uplink
data to be transmi{t%%IS,]tﬂe mobile switching center MME transmits the paging signal to the mobile station

UE in step S107. [0049] Instens5108¢ inrespansedetheiracelvedpaging: signalmdatheNAshfunction of
the mobile station UE establishes a radio link with the radio base station eNB2, by transmitting a service

request to the mobiié 'switehrRy eénter MME gosdjment will be described with 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



12 data via the radio 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 1 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 flag (Active Flag) requesting a recovery of the radio
link, to the mobile syitching-centemM ME fafter a predetetminediperioteelapses 15-atier receiving the

above-described notification. [0054]5 In step S206, the mobile switchi ?ﬂ? center MY.E releases the 51
connection with the'fadid*Base & h%l\?éf?@r@ﬁ@%%ﬁi@%ﬂéﬁbﬂq}é Y &SI hL e Y connection

with the radio base20 stationeNBRifox thesmahile station Uk Morggyer, the radigjlink ds established
between the radio base station eNB2 and the mobile station UE. [0055] In step S207, the radio

base station eNB2trahshiitd dovnlink25Nddta Vi tiié eadieflink estatstishedl intstep 8206 1is

5 configured to transmit the location registration request signal
to the mobile switching center MME. Thus, it is possible to reduce
a time required for the mobile station UE to recover from the idle
state, and it is possible to make it difficult for downlink data
to be lost.

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).



[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, thfe AS function of the mobile station UE is
configured to notify the NAS function of the detection, and according to the notification, the NAS function
of the mobile station UE is 5 configured to transmit the location registration request signal to the mobile
switching center MME.SThus, it is possible to reduce a time required for the mobile station UE to recover
from the idle state, and it is possible to make it difficult for downlink data to be lost. 10[0057]

Moreover, accordifig-to’thé 8dddith EFEBRSEN mobile communication system, the NAS function of the

mobile station UE is configured te tcansmit the lecation registrationreguast signal; aftesyaiting for a
predetermined time assigned to each mobile 15 station UE after receiving the above-described
notification, and thgs;drisipessiblefibravoibdiditirationawherecthé transatission vfthe loeatiohlregistration

request signals conagsted ghthe el extt. s1c. 100381 a9Eunhermors, according o mbodiment based
mobile communication system, the %\ function of'the mo ﬁe station UrEIS COI”IfIgUI’e(TtO transmit the
location registratiatoreguesizsigoal withirea peedetedminedmetassigned-taieachimebiles station UE,
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.



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, forléxample, setting a setting value to 0 (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. [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. In this cade' YA ASRIRCtdh ¥ doigred T frahsitibHttd Bntidhe 1A attet dh elapse of a
first predetermined periad after the faidre (RLF) in the radig link established with the radio base station

eNB is detected. 15[0061] The transmission unit 13 is configured to transmit the uplink
[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



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 configuredo 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 second
predetermined periodl be [0064F1ibedThieiNAS dunetian efithenmohile statiore UR includes allocation
registration processing unit 21, and a timer 22. [0065] 5The location registration processing unit 21 is

configured to tran§MT e [GEatSh régitration Tegidst Sighdl to'the MoBiTe SwitchiRgtenterMME, after
the second predetgrminedgriod elapses after the data is transmitted last. [0066]

[0069]

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

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.



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 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[locatipn registration processing unit 21 may be configured to transmit the location
registration request signal to the mabile switching center MME, when the location registration processing
unit 21 has receivédthehdtiticdtisi tiatiie'§écond predetermined period elapses from the AS function

after the data is transmitted 25last. {0068] (Second Madified.Example) w\With refergpce to-Fig. 6, a

mobile communication system according to a second modified example of the present invention 16 will be
described while foeefrigercthe differangelin tHe Mol comrrmication systernHeeordihgtalthe

above-descrihed f'{ﬁiu?!“9%‘3%%0%?'4095‘?%[%5&%Q',“.gﬁk%‘?dﬁ'é‘c@ -A@?‘Qeu%%'&f'%‘ér)at@of‘ E’rfaéh;ée%b”? station
UE according to the second modified example Is identical to that of the mobile station UE according to the
above-described firstembaodiment except thatia commetnicatian statenmanagementsyait 24 i provided as
the NAS function. .

the WCDMA scheme, when the cell under the control of the mobile

communication system of the LTE scheme is not discovered in the

cell selection process.

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]



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 managed8or information indicating 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 pertorres viai 20 thedradioi link dnwehichdhe faitere hasbeen detected by the AS
function. [0072] For example, the location registration processing unit 21 is configured to transmit the

location registratior feGESESighal 28 whehthe per 6FormhGRittions perdrmied viathe fadio link in

which the failure has,begn detected by.the ASfunction jsa specific conmupication, and Hiotite transmit the
location registration request signal when the type of communications is other than a specific

communication. 1 f0RT73F€FhRiTd -Mddified Bxamnple)mediTha ldcatioperegfistratio Rpraeessiag unit 21 may
Local Area UCPUStE) 0 € ool ndur ioe Setol o & obaveiac Ot SomLaicaton Sy Glem of the
WCDMA scheme,tberathe cellsendes thercentsod oftthe maohile communicatiomsystemeof the LTE
scheme is not discovered in the cell selection process. 10[0074]
a discrete component, such a storing medium and processor may be
arranged in the mobile station UE or the radio base station eNB
or the mobile switching center MME.
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



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 15 state Sigifaling 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¢bamasnbination 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 égjrﬁ‘éﬁﬁojr;/, ROM (Read Only Memory), EPROM (Erasable Progranmable ROM),
EEPROM (Electronically Erasable-and RrogramemablesRQM) , a register, a hard disk, a removable disk,
and CD-ROM. [0077] 18 Such a storing medium is connected to the processor so that the processor
can write and read informatiohSntcand frorfithetstoringunedivm. Sachsssrhg mediuanmiay also be
accumulated g1 th% Jlrocessar, %ug@eae Is]t(%r}ilrég m%(ljiyems%nq processor may be ggrsan%ec% .ignASIC. Such

ASIC may be arrangre%lirﬁat e mobile station UE of the radio base station eNB or the mobile Switching

center MME. As aadigcrete component, such a storing medium and processor may be arranged in the
mobile station UE or the radio base station eNB or the mobile switching center MME. 10[0078] Thus,

the present invention hasbe&i eXplaiétf it detailby Ushg He' GbovR-dsed B embsdinierts; however,

it is obvious that ferBersons skilled in.the art.the Rresent invention is,Rot limiteddosthe embediments
explained herein. The present
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



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 not3thpose 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 Strattamptunctiarocerrespondiigta adNAS terminated between 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 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 transnit, 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 configured to notify, when
detecting a failure in a radio link established with e a}:ogo base station is detected or when
discovering a cell subject to a location registration by a cgﬂ:selection process, a NAS function of the
detection or the discovery; and the NAS functigieis econfiguredo transmit, in 10 response to the
notification, a location registration request signal to a mobile switching center (NNE). FIG. 2

In amobile station (UE) according to the present invention,

5 an AS function is configured to notify, when detecting a failure
in a radio link established with the radio base station is detected

or when discovering a cell subject to a location registration by

a cell selection process, a NAS function of the detection or the
discovery; and the NAS function is configured to transmit, in

10 response to the notification, a location registration request

signal to a mobile switching center (MME).

FIG. 2



