DESCRIPTION Title of the Invention: MOBILE COMMUNICATION METHOD AND MOBILE STATION
5 Technical Field [0001] The present invention relates to a mobile communication method in which a
mobile station to perform communication via a first connection between the mobile station and a radio
base 10 station and a second connection between the radio base station and a switching center by
use of a first protocol function and a second protocol function, and relates to the mobile station.
Background Art 15[0002] In a mobile communication system according to the LTE (Long Term.
Evolution) scheme defined by the 3GPP, angAIZ% c§1s§0$\}ratum) function (hereinafter an LTE-AS
function) of a mobile station UE is configured to perform a reconnection procedure 20 upon detection
of a "Radio Tirntdleaddrahattiibvabieitora HaDE bi.&r CONVE Wi CATIHOXaMET HOCadin VB .LEUmmary of

the Invention
STATION

5 Technical Field
[0001]
The present invention relates to a mobile communication
method in which a mobile station to perform communication via
a first connection between the mobile station and a radio base
10 station and a second connection between the radio base station
and a switching center by use of a first protocol function and

a second protocol function, and relates to the mobile station.

Background Art
15 [0002]
In a mobile communication system according to the LTE
(Long Term Evolution) scheme defined by the 3GPP, an AS (Access
Stratum) function (hereinafter an LTE-AS function) of a mobile
station UE is configured to perform a reconnection procedure
20 upon detection of a “Radio Link Failure” attributable to a

handover failure or deterioration in radio quality.

Summary of the Invention
Problems to be Solved by the Invention
25  [0003]

Here, the LTE-AS function can perform the reconnection
procedure only for a radio base station eNB (a cell) having “UE
Context” of the mobile station UE.

[0004]



Problems to be Solved by the Invention 25[0003] Here, the LTE-AS function can perform the
reconnection procedure only for a radio base station eNB (a cell) having "UE Context" of the mobile
station UE. [0004] Specifically, when the LIE-AS function transmits an "RRC Connection
Reestablishment Request (a reestablishment request)” to a radio base station eNB (a cell) not having
the "UE Context" of the mobile station UE, the LIE-AS function 5 receives an "RRC Connection
Reestablishment Reject (a reestablishment rejection response)". In this case, an RRC connection

between the mobile s '@8- = .jlg)e r?gg é)a's_ﬁét ti  oNNB ﬁjﬁ%agw tp igﬁitgteawithout
waiting for expiration of a 1 lﬁ(?ﬁne .10 % ] ?Fﬁﬁis case, an 51 connﬁéﬁon etween the radio
base statiorRRB @uhaswitebing ReastAbY iEskmattaRegleiitou(deingezstaifiidetansathe 1311
timer has not been expired. For this reason, when the switching center MME receives an incoming 15

signal, data’GiHHEFika adtPe8sd @t hPaRBie GHIRNURN v iy 09k hMABGrdhEnits the
incoming signg! afhipexike 1o eradionBpia elelied epdhwiese RRE Earneciof s nobile

station UE is released. This produces a problem that the mobile station UE cannot receive the
incoming siyealeat20 tanlike:RRB06]Connent doine tRieqsdble bl shoerdcutRejefctrechGanection

dure b NAS (Non A S f [ fth il ion UE | dy.
Fowever, o SEha I R o SOLEAre SO IS MG b L b1 &on UE has

not been stydirHESHRINO98theen the mobile station UE and the radio base
station eNB is changed to an idle state without waiting for
expiration of a T311 timer.
10 [0005]

In this case, an S1 connection between the radio base
station eNB and a switching center MME is maintained without
being cut off because the T311 timer has not been expired. For
this reason, when the switching center MME receives an incoming

15 signal, data or the like addressed to the mobile station UE,
the switching center MME transmits the incoming signal and the
like to the radio base station eNB whose RRC connection with
the mobile station UE is released. This produces a problem that
the mobile station UE cannot receive the incoming signal and

20 the like.

[0006]

To solve this problem, the execution of a reconnection
procedure by use of a NAS (Non Access Stratum) function of the
mobile station UE 1is under study. However, a specific

25 reconnection procedure using the NAS function of the mobile
station UE has not been studied as yet.

[0007]
The present invention has been made iIn view of the

foregoing problem, and an objective thereof iIs to provide a



The present invention has been made in view of the foregoing problem, and an objective thereof is to
provide a mobile communication method and a mobile station which are capable of resolving the
above-described defect of the LIE-AS function by defining a specific reconnection procedure
performed by the NAS function of a mobile station. 5[0008] A first aspect of the present invention
is summarized as a mobile communication method in which a mobile station performs communication
via a first connection between the mobile station and a radio base station and a second connection 10

between th%%dii‘ié’aé%rlﬁrvﬁﬂ?ﬂc%[ﬁ SRWMI%?HS&GQFF& OY YsEHY P SeRPiP! Wéfﬂ“ 4pd a second

protocol function, where e first protocol function performs processing corresponding to a first
protocol whedipairhanai€s iesoden tige thebisbstatiod eadithb ead wafasetsafiothth¢ TEc@8I protocol
15 function igerforms processing corresponding to a second protoco 1 which is an upper protocol of the

first protocol 4Gt Pinatds b 18 mBbilSRERBRLMd HREQMRGHT] CBntd? AP Riethod
includes th%étgpélqﬁ'etaawnigmg, {osn s gt Bretegol dungivinte the segend protocol function, a 20

reconnection request, when the first protocol function detects that the first connection is changed to an
idle stade; ahdQ@RMbmitting, at the second protocol function, a service request, when the second
protocol function rece'vgf_s.tpg reconnection,r %uest and detects that the first protocol 25 function is in

a coverage area. [0009] ' tA%%BSﬁ asbett'6f %eﬁl%@ n”ﬁ‘@ﬂﬁdr‘?% dFiaNZA %] mobile

station configyired foparieMEeamInIicatPoNimathoirommeatitithetegsplia anabiasiaipn and a
radio base station and a second connection between the radio base station and a switching center by

use of a firswgr&@ésmsrummmt_mﬁpa‘s'é@movgr@to@olﬁﬁétbn,cwme&m il@@ﬁr@ﬁpwﬂ@m khRtion is
configured {o parfor 'EP&%%% 'TRAGE'F 9948 %%SE P C H%%%‘é%b\%%ﬁﬁé&%% en the

mobile station and the radio base station; the second protocol function is configured to perform

processing ber@eednding t¢ adirsondgEotocat Michaiscaraugpdrtoioionyl oétheckirsbpreiseol and
terminates between_the mobile station and the switching center; the first 10 protocol function is

configured Bfrandh k2t ebAkeSHh Byt NuRSE@RESPISER Fkarrl uPHRGER g that the
first ponneq”gg}%qtﬁanqﬁ%topprjglg s?;%tzgp&pe ?‘Eﬁﬂ?ﬂi%ﬁ?to g'f%qlmg |s€qxgg@§§% transmit a
service request, when the second protocol function receives the reconnection 15 request and detects
that the firscomotrespdnttiiog tancatovstage ateecol which terminates between the
mobile station and the radio base station; the second protocol
15  Function performs processing corresponding to a second protocol
which is an upper protocol of the first protocol and terminates
between the mobile station and the switching center; and the
method includes the steps of: transmitting, from the first
protocol function to the second protocol function, a
20 reconnection request, when the first protocol function detects
that the first connection is changed to an i1dle state; and
transmitting, at the second protocol function, a service
request, when the second protocol function receives the
reconnection request and detects that the first protocol
25 function is In a coverage area.
[0009]
A second aspect of the present invention is summarized
as a mobile station configured to perform communication via a

first connection between the mobile station and a radio base



Effect of the Invention [0010] 20As described above, the present invention can provide a mobile
communication method and a mobile station which are capable of resolving the above-described
defect of the LIE-AS function by defining a specific reconnection procedure performed by the NAS
function of a mobile station. 25 Brief Description of the Drawings [0011] [Fig. 1]Fig. 1 is an overall
configuration diagram of a mobile communication system according to a first embodiment of the
present invention. [Fig. 2]Fig. 2 is a functional block diagram of a mobile station according to the first

embodiment. pf {fye, preRetlWeRtoy Abithetefor iﬁ&ﬁgﬁ?%i%&i%‘ BaNIng aRggfions of the

mobile communication system according to the first embodimen present invention.
and a switching center by use of a first protocol function and

a second protocol function, wherein the first protocol function
Is configured to perform processing corresponding to a first
5 protocol which terminates between the mobile station and the
radio base station; the second protocol function is configured
to perform processing corresponding to a second protocol which
iIs an upper protocol of the first protocol and terminates
between the mobile station and the switching center; the fFirst
10 protocol function is configured to transmit a reconnection
request to the second protocol function, upon detecting that
the first connection is changed to an 1dle state; and the second
protocol function is configured to transmit a service request,
when the second protocol function receives the reconnection
15 request and detects that the fTirst protocol function iIs In a

coverage area.

Effect of the Invention
[0010]

20 As described above, the present invention can provide
a mobile communication method and a mobile station which are
capable of resolving the above-described defect of the LTE-AS
function by defining a specific reconnection procedure
performed by the NAS function of a mobile station.

25
Brief Description of the Drawings
[0011]

[Fig. 1] Fig. 1 1s an overall configuration diagram of

a mobile communication system according to a first embodiment



[Fig. 4]Fig. 4 is a sequence diagram showing operations  of the mobile communication system
according to the first 10 embodiment of the present invention. [Fig. 5]Fig. 5 is a sequence diagram
showing operations of the mobile communication system according to the first embodiment of the
present invention. [Fig. 6]Fig. 6 is a sequence diagram showing operations 15 of the mobile
communication system according to the first embodiment of the present invention. [Fig. 7]Fig. 7 is a
sequence diagram showing operations of the mobile communication system according to the first
embodimeerf p ggéme%%ﬁpi BRst Modes fqr Carrying Out thg Invention [0012]
(Configuration of mobile communication system according to first embodiment of the present
invention) 2pRAiImobg communieatonZigeanfaccotting éd oflist kndlietimantof thenplesést invention
will be described with reference to Fi% 1 to Fig. 6. [0013] )
station according to the™ first embodiment of the present
invention.
5 [Fig. 3] Fig. 3 is a sequence diagram showing operations
of the mobile communication system according to the first
embodiment of the present invention.
[Fig. 4] Fig. 4 is a sequence diagram showing operations
of the mobile communication system according to the first
10 embodiment of the present invention.
[Fig. 5] Fig. 5 is a sequence diagram showing operations
of the mobile communication system according to the first
embodiment of the present invention.
[Fig. 6] Fig. 6 is a sequence diagram showing operations
15 of the mobile communication system according to the first
embodiment of the present invention.
[Fig. 7] Fig. 7 is a sequence diagram showing operations
of the mobile communication system according to the first

embodiment of the present invention.

20
Best Modes for Carrying Out the Invention
[0012]
(Configuration of mobile communication system according to
first embodiment of the present invention)
25 A mobile communication system according to a first

embodiment of the present invention will be described with
reference to Fig. 1 to Fig. 6.
[0013]

As shown In Fig. 1, the mobile communication system



As shown in Fig. 1, the mobile communication system according to this embodiment includes a core
network CN, a switching center SGSN of the UMTS (Universal Mobile Telecommunications System)
scheme, a radio control station RNC of the UMTS scheme, a radio base station NB of the UMTS
scheme, 5 a switching center MME of the LIE scheme, and a radio base station eNB MME of the LIE
scheme. [0014] As shown in Fig. 2, a mobile station UE includes an ESM function, an EMM
function and an LIE-AS function, as functions 10 of the LIE scheme. The mobile station UE includes an

SMISMS fuggligg &5 GYIM 4190 200k WNTAB URGHRI, 82 UAGIOS SIS VMRS sgheme.

[0015] Here, the function a unction are 15 configured to perform processing
correspondsgitbciniA§ praieatk@ firSGawtocodf whitieteriiiieBes (jeminartha ImoMtebdthéon UE and
the radio base station eNB/NB, [0016] Meanwhile, the EMM function and the GMM function are 20
configured tEIEFANTHEERERGND el g TS Ie AT FAES) GRRREsHu SHEESH Wl is an

upper protogg¢l phibeAPLtpealdthe firsiygtecrlbanddeianales Setpreniesnebiestation UE and
the switching center MME/SGSN. [0017] 25Here, the mobile station UE is configured to perform

5 aswitching center MME of the LTE scheme, and a radio base station
eNB MME of the LTE scheme.
[0014]
As shown In Fig. 2, a mobile station UE includes an ESM
function, an EMM function and an LTE-AS function, as functions

10 of the LTE scheme. The mobile station UE includes an SM/SMS
function, a GMM function and an UMTS-AS function, as functions
of the UMTS scheme.

[0015]
Here, the LTE-AS function and the UMTS-AS function are

15 configured to perform processing corresponding to an AS
protocol (a first protocol) which terminates between the mobile
station UE and the radio base station eNB/NB.

[0016]
Meanwhile, the EMM function and the GMM function are

20 configured to perform processing corresponding to a NAS
protocol (a second protocol) which is an upper protocol of the
AS protocol (the first protocol) and terminates between the
mobile station UE and the switching center MME/SGSN.

[0017]

25 Here, the mobile station UE is configured to perform
communication via an RRC connection (a fTirst connection)
between the radio base station eNB/NB and mobile station UE and
via an S1 connection and an lu connection (a second connection)

between the radio base station eNB/NB and the switching center



communication via an RRC connection (a first connection) between the radio base station eNB/NB
and mobile station UE and via an 51 connection and an Tu connection (a second connection) between
the radio base station eNB/NB and the switching center MME/SGSN. [0018] Now, operations
of the mobile communication system according to this embodiment will be described below with 5
reference to Fig. 3 to Fig. 6. [0019] Firstly, an operation (1) to be performed when a reconnection
procedure using the NAS function is normally completed in the mobile communication system
according th@?é@ _bodiment will be described with reference to Fig. 3. [0020] As shown in
Fig. 3, when communication via the RRC connection is performed between the LIE-AS function of the
mobile statipo@ABEnd a radio base station eNB-A in step S1000, 15 the LIE-AS function starts a 1311
timer when a "Radio Link Failure” is detected in the RRC connection in step S1001. [0021] The

LIE-AS function perfdNP¥ cePRELhERGEp ShodPanAaR L& FPHRRMICHIHRRIcINSTED be
performed hielii$i+Ry2 £8!! YIRS tamportitl<i @ RYIPIPase SHien G ® ipdiesxarels of Fig. 3)

is detected before the expiration of the 1311 timer in step S1003, the LIE-AS function transmits an
"RRC Gonneefier Ruestdnisht@gnt Retiaebi@.re@stablishment request)” to the radio base station
eNB-B in stw§é§£4. 25[0022] In step S1005, the radio base station eNB-B transmits an "RRC
Connection blishment Reject (a reestablishment rejection response)" to the LIE-AS function of

the mobile station UEFbpgﬂgg,thg,ﬁadgb@msi@ﬁor(qu—Bodogé n@@iaﬁ@rmed when a
reconnection procedure using the NAS function is normally
completed in the mobile communication system according to this

10 embodiment will be described with reference to Fig. 3.
[0020]

As shown i1n Fig. 3, when communication via the RRC
connection is performed between the LTE-AS function of the
mobile station UE and a radio base station eNB-A in step S1000,

15 the LTE-AS function starts a T311l timer when a ‘““Radio Link
Failure” is detected in the RRC connection in step S1001.
[0021]
The LTE-AS function performs cell search in step S1002.
When a cell in which communication can be performed (which is
20 a cell under the control of a radio base station eNB-B in the
example of Fig. 3) is detected before the expiration of the T311
timer in step S1003, the LTE-AS function transmits an “RRC
Connection Reestablishment Request (a reestablishment
request)” to the radio base station eNB-B in step S1004.
25 [0022]

In step S1005, the radio base station eNB-B transmits
an “RRC Connection Reestablishment Reject (a reestablishment
rejection response)” to the LTE-AS function of the mobile

station UE, because the radio base station eNB-B does not have



"UE Context" of the mobile station UE. [0023] In step 51006, the RRC connection between the
mobile station UE and the radio base station eNB is changed to an idle 5 state without waiting for
expiration of the 1311 timer, because theLIE-ASfunction receivesthe"RRC Connection
Reestablishment Reject(the reestablishment rejection response)”. [0024] 10When there is a cell in
which communication can be performed (i.e., within a coverage area), the LIE-AS function transmits
an in-coverage notification indicating that fact to the EMM function in step S1007, and transmits

"Reconnectr@%uegn({a_ergfan%qm' ereﬂggqti'étosmgﬁ\gp{l {;lgction in step S1008. 15[0025] Upon
. M

receipt of the "Reconnect request(the reconnection request)”, the EMM function starts a "Reconnect

timer (a serfi@@28quest timer)". Note that time to be measured with the "Reconnect timer" may be set

UpﬂwOUQhanewkaﬁ%%&%%tgﬁ&%§9%%¥FRRC connection between the mobile
station UE and the radio base station eNB is changed to an i1dle

5 state without waiting for expiration of the T311 timer, because
the LTE-AS function receives the “RRC Connection
Reestablishment Reject (the reestablishment rejection
response)”.

[0024]

10 When there is a cell in which communication can be
performed (i.e., within a coverage area), the LTE-AS function
transmits an in-coverage notification indicating that fact to
the EMM function in step S1007, and transmits “Reconnect request
(a reconnection request)” to the EMM function in step S1008.

15 [0025]

Upon receipt of the ‘“Reconnect request (the
reconnection request)”, the EMM function starts a “Reconnect
timer (a service request timer)”. Note that time to be measured
with the *““Reconnect timer” may be set up through a network or

20 set to a fixed value.

[0026]

Here, the EMM function detects that the LTE-AS function
IS in the coverage area before expiration of the Reconnect timer
by way of receiving the above-described in-coverage

25 notification. Accordingly, the EMM function transmits a
“Service Request (a service request)” to the LTE-AS function
in step S1009.

[0027]
In step S1010, the LTE-AS function transmits an “RRC



[0026] Here, the EMM function detects that the LIE-AS function is in the coverage area before
expiration of the Reconnect timer by way of receiving the above-described in-coverage 25 notification.
Accordingly, the EMM function transmits a "Service Request (a service request)” to the LIE-AS
function in step S1009. [0027] In step S1010, the LIE-AS function transmits an "RRC Connection
Request (an RRC connection request)” to the radio base station eNB-B controlling the cell in which
communication can be performed, in response to the "Service Request (the service request)". 5[0028]

In step S10 ToNe] J n@MB a | %Efm%ef ion a

connection éétrtﬁg ﬁg%eﬁﬁﬁ%%l ?un tlon]:.ﬁlznH s%%wg%gfﬁiﬁ -A L?nct%%rf#;%résrg@% "RRC
Connectionif2atapstamptetec(fiRG acomectdd satinth&0cehlpiationt)'i endsdiSenide &enorst (a
service request)” to the radio base station eNB-B. [0029] In step S1013, the radio base station

eNB-B tran§fts 8f "BE THiRAMEEMe L tadPRPMS SVt R EentatvNAEan&ERUSSE1 (i he
switching cerip(, YE l‘@%'&%ﬁﬂ 551 Initial UE Context Setup” to the radio base station eNB-B. [0030]

In step S1015, the radio base station eNB-B transmits an "51 Setup Complete" to the switching center
MME. i std®028]

In step S1011, the radio base station eNB-B transmits
an “RRC Connection Setup (an RRC connection setting)” to the
LTE-AS function. In step S1012, the LTE-AS function transmits
an “RRC Connection Setup Complete (RRC connection setting

10 completion)” and a “Service Request (a service request)” to the
radio base station eNB-B.

[0029]

In step S1013, the radio base station eNB-B transmits
an “S1 Initial UE Message” to the switching center MME. In step

15 S1014, the switching center MME returns an “S1 Initial UE
Context Setup” to the radio base station eNB-B.

[0030]

In step S1015, the radio base station eNB-B transmits
an “S1 Setup Complete” to the switching center MME. In step

20 S1016, the switching center MME transmits an “S1 Release” to
the radio base station eNB-A to instruct release of the S1
connection established between the radio base station eNB-A and
the switching center MME.

[0031]

25 In step S1017, the radio base station eNB-A releases
the S1 connection established with the switching center MME,
and then transmits an “S1 Release Complete” indicating that fact
to the switching center MME.

[0032]



20 S1016, the switching center MME transmits an "51 Release" to the radio base station eNB-A to
instruct release of the 51 connection established between the radio base station eNB-A and the
switching center MME. [0031] 25In step S1017, the radio base station eNB-A releases the 51
connection established with the switching center MME, and then transmits an "51 Release Complete”
indicating that fact to the switching center MME. [0032] In step 51018, an outgoing call
procedure is continued, i.e., an authentication procedure, a security procedure, and a call control

procedure are performﬂd%Lﬁg%%?Sr%?gﬁﬁﬁ ﬁ(?(r) §#qulp8gd’iﬁ,gop%?ggﬂtﬁﬁh'adznables 5

communications between adio base station eN as well as between
the LIE-NAS fencticmaad tireeswiidzitd crnparddBHLI0O 330 Seeondlytanmpecaithn ) tare performed
when a 10 reconpection procedure using the NAS function is normally completed in the maobile

communicafiohy bt GAHEBIREAG L emBEGnRE Tt VAR EdHRE SRR PAERINES 8. 4. [0034]

As shown infig. 4, yRisnecQBRUPiazEan viaihe RBGhABERRBACLON is perguned betuqensthe LIE-AS
function of the mobile station UE and a radio base station eNB-A in step S2000, the LIE-AS function

starts & 131dotimenihait i0Mxadie LieRaline 'Lid defsstEd e thieoRROdobhectian kostess2001.
[0035] ZOThsetlélgi_érsl; fe%ﬂ%ngse rsvogiwf %es" B%q{vcvgei%St%ReS%qfllzz—'NAS function and the
switching center MME.
[0033]
Secondly, an operation (2) to be performed when a
10 reconnection procedure using the NAS function is normally
completed in the mobile communication system according to this
embodiment will be described with reference to Fig. 4.
[0034]
As shown in Fig. 4, when communication via the RRC
15 connection i1s performed between the LTE-AS function of the
mobile station UE and a radio base station eNB-A in step S2000,
the LTE-AS function starts a T311 timer when a *“Radio Link
Failure” is detected in the RRC connection in step S2001.
[0035]
20 The LTE-AS function performs cell search in step S2002.
When a cell in which communication can be performed (which is
a cell under the control of a radio base station eNB-A in the
example of Fig. 4) i1s detected before expiration of the T311
timer in step S2003, the LTE-AS function transmits an “RRC
25 Connection Reestablishment Request (a reestablishment
request)” to the radio base station eNB-A in step S2004.
[0036]
In step S2005, the RRC connection between the mobile

station UE and the radio base station eNB i1s changed to the idle

10



When a cell in which communication can be performed (which is a cell under the control of a radio
base station eNB-A in the example of Fig. 4) is detected before expiration of the 1311 timer in step
S2003, the LIE-AS function transmits an "RRC 25 Connection Reestablishment Request(a
reestablishment request)" to the radio base station eNB-A in step S2004. [0036] In step S2005,
the RRC connection between the mobile station UE and the radio base station eNB is changed to the
idle state, because the 1311 timer is expired before the LIE-AS function receives a response to the

"RRC Connegliqn RegsiablismenReayse! (ied peyiablshmpnienussys (R piresige 52007,

the LIE-AS function checks that there are no cell in which munication can be performed (i.e., out of
the coveragbuaret) and treasmitses oul-of-regp@gsaotiticatiothiadicERRT thaC tantée tioEMM
function. Mareover, the LIE-AS function transmits a "Reconnect request 10(the reconnection request)”
to the EMMIBREIGPHISBpPBoBefiRBt LbhG EERE LA FteR e ERYEE R he reconnection
request)”, theyg function starts a "Reconnect timer". 15[0039] Thereatfter, in step S2008, the
LIE-AS function checks that there is a cell in which communication can be performed now (i.e., within
a coverage area now)l ané trepsH8@n, intdte e dde- AStiflaanion Ldticke hetidsiet hieett fabietbethe EMM

are no cell in which communication can be performed (i.e., out
of the coverage area) and transmits an out-of-coverage
notification indicating that fact to the EMM function.
Moreover, the LTE-AS function transmits a “Reconnect request

10  (the reconnection request)” to the EMM function in step S2008.
[0038]

Upon receipt of the *“Reconnect request (the
reconnection request)”, the EMM function starts a “Reconnect
timer”.

15 [0039]

Thereafter, in step S2008, the LTE-AS function checks
that there is a cell in which communication can be performed
now (i.e., within a coverage area now) and transmits an
in-coverage notification which indicates that fact to the EMM

20  function.

Here, the EMM function detects that the LTE-AS function
IS in the coverage area before expiration of the Reconnect timer
by means of receiving the above-described i1n-coverage
notification. Accordingly, the EMM function transmits a

25 ““Service Request (the service request)” to the LTE-AS function
in step S2009.
[0040]
In step S2010, the LTE-AS function transmits an “RRC

Connection Request (an RRC connection request)” to the radio

11



20 function. Here, the EMM function detects that the LIE-AS function is in the coverage area
before expiration of the Reconnect timer by means of receiving the above-described in-coverage
notification. Accordingly, the EMM function transmits a 25 "Service Request (the service request)” to
the LIE-AS function in step S2009. [0040] In step S2010, the LIE-AS function transmits an "RRC
Connection Request (an RRC connection request)” to the radio base station eNB-A controlling the cell
in which communication can be performed, in response to a"Service Request (the service request)".

[0041] 5In radie f ' - i | ' an RRC
connectionsé%%igg "1o tL%ﬁ@%Elﬁ%ﬁBFni@ égggg&t E&\@\@%ﬁ%@&ﬁgﬁ%ﬁﬁ?g# "RRC
ConnectioncZatupeGmunFetentRR G nonesptiois ectiing t@apieiion)Raqdes EE€tite Saquiese(a service
request)” to the 10 radio base station eNB-A. [0042] Here, when the 51 connection is not
established TRMWEE e radio base station eNB-A and the switching center MME, the radio base
station eNB[ﬁér mits an "51 Initial UE Message" 15 to the switching center station MME in step
S2013. The switching center MME returns an "51 Initial UE Context Setup” to the radio base station
eNB-Bin step S2014 IThetefoIz4¥Elstatibe aNBLROrbasaits tat' barseNB-Gohpisnilthe

procedure or a0 e T AQlhe R PR 8551 Ok SEEHD brocaadand Lo Ebrirol
procedure aremesformgit didhenapleseappocatiogndatweepshelAEiDiueeigsaIdse
an “RRC Connection Setup Complete (RRC connection setting
completion)” and a “Service Request (a service request)” to the
10 radio base station eNB-A.
[0042]

Here, when the S1 connection is not established between
the radio base station eNB-A and the switching center MME, the
radio base station eNB-A transmits an “S1 Initial UE Message”

15 to the switching center station MME iIn step S2013. The
switching center MME returns an “S1 Initial UE Context Setup”
to the radio base station eNB-B in step S2014. The radio base
station eNB-A transmits an “S1 Setup Complete” to the switching
center MME in step S2015.

20 [0043]

Thereafter, in step S2016, an outgoing call procedure
Is continued, i.e., an authentication procedure, a security
procedure, and a call control procedure are performed. This
enables communications between the LTE-AS function and the

25 radio base station eNB-A as well as between the LTE-NAS function
and the switching center MME.

[0044]
Thirdly, an operation to be performed when a

reconnection procedure using the NAS function is abnormally
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25 radio base station eNB-A as well as between the LIE-NAS function and the switching center MME.
[0044] Thirdly, an operation to be performed when a reconnection procedure using the NAS
function is abnormally completed in the mobile communication system according to this embodiment
will be described with reference to Fig. 5. [0045] As shown in Fig. 5, when communication via the RRC
5 connection is performed between the LIE-AS function of the mobile station UE and a radio base
station eNB-B in step S3000, the LIE-AS function starts a 1311 timer when a "Radio Link Failure" is
detected '“é%%gf*ectéanﬁcﬂﬂg'ﬁo%%ﬁ é%ﬂ?ﬁ‘@%%ﬁ%h‘&éﬁ. 0P8 PSY R tHRscell search
in step S3002. Since the unction cannot detect the cell in which.communication can be
performed leafbreddx@ration idf théd 3désiomarbe dtep 88002 fibedRiR€ comnEgtian Between the mobile
station UE and the radio base station eNB is changed to the idle 15state in step S3004. [0047] In
step 83005[%41§1l-AS function checks that there are no cell in which communication can be
performed (i.e., out ofsfhe SRYRIROE e AN ransts AR iCYEiFE 24 Aotifisatigpmdicating
that fact to the EMM function. Moreover, the LIE-AS function transmits an "Reconnect request (the
reconn&ctiopargacdtion the Bhévifarotish inestaeS308bg0048HAForfravetx@i tlif Rdwnnect
request(the

mobile station UE and a radio base station eNB-B in step S3000,

the LTE-AS function starts a T311 timer when a ‘“Radio Link

Failure” is detected in the RRC connection in step S3001.

[0046]

10 The LTE-AS function performs the cell search in step
S3002. Since the LTE-AS function cannot detect the cell in
which communication can be performed before expiration of the
T311 timer in step S3003, the RRC connection between the mobile
station UE and the radio base station eNB is changed to the idle

15 state in step S3004.

[0047]

In step S3005, the LTE-AS function checks that there
are no cell in which communication can be performed (i.e., out
of the coverage area) and transmits an out-of-coverage

20 notification indicating that fact to the EMM Tfunction.
Moreover, the LTE-AS function transmits an “Reconnect request
(the reconnection request)” to the EMM function in step S3006.
[0048]

Upon receipt of the ‘“Reconnect request (the

25 reconnection request)”, the EMM function starts a “Reconnect

timer”.

[0049]

Thereafter, since the EMM function cannot detect that

the LTE-AS function is In the coverage area before expiration

13



25 reconnection request)”, the EMM function starts a "Reconnect timer". [0049] Thereafter, since
the EMM function cannot detect that the LIE-AS function is in the coverage area before expiration of
the Reconnect timer, the EMM function does not transmit a "Service Request (the service request)” to
the LIE-AS function in step S3007, even when an in-coverage notification is received from the LIE-AS
function. 5[0050] Fourthly, an operation (3) to be performed when a reconnection procedure
using the NAS function is normally completed in the mobile communication system according to this

embodime i | it nc Rignp. S wp.in Ei hen
communicz:l%?)‘é\éq\:}?a((3 tﬁgéég%%g\# nzt;ﬁggﬁé p%ﬁ%rr%&fkfa%&%ﬁgﬁe ?_?Eé%g pu%cﬁé%%%ﬁ? r\r/%obile
station UE &8t avadie RaspiestiofittleBsAnv btep CAQOOs Lo ABduhTiorASteftana € Bah timer
when a "Radio Link 15 Failure" is detected in the RRC connection in step_S4001. [0052] The
LIE-AS fundifdF beRoithe S¥FINER AL ER SAYEY 208 Qettld SREAM ARidieEsAMRMhication can
be performgg-gha HHRA TEHMIS FeHetliighRadio Access) scheme in 20 step S4003 before expiration
of the 1311 timer. [0053] In this case, in step S4004, the RRC connection between the mobile
stationAJE d@8&Iradio base station eNB is changed to the idle state without transmitting an "RRC

Connection 25 Reestablish t Request (the reestablishment request)” Qy the LJE-AS function and
without waiting for expiPatlo ?fg/the?c@lf .%E?‘.‘?'O” &Iy "B B rFoired “ihen S

reconnection procedure using the NAS function is normally
completed in the mobile communication system according to this
embodiment will be described with reference to Fig. 6.

10 [0051]

As shown in Fig. 6, when communication via the RRC
connection i1s performed between the LTE-AS function of the
mobile station UE and a radio base station eNB-A in step S4000,
the LTE-AS function starts a T311 timer when a “Radio Link

15 Farlure” is detected in the RRC connection In step S4001.
[0052]

The LTE-AS function performs the cell search in step
S4002, and detects a cell iIn which communication can be
performed of a UTRA (UMTS Terrestrial Radio Access) scheme in

20 step S4003 before expiration of the T31l1l timer.
[0053]

In this case, in step S4004, the RRC connection between
the mobile station UE and the radio base station eNB is changed
to the i1dle state without transmitting an “RRC Connection

25 Reestablishment Request (the reestablishment request)” by the
LTE-AS function and without waiting for expiration of the T311
timer.

[0054]
In step S4005, a change 1s made so as to allow the UMTS-AS

14



[0054] In step S4005, a change is made so as to allow the UNITS-AS function to perform the
reconnection procedure instead of the LIE-AS function. [0055] In step S4006, the UNITS-AS function
transmits a 5 "Reconnect request (the reconnection request)" to the GMM function in step S4006. In
step S4007, the UNITS-AS function checks that there is a cell in which communication can be
performed (i.e., within the coverage area) and transmits an in-coverage notification indicating that fact
to the GMM 10 function. [0056] Alternatively, after the RRC connection between the mobile

station UE T‘@E}z@- ?g{“f‘&ga{?&%‘i‘?ﬁ‘ £he Feﬁ}%ﬂ%é&%ﬁe '?186&1"&(%: FRSTGS aRo¥Rdn step

S4004, the nction may transmit a "Reconnectioh request (the reconnection request)” to
the EMM funTaeiB fepddbDodA, and may change RAT in step S4005 (see Fig. 7). In this case, the
EMM functign needs to transmit the "Reconnect request (the reconnection request)” to the GMM

function in EEQB%QI])OG. 20[0057] Upon receipt of the "Reconnect request(the reconnection request)”,

the GMM function staftg a sRgponageidener tiOSMTs-AS function transmits a
5 “Reconnect request (the reconnection request)” to the GMM
function in step S4006. In step S4007, the UMTS-AS function
checks that there is a cell 1In which communication can be
performed (i.e., within the coverage area) and transmits an
in-coverage notification indicating that fact to the GMM

10  function.

[0056]

Alternatively, after the RRC connection between the
mobile station UE and the radio base station eNB is changed to
the i1dle state as described above in step S4004, the LTE-AS

15 function may transmit a “Reconnection request (the reconnection
request)” to the EMM function in step S4004A, and may change
RAT in step S4005 (see Fig-. 7). 1In this case, the EMM function
needs to transmit the “Reconnect request (the reconnection
request)” to the GMM function iIn step S4006.

20 [0057]

Upon receipt of the *“Reconnect request (the
reconnection request)”, the GMM function starts a “Reconnect
timer”.

[0058]

25 Here, the GMM function detects that the UMTS-AS function
IS In the coverage area before expiration of the Reconnect timer
by way of receiving the above-described in-coverage
notification. Accordingly, the GMM function transmits a

“Service Request (a service request)” to the UMTS-AS function
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25Here, the GRM function detects that the UNITS-AS function is in the coverage area before
expiration of the Reconnect timer by way of receiving the above-described in-coverage notification.
Accordingly, the GMM function transmits a "Service Request (a service request)” to the UNITS-AS
function in step 54008. [0059] In step 54009, the UMTS-AS function transmits an "RRC
Connection Request (an RRC connection request)” to the radio 5 base station NB and the radio
control station RNC controlling the cell in which communication can be performed, in response to the
"Service R egrtg?e §3Q6%e_ request)". [0060] In step S4010, the radio control station RNC transmits
10 an "RRC Connection Setup (an RRC connection setting)" to the UMTS-AS function. In step S4011
and step 40I2Q0BEJUMTS-AS function transmits an "RRC Connection Setup Complete (RRC
connection setting completion)” and a "Service Regu st (a service request)” to the radio base station

NB and the radio 15 dJhtrFSBRAPRRC. §066 UM TS-AR SdpdArs thansis torddl sBiton RNC
transmits ag oph BEGE SHE RERR7EGE” @A RRECVTREHISH I HIFeEChIRY CRREET @ Pdl- 20[0062]

Thereatfter, the switching center SGSN transmits an "51 Release" to the switching center MME to
instructthe belsass tdtio s 1IN rardtibhe dtablishezbbdiek rsthatiadiv BASe caationodNB rzend the
switching C%Wgr%wllz"in which communication can be performed, In response
to the “Service Request (the service request)”.
[0060]
In step S4010, the radio control station RNC transmits
10 an “RRC Connection Setup (an RRC connection setting)” to the
UMTS-AS function. 1In step S4011 and step 4012, the UMTS-AS
function transmits an “RRC Connection Setup Complete (RRC
connection setting completion)” and a “Service Request (a
service request)” to the radio base station NB and the radio
15 control station RNC.
[0061]

In step S4013, the radio control station RNC transmits
an “S1 Initial UE Message” and a “Service Request” to the
switching center SGSN.

20 [0062]

Thereafter, the switching center SGSN transmits an “S1l
Release” to the switching center MME to instruct the release
of the S1 connection established between the radio base station
eNB and the switching center MME.

25  [0063]

Here, when the S1 connection is established, the
switching center MME transmits an “S1 Release” to the radio base
station eNB to instruct the release of the S1 connection

established between the radio base station eNB and the switching
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25[0063] Here, when the 51 connection is established, the switching center MME transmits an
"51 Release" to the radio base station eNB to instruct the release of the 51 connection established
between the radio base station eNB and the switching center MME in step 54015. [0064] In step
S4016, the radio base station eNB releases the 51 connection established with the switching center
MME, and 5 then transmits an "51 Release Complete" indicating that fact to the switching center MME.
[0065] In step S4017, an outgoing call procedure is continued, i.e., an authentication procedure,

a security p{:%?{egl#pw@ Ji?l asc%:d:(@&@j]gr_ocedure are performed, after establishment of the
ed lu connection.

above-descri is enables communications between the UNITS-AS function and
both of the [@iGHse station NB and the radio control station RNC, as well as between the

UMTS-NAS function and the switching center SGSN. 15[0066] (Advantageous Effects of mobile
communication systeH'a8&& i st ERbIAMEARAER B rih\‘?@%icﬁﬁ'easeﬁcmmg to the

mobile comaynieAfiasYRIPMERHEAR fITS RSP AAIRe IRk (6 PRSI EORBrMIRR the RRC 20

connection is in the idle state, the EMM function can release the 51 connection that remains without
being cut oftléter tHeaRSD Een@attithliured grs ehE iy daite By krahspaikingghtledrvibadtequest in

r n r i f in- r notification and the R nn r from the LIE-AS 2
fﬁﬁgt?ors]e[go e(]:%HJé Os&vrhetlc (‘ionvg %%% tgtrl‘ 'WII:O. and the Reconnect request from the S 25

[0065]
In step S4017, an outgoing call procedure is continued,
I.e., an authentication procedure, a security procedure, and
10 a call control procedure are performed, after establishment of
the above-described lu connection. This enables
communications between the UMTS-AS function and both of the
radio base station NB and the radio control station RNC, as well
as between the UMTS-NAS function and the switching center SGSN.
15 [0066]
(Advantageous Effects of mobile communication system according
to first embodiment of the present invention)
According to the mobile communication system of the
first embodiment of the present invention, when the RRC
20 connection is in the 1dle state, the EMM function can release
the S1 connection that remains without being cut off after the
RCC connection turns into the idle state by transmitting the
Service Request iIn response to receipt of the iIn-coverage
notification and the Reconnect request from the LTE-AS
25 function.
[0067]
As a result, it is possible to eliminate a trouble that
would be caused when the switching center MME transfers an

incoming signal and the like addressed to the mobile station
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As a result, it is possible to eliminate a trouble that would be caused when the switching center MME
transfers an incoming signal and the like addressed to the mobile station UE to the radio base station
eNB with which the RRC connection is not established. [0068] Moreover, according to the mobile
communication system 5 of the first embodiment of the present invention, the EMM function is
configured not to transmit the Service Request even when the LIE-AS function enters the coverage
area after expiration of the Service Request timer. Thereby, it is possible to avoid useless transmission

of the Servi q : H)}? ificati t rati FQFILEt;h ribed
switching cgr%cgﬁ/lﬁgtﬁg ra ic?J égs%gsfttgﬁgﬁge%g\la?mw Eﬁnmo ﬁ@it%ﬁ U r?l:glﬁ @é%lrﬂgéeﬁmented by
means of haslware, @stiwhiesshediule 15 executed by a processor, or a combination of both. [0070]
The software module may be provided in any type of storage medium such as an RAM (Random

Access Mer[ug%?a flash memory, a ROM (Read Only Memory), an EPROM (Erasable 20

Programmable ROM)ygpddyRiROMJIESFIPRERY ErRsaRIs ANY Erpranieails st ediraister, a

hard disk, a removable disk, or a CD-ROM. [0071] The storage medium is connectedto the processor
so that®5 thd pidresdorrczih reabeddneite ifdrntatndresant! tdttwention, the EMM

function is configured not to transmit the Service Request even

when the LTE-AS function enters the coverage area after

expiration of the Service Request timer. Thereby, i1t is

possible to avoid useless transmission of the Service Request.
10 [0069]

(Modification)

Note that operation of the above described switching
center MME, the radio base station eNB and the mobile station
UE may be implemented by means of hardware, a software module

15 executed by a processor, or a combination of both.
[0070]

The software module may be provided in any type of
storage medium such as an RAM (Random Access Memory), a flash
memory, a ROM (Read Only Memory), an EPROM (Erasable

20 Programmable ROM), an EEPROM (Electronically Erasable and
Programmable ROM), a register, a hard disk, a removable disk,
or a CD-ROM.

[0071]

The storage medium is connected to the processor so that

25 the processor can read and write information from and to the
storage medium. Also, the storage medium may be integrated into
the processor. Also, the storage medium and the processor may
be provided in an ASIC. The ASIC may be provided in the

switching center MME, the radio base station eNB and the mobile
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storage medium. Also, the storage medium may be integrated into the processor. Also, the storage
medium and the processor may be provided in an ASIC. The ASIC may be provided in the switching
center MME, the radio base station eNB and the mobile station UE. Also, the storage medium and the
processor may be provided in the switching center MME, the radio base station eNB and the mobile
station UE as a discrete component. [0072] 5Hereinabove, the present invention has been described
in detail using the above embodiment; however, it is apparent to those skilled in the art that the
present inverligpyis pefdmitaq (e fRadipenk deseibRt At i piicalions,angyapations of the
present invention can be made without 10 departing from the spirit and scope of the prgsent invention
defined by thealesdadtiam otkiee seapechiiciginnenitaus, Wi} itHeserdubcbhesse isfoa tiusirative
purpose, and has no intention whatsoever to limijt the present invention. CLAIMS [Claim 1] A mobile

communicafitR Rt od e WA tr iR b5 paFrofmd EoriRE & cSREIPORRE Frst connection

between thet i station and a radio base station and a second connection between the radio base
station and a switching center by use of a first protocol function and a second protocol function,
wherein 10the first pro@celifiabive petioenprgsesdsingvention has been described

in detail using the above embodiment; however, it Is apparent
to those skilled 1n the art that the present invention is not
limited to the embodiment described herein. Modifications and
variations of the present invention can be made without
10 departing from the spirit and scope of the present invention
defined by the description of the scope of claims. Thus, what
IS described herein is for illustrative purpose, and has no

intention whatsoever to limit the present invention.
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corresponding to a first protocol which terminates between the mobile station and the radio base
station; the second protocol function performs processing corresponding to a second protocol
which is an upper protocol 15 of the first protocol and terminates between the mobile station and the
switching center; and the method comprises the steps of: transmitting, from the first protocol
function to the second protocol function, a reconnection request, when the 20 first protocol function
detects that the first connection is changed to an idle state; and transmitting, at the second
protocol function, a service request, when the s rotocol function receives the reconnection
request and detects that the first protocol 25 function is in a coverage area. [Claim 2] A mobile
station configured to perform communication via a first connection between the mobile station and a
radio base station and a second connection between the radio base station and a switching center by
use of a flrs[w&woljfanctlon and a second protocol function, wherein the first protocol function is

configured (o performSrpipsassieafatiPeaRden iR sy AU EhisETIRE Sedeygen the

mobile station and the radio base station; the second protocol function is configured to perform
processing per&sporslirgptonusécarid protocbhwhici st usesmeEototoh ofaa& fiestrprdtbeol and

terminates betwegn the mobile
tb F r‘Plon and a radio base station and a second connection

between the radio base station and a switching center by use
of a first protocol function and a second protocol function,
wherein
10 the TfTirst protocol function performs processing
corresponding to a first protocol which terminates between the
mobile station and the radio base station;
the second protocol Tfunction performs processing
corresponding to a second protocol which is an upper protocol
15 of the First protocol and terminates between the mobile station
and the switching center; and
the method comprises the steps of:
transmitting, from the first protocol function to the
second protocol function, a reconnection request, when the
20 First protocol function detects that the first connection 1is
changed to an idle state; and
transmitting, at the second protocol function, a
service request, when the second protocol function receives the
reconnection request and detects that the first protocol

25 function is In a coverage area.

[Claim 2]
A mobile station configured to perform communication

via a first connection between the mobile station and a radio
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10 station and the switching center; the first protocol function is configured to transmit a
reconnection request to the second protocol function, upon detecting that the first connection is
change to an idle state; and 15the second protocol function is configured to transmit a service request,
when the second protocol function receives the reconnection request and detects that the first protocol
function is in a coverage area
base station and a second connection between the radio base
station and a switching center by use of a first protocol
function and a second protocol function, wherein
the first protocol function is configured to perform
5 processing corresponding to a first protocol which terminates
between the mobile station and the radio base station;
the second protocol function is configured to perform
processing corresponding to a second protocol which is an upper
protocol of the First protocol and terminates between the mobile
10 station and the switching center;
the first protocol function is configured to transmit
a reconnection request to the second protocol function, upon
detecting that the first connection is change to an idle state;
and
15 the second protocol function is configured to transmit
a service request, when the second protocol function receives
the reconnection request and detects that the first protocol

function Is In a coverage area.

21





