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*159159* DESCRI PTI ON USER DEVI CE, BASE STATLON, AND
METHOD USED | N MOBI LE COVMUNI CATI ON SYSTEM 5

TECHNI CAL FI ELD The present invention relatesnmwmmmmmmmmmm
technical field of nobile comunication and

particularly relates to user apparatuses, base  *is59159%
stations and net hods 1ODE§ERJ§@BRﬁNnDbiIe

comuni cation systens. BACKGROUND ART In this

t echpj f] a
genﬂﬁa??rkw#fﬁ%?ﬁ@éggﬁg@?ggg%@@'%@@%%gﬂb@@%
accel erated. In tH I L ny nmuni cat i on
systens as conceived at the filing tine of the present
appl i cation, when a certain user apparatus conducts
handover between base stations, packets destined for

THE N U8 RK, appP@y.pt us remaining in the source base
Station 20 (which may be referred to as unacknow e

d
packef$eorP L @ &RRithi YV PREKETS) T &t 8t Wa? déd & Fepanical

13 08t oRasR b £l 8t c¥hmUbhechaigy! HasendAdi pAECOLYES 1y
both packets transmtted fromthe source base station
radh HaskErs USer vaPHad aftrbne an bgse Serlbignerangdypethods

£94 teBENg Ando B9 1thenhih AR WS dhe spacksahs.to the
user apparatus over the air. Handovér in such nobile
comruni cation systens 1is described in detail in 3GPP

B?giﬁég. gégggegg on 9.1.5 "Handover", vl.0.1, 2006-06.

| NVENTI ON [ PROBLEM TO BE SOLVED BY
THE | RVENHON t ¢ ahpdaiest fahdmi gsisom febmanise deygéppment
PPRE Y BELULa Pohol3Te BBAMM Hoathibd SydeUd e been

accelerated. In the next generation communication

systems as conceived at the filing time of the present
application, when a certain user apparatus conducts
handover between base stations, packets destined for the
user apparatus remaining in the source base station
(which may be referred to as unacknowledge packets or
remaining packets) are forwarded to the target base
station. The target base station receives both packets
transmitted from the source base station and packets
forwarded from an upper node after route switching and
then transmits the packets to the user apparatus over
the air. Handover in such mobile communication systems
is described in detail in 3GPP, TR25.813, section 9.1.5
“Handover”, v1.0.1, 2006-06.

DISCLOSURE OF INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]

In packet transmission from the target base station
to the user apparatus, it is desirable to initiate

delivery of packets (newpackets) froman upper node after

*G00002*
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delivery of packets (new packets) from an upper node

after 1 ~l10011012200222aVILLELLELLEET 11 *000002*

conpl etion of delivering of packets (remaining packets

or old packets) fromthe source base station fromthe

vi ewpoi nt of in-sequence reception of these packets at

the user apparatus. 5 Meanwhile, the radi o channe
conditions may be varying over tine, and accordingly

ddiep 1 ERNYH SSF Odle 1 AR r BEHI 8¥eBaidkd @8l Orbim3kisn fBY PBckets
vari able. Thus, in cases. where there are not .

SufPLei @RACKkABFS rfdsTUr EBS, FHEr RewPARR ketgtdir from the
+1&pgBihied # Ni sesierjusrasenee Ft 168 3¢ %%se@cgackets at
nunbers after transm ssion of the remaining packets

tdxe svaead HBIEA AP t he ot her hand, in cases where

ther ey iRhald Vol yosulldtl enharadi 0 £E5AUNCESns BYSN be
if both the new packets and the remai ni ng packets are

U Y bhgseyeantema h@n e ber ¢ i agdi tthed tirgeshés si®n rate
' ry t . effi ci SE .0 i 0 ur
PR A R e e R o P AR A cases
Wacket hBatea aGonvee yesdig & fRotaedl Fadéor ders oigr €esct itdre new
ﬁa?cﬁé@? %e:dé hﬁr%%%f?ﬁegf 3! aC%SEtSLa'f‘ @e%@gﬁfe“béfy%e

and defer ‘delrvering € packetsS to0 an upper layer
apquen2@ trhembegqueerncit e tthem pamkets drecoffes hyy apemaining

. péayxcgﬁ]gEgL%jse(geglt%d‘i%oggm r%l {8Qr g%ﬁi S%gﬁ%ti oinnt ases

sequence of pacKets in a ayer—an
weéee déeleinerang rehe tpackkyssud fiihei epper adiyerreisbulrces,

t he sequen of, the acket s, becones ,proper. . .
T2 of Te B IahceR BT DENb HACKSES 38 At  BaMR i MRIcRACketS
dee oy arcan®- by gneanse pf thieey Ry beorddeshB@ ifttnedi ©8gether
[ nce of the éﬁ@CketS as, caused by

%h%gg%?eg%%giézggﬁr%b% byslﬁs the radio resources.

On the other hand, a user apparatus includes a PDCP
(Packet Data Convergence Protocol) reordering function
to examine the sequence of packets in a PDCP sublayer
and defer delivering the packets to an upper layer until

the sequence of the packets becomes proper and a RLC

’(Radio Link Control) reordering function to examine the

sequence of packets in a RLC sublayer and defer delivering
the packets to the upper layer until the sequence of the
packets becomes proper. Out-of-sequence of the packets
in a radio link can be overcome by means of the RLC
reordering function while the out-of-sequence of the
packets as caused by handover cannot be overcome by means
of the RLC reordering function. 1In this caSe, the PDCP
reordering function may be used to correct the disturbed
packet sequence that may occur due to a mixture of
remaining packets and new packets.

The PDCP reordering function may also attempt to
correct non-conformity of the packet sequence that has

occurred between a base station and an upper node such
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of the RLC reordering function. In this case, the PDCP
reordering function may be used to correct the

di sturbed 30 packet sequence that may occur due to a

m xture of remaining packets and new packets. The

PDCP reordering function may al so attenpt to correct
non-conformty of the packet sequence that has :
occurred between a base station and an upper node such

Zs A8n AR cRELESSggakewny B85 Wwelll as iitntbReradidio interval.
interval. In sone cases, however, the non-conformty

ot %%@eﬁé%ﬁéﬁ Q@dﬁ@ﬁ%@lb%?ﬁe%ﬂnfﬁénb%%éméﬂétP&htgﬁﬁpaCket

ddQuERRY Y@ BRYt hBephBILRIiHONBb naRd dnehBRLIbY LAUSESe may
by traffic congestion 5 or other factors. Thus, the

R A-torrsimndl mayd marpel lyaGsed e bar It ré’a%%écb?°§8@§tl°n
SPNor ARl condi bi-ans. pHyd her nRoHANEQRFIMM Pyt R8y not be
packet order has normally occurred, the user

Gppacst 48 ddds CRGS hde %@@@%ﬂoa@ah@qm@lth@ns If the

rP@ﬁk‘éB%fc‘PrNﬂ% UcB’P hé‘%daeck‘é‘E'clr&Q? I-EQQ‘?% ou?gwécjaq:red

I N-sequence. such a“case, the ets s
tnlteeuweeedap@atmtwpp@qbeﬁoa@tu hﬁéfda a:tceldya f¢ptdehévering the
S fer ; Yy Li n
R of e R (B R Y gl f e omes
QMapequﬁn@ackeﬁmmauamgattm§én ah@s@aqmpasawmpuld be
1 ngdqver e [ t
ShiE8nel DOTGRE b Pad HRAE O SRS RERVS YT o £ e
mmdeCMséﬁfy deuld myen tama ywsedkeoddtidede L pVEANSNEORONger .
SOLVI LE 0 pRparAat u cord ng.t.Q
an errb%ah rreElﬁ gg% thé!et%1 ?’seng P%ve%t %ongll%gl u el§ ptroperly
ddagaveher equast t s,vagnahngt tamsamissiaom st tapzpmf:agwrsediurlng
to transmt _a_r to.a source base

ARaEPFY ot nnandt Leo Se iy nb St S P 5 vpere the
haodadeari confand triecept fomr uwhd RDbOf sgirledyer and the PDCP

sublayer are used together.

[MEANS FOR SOLVING THE PROBLEM]
A user apparatus according to an embodiment of the

present invention includes a handover regquest signal

transmissionunit configured to transmit a request signal

to a source base station for handover to a target base
station, a handover command reception unit configured
toreceivearmndovercommandfromthesourcebasestation,
a PDCP reordering function execution unit configured to
execute a PDCP reordering function of determining
sequence of packets in a PDCP sublayer and deferring to
deliver the packets to an upper layer until the packets
become in-sequence, a handover complete signal
transmission unit configured to report completion of the
handover to the target base station, a PDCP reordering
function activation unit configured to activate the PDCP

reoxrdering function and a PDCP reordering function
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25 to receive a handover command from the source base
station, a PDCP reordering function execution unit
configured to execute a PDCP reordering function of
determi ning sequence of packets in a PDCP subl ayer

and deferring to deliver the packets to an upper

| ayer until the packets 30 becone in-sequence, a

handover conplete signal transm ssion unit configured

itPs £ ER QL CORPLatiton-Shfi bR rdwndevemd ot t hatlearigeé PDCP
base station, a PDCP reordering function activation
WrdEéﬁﬂ@uféﬁcttd%t?-Oatr@StH‘fén@Wo redPdeitiPn of a
JMOGLEQR AN anBDGR ¥ £980@H Nioh f bG8 tBaatdy@ipenof a
unit configured to inactivate the P reordering
rfemeficrtironesporsct e ERFITRE i BASS Stapriedefined

time period or in response to receipt of a

notification fromthe target base station. 5
[AOVANTAGE CPFTHEH NVERENGNOMEcor di ng to the present

| nventy on,, Btin'%s.t%o%ﬂégl edontul biddn £ NPT 9REE s possible
packef malflng ie i n & User appar at us during
thanfioleriih aheolpdepeonmatdcati bR 10l By stdmenhker eat RS T

reordering f. [ [ C r ;
LERR9SN0 LUDSHIPRaRab e, RECa SULAVET athibecasion
?ﬁ@MkME&H%Eb tshonsocadenbine fomainieasi ¢ xsyshemRLC
or ,use _15_ i,n . qgne di t r t

?%ééﬁﬁ%ﬁua&PGF igﬁggﬂ%wm%%?%ﬁ;ga§eﬁ%%%q}ogether'
operations according to one embodi ment of the present
i pvention; ] ctl.aenal bl ock di agram

R _ ? D LW‘Diglrtigof a user plane entity
of eachr@0 tosAuvmisCcat meb NbelecolinGn i3t $oanstyisdrem for use

functional bl qock diagra
in one embod%ment gf The present invention;

FIG. 2 is a flowchart of exemplary operations
according to one embodiment of the present invention;

FIG. 3A is a functional block diagram illustrated
from the viewpoint of a user plane entity.of each
communication node;

FIG. 3B is another functional block diagram
illustrated from the viewpoint of a user plane entity
of each communication node;

FIG. 4 shows a case where remaining packets are
transmitted in priority according to one embodiment of
the present invention;

FIG. 5 schematically shows a temporal variation of
the amount of packet data accumulated in a transmission
buffer according to the prior art; and

FIG. 6 schematically shows a temporal variation of
the amount of packet data accumulated in a transmission
buffer according to one embodiment of the present

invention.
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illustrated fromthe viewoint of a user plane entity
of each communi cation node; FIG 4 shows a case where
remai ni ng- packets are 25 transmitted in priority
according to one enbodi nent of the present invention;
FIG 5 schematically shows a tenporal variation of

t he anobunt of packet data accunulated in a

transm ssion buffer according to the prior art; and
BPsfFl Gr REsehemMMdras Mg a tenporal variation of
The amount of packet data accunulated in a

transA@%f oACITT eP3&&HYing to one enbodi ment of
the prasgsaktpi:-nyeni ot 2 1dST OF REFERENCE SYMBCOLS
aGW access gateway eNodeB: base station UE: user
appar #¥Bs YSBESTRREBE 3G CARRYI NG OUT THE | NVENTI ON .
Sone enbodi nents of the present invention are

descri bed bel ow. Separation of the enbodi nents is not

BESENMOPE t EORhEARREANG HUBnT Hén HBNENREY nore of

10 th &HQOQ'MFJE§m€E)£sb%PS%ﬂeaSpf‘§§Qﬁ@ if¥éation are
Enbodlnent] FI G shows a nobil e comuni cati on system

descugévednb@ﬂaQWenbcﬁﬁmnat@fort refptbgeﬁfnhcr%mfsm—rﬁ is not
0sEhGidy 45 %gﬁfgé%r‘gﬁtf%%n(ﬁ%’aﬁﬁurtqr%taﬁrgﬁore of
ase stations (e eB) and a user apparatus (UE) are

theusmizx @tment s trheyu bleustsadi a5, nsedegl.ane

protocols are also illustrated. In this enbodi nent,

the access gateway (aGW
[First Embodiment]

FIG. 1 shows a mobile communication system for use
in one embodiment of the present invention. 1In FIG. 1,
an access gateway (aGW), source/target base stations
(eNodeB) and a user apparatus (UE) are illustrated. In
the illustration, user plane protocols are also
illustrated.

In this embodiment, £he access gateway (aGW)
belongs to a core network, but a full or partial portion
of functionality of the access gateway may consist of
a radio access network (RAN). In this embodiment, the
radio access network is implemented in a base station.
The access gateway (aGW) relays data transmissionbetween
nodes within the core network and the base stations. The
access gateway (aGW) may be referred to as a router. The
access gateway includes various functions, and in
particular a PDCP sublayer function is important in the
present invention. However, the PDCP sublayer function
may as well be implemented at the base station (eNB).

The base station (eNodeB) communicates with the
user apparatus (UE) over the air and in addition
communicates with the access gateway (aGW) over a line.

The base station may communicate with other base stations
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20 belongs to a core network, but a full or partial
portion of functionality of the access gateway nay
consist of a radio access network (RAN). In this
enbodi nent, the radio access network is inplenented
in a base station. The access gateway (aGWN rel ays
data transm ssi on between 25 nodes within the core
network and the base stations. The access gateway

d A 18y o€ inrpd ereed 1t A5 riesQUHEr . THE bag€€S8ation may
gat eway i ncl udes various functions, and in particular

% PDEP Sul AYEFSf (AR T off tiad F MpoPEart ST oRe B 28efitation

1 VERL R e FOMBYRNd 1 hg BHCR sHbkayamd usetilon 80t ABY user
as well be inplenented at the base station (eNB). The

JRBRr 3t on AeABdeB} réOmufiat bl onist ATt RS hase station,
2RAFT Aty A VE) SVRE t1ieh @l afhddi @HALEO8s control (MAC)

comuni cates with the access gateway (aGWN over a

' swknbayemheflbragéls:tratp@ntnc@)nle@ﬁﬁﬁfmpcleme ant Ampgekant role

sehgt ?fé’é‘én% qlr{\egltllcxoq{ indirectly as needed. The

ase st I on ma as a source base station or a
tar getAHbalse maupm fmmdiamlnsevfd@penmﬁg pparatus (UE),

f S j
unc |g%§ %}?ﬁefgggceé% af i on %:éggb%gafﬁlﬁbe%n and a
HIDJ@Et |scmrblamyiea rfem@rm,aoce%r‘cmnud@lrl(maysm ayeportant

fCtl lﬁ%eéﬁggl %rtl BirRlé%)ftilgnl npofr; %rHe 10.1. SEE s 01}, the

feSent Anong” vari ous functions of
Laspearappsr(aiﬁ;s farMQCrslﬂmlcaeyerlhummeM farRt@Ge left base

sub er _fun on_and PDgP subl ay C
spta?%? al 8P|%géﬁéycgﬁld%%#‘an PEEE %hceé%?efs%g&he right
bayentitacibdn.the illust rat| on, the user appar at us

[ a cell the | eft base n and

f t d ti
then dohucts HEHABYEr T 52 68l PR GH2 ERETA ghf “Bdse
sbhatvecmerlbi bh€d X shpws eaxespliar hapdeoaerondH®f tkeording

to one embodiment of the present invention. First, the
user apparatus (UE) receives downlink packet data via
thevsource base station (source eNB). Then, when the a
handover event is detected at the user apparatus, at step
S1, a measurement repert is transmitted to the source
base station. The source base station determines to
conduct handover depending on the measurement report.

At step S2, context data for the user apparatus of
interest is transmitted to the target base station after
the determination of handover. The target base station
stores the context data for the user apparatus and
reserves identification information for the user
apparatus. Typically, this identification information
is uniquely assigned to a base station to identify the
user apparatus within the residing cell of the base
station such as C-RNTI (C-Radio Network Temporary
Identity) .

At step S3, the C-RNTI for the user apparatus is



10

15

20

25

30

above-nenti oned conponents in handover (HO according
to one enbodi nent of the present invention. First, the
user apparatus (UE) receives downlink packet data via
t he source base station (source eNB) . Then, when the
a 20 handover event is detected at the user apparatus,
at step Si, a neasurenent report is transmtted to
the source base station. The source base station
et RERIINASe § Ot oCAUHkICE chandoVies sdeparyit pgnan the
measurenent report. At step S2, context data for the
user dypa¥bEBs S ashraﬁt%mé%r Femmapd nitCestF R BTt Héth the
t A5 gk iRaseq st aldy af kRt i dhej Helodd PRbhON ®IRNTI) 1is
handover. The target base station stores the caontext
HBARSHGt t 88 GSert BPPUFSTUR RIPAT ataker vehfter the
ﬁggﬂgh“égﬁbﬁndﬂﬁﬂﬁgahwﬂHJPértE%dﬁ%%d AR A Y8rce base
Typically, this identification information 30 is
shagaeny Hesvgaed t br amedgel Bg it PaF kot fdemqyyuipsed in a
S f
b R e e o T S Rer Tk Fomworar g e barget
baeatstgyion. st%lpessemah@mmmaclf:@tStméYuserzlude packets
r [ sour
ERRE! By Ty s BT LR sl LB e SR P Rer gpmpTatus
adsrsvelitaatsrpatkettraje:rhtatf ihcet € dmeenf‘@raatsmmt(@dRDﬁE)or more
s ran ser a rat
rlgﬁs?m%s@#noégggl{rhoag ov&er gg%man ﬁe sour ce Ea)ssee
sd:hhrooﬂef@gwedﬂ:i rrenae mog)bpaokebseacmrdul aleée@ remeining
ssion puffer apparatus Lo th

tra
RAFBRLS B ST ALRGR STt TBHAE RN BEAE Eoady time period
$nblsled;a,1¢mtkebs sttd*;atsmauepramminbeen ttrlrﬁmscﬂrattaedrrtoomt and

the . u ets that have
SheiTar LRRE B tiech, The et fhToR
unackmmMsﬂgpdSSLhamJﬁEspanbet$dMﬂEEElpt of the handover

command, the user apparatus disconnects from the source

.base station and attempts to synchronize with the target

base station.

At step S6, when the user apparatus connects to the
target base station after the synchronization is .
fulfilled, the user apparatus transmits a signal
indicative of completion of the handover (handover
confirm) to the target base station.

In this embodiment, the user apparatus switches
from an inactive operating mode to an active operating
mode of the PDCP reordering function after transmission
of the handover confirm signal. During wireless
communications, the RLC reordering function is always
in the active operating mode. Thus, after the handover
confirm signal has been transmitted at step 36, both_the
PDCP reordering function and the RLC reordering function
are in the active operating mode.

At steps 7a and 7b, in response to receipt of the
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acknow edgenents have not been received. The remaining
packets are forwarded al ong for a necessary tine
period subsequent to step S4 depending on the data
amount and 15 an interface between the base stations.
At step S5, in response to receipt of the handover
command, the user apparatus disconnects fromthe
source base station and attenpts to synchronize with

HAYed b eget onFasSen ftadh @he Ab M 3 EPrSGushehd ha nset base
appar atus connects to the targgt base station after
gthet spRcRFSMSTRE F Bt h e NaREPVeTed O tier Bidd? tAHaPALEe Pase

%ﬂé‘f@gint S fal ccibrdi f@‘_%tﬂé/ﬁan. compleidwen ek thereceipt
andover (handover. confir to the target base
of at henharBiavie rhro o nEAE, adfee BSel afy ¥t gy itches a

S hehess{ éﬂ%ﬁﬁPh{éﬁlgt(?\é%P&Peﬂ’ﬁéﬂanh 80gleute cABaad ist&tion

operating node o P reordering function after
to ahbri $sivgetobase BEAGHAT - coPRPERBIYGRELY DFFHGLINK

ﬁ’\ééﬁl €3S §P§“H%ilci & P88, AN REGer e @essNG ftdghiOR o the
1S always 30 inthe active operating node.” Thus,
@i tgett he Smmdovei oncant Emesl gre teanpaskted to the user

transm.t : : h t P reor '
ARRRE RS SR FRLOLATRSY ol e ron Thrad et pase
sich b ieropercatings nodemaAn igt@hp ek ahd Thom phe sporse base
to receipt_qf t 7 ndaver [ f I :

R
baadewert sonher reta itthin gopeckdiaseor st atdohiagd ige of the

access gateway. |In response t ecej f e
ﬁ%ﬁ&d&ﬁgq%oﬁﬁﬁﬁﬁt?hgn cgég% §g§%§%§g§ﬁf%cﬁ%£ thg user
4ppagEtSSs obvehannek epat jepeaonitrne sourtde bagdio channel
station, to the target base station. Subsequently,
A8RAL Tk Backet s are delivered fromthe access

gat ewayft @ahtheremaining packets or the new packets are
out-of-sequence in the user apparatus, the PDCP
reordering function can be used to reorder them. Note
that the sequence numbers in the PDCP layer may be
inherited from both of the base stations in the handover.
The target base station receives the remaining
packets from the source base station and continues
transmitting the mixture of the remaining packets and
the new packets over the air until all the remaining
packets have been transmitted to the user apparatus over
the air. When the last packet in the remaining packets
is transmitted from the source base station, it is also
reported to the user apparatus. Upon receiving the last
packetcﬂftheremainingpackets,theuserapparatusmakes
the operating mode of the PDCP reordering function
inactive. Since packets transmitted from the target
base station to the user apparatus are always new packets
(downlink packets from an upper node) after receipt of

the last packet in the remaining packets, the reordering
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target base station and then are transmtted to the
user apparatus over radio links. As a result, the
target base 10 station receives (remaining) packets
fromthe source base station and (new) packets from
the access gateway and transmts-the remaining
packets or a conbination of the remaining packets and
the new packets to the user . apparatus over the air

Aepepdiond o § hea sagdbopehannet t edSreendiadd deissett itde.  For
remaining packets or the new packets_are . . .
tdut s of egéqUbncel PnEDRE (kP T dFard uEuntitd Pbcps disabled,

a{'rﬁcﬁ’rgﬁrléﬁgtlﬁé‘nﬁtl.icork&é@dl%%i df L@ Jteps dek eifteim s Nehebled.
that the sequence nunbers in the PDCP | ayer may be 20 |
Imhet heed walhs botheoP RhR baes daaingndunFihen 1s active

Jgﬁgpgﬂ“tiﬂ@eﬁ%@ﬁEﬁ hase St at 9 feeei ¥es e remaining

renai ning packets fromthe source base station and .

wookemsesnd tasmav irRC kRS sSnRXeute DISPhE tesh@ g Rgbhe alr

%)rﬁgk%gsdggdabfgg Eﬁwt'ﬂ%c%ectl'?ePVEEmteh%e?f:[oHEt.i I r@lds, it is
€ Temai ning packets have been transmtted to the

p?esimmﬁuabuawmkﬁ uhhecai s aWienw ahel nastcypaeket biyn the

t he remai ni ng_packets . i r i1t t-he source

]B%g§d§trajt1?%n,9ni t%lk%éa gglsellregg?t@éﬁd Lf%réﬁg@dser |

appar &8US. BlponsrecBunicng drel |atbckpddletrafh théustrating

ST PR LSl S SRS AR Lo BN poine of
t 8aet pYenSipree: paoket.s tTrengm ¢t edoflr smiilmy easgén FIG. 3A
BEEKEE FaBAnATKE BASReLE [ oG an Uprey HBgS" Sred, in
é@ﬁ@dﬂc@iopth&dﬁﬁﬂl@acketdﬂtéhetremmmﬁmgipgchemandover
e S0 T 00,9 (LSt on, 90l D35 L2, B 83! LE I P son o2
{ HeCtH 0Md b9 edi, sath €dy s eanda ppby atthes ReGaidor slet heg PDCP
ng%tdleOPirrlgnPhH%telnoar?! edE‘rom the viewpoint of the protocol
sublayers, as illustrated in FIG. 3A, in response to
transmission of the HO confirm signal from the RRC
sublayer to the RLC sublayer, the PDCP'reorderihg
function is enabled. Also, in response to receipt of the
last packet from the target base station, the user
apparatus disables the PDCP reordering function.

In the above-mentioned embodiment, the end time
point of the PDCP reordering function is associated with
the time.point of radio transmission of the last packet
from the source base station, but the PDCP reordering
function may be inactivated by a predetermined time
period after the start time point of the PDCP reordering
function. | _

' Note that the PDCP reordering function may be
terminated in the access gateway (aGW) as illustrated
in FIG. 3A or in the base station as illustrated in FIG.
3B.
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In other words, the PDCP reordering function is active
5only intime period where a m xture of the remaining
packets and the new packets are transnmtted over the
air and is disabled in the other tine periods. Thus,
it is possible to avoid unnecessary waiting caused by
the reordering in "the other tinmer periods." 10 FIG
3Ais a functional block diagramillustrating the

di fferent communication nodes fromthe viewpoint of
user pl ane protocols The protocol sublayers in FIG
[$ecepd EmPeRHBeAS those in FIG 1. As described in

conj URGt ke Mg hd &, 2reﬁfatlerf1ﬁ@?‘éﬁkb&'&gnaahéaﬁﬁ\(ﬁ base
15 confirm signal (HO confirm cative of

s¢onipl eni b hofndeHe thargoler v atmie 4 d¢r aapphggitugase station.
820l 25 EI%efbp 2 §€9Eq% %EHE%@%hgrPE}ntarl%ln packets

V|emp0| protoco subl ayers, as illustrafed
Jmn & SBArde) D@SPoRsE PNt pads MeysiRAC F tishd HEnsmitted

t t
T T
aNﬁnnnsmlsespnmﬁgufﬁemeaa;ﬁrdﬁrtﬂé regstiptacked fremsmits

i | BLOGL, DASE HA 1O, ol NS 5L o ARl GLUD (U SADRES 25 7.
reorderlng func on PRE above- frent i one
enbomﬂﬁﬂu 4t lsédr consl ex&mprﬁkpogmckﬁtsheu@miied from a

EBESIATE LADELANLS,o330 L g0l T LBE S0y B o

$sion o the | as from
csoalf ¢ e ybase ekpmanatbuh t eh #DEP sipear ey eng urfmcsi orf

SRR REE S £ L e S0l Of Cnd °PReP rogrddr iy 3p © and
frkact ¢ pe cMoit e t:harhbéhe BECBeveqmtekéng émecdemm@ as 10,
VEL b7 ok n i 1 b 3ATDE 36 SO R et SEAT DA g e target
b4 s gskratteidoh nihl GrdeBB.of the numbers 0-4, 10-13, 5 and
6 and are stored in fhe transmission buffer in that
arrival order. 1In a conventional scheme, the packets are
output in the arrival order, that is, in First-In
First-Out (FIFO) manner. As a result, if five or less
packets can be transmitted depending on the radio link
condition, one or more of packets with the numbers 0-4
are transmitted over the air. On the other hand, if five
or more packets can be transmitted, in addition to the
packets with the numbers 0-4, the subsequently arriving
packets with the numbers 10, 11, .. are transmitted over
the air. For this reason, a mixture of the remaining
packets and the new packets may occur in the user
apparatus. .
FIG. 5 schematically shows a temporal variation of
the amount of data accumulated in the transmission buffer
as i1llustrated in FIG. 4.. In the graph, the 1line
“remaining packets” represents the data amount of packets

forwarded from a source base station to a target base
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9 [ Second Enbodi nent] As stated above, remaining
packets in a source base station in handover are
forwarded to a target base station. 5 The target base
station receives the remaining packets in the source
base station and new packets transmtted from an
upper node after path switching, stores themin a
transm ssion buffer in order of receipt and transmts

dhem bh thatyoeder it HHSAL ARMBFBLUS ower et apbcket in
10 FIG 4 shows exenpl ary packets supplied froma

thensenadndm b 8KeSS FHe- ¥R Fel thade tipeonoipdr T3, and

LhRE LY e P%FH@%JJ Ybmnihgimespadiye :Lnél@éﬁsﬁlfltted from
remai ni ng packets are denoted as 0, 1, 5 6

tanel SPM?Q%S%@@@\Ri%@h@@rS(ﬂomthbédéﬁ%saﬁe derot edne
ar?eﬁ't%nn%.ﬁugl]paé-}get%?" i B fa gﬂel?gm%qcr{‘@t@oﬁé't'a\hec after

e target base station in order of the nunbers
thd, tl.l_melBOlSltarTcB 6 ahtesr ehet ia@e pPime T2, new packets

dLaNsM $5L¥ LY &k arnut r @5gEval 1or dele gkl h, the line

conventi onal schene, packets are output in the
‘aremaalnmgjepacma;ts Hs nem FRcktet " 2oep|rme1®ats the total

JELEOL hd SELLE 'afcﬁ Ve ghd & aekelss.  rFor
ransm{teg cﬁra éi 5{\4 ﬁ

can“ba e ra
tclondi Ieaapmneh@r dmj:ra a@rfotpatkdaISSWltdalhg huabees@s after

?ahe tﬁransmtt gi r SH% l{e Qﬂ é fhﬁlf—iehainl Eecomes

re pa ets can tran °n “addrt i
f@latliereZ]Sy pewcketls aw tthe hten,melnben.SItO 'IZE; t hBhis is because
uentl arrivi

subse packets with the pu 1
e e Y B LR PP’ Gvale LEnE R Tpby A 4r Lhe time
p@aﬁQnTzimh&tmﬁipfthbeunﬂmmaseg1qnmketmamubab&ets
new_packet s occur in the, use

30_FlLG
GOBERARI T S8l P NS5 ASEbl af Noarl F fon G4  gEotnt of
asndninh iofg data kaccunahadt eckw npéhé&etransnissi ormtifiédr area

represénts the amount of data transmitted from the target
base station to the user apparatus over the air. The
wireless transmission starts with the time point Tl. For
clarity of explanation, it is assumed that the radio
conditions remain constant and.the radio transmission
can be fulfilled at a constant data rate. Only the
remaining packets are stored in the transmission buffer
between the time points Tl and T2 and thus are transmitted
over the air. After.the time point T2, however, the
remaining packets and new packets are transmitted in the
arrival order over the air. Thus, earlier arriviﬁg
remaining packets and new packets arriving subsequent
to these remaining packets are transmitted over the air
while packets arriving later than these new packets
remain in the transmission buffer. Such a condition
continues until all remaining packets have been
transmitted over the air at the time point T4.

Referring back to FIG. 4, the second embodiment of
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as illustrated in FIG 4. In the graph, the |ine

"remai ni ng packets" represents the data anount of

packets forwarded froma source base station to a

target base 10 station between tine points TO T3. The

| ast packet in the remaining packets arrives at the

time point T3, and subsequently no new renmai ni ng

packet is transmtted from the source base station.

E ﬁﬂ‘é§eﬁ%a§ﬁﬂeﬁﬂ%ﬂ1|f‘§ de s & efiBierd Ng maﬂei §"emiBotiigment,
%{ép remai ns constant after the tipe T13. Afte

i ¥ eRE L6 HBC GRhe REREPS tRRHe TP SN TE AP SSion

B{pf’férnggﬁ thBddiRi gEdRNovidie dHd i r reAsl Ni g ipackaisr the

+ new packets” represents the total data_anmount of
rewrep ACKS tckef e rafd oMy packdt L1 0T0 LGRS PRELETS can

ﬁQetféggﬁﬁﬁw@B g%?%d&?ﬁ?yohn@ﬁﬁﬁ¥§d§5t@ﬁnﬁrﬁbhhﬁﬁlons,

poi n and the Slope o I'i ne becones
aed abrrveicyr%nralfl tdte t hackietes poiih The TRRELS HeladseTe

]I_jgn ?{r{? ?9k€h§3 Lemmi n gonstant+ aktehathe tiffrive or

e Increase in the new packets 15
m:@nér pkaﬂleestshealmdweaisearrsmh‘etteaitrallr@la@dddﬁmmtl 8P the

Q%gglgg‘.le%g %he g =5n R erleéN 34Ck%thse ggl&%éq@%meﬁjh%rr?@numbers

nmoun atd transmtted fromthe
3Arget ... kase ‘srahlsmtt‘oedhevmrt}appaaat us bvepthge words,

The V\Arelesst asms i t ti o
%B?n??frcr—eopaﬁ)ec? arltly Tof° 3:! Fgﬁtgﬁr%%e%%gpsgggshgg tningd
phaketthe aadi mheccmeiwt parmske‘esralart conséeaptt afl the packets
ralotransm can, be fulfilled at
AL EPat trﬁénajr%f‘rﬁ%nP%é:k:c?atce 2 aﬁec]g?‘s_&ant Agthough

the tsreﬁ}i@ﬂiaﬁs.lo@ﬂ df tee hetabad idepatie tpoiams 'f|he new
and T2 and thus are t%‘gnsm tted 25 .0over the air

PREKE TR TR M PR ALREVBRE tReV aFdidf HiisH %lggl?étéicacnodrdlng
peZWpackeittemé ¢ thanswiuied hasehetaariorval sopdervioved with

ghSegggtﬂygspor%rllelég IVIQ% the remaining packets and
a separate reception port dedicated to the new packets,
and the respective port numbers may be used for the
separation. The separation of the remaining packets and
the new packets and the storage of the packets may be
carried out in the RLC sublayer (FIGS. 1, 3A and 3B).
FIG. 6 schematically shows a temporal variation of

theamount<xEdataaccumulatedlethetransmissionbuffer

‘according to this embodiment. The lines “remaining

packets” and “remaining packets + new packets” and the
time points TO0-T4 are the same as the illustration in
FIG. 5, and thus duplicative descriptions thereof are
omitted. 1In this embodiment, the remaining packets are
transmitted over the air in priority. For this reason,
the remaining packets are rapidly transmitted, and the
radio transmission of all the remaining packets 1is

completed at the time point T3. This differs from the

conventional scheme (FIG. 5) where the radio transmission
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remai ni ng packets and new packets arriving subsequent
to these renmi ning packets are transmtted over the
air 30 while packets arriving later than these new
packets remain in the transm ssion buffer. Such a
condition continues until all remaining packets have
been transmtted over the air at the tine point T4.
Referring back to FIG 4, the second enbodi ment of 11

dfhe g esenb iiniveqtp &8kt sdascrddegll ek d hits the time point
enbodi nent, the_.remaj nin packe%g are output fromthe
e

Tt4ra1ﬂ%ﬁ?§5|t6hanbﬁf’1eertlafﬁ% d over the air in

prior it Qvedi bheraRewipAckehso rFOheexami Enihl phvkets is
or | ess packets can 5 be transmitted depending on the
Gt be ek adoR@ty bh%, t 1BAE Jor 2Rt & NoES (e phekEt3pparatus

dMﬁrﬁéEQﬁgﬁﬂﬁééeQV%dﬂﬁécké@@smdt&@ Qpelert N PbE. sQ&h as

the other hand, if five or nore packets can be
A @ t €841 9t LaiR £idh ab et%?éllﬁé’cpééf“let h fReaddition,

THrbers 0 p4acka%spaiqkeéﬁewlté}nsbﬁlﬁmék&s5,c;§n be-

are transmtted over the air. In other words, t he
tsoun 8B ihdsad stattba wEpar AP beteen It R® &l heRgtiming,

éﬁ@k€hﬁéﬂ¥%éh§é%ﬁ%&a&%S%%fﬁeﬁ%CQdﬂlé%eEh%é¥¥ksks

and outputs the remali ning packets in priority.
dmpbdeghon hefsépar EPOR gfearerémd i hgnpadieetElnag

rPkEoB@ﬁ{eJr?t pa %fts% m%)ﬁéoePﬁé[;r E‘%%rodjirhﬂguffrdrp fion has to

eénes, according’ to one schene ase
kst ats@d tegprtdwe dech v ttho ateecépmicop ot eddelipcatée first
eéth? renalnlng packets and a separate reception
dedi ¢ cated to the new packets, and the respective
port|ﬂﬂ¢h09gmByHnapBedeharuﬂw&ﬂﬂisepmaﬁihﬁenTﬁescribed
rat| n_of th |n|n cket e
gﬁetrs and the s orage § tﬁ lrﬁag %@lmgﬁ%sn \cl:\%Fr |Wl 1 be
mprenua’rteecﬁ?Lbjyswbi@yer S(kFiIIG83d11n3RI’a¢1da3I) thél‘G the '

er%ggg%tn{ecr?ilzlsy J:S 1m81£/em_39{1§|t rvaai{lggi zQHdQEhat variations,
modifications, and alterations may be made to the
embodiments. The present invention has been described
with reference to specific numerical values to provide
a thorough understanding of the present invention, but
unless specifically indicated, these numerical values
are simply illustrative and any other suitable values
may be used. Separation of the distinct embodiments is
not essential to the present invention, and two or more
of the embodiments may be combined as needed. For
convenience, apparatuses according to embodiments of the
present invention have been described in functional block
diagrams, but the apparatuses may be implemented in
hardware, software or combinations thereof. The present
invention is not limited to the above embodiments, and
variations, modifications and alferations may be made
within the sprit of the present invention.

This international patent application is based on
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t he anbunt of data accunulated in the transm ssion
buffer 25 according to this enbodi nent. The I|ines
"remai ni ng packets" and "renai ni ng packets + new
packets" and the tine points TOT4 are the sane as
the illustration in FIG 5, and thus duplicative
descriptions thereof are omtted. In this enbodi nent,
the renmi ning packets are 30 transnmitted over the air
JdpPhkeld tBridei tihnpgEnseniorn e I exBd BN PAackeEs led on
are ra8idgy transmtted,, and the radio tr%nsnission
Bt £ Or he Y&mi hi*Rg Spdckiet sCPE t&dbnpl @f el R R B RETEbY
0k Ot pb3-a tldd shdirfdf et sp{r eatdeeneenventi onal schene
(FIG 5) where the radio transm ssion 12 of the
remai ni ng packets is conpleted at the tinme point T4
|ater than the tinme point T3. The radi o transm ssion
of the remmi ni ng packets is conpleted at earlier
timng, and thus the user apparatus 5 can deliver
recei ved packets to an upper |ayer such as an
application layer at an earlier timng. In addition,
the | ast packets in the renmining packets can be
transmtted to the user apparatus at an earlier
timng, and thus the second enbodi nent achieves
earlier 10 conpletion of the PDCP reordering than the
first enbodinent. Also, the PDCP reordering function
has to be used together in a shorter time period than
the first enbodinent. Al though the present invention
has been described 15 with reference to the certain
enbodi ments, it will be appreciated by those skilled
in the art that the enbodinents are sinply
illustrative and that variations, nodifications, and
alterations may be nade to the enbodi nents. The
present invention has been descri bed
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20 with reference to specific nunerical values to
provide a thorough understandi ng of the present

i nvention, but unless specifically indicated, these
nunmerical values are sinply illustrative and any

ot her suitable values may be used. Separation of the
di stinct enbodinents is 25 not essential to the
present invention, and two or nore of the enbodi nents
may be conbi ned as needed.cEammsconveni ence,

appar atuses according to enbodi nents of the present

i nvention have been described in functional bl ock

di agr ans,a byl etrhes pppanatutsesc bRy rfies i wgkenented in 30
har dware, software or conbi nations thereof. The )
presedt NARJENCITo $IURST 1ThyRad (T dheMalSSAPn unit

PP IBRUS + ARt a ¥ahi &t hORS quEH fd LahhONEc@RUsource base
alterations may be made w thin the sprit of the
gresear ifRenkroRlo VT stPnfertar g6ihalo pae eftation;

appl i Gatd ORqb% 1258 GnAB n dl 3 JERBRE AL h QK Wongigured to
Application No. 2006-170701 filed on June 20, 2006, :

neheetliei pehepArems wimmaAnchizoe kdrelppurpedrpsrasegtion;
herein, ype gl erene erl%lg%r'}@ti%-n gyééht%‘}?r@ﬁ%

conprising: a handover request sign transm ssion
ami figuged i gor ekt eansMiCR regquakrsngndlunet don of

é{#%?ﬁiﬁ’ﬁ%{s §%§Ue9ﬂ:ef °6fh@Q@9<VeeJ topagt %ﬁa%eﬁ fayer and
stafion; a.%an VEr coman receﬁ%lon uni't con |gur¥§
def eredeigr¢ ca deandveer thbenpack rom ¢ leen sppee bayer until

St at %g%;kedta? nggormeorggr_ls%%ge%ggi_on execution unit 10

confrgure 0 éxecute a feordering. function of
det er m rmagdseguencempll efackef gniarl at POCRmSHE Byer vand

deferring o geliyer, d he RASKRUR O e HRPRL A BYEL : to the
target base station;

a PDCP reordering function activation unit
configured to activate the PDCP reordering function; and
a PDCP reordering function inactivation unit
configured to inactivate the PDCP reordering function
in response'to expiration of a predefined time period
or in response to receipt of a notification from the

target base station.

2. The user apparatus as claimed in claim 1, wherein

the notification from the target base station
indicates that a last packet of packets forwarded from
the source base station has been transmitted over a radio

interface.
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t he packets becone in-sequence; a handover conplete.
signal transm ssion unit 15 configured to report

conpl etion of the handover to the target base
station; a PDCP reordering function activation unit
configured to activate the PDCP reordering function;
and a PDCP reordering function inactivation unit 20
configured to inactivate the PDCP reordering function
in response to expiration of a predefined tine period
or in response to receipt of a notification fromthe
target base station. 25 2. The user apparatus as

claimed i ghan®dl, £foWhal@l NintAeuredsd fagphireit ¢ ORving a
the target base station 30 indicates that a |ast
RiicRer oo REkEOs FRGhia8d feonietiRe kbt 8 Haeuence of

Slakben has Hegirransihilad Heradreadiihgifbeaéager the
15 3. A nmethod for use in a user apparatus having a
ROCPe Esortder @ Ag YARRE | A YEGY %Féﬂ-mtlh%gp§€éf@éiﬁg©%f3°@e

iﬁﬁsgsgﬁér{b 8, PR %H@theﬁerc&wrggfﬁg{ | fget @ dgld vak
t he ackets to an upper layer until the packets
becomd ramsmédieaiee, at ke at fibd sd@fA} skRg & hOBregs base

HarLEAYU L hAG by AURS! 51 00AL O s SOULER ASE;
station for handover to a target "base station; 10
r ecei viege avhageydrandatrend darone tHe feom dhdageurce base

$%§£Eg%; transmtting conpletion of the handover.to
e “target base station and activating the PDCP
r eor ders agsmfitrictn @ng oapd. €61 pnactf v engartkoPOCPto the

€§?&%%rﬁ¥%éug€gkg%ﬂ'knd activating the PDCP reordering
function; and '

inactivating the PDCP reordering function in
response to expiration of a predefined time period or
in response to receipt of a notification from the target

base station.

4. A base station acting as a target base station
in handover between base stations for a user apparatus,
comprising:

a handover completion notification reception unit
configured to receive a notification indicative of
completion of handover from the user apparatus initiating
the handover in accordance with a handover command from
a source base station; and

awireless transmissionunit configured to transmit
packets destined for the user apparatus forwarded from
the source base station to the user apparatus over a radio

interface in priority over packets destined for the user

16



10

15

20

25

30

response to expiration of a predefined tinme period or

in response to receipt of a notification fromthe

target base station. 20 4. A base station acting as a

target base station in handover between base stations

for a user apparatus, 25 conprising: a handover

conpletion notification reception unit configured to

receive a notification indicative of conpletion of

dppeeven § H@Eiﬁ@ré@efr@ﬁpéhaﬁﬁﬁelrnhtdcﬁi 0Tt hth€ource base

handover in accordance with a handover command from

302 h188urce base station; and a wirel ess transni ssion

unit configured to transmt packets destined for the

user apparatus forwarded from the source base station

to the user apparatus over a radio interface in

priority over packets destined for the user 16

apparatus delivered from an upper node of the source

base station. 5 5. The base station as clained in

clai mg, ngrﬁhge §ﬂ§¥¥oﬂa§§e&lg e PACKELSm 4, wherein

destined for e user apparatus formarded from the

sour ced kia‘ﬂs%tspat:ﬂ(@rt iosf I.Odee redskettsedast theduger the user
i, t i i ' t I ;

SRR Rl a0 SOy B5e M fibn s

tiahﬁmdﬁtedlapmthemheemlappheamuﬂetsge@hémemitM'an

t r. app u 0 r.d spurce

151? H%ﬁcla(%g ?hgttpztc}ﬁét g%&:egéjl ne for hggﬁg] P8Pfarded.

apparatus delivered froman upper 20 node of the

source base station are separated from each

6. The base station as claiméd in claim 4, wherein
the packets destined for the user apparatus
forwarded from the source base station and the packets
destined for the user apparatus delivered from an upper
node of the source base station are separated from each

other with port numbers where the packets have been

received.

7. A method for use in a base station acting as a
target base station in handover between base stations
for a user apparatus, the method comprising the steps
of:

receiving a notification indicative of completion
of handover from the user apparatus initiating the
handover in accordance with a handover command from a

source base station; and
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other with port nunbers where the packets have been
received. 25 7. A nethod for use in a base station
acting as a target base station in handover between
base stations for a user apparatus, the method
conprising the steps 30 of: receiving a notification
i ndi cative of conpletion of handover fromthe user
apparatus initiating the handover in accordance with

a handovef s aerrmingg f pamkee t sodesea hase Sbat ite ardrl7
transn1tt|:$% acket s sttlned for the yser ggaratus
f

FRP A& At EREShUrd baRE SPHLTH RBSEhEL k@D to the

BPPAr abps e saokd & i Pheibageddr paicer ity Pvebrity over
packets destined for the user apparatus delivered from

Fsa%heaﬁpéire%aeeéf I SherteFadPRIAEISF Il BVered from

dWbipe CONMHALC A Oh 8Y SRR EONBRIsH NGt &t 13QUr ce base
station, a target base station and a user apparat us,

t he user apparatus conprising: a handover request

signal transm ssion unit 15 configured to transmt a
request signal to a source base station for handover

to a target base station; a handover conmand reception
unit configured to receive a handover command from

the source base station; 20 a PDCP reordering

funct ifon 2xBeltdlon Gﬁmmurcmatg@rnedsmt@mmrepallsm a

g%r'ﬂlagséug%lo rbﬁ)f dettaef%éede sséaqé'@Q“Eﬂ.og{e and a user

pactets I n subl ayer an erring to rver
apeapadkeis to an upper |ayer unti

the user apparatus comprising:

a handover request signal transmission unit
configured to transmit a request signal to a source base
station for handover to a target base station;

a handover command reception unit configured
to receive a handover command from the source base
station; _

_ a PDCP reordering function execution unit
configured to execute a PDCP reordering function of
determining sequence of packets in a PDCP sublayer and
deferring to delivér the packets to an upper layer until
the packets become in-sequence;

a handover complete signal transmission unit
configured to report completion of the handover to the
target base station;

a PDCP reordering function activation unit
configured to activate the PDCPfeorderingfunction;and

a PDCP reordering function inactivation unit
configured to inactivate the PDCP reordering function
in response to expiration of a predefined time period
or in response to receipt of a notification from the

target base station,
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t he packets becone in sequence; 25 a handover conplete
signal transm ssion unit configured to report

conpl etion of the handover to the target base

station; a PDCP reordering function activation unit
configured to activate the PDCP reordering function;

and 30 a PDCP reordering function inactivation unit
configured to inactivate the PDCP reordering function

i n responseatrgeaxpbéaki ¥t Of i anprrded + ned nid e peri od

or in response to receigt of a notification fromthe ,
target base3sPARANVEIsCPRR U HRE BAke Gt bAn reception
ORI E§hAdiger andeVver cearpd &f ifdt Dot ihittiddhoindicative of
reception unit configured to receive a notification .
CECHEIPESFP\R? Off NEBANER T diF U T YS\RF 2PRshs # hEsuseitiating

PP A 2hHS vidY ti Atd 880 % ddie-bapdener hAnd L HaB6RmMdd from
a handover command from a source base station; and a

ani §eress thansnisdsiohotni @dnfigured to transmit

packets desti Redr£ 9k e He Rk rARPY 8husin fOr¥8h¢8dured to
fromthe source base station to the user 10 apparat us

toversaiftadrackater fdeatingsti bert fhoverspackamaratus
fAesfLped d Ofr#;ﬁe HYPET s BRRAITATYS sdeldver f%f YN e user

upper node of the source base station.
apparatus over a radio interface in priority over packets

destined for the user apparatus delivered from an upper

node of the source base station.
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