JNTTD -503 DESCRI PTI ON MOBI LE COVMUNI CATI ON METHOD AND RADI O BASE
STATI ON TECHNI CAL FI ELD 5[ 0001] The present inventio@ﬁiﬁ%ﬁ%&ﬁ%
to a nobile comuni cati on nethod and a radi o base station. D
ART 10[0002] In a nobile comuni cation system enpl oying the LTE (Long
Term Evol ution) system which is specified in the 3GPP, a handover
source radi o base station S-eNB is configured to performthe
foll ow ng operation, when determpgagrtpatoq nobile 15 station UE is
to performa handover (X2 handover) froma cell controlled by the
handover sour ¢@RTAG COMMERTSRITOON METERNB roina Rew@lTlo coktrr ghiradony a
handover destination radi o base station
TECHNICAL FIELD
5 [0001]
The present invention relates to a mobile communication

method and a radio base station.

BACKGROUND ART
10 [0002]
In a mobile communication system employing the LTE (Long
Term Evolution) system, which is specified in the 3GPP, a
handover source radio base station $S-eNB is configured to
perform the following operation, when determining that a mobile
15 station UE is to perform a handover (X2 handover) from a cell
controlled by the handover source radio base station S-eNB to
a cell controlled by a handover destination radio base station
T-eNB. Hexre, the handover source radio base station S-eNB
transfers consecutive uplink data (accumulated in a receiving
20 buffer) to a serving gateway apparatus S-GW, by using a U-plane
resource (GTP (GPRS Tunneling Protocol}-U tunnel) allocated
between the handover source radio base station S-eNB and the
serving gateway apparatus S-GW, and also transfers
non-consecutive uplink data (accumulated in the receiving
25 buffer) to the handover destination radio base station T-eNB.
The consecutive uplink data refers to uplink data that are
received by the handover source radio base station S-eNB from
the mobile station UE with their sequence numbers being

consecutive (In-sequence). The non-consecutive uplink data



T-eNB. Here, the handover source radi o base station S-eNB transfers
consecutive uplink data (accumulated in a receiving 20 buff mps&
serving gateway apparatus S-GW by using a U pl ane resource‘ﬁi

(GPRS Tunneling Protocol)-U tunnel) allocated between the handover
source radi o base station S-eNB and the serving gateway appar at us
S-GW and al so transfers non-consecutive uplink data (accunul ated in

the recei vng 23 bUbi ehk d9cd e handaveL-desthnd) kel hadh8vhassource
I t%at

station T-eNB. The consecutive uplink data refers to uplink data

are receinell dpalhesbanderes - amirfen aldeombasee it SreMBthrieihe
nobile station UE with their sequence nunbers being consecutive

(1 n- sequessR)encCRhenngre s iseog inat uphisdcwsaie NTBS08eneflers to
uplink data that are received by the handover source radi o base
station SENBYromthe nobile station UE with their

5 In addition, in the aforementioned mobile communication
system, the handover source radio base station S-eNB is
configured to notify, to the handover destination radic base
station T-eNB, a transfer status of the non-consecutive uplink
data to the handover destination radio base station T-eNB by

10 using a C-plane resource (specifically, to transmit an “SN
Status Transfer” message).
[0004]
Meanwhile, in the aforementioned mobile communication
system, the handover source radio bage station S-eNB may be
15 configured to perform the following operation, when determining
that a mobile station UE is to perform a handover (S1 handover)
from a cell controlled by the handover source radio base station
S-eNB to a cell controlled by a handover destination radio base
station T-eNE. Here, the handover source radio base station
20 S-eNB uses “Indirect Forwarding” to transfer, to the serving
gateway apparatus S-GW, consecutive uplink data (accumulated
in the receiving buffer) received from the mobile station UE
with their sequence numbers being consecutive (In-sequence),
by using a U-plane resource (GTP-U tunnel) allocated between
25 the handover source radio base station 8-eNB and the serving
gateway apparatus S-GW. Meanwhile, the handover source radio
base station S-eNB discards non-consecutive uplink data
(accumulated in the receiving buffer) received from the mobile

station UE with their sequence numbers being not consecutive



sequence nunbers being not consecutive (Qut-sequence). [0003] 5In
addition, in the aforenenti oned nobil e conmmrunication systemy *?ﬁ 503
handover source radio base station S-eNB is configured to n&% %

t he handover destination radi o base station T-eNB, a transfer status
of the non-consecutive uplink data to the handover destination radio
base station T-eNB by 10 using a C plane resource (specifically, to
transm t ?Nﬁ§%§? Transfer nmessage). [0004] Meanwhile, in the
aforenentlone e conmuni cation system the handover source radio
base statjmips eNB may be 15 configured to performthe foll ow ng
operation, when determning that a nobile station UEis to performa
handover (Si hamdmoerrer friom theeblf ocemenslibogdbyndlid ¢h aretoven i couior
radi o base station S-eNB.to a cell controlled by a handover

dest i nat | BfF T 2Wi otl}%sléﬁ%‘i%‘ﬁ%rﬁqu% T3 bAFR HetldovierS R CBRY dof o
base station. 20 B uses "l t. Farwardin Lo t ans to t he
cervi Rg- GHULEG oS AP AT Tt Cods e et S Atk P
in the r 69l iangobii £ &lda d RGEkeds fﬁ@ﬁb&@%rﬁ‘)@'ﬂa%cﬁv@f QBlLiEandover
froma cell controlled by the handover source radio base station
S-eNB to a cell controlled by the handover destination radio
base station T-eNB. Here, the handover source radio base
10 station S-eNB uses "“Direct Forwarding” to transfer, to the
handover destination radio base station T-eNB, consecutive
uplink data (accumulated in the receiving buffer) received from
the mobile station UE with their sequence numbers being
consecutive (In-sequence}, by using a U-plane resource (GTP-U
15 tunnel) allocated between the handover source radio base
station S-eNB and the handover destination radio base station
T-eNB. Meanwhile, the handover source radio base station S-eNB
digcards non-consecutive uplink data {accumulated in the
receiving buffer) received from the mobile station UE with their
20 seqguence numbers being not consecutive (Out-sequence).
[0006]

Further, in the aforementioned mobile communication
gystem, the handover source radio base station S-eNB is
configured to perform the following operation, when determining

25 that the mobile station UE is to perform a handover (81 handover)
from a cell controlled by the handover source radio base station
S5-eNB to a cell controlled by the handover destination radio
base station T-eNB. Here, the handover socurce radio base

station 8-eNB transfers downlink data to the handover



with their sequence nunbers being consecutive (In-sequence), by using
a U-plane resource (GIP-U tunnel) allocated between 25 the Qéﬁﬁ
source radi o base station S-eNB and the serving gateway ap

S-GW Meanwhi l e, the handover source radi o base station S-eNB

di scards non-consecutive uplink data (accumulated in the receiving
buffer) received fromthe nobile station UE with their sequence

b J
nunmper s In trﬁﬁta %ﬁﬁ%tbggefﬁﬁﬁ%~@% %ﬁguﬁgﬁﬁilnk[%]belng

Mor eover, orenentl one conmuni cati on system he

handover &AUNGaK ddice WRSEhSind ipibry eNB ABynbenk @@ﬂél:gatf@pk_récp from
performthe foll owm ng operation, when determ ning that a nobile

stati on UBd seryiper fetewayhapgevetué SE-@dnand evhode dmanseldsion to
controlled by the handover source radi o base station S eNB to a cel

control | éd®pfobidenghabier Wests mat 6AMPAGt6 hYeE Ao b g for

Her e, .t he . handav .SOur Cf e radi.o se 10 station S-eNB uses "Direct
FOI’V\B.?dI ﬁ"’é-"lciho%cﬁéﬁﬁ éjro tro e Eaﬁn‘dover destination radi o base

station T-gNBy consecutive uplink data (accunulated in the receiving
buffer) received fromthe nobile station UE with their sequence

nunbers bei ng coneeeu, i e chlencstaenienal mMpbils Agmaukk Phahen BSBWHTCe
(GTP-U 15 tunnel) allocated between the handover source radi o base
station SmNRvAnd the INthdystenddstdrat soh pradilembiiszt s tvieinon MPbaNB:
Meanwhi | e, the handover source radi o base station S-eNB discards

non- conséﬁ@ﬁ¥ﬂ?|Hﬁ|Eﬂ?§ﬁﬁ%ﬁ(%%c%%u$%P%ﬂv?ﬁ £he ?Bc§ﬂv@ﬁ&dSUPFethe

recel yed LM ne, TRALL & A AN UEa Lokt 3%, 559400 En 0 WIRTS,
bei ng not consé%%?lv Yfﬁﬁ)sequence ? g g
gatewayapparatusS—GWneedstoholdtheUFPlaneresource(GTP—U
tunnel}, because the serving gateway apparatus S-GW (or
handover destination radio base station T-eNB) cannot detect
completion of the transfer of the consecutive uplink data to
15 the serving gateway apparatus S-GW by the handover source radio
base station S-eNB.
[0008]
In addition, there is another problem in the conventional
mobile communication system employing the LTE system. The
20 problemis that, when amobile station UE performs an $1 handover,
the handover destination radioc base station T-eNB cannot
perform seguence control between the downlink data received
from the serving gateway apparatus S-GW and the downlink data
received from the handover source radio base station S-eNB,
25 because the handover destination radio base station T-eNB
cannot detect completion of the transfer of the downlink data
to the handover destination radio base station T-eNB by the

handover source radio base station S-eNB.



Further, in the aforenentioned nobile conmunication system the
handover source radi o base station S-eNB is configured to %ﬁ,@%w
foll ow ng operation, when determ ning 25 that the nobile st

is to performa handover (Si handover) froma cell controlled by the
handover source radi o base station S-eNB to a cell controlled by the
handover desti nati on radi o base station T-eNB. Here, the handover

source rah QMRS BIGY | SehBetfepsfers downlink data to the
handover ~ JNTTD- 503 esff}lfbr'latl on radio base station T-eNB, the

downl i nk ged@ebei ng downl i nk data which are anong the downlink data
received fromthe serving gateway apparatus S GV and whose

transni ssi on t Chcheprobehe dnaentnodE has noeeromplet e yete¢dodnl ik
data for 5 which ACK is not _received). [0007] However, in the
convent i &@r%q@%ﬁﬁﬁpééﬁlﬁon %?@Péﬁcér%fﬂeo?ﬁ ﬁ&et%veﬂ@%‘}éﬁé?ﬁus

h bl bi f
hoceger SrpEdvEdt | Botertle! Rl a i | St PEh LTl g e
cannot kngw oy LANGLTNE SEENE %xgﬁ_tr%v‘@dté‘? %?ﬂ%‘a%u%f@@@',% do-dwl d

the ti-plane resource (GIP-U tunnel) because servi ng gat eway
appar at uscdmEWH{n hﬂﬂd:@iéetrd@l%tﬂe&ablfoﬁhéadbﬁsbaﬁﬁ‘lﬁéalhpDﬁnH' &NB) to

cannot detect conpletion of the transfer of the consecutive uplink
data to the serving gateway apparatus S-GW (or handover destination
radio base station T-eNB) by the handover source radio base
10 station S-eNB, when a mobile station UE performs an X2 handover
and an S1 handover.
[0010]
In addition, the present invention has been made in view
of the aforementioned problems. Another objective of the
15 invention is thus to provide a mobile communication method and
a radio base station whichallows the handover destination radio
base station T-eNB to detect completion of the transfer of the
downlink data to the handover destination radio base station
T-eNB by the handover source radio base station S-eNB, when a
20 mobile station UE performs an S1 handover.
[0011]
A first aspect of the present invention is summarized as
a mopile communication method including: the steps of: (A)
transferring, from a first radio base station to an upper level
25 node, consecutive uplink data received from a mobile station
with their sequence numbers being consecutive, by use of a
resource allocated by the upper level node, when the first radio
base station determines that the mobile station is to perform

a handover froma cell controlled by the first radio base station



15 the serving gateway apparatus S-GW by the handover source radio
base station S-eNB. [0008] In addition, there is ankﬁ\t[ 5
problemin the conventional nobile conmunication system enploying ?%’ue
LI TE system The 20 problemis that, when a nobile station UE
perfornms an S1 handover, the handover destination radi o base station
T-eNB cannot perform sequence control between the downlink data

recei ved {4 om b@qls%ﬁ%:ugpé@%y aPR s =a apdsthe downl -nk&B)
data received fromthe handover Source radi o base station S eNB, 25

because tthearhmndoiaig detdmatheo F irgdl @aldasebakat koAt TofNBo Celéoipper
detect conpletion of the transfer of the downlink data to the
handover ldestl mdentradidbebasempiiation ToghBibpttibs Idatdowiteoutlee
radi o base station S-eNB. JNTTD -503_DI SCLOSURE OF THE | NVENTI ON
[000 9] transtepefpihsSAnasridriieonPhaBk iR MRIBRE MRASIW! BV el Herde

af or egentj oned prolars. Ao i, eeidye b e jvention;Ls fhus &40

provieam) commni catl on e a radl 0 pbase Stdatl on I C

al | ow t hej rReIr o dich P ARVWALRARAH YIS £S W £ P2 ASEREt o 0PRL &l d .20k Ot {-he
transfer of the consecutive uplink data to the serving gateway

appar at usif-iAQN (@atahangey dic)deelicaatiing) aadthebagpest aévoh doddNB)tHy
t he handover source radi o base 10 station S-eNB, when a nobile

stati on URSsarfas mlein rRZeiyidgyeheahvannli sl ¢anpbeeion[moydijication
In addition, the present invention has been made in view of the

af or ement43difed probl ens. Anot her objective of the 15 invention is
thusj_Bo pd%)‘ﬁ;]zfie a nobile communi cation nethod and a radi o base
station Ich-all ows the handover destination radi o base station

T-eNB to det ectrrCORBR! lh N a@bebhect r@f@%?és@f’xﬂﬂ%é’@ﬂ%ﬁﬂ‘iﬂ@h@ $%p
t he handover destination radio base station T-eNB by the handover
source radi)o hheefsitrati padSeaid;e Wittt ioon can transfer, to the second
radio base station, non-consecutive uplink data received from
the mobile station with their sequence numbers being not
15 consecutive; and in the step (B), the first radio base station
can transmit the transfer completion notification data to the
gecond radio base station, after the transfer of the
non-consecutive uplink data to the second radio base station
is completed.
20 [0013]
A second aspect of the present invention is summarized
as a mobile communication method including the steps of: (A)
transferring, from a £first radio base station to a second radio
base station, consecutive uplink data received from a mobile
25 station with their sequence numbers being consecutive, by use
of a resource allocated by the second radio base station, when
the £irst radio base station determines that the mobile station

is to perform a handover from a cell controlled by the first

radio base station to a cell controlled by the second radio base



20 nobile station UE perforns an 51 handover. [0011] A first aspect
of the present invention is sumrmari zed as a nobil e communi cation

nmet hod i ncluding: the steps of: (A) transferring, froma first radio
base station to an upper |evel 25 node, consecutive uplink data
received froma nobile station with their sequence nunbers being

' b f |l .ed b h | ev.el d
whon the 114 StSFhol) bAGE-Geati bROBLUST Mot FRALOURES Rt o &t &E1 bHe
pase st atT o ORI SHE S 6 A AT CeRTall Ca By o CRaRd T adh Baga?

station; 48)et ranRskirbhsfigr &f R4 Renisiecsit ivdiiplhagedst AtdcORhEOsé86nd
upper |l evel node transfer conpletion notification data after the
transfer wididebesrsesuatvenupld nkoupilated, t hehaippgernsdes! nouelstisn
conpl eted, the transfer conpletion notification data indicating the
conpl &t i oPletL ifrt temadater neFlfneng Sl earrvd talinkags: atakien of) the

rel easi ng, at. the upper .l evel nade, q: resource ngnUr %%;vhg aphgn

{ranet er SONBHECTON FotTF ELETBACEATE, CHOLOOTAC L Ve ub ; &nd
{C) releasing, at the second radio base station, the resource,
when receiving the transfer completion notification data.
[0014]

10 In the second aspect of the present invention, in the step
(A), the first radio base station can discard the non-consecutive
uplink data received from the mobile station with their sequence
numbers being not consecutive.

[0015]

15 A third aspect of the present invention is summarized as
a mobile communication method including the steps of: (A)
transferring, from a £irst radio base station to a second radio
base station, the downlink data which are among the downlink data
received from an upper level node and whose transmission to a

20 mobile station is not completed yet, when the first radio base
station determines that the mobile station is to perform a
handover from a cell controlled by the first radio base station
to a cell controlled by the second radio base station; and (B)
performing, at the second radio base station, sequence control

25 between downlink data received from the upper level node and the
downlink data received from the first radio base station by use
of transfer completion notification data, when receiving the
transfer completion notification data.

[ool6]



In the first aspect of the present invention, in the step (A, the
first radi o base station can transfer, to the second radio ?ﬁ@f?_ 03
station, non-consecutive uplink data received fromthe nobiTe s a§|on
with their sequence nunbers being not 15 consecutive; and in the step
(B), the first radio base station can transmt the transfer
conpletion notification data to the second radi o base station, after

the transfer ofrfRe-nNoRi£Q i W& Hﬁéiﬂ%&é’ﬂ@ {rR-drt8 3eCcend fadi Pe
base station is conpleted. 20[ 0013] A second aspect of the present

i nvent i oncdmmtiaet i &re dméshad melinl & wamami Lrad1wde Meh806@ tiefclark noc)
the steps of: (A) transferring, froma first radio base station to a
second r ddfandesE: et ifomm chasésusiveadpd ivdcalatta triseeitvethér oprend
nobile 25 station with their _sequence nunbers bei ng cgonsecutive

b
Use of a TRRGUPEESFTOELPRA Y ERENSEEBPTRIG o Bale L ACPERoNGRIA
the fl'jr Sta%tgeg%g:vrge? a%tsaée!roréﬁfd %th%r o@ﬁﬁ%g}?{géa%%efgggl #ﬁe%f}:'s nra'téicgo

perform a roma c€ll ¢ontro e frrst ' radio” base

stati on tyy d %%lalti%%_néé @Heege%n&l%&f&%@er adi pi base; c%ﬁ@&ia%a,(@le
transmt, fromthe first radio base station to the second radi o base

station, traansfer cesppiétadnnotridtichidson odat adatier itldd dardmsf ertloé
the consecutive uplink data to the second radio base station is
conpl et edcomihes t¥ahstferthwriprans tar hothd i deunomkiadataot i fyi ng the
second raﬂjieoo 7gase station of the conpletion of the transfer of the
consecuti bl i nk data; and (C releasing, at the second radi o base

stat ian’ the rer.ﬁqo%‘éeth%@&%épee%‘i! VBt NG d S ANS 118 ERTRIE LRE mobile
notification data.
communication method can further include the step of: (D)
transmitting, from the first radio base station to the second
radio Dbase station, transmit the transfer completion
notification data received from the upper level node.
15 [0018]
In the third aspect of the present invention, in the step
(A), when receiving no downlink data from the upper level node
for a predetermined period of time, the first radio base station
can transmit the transfer completion notification data to the
20 second radio base station.
[0019]
In the third aspect of the present invention, in the step
(A), when receiving a switch completion notice from the upper
level node, the first radio base station can transmit the
25 transfer completion notification data to the second radio base
station, the switch completion notice notifying that transfer
of downlink data to the second radio base station is started.
[0020]

A fourth aspect of the present invention is summarized



[0014] 10In the second aspect of the present invention, in the step
(A), the first radio base station can discard the non-consecutive
uplink data received fromthe nobile station wth their sequence
nunbers bei ng not consecutive. [0015] 15A third aspect of the present
invention is summari zed as a nobil e conmunication nethod i ncl udi ng
the steps of: (A) transferring, froma first radio base station to a
second radi g hasgoShakd OfhadiRe dawMdity daka Wk 6h & ARG rbPeunit
downl i nk data received froman upper |evel node and whose

transm ssianfigarad 2 apdhdS=rSt abi 0N uppeAdieveanpbddt edoyetcutihenupbienk
first radio base station determnes that the nobile station is to
per f or m addvandeovervdd drrm the (mobdheroidtadnbyitiheHeirssequriiae bugeers
station to a cell controlled by the second radi o base station; and

(B) perfd?erﬁnﬁg‘?oﬁecflﬁé"%e@é’n‘és R4i D HASE { 39?%?Ftesdealﬁétﬁ€eu%ﬁ rerebhs

bet ween lipk.data.recei ved from l. no

domnl?n at a recelve fggEﬁ lneplrs% gBB€%ase gﬁa@.%ﬁ‘%§%ﬁ§ggr
transfer r%@fmkfekl AdmMatddiiicabh O idalsdny MHRN- 4 8LS b LA Gt ohr asf 8511
conpl etion notification data. [0016] JNTTD-503 In the third

aspect ofcdritecpleseby anvaEmfifieeantt kediwbbhee cemauiwicat amd aethadstan
further include the step of: (C) transmtting, fromthe first radio
base st atdwlesienacsetorrt: ioadiadapugessist ponnit wont i ansddEo transmit
conpl etion notlflcatlon dat a, after the transfer of _t he_downli nk

dat s {1 omPHELPF IEPRLHE & BRbATS TR I BN P LR U0 OBRGE rEdPd TRt ter
stathgn i, Cgmseéeefdoft&% bLA0h Rl BOP hd BRLD Q! ERE ALLAD MRk 61 node

i ndi cating % he conpl etion o e downl
[0017] 1Chlsncbm§1é$ucr,d £ 88 PefdnFert BSmPIasRRl nbfVEEe8n dAe @E@Qhk?lng
that the transfer of the consecutive uplink data is completed.
{0021] In the fourth aspect of the present inventicn, the uplink data
transfer unit can be configured to transfer, to the different radio
15 base station, non-consecutive uplink data received from the mobile
station with their sequence numbers being not consecutive, when it
is determined that the mobile station is to perform a handover from
the cell controlled by the radio base station to the cell controlled
by the different radio base station; and the transfer completion
20 notification data transmitter unit can be configured to transmit the
transfer completion notification data to the different radio bhase
station, after the transfer of the non-consecutive uplink data to
the different radic base station is completed, the transfer
completion notification data notifying that the transfer of the
25 non-consecutive uplink data is completed.
[0022] A fifth aspect of the present invention is summarized

as a radio base station including: an uplink data transfer unit

9



conmmruni cation nmethod can further include the step of: (D)
transmtting, fromthe first radio base station to the second radio
base station, transmt the transfer conpletion notification data
recei ved fromthe upper |evel node. 15[0018] In the third
aspect of  the. present inventi.on, in the , rLecei vi

downl i nk %I%]gl&%ro%%t {:1% 56%21?f%%\’/elt%no%ediér%ﬁ&g%eae g?’mbﬁaesf p%’aér]‘-?%t){1 of
tine, thedisgsdut o QIass shaki PB-E8Pe8r BNSHIthd Repinanst&tion with
conpletion notification data to the 20 second radi o base station.

[ 0019] their lsedueeidehhutlbaspasd irof coneprasert, bpvesd icdna tresdinece
step (A), when receiving a switch conpletion notice fromthe upper

| evel nodelladrtddrby radi diddegestattiashi@adpete aasationhe wpsnt rignster

| eti tificati data to th , d di ti , t
Sui LCh COMR DT U RGeS BoPt JF R AHAT LPaHo e AR R P ARV B B 2
E Ee second (£3qi 9, @Ec?lféci‘ﬁoép@hé %a%g_%r h&de slt%g:%.(?:]nbéofao H%&?. Ashecdi fla
e present I Nvention Ts sdnharized as a radio base stafion

i ncl udi ngsy ameugh Epkrdat a-ddanshee YphticAnfdausedrifsteansd@slet Lo@n
upper | evel node, consecutive uplink data received fromthe nobile

station wmdtifimtriceqdenae trenizeris teel nghiconsenfii gueedby custerarismi t
resource allocated by the upper |evel 5 node, when it _is determ ned
that a noBiamsiantqaplieriiqn petfidineg Ueandeter tpr Bheadteferenhtraiied

by th di b stati t |1 t | db diff t i

buse Gy nivase SERRant Afled 1l Cots PO O b B e S NS BT pl s,
o8t altif i e ol § i

Phe uoooridgbEiatpel laleldqid SASECLAOIBL g WAL Lathen Alldrd

data to thengneion aveh riedeibs FiPhetedy i hia-Hd@asbair L0 L bifOihe
notification data notifying that the transfer of the consecutive

upl i nk datensescwiois epddnk] Q824 ]td nhiehdif baréht aspict bafset heapiesers
invention, the uplink data transfer unit can be configured to
transfer,capkefeedi f ferent radio 15 base station, non-consecutive
upl i n[s date r%cei ved fromthe nobile station wth their sequence
nunb&Ps b qabr?g3 not consecutive, when it is determned that the nobile

stationis to Vi o ; l.l.ed t -
radi o base sta?“?{)tﬁﬂ%gfﬁe ce %to%%r%%g%%%%ggﬁ%ﬁgéfgﬁtP%{%c]“l&gl %]ée
station; @nith t herddmet erutidpl@in o0 dwid f416dd oncslata dFans mdrer
unit can be configured to transmt the transfer conpletion

not i f i catnon datsedur e whififdy elattar adiceibasefsbat tha, malbike gthation
transfer of the non-consecutive uplink data to the different radio
base st at¥igi i tdi&ighaquancs Remheits R b mitetIBH B FiTat i on data
noti% ing[ot&%t] the transfer of the 25 non-consecutive uplink data is
conpfet ed:

A sixth aspect of the present invention is summarized as

a radio base station including: a downlink data transfer unit
configured to transfer down link data to a different radio base
station when it is determined that amobile station is toperform

25 a handover from a cell controlled by the radio base station to
a cell controlled by the different ration base station, the
downlink data being downlink data which are among the downlink
data received from an upper level node and whose transmission

to the mobile station is not completed yet; and a transfer

30 completion notification data transmitter unit configured to

10



[0022] Afifth aspect of the present invention is sumarized as a
radi o base station including: an uplink data transfer unit

configured to transfer, to a different radi o base station consecutive
uplink data received fromthe nobile station with their sequence
nunbers bei ng consecutive, by use of a resource allocated by the

di fferenteradi®ithasgnskati-Ahmphend hot $£ Dcslel 8F Matack d hak & fRdidg:
station is to performa handover froma cell controlled by the radio

base st atragiid baaecetdt tontafadredhbyt tdres b f béremdé doattildrfradeta fxrom
station; and a transfer conpletion notification data transmtter unit
confi gur & Fadisnbare sEahspertedipp etliffenestt rrdari basdat@ PR He

different radio 10 base station, after the transfer of .the,

consecut i(?/c?é“g]peﬁ‘??g’ da?get o TREsdie er‘é?l‘{lpf%ﬁjr%n ba§8t§fféf:?gﬁ°ins data
conpl et ed, . 1. s r i not L f.i J t Lyt rna&

t he t?anglfneél%g% eﬁfg%ncse tlgfeérgglfi n éfart%gltétf%% ﬁg %fe]??é#é%%ﬂgaél 0’
base statjgygpdis conpl eted. 15[ 0023] In the fifth aspect of the
present invention, the uplink data transfer unit can be configured to
di scard t he normzconsedwtihvaspet i o et areeeeicvietvdntoimit hehaohidresfer

station with their sequence nunbers being not consecutive. 20[0024] A
si xt h asFEdtP 6Tt ienpt e éRRtiav Sfttitohr RSBLHRAY LPdd & Rercaiic Base

station includi ng:. . a,downlink_data transfer unjt_.configured to

S o 2L R S S N S TR i R R

det er Ai neg: L L 1.8t fo0 ; &1 handoyer.

cel l ig]onﬁgloﬁﬁ}%tcfrgcygtgﬁgbre% |%El§§géb§t'aﬁ%ﬁﬁltoo&gh%£ ﬁkcont r%?lrecf(%;}}ﬁe
di ff er entfycad it@R Qppersiateédmoddedownbirakedat-aibeinge dovnl ohk idat a

whi ch are anong the downlink
[0026]
In the sixth aspect of the present invention, the transfer
completionnotification data transmitter unit can be configured
15 to transmit the transfer completion notification data to the
different radio base station, when a switch completion notice
is received from the upper level node, the switch completion
notice notifying that transfer of downlink data to the different
radio base station is started.
20
BRIEF DESCRIPTION OF THE DRAWINGS
[0027]
[Fig. 1] Fig. 1 ig an overall configuration diagram of a
mobile communication system according to a £first embodiment of
25 the present invention.
[Fig. 2] Fig. 2 is a functional block diagram of a radio hase
station according to the first embodiment of the present
invention.

[Fig. 3] Fig. 3 is a sequence diagram showing an X2 handover

30

11



data received froman upper |evel node and whose transmi ssion to the
nobile station is not conpleted yet; and a transfer 30 conp#g%#gps 3
notification data transmtter unit configured to transmt Angf el
conpletion notification data to the different radi o base station
after the transfer of the downlink data fromthe radi o base station
to the different radio base station is conpleted, the transfer

conpl eti pflcat d : Bl ' [ s
rans er BioThe tom The Aarh ol DONE o L A Pt ese B7°
the presefirstnvaibdé@dimehtect remsierecompl hvonc o] fication data
transmtter unit can be configured to transmt the transfer

conpl et i ofF¥®t i4] cat ifdw-.dak als oat Heagoadi Heescanbingdithieshate sarddosry
when no downlink data is received fromthe upper |evel node for a

pr edet er PTREEHEFE o &t PR L popBIunication PyRsHEm pRCRTALFECEOoF e

t he presept_ invention he#r nsfer conpletion notification data
Lrans Lot Thi SRS G | Gl S TERE LYt he transf er

conpl eti omf%.t idj catigry daf & 4 g he, differems Iadip Nas SIptdPbr a
when a swtch conpletidn notice is received fromthe upper 1evel

node, thensi 1« ey iaid oo Ghisaemeldcopidigdt hat at sanshé@remibodiment
downlink data to the different radio base station is started. 20

BRI EF DESTRItF® QN aFeMHE IDRAWINGS [ 0027] [Fig. 1]Fig. 1 is an overall
confi gur a{ i on diagram.,of a nobi | e comruni cati on system accordi ng

to a firstFefodth mentfi§h 2518 ReSEIERRM FIAgET showing an S1 handover

10 procedure in the mobile communication system according to the
second embodiment of the present invention.

[Fig. 7] Fig. 7 is a diagram showing the S1 handover
procedure in the mobile communication system according to the
second embodiment of the present invention.

15 [Fig. 8] Fig. 8 is a sequence diagram showing an S1 handover
procedure in a mobile communication system according to a third
embodiment of the present invention.

[Fig. 9] Fig. 9 is a diagram describing the S1 handover
procedure in the mobile communication system according to the

20 third embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0028]
(Mobile Communication System According to First Embodiment of
25 Present Invention)
A mobile communication system according to a first
embodiment of the present invention will be described with
reference to Figs. 1 and 2.

[0029]

12



[Fig. 2]Fig. 2 is a functional block diagramof a radio base station
according to the first enbodi ment of the present invention.%ﬁi%gi 3
3]Fig. 3 is a sequence diagram show ng an X2 handover 30 J 03
procedure in the nobile comunication system according to the first
enbodi nent of the present invention. [Fig. 4] Fig. 4 is a diagram
descri bing the X2 handover procedure in the nobile comunication
system according, t enie SmbbishefFDOU Mioiqle { BEmALASEAL 1bAYCR}L O8N
[Fig. 5]Fig. 5 1s an overall configuration diagram of a nobile
conmuni cadnipliowitsd NeaCa® dilkthd Teans @vondtembydsyrabmof st igepr £5 et
invention. [Fig. 6]Fig. 6 is a sequence di agram show ng an S1
handover stmploredar desartibe i | enbodnmantcat i Howeyetre midec gpdesent o
t he second enbodi nent of the, present invention. [Fig. 7]Fig. 7 is a

di agr am sHYEHg Phe 1 naRablierPpRockBur & i FYSFEMoRiETo cati®n
system acgarding 49,10 R§sond erbodiment. of the present invention

[0030]

As shown in Fig. 1, in this embodiment, a description will
be given of an example of a case where a mobile station UE
performs a handover (X2 handover, Inter-eNB handover) from a

10 cell (handover source cell) controlled by a handover source
radio base station (first radio base station) S-eNB to a cell
{(handover destination c¢ell) controlled by a handover
destination radio base station (second radio base station)
T-eNB.

15 [0031]

As shown in Fig. 2, a radio base station eNB according
to the first embodiment includes a handover processor unit 11,
a downlink data receiver unit 123, a downlink data transfer unit
12B, an uplink data receiver unit 13A, an uplink data transfer

20 unit 13B and an End Marker data transmitter unit 14.
[0032]

The handover processor unit 11 is configured to perform
processing relating to a handover (X2 handover or 81 handover,
for example)} of the mobile station UE.

25 [0033]

Specifically, the handover processor unit 11 of the
handover source radio base station S-eNB is configured to
determine on the basis of a measurement report (Measurement

Report message)} received from a mobile station UE connected to

13



15 [Fig. 8]Fig. 8 is a sequence diagramshow ng an S1 handover
procedure in a nobile comuni cation systemaccording to a t %ﬁbﬁ503
enbodi nent of the present invention. [Fig. 9JFig. 9 is a diagr

describing the Si handover procedure in the nobile comunication
system according to the 20 third enbodi nent of the present invention.
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0028] (Mobi l e

Communi cat R HeLED AGCLLLIG [ PLELLS FOdidTRR: Bho 2B PIBSARE tne
ol ?

| nventi on conmmuni cat1on system according to a

enbodi meniof1d Beaaﬁ@ﬁem ik b1 O8riidl hah@oGles Eriches c\é«mfbcsreéﬁ:e_m@
to Figs. 1 and 2. [0029] JNTTD 503 In this enbodi nent, a
nobi | e cdmmunhe ahandogyst enpnenpl opidigp thwesd TE-4tomyg TeeNBErol w ion)l
systemis used as an exanple to describe the enbodi nent. However, the

present iGRAEHGOHEG sb?apﬁhﬁcéﬁr@q‘f@ra doBE LR bt lRr TRARA SSS station

afore%en;%_qﬁ? nobi | e communi cati on system [0030] As shown in
Fig. ' s enbodi nent, a description wll be given of an exanple
of a casey e a nobile station UE perfornms a handover (X2 handover,

I nter- eNB an over) froma
The downlink data receiver unit 12A is configured to

receive downlink data transmitted from a serving gateway
apparatus S-GW {(upper level node}.

10 [0035]

The downlink data transfer unit 12B of the handover source
radio base station S-eNB is configured to transfer downlink data
to the handover destination radio base station T-eNB, the
downlink data being downlink data which are among the downlink

15 data received from the sexrving gateway apparatus S-GW and whose
transmission to the mobile station UE is not completed yet, i.e.,
the downlink data for which no positive delivery acknowledgment
information (ACK) is received from the mobile station UE.
[0036]

20 Here, the downlink data transfer unit 12B of the handover
source radio base station S-eNB may be configured to transfer
downlink data to the handover destination radic base station
T-eNB, the downlink data including not only the downlink data
for which no ACK is received, but also all of the downlink data

25 transmitted after the first downlink data for which no ACK is
received (including downlink data for which ACK is received)
among the downlink data accumulated in a downlink data
transmission buffer (including the downlink data received via

an S1 interface after the start of the handover).

14



10 cell (handover source cell) controlled by a handover source radio
base station (first radio base station) S-eNB to a cell (handover
destination cell) controlled by a handover destination radi- B pERe 03
station (second radi o base station) T-eNB. 15[ 0031] As shown in
Fig. 2, a radio base station eNB according to the first enbodi nment

i ncl udes a handover processor unit 11, a downlink data receiver unit
12A, a do jhk data transfer unit 125, an uplink data receiver unit
13A, an ugﬂi data transfer 20 unit 135 and an End Marker data

transmtter unifheldpl{RR3Rlka recel\}_@ﬁ URAROGDYLR s QLS edBblrdde i

configured to perform processing relating to a handover (X2 handover
or Si hangoMiatk dara examEme)tiofd themabidabiSteatdtart idn 35] 0033]
Specifically, the handover processor unit 11 of the handover source
radi o basE®&tion S-eNB is configured to det erm ne on the basis of a

measur enment repor rt enent ort ness eived_froma
mobi | 8 station X Hgﬁbﬁg t%(Fr%ﬂ#%ﬂﬁlBE% t%gB g@e?aQQﬁY%ﬁ TA G
base st at i form
a handovefraL r%%gggcgwg'{cl%ﬁltso 1\{%30% b%%@ﬁ%eﬁ%agﬁ%gﬁ?%g Cfoé'E 10 as‘}e)é
station SpeENBIK GaCceld t@@n%é@vhﬁg th&nayhgﬁgaygtug%%@a&y Qs fralip
base station 5 T- eNB . [0034] he downl i nk data receiver

unit 12AU%pkanﬂrgaoadcedGﬁRmUVHndemmLwﬁknﬂahahanﬂuynﬁsedrtemmdio

serving %?temay apparatus S-GW (upper |evel node). 10[0035]
The downlhafe @attaa?uqnaﬁsfe@ﬁ daiterr2Best tbﬁé ﬁarn@l@svbe B0k ben @i i Buse

statign S-e onfjqured to transfer to_the handover
Geat Rt B T B TBRAS L TOR STEGNS CAHE Aok PR HaPagRY G Souree
downl i nk Idafgl% %'s(éhsezriﬁiaﬂoggel%ﬁetcg%wleilﬂkcontrolled by the handover
destination radio base station T-eNB. Here, the U-plane
resource is allocated by the serving gateway apparatus S-GW
(upper level node}, and the consecutive uplink data are uplink
15 data which are received from the mobile station UE with their
sequence numbers being consecutive {(In-sequence) (consecutive
uplink data being uplink data which are accumulated in the
receiving buffer with their sequence numbers being consecutive
(In-sequence)) .
20 [0039]

In addition, the uplink data transfer unit 13B of the
handover source radio base station S-eNB is configured to
transfer non-consecutive uplink data to the handover
destination radio base station T-eNB, when the handover source

25 radio base station S-eNB determines that a mobile station UE
is to perform a handover from a cell controlled by the handover
source radio base station S-eNB to a cell controlled by the
handover destination radioc base station T-eNB. Here, the

non-consecutive uplink data are uplink data which are received

15



15 data received fromthe serving gateway apparatus S-GNand whose
transm ssion to the nobile station UE is not conpleted yet, i.e .
the downlink data for which no positive delivery acknow edg‘ﬁ]ﬁ"ﬁTD'SOB
information (Ado ) is received fromthe nobile station UE. [0036]
20Here, the downlink data transfer unit 12B of the handover source
radi o base station S-eNB may be configured to transfer downlink data

Lo, the hangoyer, desyinal a0 sadl edbast, sLaLl en.T:6iF o heplonml Lak.

dat a i ncl udi ng  not onjly ch™'no S

recei ved, nditcghsoc@t | vof (dhe- soynlhak) datdn 20chsansiitd edopiteraihe

first downlink data for which no"ACK is received (including downlink
data for e vACKnksds ee eihed) aastrg e adewh b nnkh el atea ed &d waibaf Behr
in a downlink data transm ssion buffer (including the downlink data
recei ved With an B3R iimt eppaEENERt erNERReX? ar tbeging henfindovergecutive
JNTTD-503, [ 0037 The uplink data receiver unit 13Ais

confi Gur etPto FeELERE Ut i nk data transmitted froma nobile station
UE. [003810(§J61]e uplink data transfer unit 13B of the handover source
radi o base station S-eNB is configured to transfer consecutive uplink

data to the sermid@ndofeRYr AP dtls s5iGReRYuHSE M) & UeBhalgured to
resource (GIP-U tunnel) , when the handover source radi o base station

S- eNB detteoramsmest thad Hambbi| dasbat(itamndE eirs dangllCe tpiend atet B heaciover
froma cell controlled by the handover source radi o base station
S-eNB t 0o @ Lochpe seIvdaadbya t peay atevat e St FHatd e aiect priveler

tati T- eNB. t he \U-pl , i I ted by th Vi

SUatign L0 g dne plene resource L atlocated by, Lhe ceru e
dat i i i fr, h i i E
ot ar o AL 15:d8h8 % by aCscEgoelugd G ey Roshat and

(consecutdote: fid d Nkodaia sbekAagUup tdiaHappatiitel ar@y aeeunadmb Bsk idn
the receiving buffer with their sequence nunbers bei ng consecutive
(I n-sequerc e 210035 dh tGddidormgcutheraiplpIndnldatatd r ansfer unit
13B of the

[0041]

15 In addition, the End Marker data transmitter unit 14 may
be configured to transmit End Marker data to the handover
destination radioc base station T-eNB, after the transfer of the
aforementioned non-consecutive uplink data to the handover
destination radio base station T-eNB ig completed.

20 [0042]

(Operation of Mobile Communication System According to First
Embodiment of Present Invention)

A description will be given of an operation of the mobile
communication system according to the first embodiment of the

25 present invention with reference to Figs. 3 to 4.

[0043]
As shown in Fig. 3, in step 81001, the handover source

radio base station S-eNB determihes on the basis of a

measurement report (“Measurement Report” message) recelved
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handover source radi o base station S-eNB is configured to transfer
non- consecutive uplink data to the handover destination radi o base
station T-eNB, when the handover source 25 radi o base stati B
determ nes that a nobile station UE is to performa handover froma
cell controlled by the handover source radi o base station S-eNB to a
cell controlled by the handover destination radio base station T-eNB.

Here, the non-consecutove upl bk dala are upL Dk JalR MhLGD, BLG oqi o

recei ved rom e noplle statl on elrr sequence

nunmbers Beidg Rk iCRNSEENBI Vige €A +IRANBRGEL £D9P: SANFLG WL £ Y6 dAPtd K
data bei ng uplink data which are accunulated in the receiving buffer

w t h t heig haedueaee (X maerdoveai )Ingronta cengecoth t ¥el bé ity shgquentd)jer
[ 0040] The End Marker data transmitter unit 14 is configured
t o transmQuiEwl Natkerbake satrianiereNdip? @& ignthaadttiratieh Riattde

to the serving gateway apparatus S: after the transfer 10 qof the
af or efent %H%H’%né@é%tlpé 10p i?ﬂgh%%ats@ t REAEEPY| @'%@V\B?g then

cpoa 2 v S 5 SO BL Ol WG S APECE ARSI AR
the conseqid i ¥6pipPsi BKafaba- UE, the command instructing the mobile
station UE to perform the handover.
[0044]

10 In step 81002, the handover source radio base station
S-eNB transfers consecutive uplink data to the serving gateway
apparatus S-GW {upper level node) by use of a U-plane resource
{(GTP-U tunnel) allocated by the sexrving gateway apparatus S-GW.
Here, the consecutive data are the uplink data which are

15 received from the mobile station UE with their sequence numbers
being consecutive (In-sequence) (consecutive uplink data being
uplink data which are accumulated in the receiving buffer with
their sequence numbers being consecutive (In-sequence)).
[0045]

20 In step S1003, the handover source radio base station
S-eNB detects non-consecutive uplink data which are uplink data
received from the mobile station UE with their sequence numbers
being not consecutive (Out-sequence) (non-consecutive uplink
data being a uplink data which are accumulated in the receiving

25 buffer with their sequence numbers being not consecutive
(Out-seqguence) ) .

[00458]

Here, as shown in Fig. 4(a), an assumption is made that

the handover source radio base station S-eNB receives uplink

17



[0041] 15In addition, the End Marker data transmitter unit 14 may be
configured to transmt End Marker data to the handover destination
radi o base station T-eNB , after the transfer of the afore I
non-consecutive uplink data to the handover destination radi o base
station T-eNB is conpl eted. 20[0042] (Operation of Mbbile

Comuni cation System According to First Enbodi ment of Present

I nvention) A description wll be qgiven of ag,operatip,of the, nobi
comuni ca‘%a’fto wslicg} e%qélceéléjredinﬁlén X hZ) fi%rost geﬁboéi fen o‘—flmfihe8 2 rérﬁ

present idfyentdan Mskhheheencend Ok gtu13x 49 the 1§43k data inAshe
shown in Fig. 3, in step 51001, the handover source radi o base

station SeNB-Heiermamhtsr on the basis of a neasurenent report
("Measurenent Report" nessage) received JNITD-503 froma nobile
stati on UP&Ghnected to the handover source radi o base station S-eNB

whet her the nobile station UE is to, performa handover (X2 handaver
froma cell contt &PREICBTEL h’éhﬁa‘fﬂjojtfg? B de T bhe %%%‘ée’é‘?%t?‘ﬂﬂoer

S T8 0 PR 260 et e TENaNea g5t % KO g A,
Coen RSEREL capl % TbhS stat o e gy sttt on
31002, the=irandoweecsaatitree ITratanbase: )St(abnercutive uplink data being

uplink data which are accumulated in the receiving buffer with

10 their sequence numbers being consecutive (In-sequence)).
[0048]

In addition, the uplink data with the sequence numbers
wg# o “g#” and “8” are the non-consecutive uplink data which are
uplink data received from the mobile station UE with their

15 sequence numbers being not consecutive (Out-segquence)
(non-consecutive uplink data being uplink data which are
accumulated in the receiving buffer with their sequence numbers
being not consecutive (Out-sequence)).

[0049]

20 Note that, in the example shown in Fig. 4(a), the uplink
data with the sequence numbers “5” and “6” are received in a
consecutive manner in the radio base station 8-eNB, but the
uplink data are treated as non-consecutive uplink data, because
the uplink data with the sequence number “4” of the handover

25 gource is not received.

[0050]
In step S1004, the handover source radio base station

G-eNB determines that the transfer of the aforementicned

consecutive uplink data to the serving gateway apparatus S-GW

18



S-eNB transfers consecutive uplink data to the serving gateway
apparatus S-GW (upper |evel node) by use of a U plane resource 1%GTP—U
tunnel ) allocated by the serving gateway apparatus S-GWN w93
consecutive data are the uplink data which are 15 recei ved from the
nobile station UE with their sequence nunbers being consecutive

(I n-sequence) (consecutive upI i nk data bei ng uplink data which are

accunul at.ed i h recer ffer t eq n e g
consecuti vecf)]nﬁtlsgauénc %{51'94 FB@HET 6I n cgﬁe k%fotggggt oe éovgl(reﬂg
source radjiQ.pAse Al F-eMB dﬁE%EtStH@”EﬁQ“ﬁ&ﬁ#&iﬂ@a&'&"ﬁc%lﬁi?é@
which are uplink data received fromthe nmobile station UE W th their
sequence guner scieiing BaktetanysapphirdseucOst crequracepmpletion of the
(non-consecutive uplink data being a uplink data which are

accunul attewrrisfamhef ddw danp B biMd aiplhinkh daded + sequence nunbers
bei ng_not_consecutive (Qut-sequence) ) . [0046] Here, as shown
in Fig. 4(>1lan assunption is made that the handover source radi 0

base Sta't" on S—&g%te%cgh\sﬁga‘f gaﬂﬁq%f %gug‘@%-a’r ?ak?r o e

nunber s

accunul ats%%ﬁéﬂeoeeﬂeg d’@é%Heﬁh&ﬁ@oﬁ@%edé’é@%@Hi&@&aéﬁ@ﬂﬂse%iﬁﬁﬂr@
case, the uplink data with the sequence nunbers 0" to "3" are the

consecut ieNp| ankraad e naitaltvar ef upld akodamantecaedatot romddeutive
nobile station UE with their sequence nunbers being consecutive
(I n- sequerdeynf dahs deuthe dagsiaver desblbet hon apidiekbaat & taliilon BreNB

accurrul ated in the recer vin buffer vuth 10 their sequence nunbers
bei n Con(sséj(ﬁ?ﬁ a( ﬁfbo Status Transfer” message} .

i0052]

In the example shown in Fig. 4 (a), the “*SN Status Transfer”
message) indicates that the uplink data with the sequence
numbers “5%, “67 and “87 are transferred to the handover

15 destination radio base station T-eNB.
[0053]

In step S1005B, the handover source radio base station
S-eNB transfers the aforementioned non-consecutive uplink data
to the handover destination radio base station T-eNB.

20 [0054]

Here, when the transfer of the aforementioned
non-consecutive uplink data to the handover destination radio
base station T-eNB is completed, the handover source radio base
station S-eNB transmits End Marker data to the handover

25 destinationradiobase station T-eNB. Here, the BEnd Marker data
notifies, to the handover destination radio base station T-eNB,
the completion of the transfer of the non-consecutive uplink
data.

[0055]
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In addition, the uplink data with the sequence nunbers "5", "6" and
"8" are the non-consecutive uplink data which are uplink data
received fromthe nobile station UE with their 15 sequence HHim&r303
bei ng not consecutive (CQut-sequence) (non-consecutive uplink data
bei ng uplink data which are accunulated in the receiving buffer with
t heir sequence nunbers being not consecutive (CQut-sequence)). [0049]

20No hat, i h in Fig. A < 1h | ipk d i th
t he L:qbeﬁzze h%@ﬁs%é%gpéﬁagggmﬁ}er Ié%é:if\?é[?eldn%g%g%%s%gﬁ i\g;{e@?r%mncﬁllér

in the radiqgdyase station S-eNB, but the uplink data are treated as
non- consecutive uplink data, because the uplink data wth the
sequence udrr "4" of the handover 25 source is not received. [0050]
In step S1004, the handover source radi o base station S-eNB

det er mi nes t hatInt hetep a®do@6 , of théd e hahdormentdegivnabirecraidie dpAsak

data to the servi 2[9 at eway _anparat us S-GW,. JNTTD - 503 is conpl eted,
and t Rus F5HNSH t ‘Eﬁﬁ?’ VKRG ikt a G2 t ORI rif et FhayBapr atde

S-GW Her t he End Mar kK t notﬁ]fie t,0 the serving gateway
appar at usa%ﬁﬁerf eonceoc{rrp‘legé\{i on of t rearfsrsfaianrsf er ot he consecutive
upl i nk daggys-hl 0051] In step S1005A, the handover source
radi o base station S-eNB notifies, to the handover destination radio
base station T-reNB,steed r aswsf®T, st ohas abbibhe akaserdent i ared performs
non- consecutive uplink data to the handover destination radio base
st ati on TedNBukd(isisEc] icoaitingl ofatbei vplank" GALSt an rcqeudaies "with
message) . [.0052] : ) , ,

1 positive delivery acknowledgment information (ACK) received
from the handover source radio base station S-eNB and the “SN
Status Transfer” message notified by the handover destination
radio base station T-eNB.

[0058]

15 For example, as shown in Fig. 4(b), when receiving the
delivery acknowledgment information (ACK) for the uplink data
with the sequence numbers “07 to *27, "5 and “8”, and then
receliving the “SN Status Transfer” message indicating the
transfer status of the uplink data shown in Fig. 4(a), the mobile

20 station UE retransmits only the uplink data with the sequence
numbers %47 and “77 as shown in Fig. 4 {(c).

[0059]
(Effects and Advantages of Mobile Communication System
According to First Embodiment of Present Invention)

25 With the mobile communication system according to the
first embodiment of the present invention, when a mobile station
UE performs an X2 handover, the serving gateway apparatus S-GW

can detect completion of transfer of consecutive uplink data

to the serving gateway apparatus S-GW by the handover source

20



In the exanple showmn in Fig. 4 (a) , the "SN Status Transfer™
message) indicates that the uplink data with the sequence nunbers
"5", "6" and "8" are transferred to the handover 15 desti n&tor rdd o
base station T-eNB. [0053] In step S1005B, the handover
source radi o base station S-eNB transfers the aforenentioned

non- consecutive uplink data to the handover destination radi o base

station -I}_Ea%l\i% bza.OJeoos%la]tio .S-eN'ﬁerb%‘ (e, & E.%c{ 'F%%{feq:r cﬂ\fta:[.he
af or ementi°oned ToN- Consecut ive upl*nk "data to the handover
destinatigpdn@di o base station T-eNB is conpl eted, the handover
source radi o base station S-eNB transmts End Marker data to the
handover @uddsd coahlinicaalon daseemshatbetihgets SeckdereEmbaeitent of
Mar ker data notifies, to the handover destination radi o base station
T-eNB, tHresem dniventdforhe transfer of the non-consecutive uplink
data. [0055] JNITD 503 |, ,_Here, step 51005B may be perfarned
beforg step S1B04e5CYSPFASR “dd56F 91V€% of 1 S ungtion

nandover sTLAAANR Pate bkl adoelE ol Libesl e,
In step SLQQY, rLhergRbe! & Stathen WE pebagHs 7 etransntgsi e 1Ry
of the uplink data in accordance with
description of the mobile communication system according to the
second embodiment, the mobile communication system will be
10 described focusingondifferences from the mobile communication
system according to the first embodiment described above.
[0061]
As shown in Fig. 5, in this embodiment, a description will
be given of an example focusing on downlink data of a case where
15 a mobile station UE performs a handover (51 handover, Inter-eNB
handover) from a cell (handover source cell) controlled by a
handover source radio base station (first radio base station)
S-eNB to a cell (handover destination cell) controlled by a
handover destination radio base station (second radio base
20 station) T-eNB.
[0062]
In this embodiment, the End Marker data transmitter unit
14 of the handover source radio base station S-eNB is configured
to perform the following operation, in a case where an “Indirect
25 Forwarding” method is used. Here, the End Marker data
transmitter unit 14 transmits End Marker data (transfer
completion notification data) to a handover source serving

gateway apparatus S-S-GW, after transfer of downlink data from

the handover source radio base station 8-eNB to the handover
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10 positive delivery acknow edgnent information (ACK) received from
t he handover source radi o base station S-eNB and the "SN St at us
Transfer" message notified by the handover destination radi B pEe 03
station T-eNB. [0058] 15For exanmple, as shown in Fig. 4(b), when
receiving the delivery acknow edgnment information (ACK) for the

uplink data with the sequence nunbers "0" to 2", "5" and "8", and
then recejyv t 'S t r f e ti

transfer d “J’ %‘sa'%T hgaégp |#% %a?;éas ovvn |n th%?h§ﬂ }{]‘%C?OV%
station %Jleéé RSPt HigoNhY tEhgyu pé;% -Iél dv\hea.%%q uaneaﬂwt@f s
"4" and "7" as shown in Fig. 4(C) 059] (Effects and Advant ages of

Mobi | e Cotemtnirceticn Systemy Agavedangappalkarat Bvisodiment afmpXeissmnt
I nvention) 25 Wth the nobile comuni cation system according to the
first entdtRlisenthef Enﬁewﬁgﬁéc%ntdatrwmqiwt%eﬁha geppletieat iadn e

perfornms an X2 hand v rfiqe lserk\:/l gat eway apparatus S-GWVcan
detec? cdrptEtish VB gt ‘Cutl ve uplink data to the
serving g y apparat us S-GW by the handover source JNTTD 503

radi o base stdtion S-eNB by use of End Marker data. [0060] (Mobile

Communi cati on Systeifsesrdind keg Iecond- Erhedicrantk cBresfit 14 of
I nvention) 5A description will be given of a nobile conmunication

syst em acday thamgicve ra ssecordradbodbaents teft itidre Speti®eht cowvEidioad wid h
reference to Figs. 5 through 7. In the follow ng description of the
nmobi | e cAaRtffatieh E@%%@m%c@iaamgl% t hB 3e€ore efsed wentDixgrt

nobi | e canmmuni cation s w O described focusjn
i T1 EPendbe oo REERPE cofmitfecht | ohSEfst eniaodbihi NGERert Hata
first emyadjfmntdescphbed above QA8 Ena marker data (transfer
completionnotificationdata) to the handover destination radio
base station T-eNB, after transfer of downlink data to the
handover destination radio base station T-eNB not through the
15 handover source serving gateway apparatus S-S-GW and the
handover desgtination serving gateway apparatus T-S-GW is
completed by the handover source radio base station S-eNB. Here,
the End Marker data indicates the completion of the transfer
of the downlink data.
20 [0064]

Specifically, the End Marker data transmitter unit 14 of
the handover source radio base station $-eNB may be configured
to transmit End Marker data to the handover destination radio
base station T-eNB oxr the handover source serving gateway

25 apparatus S-S-GW, when no downlink data is received from the
handover source serving gateway apparatus S-S-GW for a
predetermined period of time.

[0065]

In addition, the End Marker data transmitter unit 14 of
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As shown in Fig. 5 in this enbodinent, a description will be given
of an exanpl e focusing on downlink data of a case where 15 a nDblle
station UE perforns a handover (51 handover, Inter-eNB hand@ﬂgﬁ

a cell (handover source cell) controlled by a handover source radlo
base station (first radio base station) S-eNB to a cell (handover
destination cell) controlled by a handover destination radio base

tati nd di b 20 0
Srbodr Mo PARaEAE s BREfe 5 S badl) o2 06y o Ml hat ok Wehei aurea

source VQQB%x%%%%l%l@hﬁoﬁa§k§%Eﬁé§aQRﬁEh&UﬁQHdEOeQGﬁéQEﬂﬁé@fbn radio
foll ow ng operation, in a case where an "Indirect 25 Forwardi ng"

met hod | disedstddeten trhenBndrViitkerhaadavérapsnirttenainvingldgateway
transmts End Marker data (transfer conpletion notification data) to
a handoverpmortos SelfviGhiy gheawaswigpdr svnplstdopnosficer (& rfsfeasof
downl ink data fromthe handover source radi 0o base SSaIIOH S- eNB

t he hénd&%?ourﬂ@fT‘ngﬁégﬁéﬁ FRaSloPradT oF PESSSSIEE olr?feéﬁBVFﬁr%iﬂj‘h

the handoygr  3QULe :{é’é Qgcc%%hg‘é’a%/ Wﬁ?a@%é%% f‘e§e9@{ %{ég EEQQOV

dest i nat i%on serV|ng gat eway appar is co d.

End Mar ke datia ddadi et s Cumiati oneofcidte transter of downl:.nk
data to the handover destination radio base station T-eNB is
started.

10 [0066]

In addition, when End Marker data is received from the
handover source serving gateway apparatus S-S-GW (upper level
node), the End Marker data transmitter unit 14 of the handover
source radio base station S-eNB may be configured to transmit

15 the received End Marker data to the handover destination radio
base station T-eNB or the handover source serving gateway
apparatus S-5-GW.

[0067]

For example, when performing “Path Switch” from the

20 handover source radio base station S$S-eNB to the handover
destination radio base station T-eNB, the handover source
serving gateway apparatus S-5-GW (upper level node) may be
configured to transmit the above End Marker data to the handover
source radio base station S-eNB.

25 [0068]

Note that, the functions of the handover source serving
gateway apparatus S-S-GW may be implemented in the handover
source radio base station 8-eNB, and also, the functions of the

handover destination serving gateway apparatus T-S-GW may be
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5 transfer of the downlink data. [0063] In addition, the End
Marker data transmitter unit 14 of the handover source radi o _base
station S-eNB is configured to performthe foll ow ng operat‘W)-nrl,"DT%O%
case where a "Direct 10 Forwardi ng" nethod is used. Here, the End
Marker data transmtter unit 14 transmts End Marker data (transfer
conpletion notification data) to the handover destination radi o base
station T-e afte fra fe of. d n a ve
destinati orPI\iB aenteb%se S |:£)1nmfloe%vémnotsi%tl F%‘E%ué’rt‘? t%l?ﬁfs dé;edo%/%é}tlon
source sefVig, gat eway appar atus S-S-GWand the handover destination
serving gateway apparatus T-S-GWis conpl eted by the handover source
radi o baspp@dsti on S-eNB . Here, the End Marker data indicates the
conpl etion of the transfer of the downlink data. 20[ 0064]
Specifically, txtEngd fapreipdara 1¥bhde oigenupf tammp@ﬁratth@nhqﬁdziWr
source radio, base station.S-eNB may be conflagure to tra smt

Mar keP ddiP1YE CRETHARGE P RET FHREGHP I Hd% ™ SE&aPre

t he handa 0 V. S en no
downl i nk %’gttﬁe géxfeg%%ﬁ/e% omch)qu d%e\?]géraf sour ce selc%j\ll négl:]mgat eway
appar at us;gpypGW for a predeterm ned period of tinme. [0065] In
addition, the End Marker data transmtter unit 14 of JNTTD 503 the
handover sources athicwrbase Fitjat 6onis- shiBpnmayobe, cond | lguddvéd source
transmt End Marker data to the handover destination radi o base
stati on TE&NB obasie ﬂéﬁamér %@N%e%@ﬁﬂgﬂe@at @Waytf@p&a@tlﬁs of =a

S-S-GW when a switch co et| on noti ce "Rel ease Resqur ce"

messafe iHAHE FEHantoRe tpr( olEAGHEFTPE r&?é’o\?éd f“ﬁﬁﬁaag andeiRtved

source AN ity UBelpdacly e R ol il

desti nat igdkd 2@ i1Rase- skt He£NBd Fobtiakt %ati%m% to perform

a handover over (S1 handover) from a cell controlled by the
handover source radio base station S-eNB to a cell controlled
15 the handover destination radio base station T-eNB. Then, the
handover source radio base station S-eNB transmits a handover
command (“Handover Command” message) to the mobile station UE,
the command instructing the mobile station UE to perform the
handover.
20 [0071]
In step S2002, the handover source radic base station
S-eNB transmits downlink data to the handover destination radio
base station T-eNB, the downlink data being downlink data which
are among the downlink data received from the handover source
25 serving gateway apparatus S-S-GW and whose transmission to the
mobile station UE is not completed yet, specifically, all of
the downlink data transmitted after the first downlink data for
which no positive delivery acknowledgment information (ACK) is

received from the mobile station UE.
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In addition, when End Marker data is received fromthe handover
source serving gateway apparatus S-S-GW (upper |evel node),_the End
Marker data transmitter unit 14 of the handover source radiOVbEder 03
station S-eNB nay be configured to transmt 15 the received End

Mar ker data to the handover destination radi o base station T-eNB or

t he handover source serving gateway apparatus S-S-GW [0067] For
exanpl e, @ﬂfﬂaperforning "Path Switch" fromthe 20 handover source
radi o bas stgtion S-eNB to the handover destination radi o base
station T-eNB, 4@ handovesssamisse S8l ivig 1@k vy wARPBAREY Usie Snoa QM
(upper |evel node) may be configured to transmt the above End Marker
data to tdmdandeyékmnsowete sbatice ageosbakkeoat St edB. S26fB0GBinsfexrs
Note that, the functions of the handover source serving gateway

appar at ussl® sforarentieriahCeovedtied dateheéohbhtobendgver céesaitiat bere
station S-eNB, and al so, the functions of the hgg%gver destination

servi Ag JREVMAYER SR T SRl B9S2 63V P hsreme it ¥ Y g
t he handag ' [ radi,0 tat i - eNB ; -
Next, o QECEe! RRatRe 85 PeR 00 U bRl aes PR Lop serving
communi cafd {8y ShspuRe€Qs dimg oy .t herseeondh firbpdbpenteref thedirect
present invention wth reference to Fig. 6. [0070] As shown in
Fig. 6, irorstapiSRO0netled handaowed, sahnecaangidive rbaseirsieatiaoil - leddBe

determ nes on the basis of a
station S-elNB transfers the aforementioned downlink data to the

10 handover destination radio base station T-eNB through the
handover source sgerving gateway apparatus S-S-GW and the
handover destination serving gateway apparatus T-S-GW.
[0073]

In the example shown in Fig. 7, since the handover source

15 radio base station S-eNB has not received positive delivery
acknowledgment information (ACK) for the downlink data with the
sequence number “37, the handover source radio base station
S-eNB transfers all of the downlink data with the sequence
numbers “3” to “10” to the handover destination radio base

20 station T-eNB.

[0074]

In step 82003, the handover source radico base station
S-eNB detects that the transfer of the downlink data from the
handover source radio base station S-eNB to the handover

25 destination radioc base station T-eNB is completed. Then, the
handover scurce radio base station S-eNB transmits End Marker
data to the handover destination radio base station T-eNB in
step S2004.

[0075]
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10 neasurenent report ("Measurenent Report"” nessage) received froma
nobil e station UE connected to the handover source radi o base station
S-eNB whether the nobile station UE is to performa handover over (51
handover) froma cell controlled by the handover source radi o base
station S-eNB to a cell controlled 15 the handover destination radio
base station T-eNB. Then, the handover source radi o base station
S-eNB transmts a handover command ("Handover Command" nessage) to
the nobile station UE, the command instructing the nobile station UE
to performthe handover. 20[0071] In step 52002, the handover

source radi o base ti_on_ S-eNB ansm t [ ] d t
handover desti nat iwg%ﬁré: F%gﬁlaye %I{eat ?rg&h ﬁr@% ?%’dg{vﬁ i ﬁf(ﬁ grteg
bei ng downl i aksdataa ivhirehiabesarpagidrhe-«®ywd i fokmdakgueesetyedofir om

t he handover source 25 seryin at eway .a ratus S-S- GW.and. whose
transni ssi onPED e D EIRE. SUREROR AHECAEohar ROl SPREF yrSL 1ode

speci fical | yanakhe @bwhhenxdownl idtdeidad arbr ansmitteda@fd Bisd beadiionst
downl i nk data for which no positive delivery acknow edgment

i nformati &n PACKS® i°§ P dinfelr¥iednfiete nobile station UE. JNTTD-503

[ 0072] ob®die, in a case where the "Direct Forwarding” method is
used, the handover source radi o base station S-eNB transfers the

af orenenti oned dowmrk¢nkhddira Yar keheddtanckay be destiatat§ smabsnmigdied base

station T-eNB nat through the handover squrce servi tev
apparatus o & GIahd e haRaEvor Huat] SaLre SEPLF LDt vy
apparatus T-$%@N] In a case where the "Indirect Forwarding" nethod is

used, the_handover source radjio base station S-eNB transfers the

af or ementfoned doWAFT niSdAPE t PRBEUAT Ard AU oS “BedTTHEL BT ddfo

base stationsdceMBehBsOUGht Be MRNPEVEINSOHT &R 1981 VNG gabewsyle
apparatus S-S-GWand the handover destination serving gateway

appar at us T- SE@ACT BB RBFIPRTY He ekatprey¥hohhe ifnApPgeT Bessitce ofhe
handover Souzgg-olgagécytgt 356 -hRlih oy -e@lc\'%oagﬁeppén LeG8Iued. PQgi i ve
del i very acknow e gnentinformati on(ACK) for the downli nkdat awi t ht he
sequence nunBbewnlidk ditve tharidovendseyr destriadr bobasdigtiasikont S-i@NB

transfers all _of; the, downlipl data wih the seauence, numbers, 3. to
10" to the Randover Hedtl Al oRVad 6°Das&230 SPat B T-eNE’ '16074]
of End Marker data. 1In addition, the handover source serving
gateway apparatus $-5-GW can detect completion of transfer of
downilink data from the handover scurce radio base station S5-eNB
£o the handover source serving gateway apparatus 5-S-GW by End
20 Marker data.
[0078]
(Mobile Communication System According to Third Embodiment of
Present Invention)
A description will be given of a mobile communicaticn
25 system according to a third embodiment of the present invention
with reference to Figs. 5, 8 and 9. Inthe followingdescriptiocon
of the mobile communication system according to the third

embodiment, the mobile communication system will be described

focusing on differences from the mobile communication system
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In step 52003, the handover source radi o base station S-eNB detects
that the transfer of the downlink data fromthe handover source radio
base station S-eNB to the handover 25 destination radi o basB St
T-eNB i s conpl eted. Then, the handover source radi o base station
S-eNB transmts End Marker data to the handover destination radio
base station T-eNB in step 52004. [0075] When receiving the

End Mar keal.’CCdOalIC?i’n ! h:eo ht%d ie rS tdeesrr'{]:i% nc?frr'a C%ll]cl’ afflel OCbra eeds ta%oivoen. T-eNB
per f or s Seqguenc CONtTol between the downlTHk data recelved from the
upper | evglgnpde

andt hedownl | nkdat ar ecei vedfront hefirstradi obasestation 5 by use of

t he End Marker raghRowhQ@VBlg. 5, in dieieembb@imadt Var descdapaionyba 1
one that is transmtted by the handover source serving gateway

appar at usesgsvew of 007 Axarmiia Foche imabPh eurbhmn dal® ilonasyasemhere
according to the second enbodi pent of th&o‘}f)r esent_invention, when _the

mobi | 8 stRFPBALEES R HE BRF SATHR AdBYRIOV #hid SHahapder e st 1RR 19IF
radi o base, o afd.gn ek GNE %%Eldgégﬁﬁﬁggg%&t&g@oc(?%lif ascfﬁ‘?%oﬂef% By &g

downl i nk ‘data to 't he handover ion radi ase ation

by the hapdpurersQuiceel 2890888 Htalt i0h IraMBtbyaH$6 194 s&nd: dardepr

data. In addition, the handover source serving gateway apparatus
S-S-GW canralet est ac argillet (lemdafveyr asftemanficdowd iink ctatta-dirlem the a
handover source radi o base station S-eNB to the handover source
servi ng g@rEleempiRg st s WLy Page20tphirer (ggcend] gErgle base
(Mobi | e Conmmuni cati on_System According to Third Enbodi nent of Present
| nveh?i orﬁtaﬁ% crrq';ﬁl\f%n will be given of a nobile communication

[0080]

In this embodiment, the uplink data transfer unit 13B of
the handover source radio base station S-eNB is configured to
discard uplink data received from a mobile station UE whose

15 sequence numbers are not consecutive (uplink data accumulated
in the receiving buffer whose sequence numbers are not
consecutive) .

[(0081]

Here, a description will be given of an operation of the

20 mobile communication system according to the third embodiment
of the present invention with reference to Figs. 8 and 9.
[0082]

Ag shown in Fig. 8, in step S3001, the handover source
radio base station S-eNB determines on the basis of a

25 measurement report (“Measurement Repoxrt” message) received
from a mobile station UE connected to the handover source radio
base station S-eNB whether the mobile station UE is to perfoxrm
2 handover (81 handover) from a cell controlled by the handover

source radio base station $-eNB to a cell controlled by the
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25 system according to a third enbodi ment of the present invention
with reference to Figs. 5,8 and 9. In the follow ng descrigﬁ&ﬁﬂ%p 03
the nobil e comuni cation system according to the third enb t

t he nobil e comruni cation systemw || be described focusing on

di fferences fromthe nobile conmmunication system JNITD- 503 according
to the first enbodi nent descri bed above. [0079] As shown in

st LTI AL of S50 1100 AL, 0 9ung o s

performs hfandoy oSk Randeveise lata N -kapdevanknhtan anGeldver

(handover source cell) controlled by a handover source radi o base
station (dommstnd ddHanbasersCatmang” SeNBided docetd mdrdidoweation UE,
destination cell) controlled by a handover destination radi o base
station (e sRanERd ¢ HdsaIcte- st &icoMPLTLIENBEaf8eBOPE to perferm Hike
enbod%neg%hgihe uplink data transfer unit 13B of the handover source
radi o°ba AfSon S-eNB is configured to discard uplink data

recei ved J@m@ nobi |l e station UE whose 15 sequence nunbers are not
consecuti ve (uplink data accumul ated in the receiving buffer whose

sequence nunbers dFRN3@ANSaUHH idoddd08&durce radio base station
S-eNB transfers consecutive uplink data to the serving gateway
apparatus S-GW (upper level node) by use of a U-plane resource
10 (GTP-U tunnel) allocated by the serving gateway apparatus S-GW.
Here, the consecutive uplink data are uplink data received from
the mobile station UE with their sequence numbers being
consecutive (In-sequence) (consecutive uplink data being
uplink data which are accumulated in the receiving buffer with
15 their sequence number being consecutive (In-seguence)).
[0084]
In step S3003A, the handover source radio base station
S-eNB discards non-consecutive uplink data  without
transferring the non-consecutive uplink data to the handover
20 destination radio base station T-eNB. Here, the
non-consecutive uplink data are uplink data which are received
from the mobile station UE with their sequence numbers being
not consecutive (Out-seguence) (non-consecutive uplink data
being uplink data which are accumulated in the receiving buffer
25 with their sequence numbers being not  consecutive
(Cut-sequence) ).
[0085]
Here, as shown in Fig. 9{(a), suppose that the handover

source radio base station S-eNB receives the uplink data with
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Here, a description will be given of an operation of the 20 nobile
comuni cation system according to the third enbodi nent of the present
I nvention with reference to Figs. 8 and 9. [0082] As shown in Fig. 8,
in step S3001, the handover source radi o base station S-eNB

determ nes on the basis of a 25 neasurenent report ("Measurenent

Report " n‘é%%égel)lan@@emwaew SR aEPOBIl " Bt atBE A "SEnireet &der ol ke
Ue1s Co SERT S0 Gk artih pic i A ot Fraom 4 %Fﬁrqoﬁh{e?%%%#%g
the hand t ; -

e han 0%‘%‘5 %Phan rt?l‘i'socQéée ShA O dosléaxg@c;ﬁc% %ShloCBQﬁ%?é{T%%n@{

the JNTT over destrnhation ra ase station T-

t he handoyesns auir & Fadichebape i skaison wr eNBHd adsilehsecaniapgeyers
command (" Handover Command” nessage) to the nobile station UE, the

commuaird i We't ramd i WY £ hehholbi dee shan + onddet ol perdpt imk hdasa handover .
[ 0083] [0086]

In step 83003B, the handover source radio base station
S-eNB determines that the transfer of the aforementioned
consecutive uplink data to the serving gateway apparatus S-GW

10 is completed, and then transmits End Marker data to the handover
source serving gateway apparatus S-S-GW. Here, the End Marker
notifies, to the handover source sexrving gateway apparatus
S-8-GW, the completion of the transfer of the consecutive uplink
data.

15 [0087]

Here, the handover source radio base station S-eNB does
not transmit the aforementioned “SN Status Transfer” message
to the handover destination radio base station T-eNB.

[0088]

20 Accordingly, the handover destination radio base station
T-eNB does not notify the mobile station UE of the
aforementioned “SN Status Transfer” message either.

[0089]

For this reason, in step S3006, the mobile station UE

25 performs retransmission control of the uplink data in
accordance with only positive delivery acknowledgment
information (ACK) received from the handover source radio base
station S-eNB.

[009%0]

30 For example, as shown in Fig. 9 (b}, when the mobile station
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In step S3002, the handover source radi o base station S-eNB transfers
consecutive uplink data to the serving gateway apparatus S- ?Hpggg

| evel node) by use of a ti-plane resource 10 (GIP-U tunnel ) arffToca

by the serving gateway apparatus S-GWN Here, the consecutive uplink
data are uplink data received fromthe nobile station UE with their
sequence nunbers being consecutive (In-sequence) (consecutive uplink
data bei igs ylddil a1 el atRnafsbbhehedAtbole: {SE K10 cBYl
with 15 their sequence nu r belng consecutive (In-sequence)f.

[0084]  uplink M=H=epiBB008A, sddieeien domdiersouneetd adi-o, bazyeastiat gon
S-eNB di scards non-consecutive uplink data without transferring the
non- consethe mpdidel $nkttandB vetifensantevenrly Ghdeypil hnkidata adith base
station T-eNB. Here, the non-consecutive uplink data are uplink data
whi ch ar SYBRATR YT T he? ol | 8 'std | THOE W th-9 het Fksequence
nunbers b quﬁJnOt consecutive (CQut-sequence) (non-consecutive uplink
dat a eing pfink data which are accunulated in the receiving buffer
25 with their $eQYENgR HUDErS é&ﬁrﬁlﬁqf@itﬁﬁ?%ﬁérﬁ(%é&%&ﬁ?ﬂ%cﬁhé-
[ 0085] Here, as shown in Fig. 9(a), suppose that the handover
sour ce r athirdasBodtiakheroiStRB feaaaity esvéheiopl iwderdat@biilehs tdhbon
sequence nunbers "0" to "3", "5", "6" and "8" fromthe nobile station
UE, and d&& pewifsres aheSluplandovgat.atha seieving danawgbebberatig §1EH
case, the handover source radi o base station S-eNB discards

h
upl i nk deft3 HRIPThETRYGERCE RUnbEpEStET, OF cgnsgRytige, U%it“&ﬁ Rea
non- ¢gnseciitive unllnke data,, L00L oo o b 512D, S0 LDE 0wy

e
handdver SourcCe ra S€ st nes -t e transter

of the afgoemedned consecatdye ik Setdhd vdhesedyidg gat evay
apparatus S-GW 10 is conpleted, and then transmts End Marker data to

t he handoMmro=sjour ce serving gateway apparatus S-S-GW Here, the End

Marker notifies, to the handover source serving gateway apparatus
S-S-GW the cofjsitet Fbatofpanat tamansftdre sbovedeemnsdesd mpidgl $pktion
data. 15[ 008 t he handover source radi o base, station

STeNB dodiE mene TR S SE AT SPR A B RS IE A FeRer o7 Vi
message (g, L Nandover dest iR Ao A R AR et Tt s raware,

a software module executed by a processor, or a combination of
both.
[0093]

The software module may be provided in any type of storage

20 medium such as an RAM {(Random Access Memory), a flash memory,
a ROM (Read Only Memory), an EPROM (Erasable Programmable ROM) ,
an EEPROM (Electronically Erasable and Programmable ROM), a
register, a hard disk, a removable disk, or a CD-ROM.

[0094]

25 The storage medium is connected to the processor so that
the processor can read and write information from and to the
storage medium. Also, the storage mediummay 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 mobile
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[ 0088] 20Accordingly, the handover destination radi o base station
T- eNB does not notlfy the nobile station UE of the aforerren&lg 50
Status Transfer" nessage either. [0089] For this reason f@g
S3006, the nobile station UE 25 perforns retransm ssion control of
the uplink data in accordance with only positive delivery

acknow edgnent information (ACK) received fromthe handover source

radi o ba ' s 0 S . .
R G P o b R L

acknow edgie iervifry gatieony( ASK:rieust Hecwpl inledathewstbrife medium
sequence nunbers "0" to "2", "5" and "8", the nobile station UE
retransmarmd @ﬂnleyprchee apbr rad @Eapmpvhdfeﬁelrs sheenclel herdiertsi Sr8 UEL ot hg"
as shown in_Fi 5[ 0091] Wth the nobile

comuni ca"Ea}C&P g9§?e?ﬁaat€c‘?}? &g P ﬁﬁéhﬁﬁsﬁd"l%%@& e 88T LTI P FERN L

mve_n%l on, wher r’g;)bé‘%e Sstat Dé‘czHeEt erforms n 51 handover, the
servi aRpeway para B $ can Bt eI ¢ o‘?rp etion of transfer of
consecutlyﬁjml ink data 10 to the serving gateway apparatus S-GW by
t he handover source radi o base station S-eNB by use of End Marker
data. [0092] Hereinabove, the present invention has been described in

detail using the above embodiment; however, it is apparent to
those sgskilled in the art that the pregent invention is not
10 limited to the embodiment described herein. Modifications and
variations of the present invention can be made without
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

15 intention whatsoever to limit the present invention.

INDUSTRIAL APPLICABILITY
[0096]
As described above, according to the present invention,
20 it ig possible to provide a mobile communication method and a
radio base station which allow the serving gateway apparatus
S-GW to detect completion of transfer of consecutive uplink data
to the serving gateway apparatus S-GW {or handover destination
radio base station T-eNB) by the handover source radic base
25 station S-eNB when a mobile station UE performs an X2 handover
and an S1 handover.
[0097]
In addition, according to the present invention, it is

possible to provide a mobile communication method and a radio
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Not e that operation of the above described nobile station HE, the
radi o base station eNB, the exchange MVE and the serving 1§n§§¥§wgag
apparatus S-GN may be inplenented by neans of hardware, a software
nodul e executed by a processor, or a conbination of both. [0093] The
sof tware nodul e may be provided in any type of storage 20 nmedi um such
as an RAM (Random Access Menory) , a flash nenory, a ROM (Read Only
Menory) ERRQM I g RO BOM-2 g4

(El ect ronkf%gi l'y Er é‘ggg’?%%gln%lg%gg?g%%lgoRmdfsgg?gglfst erE}dJéO h]oaarsde
di sk, a refmviai e-divskso aetacEdlef 0094l 2bdherst armgewnedhiraHdsa
connected to the processor so that the processor can read and wite

i nf or mat iton tfheorhamtbver tdes tsitorzige medlimbade g tatiosthretR hedihan
may be integrated into the_processor. Al so, the storage medi um and

t he procdSSBICVRIy SRETFROVRALE RaFaf tASLER g h%N%S{I'@rhéym‘B]%l ?3‘? kP n
t he bi | JNITD- 503 s%a:ion =N t he radi o base station eNB, the
exchange ezfdfcf’]i"hge e r%—& 1 e%y apparatus S-GWN Al so, the
storage nedi um and the processor may be provided in the nobile
station UE, the radio base station eNB , the exchange MVE and the
serving gateway 5 apparatus S-GWNas a discrete conponent. [0095]

Her ei nabove, the present invention has been described in detail using
t he above enbodi ment; however, it is apparent to those skilled in the
art that the present invention is not 10 limted to the enbodi nent
descri bed herein. Mdifications and variations of the present

i nvention can be made w thout departing fromthe spirit and scope of
the present invention defined by the description of the scope of
clainms. Thus, what is described hereinis for illustrative purpose,
and has no
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15 intention whatsoever to limt the present invention. |NDUSTRI AL
APPLI CABI LI TY [0096] As described above, according to the present

I nvention, 20 it is possible to provide a nobile conmunication nethod
and a radi o base station which allow_the serving gateway apparatus

S GWNto detect conpletion of transfé&t@fSconsecutive uplink data to

t he serving gateway apparatus S-GW (or handover destination radio
base station T-eNB) by the handover source radi o base 25 station
S-eNB when a nobile station UE perfornms an X2 handover and an S1
handover. [JD09A mobile commugdictitaen aetbordi agmpuishagptksesteps of:
invention, it igyp ' O ke : Lcat

and & radio  INPYD-S0T Hasa Skt o WAl Ch Sl s the Raadsyar on to @
dest i nat i TRFRHi ‘P P> PaFR TG TPreNB o Igeré e PRc 8APRe R ORN AT R rafISr

of downl i fike dRwhinK R tRaRdeveiedestbmain ipgadilevkasacakath@nyHoLNB
by the handover, source radi Q hase _station S-eNB when_a._nphil e station
5/ UE per f OF TS S1Oh &R L CF AR e OP 11 ABRGDF PP Loh et MBRD. he

met hod coffursisimagitthbastepsatofon determines that the mobile station is

to perform a handover from a cell controlled by the first radio

base station to a cell controlled by the second radio base
station; and

{(B) performing, at the sgecond radio base sgtation,

gsequence control between downlink data received from the upper

level node and the downlink data received from the first radio

base station by use of transfer completion notification data,

when receiving the transfer completion notification data.

[2] The mobile communication method according to claim 1,
further comprising the step of:

(C) transmitting, from the first radio base station to
the second radio base station, the transfer completion
notification data, after the transfer of the downlink data from
the first radio base station to the second radio base station
is completed, the transfer completion mnotification data

indicating the completion of the transfer of the downlink data.

[3] The mobile communication method according to c¢laim 1,
further comprising a step of:

(D) transmitting, from the first radio basgse station to
the second radio base station, the transfer completion

notification data received from the upper level node.

[4] The mobile communication method according to claim 2,
wherein

in the step (A), when receiving no downlink data from the
upper level node for a predetermined period of time, the first
radio base station transmits the transfer completion

notification data to the second radio base station.
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(A) transferring, froma first radio base station to a second radio
base station, the downlink data which are anong the downlink data
received froman upper |evel node and whose transm ssion to a nobile
station is not conpleted yet, when the first radi o base station
determ nes that the nobile station is to performa handover froma
cell controlled by the first radio base station to a cell controlled
by the seggnd radLJa%[ %a%easséaéea%ona%m 1_ﬁ(B) performng, at the
second rati'o base Stat i on, sequence Cont ﬁ et ween downl i nk data
recei ved from taqéoupbenkld@t@l tn@uefandlmttecanﬁ/mgumaddm frpos&evedpbwn
fromthe filishatadiD, bATE Stld PRGPY 43R Sfat{8NHEN £OTR! &ldOfMhined

notification data, when receiving the transfer conpletion
noti fi catHeH oeatfaf’bfkﬁ’ THE2HHBR| &5 cHRAMBRIERETOR MEEREY S&c dicth fy THL

]gl ai mt ﬁ éfdﬂﬂmﬂrlescprﬁgfltﬁdwg-tatdthe; @ta?@ t@f;atlon t(ch éCéell awrm:tél{@d by
rom e 1 rsS ase stat)] on 0 e secC r Se aIO.I’l
thay oo Sa FEO R OaRe, B Lolo Qehbe oo ohe 'Rl
dovvnl i nk diadral Frkomsttze whi cit arachrmorbgsmesti@wrﬁnnﬂmdaha secemiedaf‘chqm
b

o ata{r&)pﬁgg A ehggeo%l{]fﬁéggr ans e(%ﬂ 9%0 FT; F%Eggglﬁh&%@

i ndi cati I on
[ 3] The m)lkﬁ I@Q:(ﬂﬁﬁpﬂledmd are thetarst accordl ng to claim1, further

conprising a steprfhsfer compl(é:i?)lérf aRe et LLAgonfdom thankhistetadia
base station to the second radi o base station, the transfer

conpl et i FAPTHGHTHI Shtbo F rARER e EERDET KT Sﬁﬁf‘PPi%tﬁﬁBe‘ilOtF%@%?a‘h%‘a% data
[ 4] The ny k@ eCanmiBi-eati 9AANB B aoCOf MG fit@xC lt@.lerrtzanmb@fe@fl the

in the st ( n receiving no downlink data from.t veI
node. for vt outs ERRR S ERRR Do BRRE. S Po ibhrEEpHEBE A
transm t ddwestaanshedrs conpletedn tﬂn@ttfanafennod@ﬂatuontﬁm:ns@wmhon
radi o ba ] adi 9 has t g_gPHg ;
downl i nkscgia%“iL Pg‘rl%s 1 guﬁl?% céﬂr)ﬁll gufoerzb% t??ans erfeﬁ) %kdodvalflamfko
a differe#ttaadio base station when it is determ ned that a mobile

station is to performa handover froma cell controlled by the radio
base statjon to a cell controlled by the different ratlon base

station, tfle ddW® iHKi®atd S(?elsr@td&ﬁnlaﬂﬂ?rdaét% WY Sadie SandiRgheie

downl i nk dat a EBQEtyaﬂsEéQﬁbampuaﬁanlQwﬂlﬂﬂm&tﬁwﬁhﬂﬁﬁﬁﬁzansmltter

transm ssion to the |e stati iS nat_ c | et ed t: and ,_a
L aneler B! St oeofBrnfedt Mt s PR ohESnEEe ko R
transm t natafsferticonpbhéti on tie diffetrieon dadactlmadetdicfibar embenadi o

base statj o,y aﬂ‘r{]?rdéé(}?f{Léagé‘cc%&vglfio@ggaéngoég{ﬂat% t?e@é?”h%ﬁ% rf%q:i %

base station to the erent Is conplete
t ransf er PGS femimashtieiqe i< tdatse i ndi cating the conpl etion of
the transfer of the downlink data.

[7] The radio base station according to claim 5, wherein

the transfer completion notification data transmitter
unit is configured to transmit the transfer completion
notification data to the different radio base station, when a
switch completion notice is received from the upper level node,
the switch completion notice notifying that transfer of

downlink data to the different radio base station is started.
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[ 5] The radi o base station according to claimb5, wherein t he
transfer conpletion notification data transmtter unit is configured
to transmt the transfer conpletion notification data to the
different radi o base station, when no downlink data is received from
t he upper | evel node for a predeterm ned period of tine. [7] The radio
base station according to claim5, wherein the transfer
conpletion notification data transaBstreacmnit is configured to
transmt the transfer conpletion notification data to the different
radi o base station, when a switch conpletion notice is received from
t he upper |evel node, the switch conpletion notice.notjfying that
Lransfer of dodhMPRR LaPamRyns fatdert BRGHOS A0PGR408 boatioRTapent
started. ; ABSTRACT ) il i.catiho .CCor di t
the pr esent . | nventi%%c}HgFédgngt Ete:%g)?ergg'oq%)(ﬁfgﬁ%g%%f%ﬁ’ng%%oa?n
a 5 firstrinash eadasebatatddk {Sn eiB)eN®) a6 RRYpd Yk enot®dé SLEW) |
consecutive uplink data received froma nobile station (UE) with

t hei r sequeEmeecuunberspbinhglabasesutived byowmse mofbidl e es@iricen (UE)
al l ocated by the upper level node (S-GWN, when the first radi o base
station (“S-ENB)NFEY eI PHRRBCENRUTPRE SHBBILNG FONSIEAUY G T UR)Y iwse of a

toperform a handover: (B ransmttin fromthe fir di 0 .bas
Statton (SIRG T A HRCThaR By it e (S Ho et Tomiat ghe
notificatd on,datps Al d el @ MNp CORSEGLL 1148, URIH Dk ARk
to the uppler t?evaf::c? nctk)%gs(%-et&%ﬁ%}g (?oﬁégfe);g%; andﬁ?é% erﬁ_gﬁ'_easkli ng, at
the upperstlsx i@y alumode {Sedtorha hesasree ; WEN theatinvi gi Adie from
transfer conpletion notification data. Figure 3
the first radio base station (5-eNB) to the upper level node
(8-GW) transfer completion notification data after the
transfer of the consecutive uplink data to the upper level
node (S-GW) is completed; and (C) releasing, at the upper

15 level node (S-GW), the resource when receiving the transfer

completion notification data.

Figure 3
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