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1 HANDOVER | N COVMUNI CATI ON NETWORKS Fi el d of the

I nvention 5 The present invention relates to a
comuni cation system and in particular, but not
~exclusively, to handover of a mobile node froma node
to anot her node. Background; 10 Communi cation networks
typically operate in accordance with a given standard
or specification which sets out what the various

el enents of the network are permtted to do and how
that shoul d be achieved. For exanple, the standard
may def i nNHAMBOWER INhEOMSMUNICATION NEBOICRRKS, user
equi pnent is provided with a 15 circuit sw tched
service or a packet switched service or both. The

Fiel@tolingilrefiBon al so define the conmunication protocols
whi ch shall be used for the connection. The given
standard al so defines one or nore of the required

Theﬁ?r'é@@ﬁtt in98ntRsH Srté a Egﬁmﬁ.ﬁ@ﬁ%w glﬁﬁei'ﬁ,t and iy %\%glcu}ér, but

relate to various Teatures
not pxclasieelyr fo hmndostefl oha niakdie urogls fein & r&ﬁiettb%mrfﬁwb.
nunber 20of traffic channels, quality of service and
so on and/or features that relate to multislot
Backg@oadi ssion. In other words, the standard defines
the "rul es" and paraneters on which the

Communication networks typically operate in accordance with a given standard
or specification which sets out what the various elements of the network are
permitted to do and how that should be achieved. For example, the standard may
define whether the user or more precisely, user equipment is provided with a
circuit switched service or a packet switched service or both. The standard may
also define the communication protocols which shall be used for the connection.
The given standard also defines one or more of the required connection
parameters. The connection parameters may relate to various features of the
connection. The parameters may define features such as the maximum number
of traffic channels, quality of service and so on and/or features that relate to

multislot transmission.

n other words, the standard defines the "rules” and‘parameters on which the
communication within the communication system can be based. Examples of the
different standards and/or specifications inciude, without limiting to these,
specifications such as GSM (Global System for Mobile communications) or
various GSM based systems (such as GPRS: General Packet Radio Service),
AMPS (American Mobile Phone System), DAMPS (Digital AMPS), WCDMA
(Wideband Code Division Multiple Access) or CDMA in UMTS (Code Division

Muitiple Access in Universal Mobile Telecommunications System) and so on.
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conmuni cation within the communi cati on system can be
based. Exanples of the 25 different standards and/ or
speci fications include, without limting to these,
speci fications such as GSM (d obal System for Mobile
communi cati ons) or various M based systens (such as
GPRS: Ceneral Packet Radio Service), AWMPS (Anerican
Mobi | e Phone Systen) DAMPS (Di gital AWPS), WCDVA

(W. deband_ Code si.on | e Acces or CDMA .in
Thel JX A SRRmERS be b A IRt s fo BRiREE 33! rommupieatiah over a
parfidta €omelupRBH MebAdrkCHts t%)@é ﬁﬁfbleﬁi&‘ﬁteﬁpln‘)&bcor@an&%ﬂh the
yser equipnment i.e. a termnal that is to be used

predefiiaghi 148S oAl dhe rneiwgds: t Aclamainal omavinaleat berar fﬂﬂgﬁ@r I@ be
cnfu B BT S SN e g o

predefine
comuhgnichle ar racogedhnoe hvéthc cepatsl btifferdnt htypes eoft kemnangcation

ool P RSB S b e B s e o i

exatnphethepéo Aidial-htieSAbNAS SGtio hese user equi pnent
are often called nulti-node term nals, the basic

exanpl e thereof being a dual-npbde nobile station. An

An &P cé\nﬁﬁmeawoﬁ%twerkn@ Oa/vgéumérsraa.o ﬁét{/\}élrltéf:org,ls&mg of

radi o network consisting of ccess areas
access @eddss providatb Hy @%ibes!ntmestcewescﬂ‘re oell dahi hed:ldlsed as a

' d
confF US55 R Rk L ARy A o
servindgEisersemlipment(iE), %u&h alsi 1aoBild Mﬁilony(lﬂ&i Via@l @dio interface
inte ace an t%ssb9 y connected to a base station

a"dsﬂﬁ’ﬁ§ 8¢ glatio|qubsyery (BSS)apgueraheells cover a
Iargé{nQrﬁfaoreﬁ‘iot féﬁhﬁ?g':déll? 4 %l? c%%:?é Sre RiefEd G5 " %d tI(‘:w?»:zatlon

as. a location ar ea or | soms st andar ds

areg gut)i aignaoese sRnpards as Eduutin@@r@:) p%):nmmld batam)lrmmted
0 r of, ro n re nds on

thatsthé esn?é totérrinﬁea r'fg&agl i c%rerr%tg EOl.gilng anﬂ?peéﬁﬁ e System and

cwcum!;ﬂanoes ,bence ey ecmtilIteranesc@lhoabaétwenﬁmélleﬁoyﬁérﬁﬁ%art of a

a of a baz) § b A%feature of access systens
covelgn aieatios IsPoviRtied Hyferitte | aeess syptanesisush @asathose
prondedOB)Pméj&ﬁluthsté:ﬁ i ﬂfatﬁﬂﬁo%@b'rﬁoﬁﬁtztf?% 'méBild sBtions,

the nobile stati'ons are enabled to nov
.e. thecraebiim statienstare snabird to maveniren 3 {evation: amaytmrwether A
e t k i S .
monfé Peafiof Moy V8] v 1RAE L et 3P NGy work hat is
comad’atpjemmtbe slem?Ialdeme atphilp etation(isiadapicdton one of the
cells of the cellular systemcan be 25 controlled by
a node providing controller function. Exanples of the

The QJ@@E fe@hl;ﬁ:ﬁerﬂq@,% WilkihUsHe af BRseefd af kD c@l?lﬁéﬁ @Q»té‘rﬁ can be

and a radio network controller (R
conffq\fsdr B¥ji2o nade syovidiauseRrirelins kipction, Examples| efd tl‘l@y cantroller

nodésamc‘ﬂjcféeta"‘ﬁé SRdRO Ebﬁﬁol&eR’@SCr)TQﬁd &P ?%%g gAegwgﬂ%a%ﬂr_ltrolier

ContTol” & nunber- of Base st sTor ‘a
(RNGhelnc 6 T3I ther rardio dresenmeteioeld thercbhas dontr@iigatignay radio

netwdrk ch# ofed (RNC). The coniroller may control a number of base stations

‘or a base station. The controlier can be connected further to a gateway or linking

node, for example a gateway GPRS support node (GGSN) or gateway mobile
switching center (GMSC), linking the controlier nodes to other parts of the
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30 node, for exanple a gateway GPRS support node
(GGSN) or gateway nobile switching center (GQGVBC)
linking the controller nodes to other parts of the 3
conmuni cati on system and/ or to other conmunication
networks, such as to a PSTN (Public Sw tched

Tel ecomruni cati ons Network) or to a data network,
such as to a X. 25 based network or to a TCP/IP

tocol /|l nt.ernet Protoc
confyLRREMAT SR SR to! PEP Ry MGHER el ahces to a
PSTNr(PainU Switchetf DerebimpiuriatinbiNawsHedr 899 data network such
subscrl blé%% t he networks or visiti néet he networ ks,

4R o5 basadchtReWeHe Plodat ifon! ¢ BYP st Eransissign afantrol
Proiﬁo%!!ﬁ%mbpp?étb@&) W:)%Eé&%%fﬁ%l{(vj‘F& &k r"ﬁiag ncludl? nodes

equl pmsnt communi cates wt a communi cat
for gtoniog defermatiarnof orebjatstativns subsarizing die metmrkbexrwmimg the

k355 SEADRER e B PSP ocotin

registans (WLRer nodes. At |east a part of the

comuni cati on between the user equi pnent and the

actual destination node wll then pass through the
WhERN I @ddreeqgliipatent! thﬁw&%ﬁé@'ﬁ?ﬁ Oatécﬁﬂﬁfuﬁfcah?[@ ndfork, a

handover the connection froma first node
conyegedtiatopath Mas been gistablicBed betwransths esafeemynemmnd an

it LB BEURS R SRS SOy YR Y S B o e

con(r@lfé)r oodeecm oOlgawi tah pmraoanf kmte somhaltchtioat \b@hke@y&h@nmser

S ver to have a circu
equifiatlinnd Fre ik Tasinbdan ftds wil dhew pass Sipughdhe Controller
nod8e1t8 bbssBrt BMdrferd e, tt@ﬁaﬁﬁwer@f@cé!hﬁé‘ct%ﬁrf% aﬂ?@t hode to

handover of 20 the connection nmay be required
a segesd rofe. nous Iskalitaise ba passide ibetveen dwe rfadem taat:émong to

dfffe{gé’ntaEQMb‘?k &Rldms! %opa%%%rﬁﬁg gens&el éﬁnﬁneﬁﬂéhaﬁli%a ppcket

€ sane “system as the previ ous ¢
switolesd PSP chnemecmmmtlrslaeﬂaueitmltcrﬁldf hetwank system (e. g. the
muni ca nj. ca

oS R AL TE e LTSRS 25858 o i«

circlit ORitd HRISn e tivorl éﬁtelbne(eagl fhet @s%%rr@t\ﬁce VBRSCThe handover of
functions can be divided in different categories. A

the gennaghpy rﬁ@hﬁ?l@%‘@ﬁhﬁegr wihentthatmekileastation mougs i.e. roams
fronf‘rﬁﬁ:btlélﬁ‘lto gﬁéﬂh}éf B9k ctagg & WBW UKL n8f'§%rj\'189 b?ﬁhéﬁ% fife §lstem

la or other data content
as the previous cell, the handover needs to be accomplished between different

communication systems.

A communication system needs fo be able to provide various different functions
in order be able to operate. These functions can be divided in different
categories. A category comprises functions that relate to the actual carrying of
the communication such as voice or multimedia or other data content in the
system. Another category can be seen as being formed by control or
management functions such as the control of various services and the actual

communication. Signaling of messages associated with different functions is thus
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system Another category can be seen as being forned
by control or 30 managenent functions such as the
control of various services and the actua

comuni cation. Signaling of nmessages associated w th
different functions is thus; 4 understood as being

i npl emented on different planes. For exanple, control
nessages are communi cated on a control plane and the

ondBFSHED 7T e AR B, B, convo

mesﬂagperar@dotﬂmwm&:gaaldn@ coftréiltamoand tHe agaaleg@afimanication is

the control plane. pically the comruni cation
the%g?cr@i?@”sﬁ? A o UBhY mﬁyﬁ e SOBIMUBIEANQR €NcHignHEes plane is

supBofled e §f§ﬁ£lﬁwg3$f the %ﬁﬁb?ﬂe%éﬁ@s' dil@hethtrol Plane.

comuni cati on "channel s. Such arrangenents a
enpl oyed e. g. by signaling system?7 (SS?) core

' Cr,i cess
el OIS PPt ot NS P VB Ry PR, o ssmprate
chamhﬁa,l eegl‘ doyr mnbmfcgé]iaraiedpkignallr@ﬁnﬁlrUcThﬂhumﬁgtlon channels.
i m t C ni catjon channel nmay be use
Such BHAPEFBENIS 7S OREEVSD) 5. PBnSiNSER [SYNEM HelSeT) core
netwérks OHAd f gt 1/e8MAvchbivm Cﬁfﬂﬁéﬂbératdcegséyﬁﬁfﬁm@)(h% term

... have been devel oped 15 quite independently from eac
Sigpalirg shannely sy ditief etiepd priroceefering dits f eosirol  plane

co 'myé'ﬁo“n%t 'S‘ﬂﬂmbéﬁc'\ﬁ rmTEﬁnﬁtﬁan&%Eﬂsch%Bﬂ?P@%&g% glgead when

I ne e.g ane s e used

refemng)maserlﬁmneecxmmualcamnna third generation (3G UMIS

based comuni cati on system 20 various nodes
including a base station, a radio network controller

Theaﬁﬂlo@s Sehotiong SRS Mﬁ@ﬁ'&af'@fﬂ 8ydtSiS¥hay Ve BRen developed
i nvol ved in %r ovi di ng user plane conmuni cations to a

qu't@rﬂaﬁqp@n@?aﬂy am Aa@a@lmr maldise mﬁ@m@f@ﬁcols in different
oAt afa O&yé?é'?n@ j’%@r&?nagﬁi)@%% g??tgcoié c?e?%gwo Igkw(hich plane

shalhb8 G@sad fovor ke}rtma)punnos:mrforrred as def |e:1e3e| n Third
Generation _

For example, in a third generation (3G) UMTS based communication system,
various nodes including a base station, a radio network controller and a serving
GPRS support node (SGSN), may be involved in providing user plane
communications to a mobile station. A packet-switched intersystem handover
from a source network (e.g9. a second generation i.e. 2G network) to a target
network (e.g. a 3G network) may be performed as defined in Third Generation
Partnership Project (3GPP) technical specification TS 43.129, version 6.6.0
(2006-1). This handover scheme assumes the use of SGSN user plane
connections in both the source and target network. Thus according to 3GPP TS
43.129, version 6.6.0 protocol data units (PDUs) queued in a serving General
Packet Radio Service support node (SGSN) in the source network after a
handover is confirmed may be tunneled directly to an SGSN in the target

network.
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25 Partnership Project (3GPP) technical specification
TS 43.129, version 6.6.0 (2006-1). This handover
schene assunes the use of SGSN user pl ane connections
in both the source and target network. Thus according
to 3GPP TS 43.129, version $.6.0 protocol data units
(PDUs) queued in a serving General Packet Radio

Servi ce support node (SGSN) in the source network
after a 30handover is confirmed may be tunnel ed
directly to an SGSN in the target network. 5 1S

TS 43.129 veesisn Cﬁlg.@. tddues @mﬁet?s?n@m hantbedteth order to
hand ~in order to support real-tinme _ _

supRQHERL Ump Racka Puticharh havgover dvih siiCkGuRlibyoloBenvice (Q0S)

reqiiRSHERS drJBW) lafc?Ry i dramaiket fJas! PUCHALGR Her%‘ﬂgn@d?\fé?%duces
| oss. Packet sw tched handoyer reduces the service

the sppvige interenionfofithe ugee plasicantorination mhtelb change ebinpared to

apar. | -reselectio d enapl es
the P o5 L BeHF nEBiodhaR e (B JFaREn g e auser
plariendatade brdes to estivwe prukiceloskes selhesdd.- change. The
scope of TS 43.129 version 6.6.0 is handovers to/from

GERAN (GSM EDCGE 10 Radi o Access Network) A/ Gb node.
j A9 h¥rsi Wi t
TheMtopeITd 43 42b h¢rsich BRIY lé‘gar@o'%%rsstb?ﬂ?(grf'l G@ﬁﬂ@o@MDGE

user plane and control plane is available in
Radig, AceassaNgtwerkh é¢/ChysodesMora spediticalising senving GPRS support

t j : dover, PDUs are
o e PRare A B, e, B S0 R R i SP Y Bt toroe
syst8@BN Im attwrdaace etithsidd standaird gaai@ ;igﬁikef %Wﬁ@h%d- bandover

Ho in acc net wor ks may be arrange i
o AR P o PRESEIT 4B K5 2o in e
targetsist@haringed Grl intdrfackhe user plane. For instance, in
the proposed 3GPP | ong termevolution (LIE) access

schene, disclosed in 3GPP technical report TR 23. 882,

HowsRES | tath Bcdestaiétrionks) mh) %reear?ér?ge%n&i#ertemy 4E&h tr%"talﬁ'é‘y do

not employ an SGSN or equivalent entity in the user plane. For instance, in the
proposed 3GPP long term evolution (LTE) access scheme, disclosed in 3GPP
technical report TR 23.882, version 0.8.1 (2005-11) there are only two user plane
elements: an evolved Node B (eNB) and an access Gateway (aGW). 3GPP LTE
is a packet-switched only access scheme. When compared to e.g. to the above
described examples of third generation systems this means that a radio network
controller (RNC) and SGSN user-planes are not used for 3GPP LTE access.

It might therefore be advantageous to have a mechanism which permits
intersystem handover to take place in particular in communication systems where
the handover may occur between different access systems, such as those
described above where one of the networks is a 3GPP LTE access network and
one of the networks is a “legacy” 3GPP access network. In this example “legacy”
refers to 2G, 2.5G, 3G and 3.5G access networks. It might also be

advantageous if packet loss and its associated problems could be avoided during



20 elenments: an evolved Node B (eNB) and an access
Gateway (aGWN. 3GPP LTE is a packet-switched only
access .schene. \Wen conpared to e.g. to the above
descri bed exanples of third generation systens this
means that a radio network controller (RNC) and SGSN
user-pl anes are not used fof 3GPP LTE access. 25 It
m ght therefore be advantageous to have a nechani sm
whi ch permts intersystem handover to take place in
a fp&ndbveermramedure donbedimeatsi afnhs pedsentsinvdreion dileo address one or
mo Et% ngte occur between different access systens,
§%8 58° P¥S5E " descri bed above where one of the
networks is a 3GPP LI E access network and one of the
netmorks is a "legacy" 3GPP access network. In this
SURTERh| e "I egacy” 30 refers to 2G 2.5G 3G and 3.5G
access networks.It mght al so be advantageous if
Acgigilkgtio | 058t agskdt! &e&ﬁﬁﬁﬁﬂo@h@é dphakh @ or GREl 8 DSode of a first
avoi ded durin a handover procedure. Enbodi ments of
acqeRs ngesle dbe Pl%%ﬁ@ﬁ&ﬁm@. GenfigHrad it sseiveriiata fropror Eobility anchor

nodd@&ﬁbtﬁﬁe@ RhRata RUFEREMiARRAb & MBbilethddielvid §tﬂr§§£ﬁﬁéction and
S.provi ded apparatus for use at a node of

follppiPg ligicBed HEBAGPIE R PREMsp E d1BE0 i A e Rt pamesdon to a
sedofd chirRtiotebétaban fHeabRIe YAk laht ¥ taRehRdde) Qéiﬁd add buffered data
bu feB sai d data for transm ssion to a nobile node
to A4ty AEEhYI St i on; and following initiation of a
handover procedure for handover of the first
connection to, a second connection between the nobile
ACGOEHRI i@ sgeengt geRechdiere is dievidest @ bBR plalieningliding rapparatus as
discietied heRSM | i ty anchor entity. According to . a second
aspect, there is provided a base station incl.uding
apparatus as disclosed herein. According to a third

AcRefieg e al ﬂﬁﬂeasipéc@rtﬁé’r‘edlg%rév@éﬁ‘tar Sdrlt@Nieobs aR ori matlon access
ori tion access system including apparatus

SYSHHNY Pl’)‘g@a a!ﬁ’@?'@‘fwsasiﬂ@ﬁ‘ﬂ?%ﬁdr@r?'ﬁ a fourth aspect, ther e.
i's provided apparatus for use at a nobility anchor
which is configured to: send data to a first

no
ACC&E@%%O AP RRSS: ﬂﬁ?%@ﬁrw% apRArAUPiS Yse at ookt anchor

nod8, Whitk lis eagaRt! B8N seridPbhtaWh NOfilsP bEdeRS Ifefvdk & transmitting to a
handover, procedure for handover of the first

mokilgpRger YigrR {1Est £osBeglion: delioning: initine afic apsievergispegure for

hanHQ\dﬁ oRiHe fist:RRREElioRAGS BSBchiRt d&hléctldn%%hé/& t‘ﬁ@'rf%bﬂ@h@de and a
&gfk fromthe first access network 1 and send sa
seconi 4cqess 8givers ERcie said dala sk [erthe drst eeass rﬁetwqrhgend send
said Gat§ab SaiDRicbRy BOEKS s HeAvERIf6r §§fs‘?rﬂﬂ*n§%‘§§|9td‘|9rgle node via said
ccordlng to a fifth aspect, there IS provid
seconkh NeEiPRss syst em mobi ity node i ncl udi ng appar at us
as disclosed herein. According to a sixth aspect,

tgere is provided a nethod, conprising: receiving
Accding 19t 2 SR geegr there iis Srovisled et infet ABReS fYsiama mobility node

incluay Apparatadebaicres@nhanrs buf fering said data for
transmi ssion to a nobile node via a first connection;:

and following initiation of a handover procedure for

Acchramday & sith aspéctf thefd isGRONESd 4 AR, @orﬁﬁr&%drecezvm cPata ata
ction between the nobile node and a targ g

nod%]o%1 a?%@&ﬁ%smg%( e ggpRbility @ﬁghqu'logl@qgrdm}ﬁp@mg;gald data for
tran§taisgioh OtoSAi Hoilbhbdd YicABCHEr c8Mdcki¥n; and following initiation of a

handover procedure for handover of the first connection to a second connection
between the mobile node and a target node of a second access network, sending said

buffered data to said mobility anchor enttty



6a According to a seventh aspect, there is provided a
conput er program conpri sing program code neans
adapted to performany of steps as disclosed herein
when the programis run on a processor. According to
an eighth aspect, there is provided a nethod,
conprising: sending data f@om a nobility anchor node
to a first access network for transmtting to a
nobil e node via a first connection; follow ng
Acceiidirigato enseyenth Rspetbviberepisopetided § epmpeiet gvegrawf comprising
fl t t
prc%éﬁgm ¢ d|%| ”ég%ggag&éﬁgg td ggﬁoﬁﬁ%;ﬁ% gg g@ﬁ%g% dlé&l}s‘%}%\éﬁeﬁpwhen the
pregsaraiisMungnsdiracagaera back at the nobility anchor node
fromthe first access network, and sending said data
fromsaid nobility anchor node to said second access
Acnerdingr te afroeighfmamﬂct ttherg is providad awisthasl, wouerising seadidg data
fro?heg %B%n %" 'n88e t(?g‘?ﬂtdécggsst r‘?et@ox'ﬂ' B l!?ar%ﬁ‘ﬁtﬁr? to é n%[)f’?e node
'S rOVId a conpu program conpri si ng
wac@ﬂl@’c penesticnd dgtomding witiatier of m hangovsl mu@pgraabr handover of the
ST ARAN TS LERG AR08 LA AIR bl RoflLard 2 second acoess
neb\roajm rgeeiviag rrade détar backcainthe rmekility @nclyy stosien frarh éhe dickd access
f4i G whj '
 nefiort g HGR, <o SRR Bl Tkl R PR R stbohooess
netwiosk far framsnitting toneaid moeyilepaade. viarsraid seaded icgnneolitni gur ed
to, followng initiation of a handover procedure for
handover of the first connection to a second
Acediing bt & ointthaspeet therd s providdédea igontpuien ¢regrararagetprising program
r .
o bl aBaRE 13 BAAR Bl Aepot ARbR kel 90 B prooram i
rurf @y apliodessgr-pat h. The node may corrprl se a base station
of an origination access systemor a controller of an
origination access system According to another
AcSSFng t%ﬁg’erﬁ%%frﬁeﬁtsth@ Va?% C;%S\ﬁdé"d 20d8e EQ'a @ommunlcatlon system.
ni cati on system I's configured t
The onde isi aafigured thcanmooicate vnlhta/\mpkllemmﬂe vd afi ast tonrettion and to
f orwardi n t he sour.c net be
coraBig G ath BaMEL AR VBt by RO ORI o 150 GRIRL s cogfiaured fo
fonﬁwrngtmm@tmne@fta eRndd\ke presddutestol lﬂﬁhdﬁtﬁf@r @0 gt eénrte@t.on to a
fol | ow n initiation of a handover procedure fo
seqonA gavraclien beteen thesrokilsrde eRda tarert actwasbRede. transm't data to
theC it Sfdde Oy lﬂ%ﬁé’}ﬁégloﬁ he tho it H&%ﬂ@ gawEaJ 8&LonB R C?rdmg
conmuni cate Wt he target “net wor e via a secon
pah forwarding path, the target network node being
configured to conmunicate with the nobile node by a
second connection, receive data fromthe source
The eibus fayroapris@actbake atioh bf Merigladtdntaecédiesybi@irgata controlier
net wor k. node via the second forwarding path.
of ¢ eUIIBRRY 4SS enbodi ment, there is provided a
method in a node for a communication system The

conprises comunicating with a nobile node via a
Acearging teanmieas Embpdineariiere d;sa@rpwged/\ﬂ npdesfor A cpramubigatiop system,

whﬁ:h |§ | gﬁf \gel,l%d’\ﬁ)r ufl %ljg Wi BQIJCJ;? ?\%ﬁmlﬁh&#é {/gte{ 1% T%T'wardlng

proceadure over
pathotfneemtuoemetvmrk node being Conﬁgured to communicate W|th a mobile node via

a first connection. The node is further configured to, following initiation of a handover
procedure for handover of the first connection to a second connection between the

mobile node and a target node, communicate with the target network node via a second



a second connection between the nobile node and a

target network node, communicating data to the third

node for conmunication to the target network node via

a second forwarding path. 5 According to yet another

enbodi nent, there is provided a nethod in a node for

a conmmuni cation system the ggethod conpri sing

comuni cating with a source network node via a first

forwardi ng path, the source network node being in

uni [ ) .

B8 0 b S TRED L, BAER byl lrpuricate wan e
mpbikoedertsy  sscohdrdavationfretéice Hatastont theneotdeaietwerkaode, ‘and

second connection 10 between the nobil e node and a
trgngpifdpe Afgdo t &ﬁ?ﬁ?ﬁf‘%@ﬁ%@o% \ip termeceis ipavarinasttk

node via a second forwardi ng path, receiving data

fromthe source network node, and conmunicating the
Agrprding got arothedr gapodistenbr theffo dfe Plavidedha metheddin a node for a
LD RER] R A GRET IR RO il FOBIE Ao U8 o frst
cgmevtione doromunieatitg with a tbiodrpode viapa Ggt Eorweringr pash,rand following

. program .code neans .adapted to perfqrmthe t hods.

RS B R e D By o i o st 1 o
node (or user equipnent, 20 UE) is using before
handover. If the source network is a 2G or 3G access
network then the source network node may represent
the 2G or 3G SGSN. If the source network is a 3GPP
LTE access network then the source network node nay
represent the eNB (LTE Node B). The third node may be
an inter access systemnobility anchor (1-ASA). 25
The data may be packet data and the first and second
connections nay each be packet switched connections.
The data may be user plane data and the first and
second forwardi-ng paths may be user pl ane forwarding
paths. 8 node). The nethod may further conprise
delivering the data fromthe target network node to
t he nmobil e node via the second connection. The first
forwarding path may conprise a first data tunnel and
t he second - :
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5 forwarding path may conprise a second data tunnel.
These data tunnels may be i ndependent. Thus, in an
enbodi ment, the source network node nmay encapsul ate
data and send it via a first tunnel to the third
node, where the first tunney termnates. The third
node may t hen decapsul ate (de-tunnel) the received
tunnel packets. The third node nay t hen encapsul ate

t he second tunnel to
@ S‘égsn(?arge:e%“@?&iﬁi& %Bé’g'e @E eoé‘"ér%vtﬁf%e& pgjwork node,
conavanidatie daeeto fties tReMALES 8L CBRMUNiIGRRCIAIHCRRget network
et ween source and target net wor k nodes. In
”ocgc‘ﬂ%?osfﬁ&’@ ypwarding padhif i ¢ enbodi ment, a method is
provi de wherein a source 15 network node redirects a
data tunnel, running between the source network node
Accgrding o et @ioth@rcembodmmmm id pibyldadcahmethdd:)mramode for a
access system np

con‘nrﬁ@r}.ﬁ@?ﬁorp a ndd@hsﬂﬂkﬁrﬁ%ﬁi tgpﬁ)é'ls'%[y'%wm‘f lggs\ﬁipc%source

netwerkwoode nislea tfisstnfIravandi @glll Q{mh 6 @olrtet ﬁelaﬂﬁﬁk A BBing in
ity anc i ncl udin

‘ h
o o el b A O o
handBV&! prded&eess hﬁﬁéb\‘f;‘ép SRRk é‘lrétyccﬁ'fﬁ%gﬁe ﬂ?atéé% fl %oﬁggctson

recei ved tunnel packets, the packets are unne
between e traehjlst nadewandk Eh(b@l'eet EmUedlcanMlmtthg}wrth the target

new%rﬁsﬁ%gg@’ ?2%%‘2‘2"@%”93&]&@@ O;J;%al': %lglcgé\ﬁa: ffgahg?‘?s source

netveot rafdet adacorzaumesiny ks d@l@StOZ&eﬂ@tge?rﬁét\%ri@ﬁbm the
| ent enti N-c in a 3GPP L

secdiis filiveiding Patts S beporiatinkgtss 1 i mobie nodrby the second

congadvedi ments packet | oss during intersyst em handover
may be avoi ded. Thus unnecessary congestion contr ol
recovery procedures, such as Transport Contr ol

R T cover -
e B il o AR R 8P i Pt Bl grpmeising
prograim @ideaneansadapteddde perfdrh iiné hesthdwenef it may be

provi ded in view of throughput degradati on
The source network may be a system that the mobile node (or user equipment,
UE) is using before handover. If the source network is a 2G or 3G access
network then the source network node may represent the 2G or 3G SGSN. If the
source network is a 3GPP LTE access network then the source network node
may représent the eNB (LTE Node B). The third node may be an inter access

system mobility anchor (I-ASA).

The data may be packet data and the first and second connections may each be
packet switched connections. The data may be user plane data and the first and

second forwarding paths may be user plane forwarding paths.

The data which is transmitted from the source network node to the third node

may comprise downlink data (i.e. data which is intended for delivery to the mobile
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9 since certain enbodi nents may assi st in avoi dance
of ping-pong effects between access systens when a
nobil e node is |ocated at a cell edge. Brief
Description of Drawings 5 For better understandi ng of
the enbodi ments of the presgnt invention, reference
w Il now be made by way of exanple to the

acconpanyi ng drawi ngs i n which: Figure 1 shows a

oG TTTHE G GRYPAGG R PRGeTOTRL o e e
netivork reodentocttle nrbigler mode il 8 sécdridiittnediosli agram for a

| ossless LTE to 2@ 3G i ntersystem handover. 15 Figure
3 shows a signaling diagramfor a |lossless 263G to

' v g ur f r
Tt CRSES, BRSPSl O et R ed A Lo
forwardingl natly imay rppidsaa secorRbflatacivoneli SThesgalata tFingls may be

; [ il trate X I a_context.in, which
ind e\ﬁagﬁgsent@hv@ntaﬁjoﬁgrﬂg?/&ﬁ%ngs3&? poee o NEMST nge may
enchpsdaieniatai arat somd $iyda enfirkOuiied 1o e ehild PEEK here the first

swi.t ched seryice. for nobile nodes 101. A nobile node
tunnig} esnales - ddedBird Sopgireas theneceaule Wefunaeh disisoeived
tunre? Gackets. eXRBPINGdL isdd M/ Ifdn BREASNIAL th@?%ck@&eand send
network operator 130. The conmunications system may
therp ofip B seeoad3appel tonifjettargat eebivark aedg L TH)s mey desprovided to

ovofHEF e O e AR B o o

netwarkwoidkes.

In accordance with a specific embodiment, a method is provide wherein a source
network node redirects a data tunnei, running between the source network node
and an inter access system mobility anchor, to run instead between the inter
access system mobility anchor and a node in the target network, the source
network node tunnels protocol data units back to the inter access system mobility
anchor (including re-assembly of unacknowiedged segments, if any), the inter
access system mobility anchor de-tunnels the received tunnel packets, and the

packets are tunneied to the target network node.

Embodiments of the present invention may advantageously allow lossless inter
3GPP access system mobility, especially when one of the access networks does
not employ an SGSN or equivalent entity (e.g. a eGSN-c in a 3GPP LTE
network) in a user plane. According to certain embodiments packet loss during
intersystem handover may be avoided. Thus unnecessary congestion control
recovery procedures, such as Transport Control Protocol (TCP) congestion
control recovery procedures, which reduce the effective throughput, can also be

avoided. A further benefit may be provided in view of throughput degradation
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10 In a nobile comuni cation systemthe nobil e node
101, for exanple a nobile station (MS), is enabled to
comuni cate with a base (transceiver) station (BS)
106 of the 2@ 3G access network 105 and/or with an
evol ved node B (eNB) 103, ige. the base station of
the LTE access system in respective wireless 5
connections. Each base station has a radio

: =] - I . lransmtting r.adio signals in
sinee G e o B a? retb i WeldariR S Bipind Riedls bRtween
accass epstemisaehamna metsile nddegs lewtited at grall edya. upl i nk

(UL) fromthe access area next to the base station.
By nmeans of these signals the base station can
Brigf @B¥¢NphEH 8f Didiingde nobile station (M5), which
itself includes a radio transceiver. 10 Although the
base stations of a 3G UMIS network nay al so be call ed
e i i s used. herein,
For FR8r Finabidfarldiid b e dbBliniehss BPind Braf§REMYBRRA, refeaence
will paW3@ mede sy way nbexample, to tiee desdrmpanyinddidwind inoRhich:
the eNB el enents 103 in the 3GPP LTE network 102.
Regardl ess the used term nol ogy, 15both nodes are

Figwrent sigwed dotrAlRtaEeh W temaR wRIES 885 et Qhpitr iﬁg'@?ﬁ’%cﬁments

node 101. The nobile stations may have a co ction
of the priesent igvemiionyaay betimplenented. or to the eNB 103. It
shoul d be appreciated that the functions of the base
~ station 106 and the eNB 103 may al so be inplenented
Figlte drshowsod sigrealiegt dingram fer atlbasieas 20Eb&s @G/3G intersystem
hanéﬁ\ger}scei ver station may serve both the 2G 3G system
the 3GPP LIE system Data to be transmtted from
and to nobile stations, may be speech data, video
. data or other data. Any packet data transm ssi on may
Figyse 3 sbewe R isignalingrdiagham for a lossiess 2G/3G to LTE intersystem

handover.
Figure 4 shows a fiowchart in accordance with an embodiment.
Description of exemplifying Embodiments

Reference is made to Figure 1 which illustrates an example of a context in which
the present invention may be used, i.e. a cellular telecommunication system 100
providing a packet switched service for mobile nodes 101. A mobile node 101
may access services provided by a data network 120, for example the Internet
and/or at least one network operator 130. The communications system may
comprise a 3GPP long term evolution (LTE) access network 102 and a 2G/3G
access network 105, e.g. a 3G Universal Mobile Telecommunications System
(UMTS) network.
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25suitable for transm ssion at a bit rate which is
dependent on the application and the source of the
data. A base station or eNB may be connected to
further nodes of the network, for exanple controller

node or a nobility rranagengrét entity (MVE) such as a
30 serving GPRS support node (SGSN) 108 or an evol ved
SGSN 104 that is configured to provide control pl ane

h
in & ‘P"Jﬁmuﬁ"’%ﬁ% |585@%€J%9m8®!}e$ o918, B mramplasaimobit
statiorc MBS ois| srfabisti € CbmnhifcRaSEitS babden tﬂa@r@ceﬁzfef)*b% P Bs)
f3 limting exanples of further (contro ?
10‘%%0‘@% '?(%3%0.?@3‘@“5@%%%5 Ard/ab Wit iancdvaliedanxie BaehB) 103,
i.e. Shrd '%ec%ﬂt{gﬁc)cﬁr HBSG ag % L o rpete}%g?tl:(tgteh Yyireless

controller shou app &¢i dt &d
congegignns: dlachobhee stajionl s be"admetdarismemehe;apabie of transmitting

f trol function. In
aclBRAE T P o 1 Hobl Sl i S0keds v and
receivingecided signais A0 Wbligk |(BL) Gftnh e docBss tHhéa %@i’t‘f@%g base

eGSN-r% 104. The eGSN-c 104 operates in the

Stat%'n{\éryomeef‘a thess sl theubasp statientcasr esmeuininate with the
motille28tidriMS), Which I@Lﬁx%dég% Aak @dé%gfvepl ane

connecti on to an anc entity configured to provide
i nter-access systemnobility 110. This entity will be

| f er-access syste ,
AL 18 LB ST shs08) £ 0 Bl B35 Rl 5o noce .
the aemsimsee*smok EH Iss Ugé?q]éﬁéﬂﬁnqrﬁlt %{% ré&$ons, for the base

temnobility anchor
statljorr]lts e1r06 n(1: %ﬁes BG%CE aeccess network 105, to distinguish them from the eNB
elements 103 in the 3GPP LTE network 102. Regardless the used terminology,

both nodes are configured to provide wireless access for the mobile node 101.

The mobile stations may have a connection either to the base station 106 or to
the eNB 103. It should be appreciated that the functions of the base station 106
and the eNB 103 may also be implemented by means of one entity, i.e. that a
base transceiver station may serve both the 2G/3G systemn and the 3GPP LTE

system.

Data to be transmittéd from and to mobile stations, may be speech data, video
data or other data. Any packet data transmission may be encoded into a form
suitable for transmission at a bit rate which is dependent on the appiication and

the source of the data.

A base station or eNB may be connected to further nodes of the network, for
example controller node or a mobility management entity (MME) such as a
serving GPRS support node (SGSN) 108 or an evolved SGSN 104 that is

configured to provide control plane function only (e-GSN-¢). Thus, during a



10

15

20

25

30

15 The inter-access systemnobility anchor 110 may
perform or support handover between different access
systens. The inter-access systemnobility anchor 110
conmmuni cates with the SGSN 108 and the eNB 103 via an
appropriate interface, for exanple a G interface.
The anchor entity 110 nay be | ocated on the

comuni cation path between the nobile 101 and the

corfBkfhen s USEHe SR ALNSL 68 SR80 IRy TE L LT e ol ¥ e
basesaatu@quoermrmesemb 3. al\rd)hﬂlnazgg%%tngngééﬁsglf Ilgrgfé? (contro!ler)

hile station that is confi
"Odgo ihe <&/ 3@@%@&%%\"@%'@0@%&@ 8k hawe §i’atlﬂné¢0@¢1§0l§@ (BSC)
anda§Cﬁ%aéﬁésﬁ@mo?‘l@%oﬂﬂgliérh%%@? #Ohold B %Lﬁ?re@i%fe%sﬁ:at other

system 102. Typically a e station'c
conyipt hpdesamaycsisosbeausad o the soplemtentationdof fher eeivork control
fun@GResSs areas, and thus can provide nobility for the
users thereof For exanple, the nobile station may be
a hand portable transceiver or "nobile phone". The

in the %ﬁ@%%%%ﬁ%%'ﬂ@q%%%ﬁéyeovfgrckz’%r&#fﬁ%q a Goptroler
ent:tﬁ i.Br i Bidided THEONIRCHNENI16AL "F%Seb%'N @ fdﬂ@ﬁ%r%'tés in the

VWhen the nobile station" i s noveab
contsel plaee oabyc esd thusdees nehprayideelides mﬁneaﬂmet:d)mﬂ aTme eNB 103

v 55830 Bn 8031 8 S, By RN SRR, b e

accdadsesystém raobitigdt 1 Trag entity Wwildre »fvnlo;@fesrmmb@taw &an inter-
t ed network

the b
accds, YSIP, 20RenBout drABN el TPBoSERN HAGeobiha RGH3@naccess
netvdsiR O fseslsH %Wﬁé&teﬂpﬂéaﬂh@t lHﬁar—CgccEé? sg&Wn"F Rldbinty LREHS J 110.

dr oppi ng the cal However, 1t should be appreciate
Thetipigf- apﬁ%?SeswésrmU@Ob&m anchastHér mayaperiem baﬁupwmhagdover

behrﬁégrh&lﬁ@réﬁ?'&ggé@sr ﬂsééﬁ?i@ alsheolyl%rr_ %%%oég{(éf%ﬁ&] @gﬁh ?nchor 110

riority ca orcin
conmmnmi&as wnth thd B8N 198ciket théaér&Bsmswm annapprosisdte interface,

connect i onl es ervice where inf ion synmbols are
for SAMER: pr B MertAGs difie, eeRe(hbT 05 Ry Rdorekg: an the
com@iuriidiRiofiapath ARGKkekA tHBYYEIY 107 pid MEAIAB HRoRY 198 lafd/or
are typically carried b%}p ans of packet data
-S

OpeiRiR{saryce PRAIYING Sy RicEs peed of a bearer is
defined by a paraneter referred to as bitrate. Mre
particularly, bitrate defines the bit rate that 15

The h‘mﬁ)illeemdemmomaym providedsea usdr &dl.@prpanﬂ«ﬁlchdﬁaduaf mode

rV|c ck traffic vari ous
{iee mghf SBiioRahaL &l Simotineh baaé Shidtdle S3bsSmunication
via thatt%rs@eétaﬁtsroﬂ 08 QJf th&/RAA7BG a1t SYBEFRIGS HMd ttﬁétel\FB"HMB of
emai | s and transm ssion of |arge docunents in

the acresgraysiam 408 | hvricalit pvechilGiating aen Miere \thhutd apy arsess
area’&iy &M Wetween different access areas, and thus can provide mobility for

the users thereof. For example, the mobile station may be a hand portable
transceiver or "maobile phone”. The location of a mobile station may even be
fixed, either temporarily or permanently, for example if it is providing radio

communications for a fixed site.
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20 A dual - or nulti-node nobile station may consi st
of a nobile equipnent (ME), and one or nore

subscri ber identity nodules (SIM). The nobile

equi pnent is commonly understood to refer to the
radio term nal used for radho comunication over the
interface between the nobile station and the base
station and over the interface betmeen the nobi | e

smar t
wiEhe BERE iR € Toue B Pl Mol Refen s@eit Bies Siih as
cellawfhenellwat radio alygtan t Therefaad astlﬂhﬁﬁ/eatﬂrdrﬁfﬁdecééll Pthe "oid
enc %%G(keﬁ and some subscription infornmation

ceil‘%h %”Q e (rw (caliy fhare Bhaskess) e rhand itopeer from
conﬂﬁMm&Etlcbrﬂmtﬁ @i‘?é‘bﬁge Qtét@ﬂ eanﬂrasts%:aféf ﬁétwoﬁ?%&;%’r’aﬂ& &the old

t he application. | om ng describes wth
cellta ke gﬁ%% staﬁlonuagm@sszcme@mamrh apparatys ot theumew cell without

L L e o e —

otherheasgpsnihard yoargingJos Ghadeesiover tsuehkasl @bedad-si@idt®ns and
e.the h is initiated t he packet

. 1. .5Befo ndover i
NioH PRITY G TSR A TRSET & AR POURSIORY pront - ( UB)
traverses the inter-access systemnobility anchor
(I-ASA) and the eNB. At (2), based on e.g. signal
Thegpagketydaia saivisremey bh@ eNBnektiasiansnessvicRawhare information

symbSis B> YShSRRN ARKE BRPBaclds ook Udd Bhaendth éPthe data

over
packets ggay i vagy.aT pe éptarmation syhasts aﬂu rtyﬂlmityhcanéﬂﬂhﬁﬁﬁeans of

pacheleghPBordiEL e aRpRisSin qbseriar,r Peares fr dptinas by

pardhhéter réferret \tb 38 BiRhiel IMabipitidiaty, tb'i’:?até %%ﬁHé&ﬁy% b:F rate that
the target system have been reserved (in nessage 6),

has egn adataterfar a weaeobihetpacket daiarrerviees. eaml@hdata traffic may

Y a8 300 i TP I el oo

(Vol&)nﬁmﬂjmessam os text egly prmaild acWiansAisgidn sf Regatdotiaents
in 3R GRABERE Ry e B aeR B eyt gy AL
access system (in this case

A dual- or multi-mode mobile station may consist of a mobile equipment (ME),
and one or more subscriber identity modules (SIMs). The mobile equipment is
commonly understood to refer to the radio terminal used for radio communication
over the interface between the mobile station and the base station and over the
interface between the mobile station and the eNB. The SIM is typically a smart
card that holds the subscriber identity, performs authentication algorithms, and
stores authentication and encryption keys and some subscription information that
is needed at the terminal. These SIM functions may me implemented by one or

two cards, depending on the application.
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20 2G 3G by setup of the necessary radi o resources
(9). Once the user equipnent is attached and the
resources are ready the controller node of the second
system (SGSN) is informed that the handover was
successful (10). The SGSN gan now i nformthe

i nter-access systemnobility anchor (1-ASA) via 25
nessage 11 that the user is reachable through the

[ I a the user traff
ThetoRbhint iBscinly W rEfeaod TR 1l08 2, 80 BBl o & prodedure
enabhngmamjcbve@&%)ndlﬂme tNe %Nl hmeraeﬁaﬂtfymg EGPFENBE r@ﬁi\l{%fk 102
over n the nmeantime the source e
to 1 SRy 1 b or il 2SO b hm oY OB aurads
successful. 14 Know ng that the handover was
successful, the source eNB can now forward any

Befeygr ther handewer écinlitialad 4 1)urihe packeiiow ierkome thiehenobile node /

-ASA)... Due to
usel BBpRRT 0E) HEVeRTR ldractBES Slotblry g ShBR(-AsA)
andaﬂ‘e edIB. f okiwe)d detisednoe| ed. signiaheyuatigr rr%fmumméﬁts the eNB
d ,[throu Eﬁtﬁhe a ess S ste wher e a t he user equ
et SE Ao R Beh PR eSO (6),

eNB $tattsiths héﬁb&/érrprbé@i lhé'lf}q ertiPs B Ratich ?ﬁ’%ﬁ‘fﬁfnn)g this

Vi a nessages 14a and e user equil pnen
phage, dhe fareebradia %@%ﬂ@“’v@'ﬁl is tidentiied andotasduraes(ibShis farget

a é!étr'ibt B of the new system Le. the 2G 3G
M8 Se fmﬁ F?’%ﬁ%egmle%gnd 2. 10 This may al so include an

authentlcatlon procedure The | ocation of the user
can be

aief SR8 ndlricBudt et e aoiesaiv R rosohumiam Saveeen
resefs lﬁtrﬂewa@eté)e thikaessolfar ‘Pl‘é’dteQ)f@ﬁ‘é’/oﬁbmfaﬁgms%g‘%nPFeGSN c)

now traverses I nter-access system nob

can fssuggnpandayer senueautEIesaage L6/ @@a@@&s%@t the eNB sends
the AAh86VA LYR 1’6 ”fﬁ@t@sert&gu ?rﬁghlt '(BE) Qt his ppipg, the user

15necessari mays be packe
equigfest (léféhmredlsonnnEctﬂmen treneldBer nmay not traverse the

SGSN. The schene shown in Figure 2 nmay avoi d packet
| oss during the handover
The user equipment (UE) then attaches to the target access system (in this case

2G/3G) by setup of the necessary radio resources (9). Once the user equipment
is attached and the resources are ready the controller node of the second system
(SGSN) is informed that the handover was successful (10).

7 The SGSN can now inform the inter-access system mobility anchor (I-ASA) via

message 11 that the user is reachable through the SGSN. This will typically
mean that the user traffic is now tunneled from inter-access system mobility
anchor (I-ASA) to the SGSN (instead of the eNB, as before the handover). In the
meantime the source eNB is also informed via message 12 that the handover

was successful.
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procedure. After nmessage 7 is received the eNB can
re-assenble any buffered 20 franes (downlink data to
be transmtted to the user equi prment) that are not
yet transmtted and treats themas if they were
uplink (UL) protocol data gpits (PDUs)..1n other
words, the eNB can tunnel (13) this data back to the
i nter-access systemnobility anchor (1-ASA) as soon

Kndifing et B PERAGIN WBad Bl dadL fE LD eoara%teﬁq§35_%rs@$f§§gard any

tar System succee message
buffiensd mtpmledamcuam (Egbskls?maﬁsrbml th@lrrﬂercamesélsy%&‘kh mobility

t nt E) was re
anch B IARAL Pl g B8 FouBIRBTE pladedite, Mraieag gt Thess poyis are
novwpfoPlvafRid/td ahdled ib tise GE&&? ennivoldhhRl dRdss system where
(forwarded) to the 2@ 3 and further processed

the igetRayiRmeNt aew igsidas Us?esiowqa isptieean them) intprerthe RGSN that
ts bR %he REAGSRr DYSLdire isl oWy oI Gia Sl s 3 RARR Py

sequence 0 ts 1n the reverse
froma 2GL3G access network 105 of Figure 1 to 3GPP

e dRgBEe 8 PR el ol s 1
witht the dtsfrioller fthePhBRtsystdn), itd. aHerEHSCt 6 INMEF ﬁe“sersand 2.
systemnobility anchor (1-ASA), the 2GL3G SGS

Thig H@b@iﬁ@@@&@@s@nn%lr’frrﬁrﬂrkcatwﬁeprgesﬂur@ayTheoiocaﬁon " the user
eq um%ﬁ”&l hyme! Bseribs& %}v&%%%ﬂaﬁé) pc}%?eche%aorﬂegséﬁe 16.

|" quality measurenents GPigcess
Thedar@r)nem@cedare ismaw tempiefs terh thapaoketr fiavetdand/or frem the

UE @ivtlsPbress i antés bridobp St ator tosS AT 168 2evag sosn

andpP2@[3G ajdcess Hyessm. MurdieehdtiveSepibdgrdits, iy msm afh9 not
access nhetwork is identified and resources in this

Necesiagot aNEYE S AR U-caPaclpidiny affer Fﬂmﬁ’{eélenzﬁéh? ihagdover

maya,a‘,gtqlravbgééeﬂh@gtgsﬂpssage 26) the source 2G 3G SGSN
stops draining downlink buffers. Any incom ng

protocol data units (PDUs) for this speC| f| c users
The1 cﬁ"fe‘f‘nés S%Eré@v(ﬁr %&Lﬁéeﬁi %gﬂga %?ctjf%gl)(gﬁ%: mg & handover
procedure. After message 7 is received the eNB can re- assemble any buffered
frames (downlink data to be transmitted to the user equipment) that are not yet
transmitted and treats them as if they were uplink (UL) protocol data units
(PDUs). in other words, the eNB can tunnel (13) this data back to the inter-
access system mobility anchor (I-ASA) as soon as the eNB receives an indication
that the handover to the target system succeeded (message 12b). Since the
inter-access system mobility anchor (I-FASA) tunnel for the user equipment (UE)
was redirected towards the target access system in message 11, these protocol
data units (PDUs) are now tunnelled (forwarded) to the 2G/3G SGSN, and further
processed to be received by the user equipment (UE) over the target access

system.
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t he source 2Gl3G access node, for exanple a radio
network controller (RNC) or a base station controller
(BSC). The source 2@ 3G access node can then attenpt
20 to enpty all buffers (27b) corresponding to this
user before issuing the hamglover conmand in (27c).
This can be provided to sinplify the handover
procedure since it avoids the need to reconstrucg

Fio e} fkRs S PoRaht el Buofts i M AR ARcARh 1 Erom 2

2G/8acerss oeth"kt'l&l‘SgB‘tFlgweelsm AyBP4ME A&twbile 102 dandover.
equi prent (UE) may then attach to the target access
system at step 28. The target eNB inforns the eGSN-c

At (@oytiedbleetheednddver hatinitied Ua gsackat IBWERt addd fibasthe user
poved to the access systemvia nessage 29. The eGSN-c

equURRRTH M rtraer$es, thanJitehaeresarysian H@obwyeanc@@eégésm the
ZG/§€$S$GENTQHH lthd Yo Qéh%céslé HeRbri. Mie c}( h&t fessarily

reachabl e throu the eNB by neans o? an upda
alwass bagen-path( 3@t . (2216baemdsoom gs signel Koality measnpmmems the

20185 s e BEBER 81 5971 sl TR el Tl B

successful via nessage 31. TheI sour ce 2S1D3L>JSG SGSPI ;
32
At @ e 2BE e B b ibeses netiarkeviads a8 rageveinprocedure by
tngd@i’lhb'd bﬁSﬁ?Fﬁ%i@)ﬂeréseA%}mg th@gﬁat:.ﬁ tﬁé‘?ar?'@tdr%fj% ﬁce&g’%twork

are now recel ved e user equi pnent
is IOKEUEﬁed BneUghoynges tinrthist tacgus acaemnet\mrh araeprepargdnaln step

e t e entit
262,305 A7 BRndmb e, 2P 4R0HD 8 200 SR Yot Hrining
downhlmls buffers. Al éncsoningrateb3GiSaashienPiDlys)ifof BisBpddifc users

N- &O ontroller entity that its role in the
aFEﬁ.lﬁSE)&H ©5focedure is over via message 34. The user

equi pnent (UE) can then performa network
regi stration procedure with the eGSN-c controll er

The soUres) 26¢/3E 3BESN can then issue a handover command (27a) towards

the source 2G/3G access node, for example a radio network controlier (RNC) or
a base station controller (BSC). The source 2G/3G access node can then attempt
to empty all buffers (27b) corresponding to this user before issuing the handover
command in (27c). This can be provided to simplify the handover procedure
since it avoids the need fo reconstruct protocol data units from radio frames and
forwarding of these protocol data units from the 2G/3G access system to the

target access system.

The user equipment (UE) may then attach to the target access system at step 28.
The target eNB informs the eGSN-c controlier entity that the user eguipmeni (UE)
has moved to the access system via message 29. The eGSN-c controller entity
may then inform the inter-access system mobility anchor (I-ASA) that the user is

reachable through the eNB by means of an update message at (30).
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The | ocation of the user equipnent (UE) at a hone
subscri ber server (HSS) cam 15 be updated by neans of
registration at (36). At (37), the handover procedure
is conpleted and the packet flow to and/or fromthe
user equi prment (UE) now tragerses the inter-access
system nobility anchor (1-ASA) and the eNB. In the
2Gl3G access network to 3GPP LTE networ k handover

R

the soerEg2GHE5 SBSNherdity thatt the Hangasst waslstupcsa;sfplswa message

31. {36 St AR, SN RrRu DBR kbR ySApREITRe dny PDUS

buft%?écﬁﬁna@ @ﬁﬁZﬁr@bbkﬁo tHeeintdr- dﬁé&é@éﬁsté@f mbBlilﬁy diséHor (I-ASA).
equi pnment (UE) before commandi ng t user equi pnent

Dug {geth et'épdf?é@@t 1P Hesedrgbe ap novpiqeeived. byrthe yserzgiuipment
(] ﬁﬁoh%ﬁ‘ﬂ% ta tre?gB '@ﬁé? andné '?)ﬁpm'ai bé & Gifghes at the

NB I'h nessa e nmeant e source 2d 3G
SGSN buffers any incom ng PDUs which are then rel ayed

ko,to_ the | [ . e to 30, these P re
At s s ARG SN o g ah Bl (B57Se mRRa fggurces
assd(?awdtﬂvltiatrﬂ@msbe Me@escifide VIGI36 $GBBI efitPNgiMe tharRdSN-c
node, for exanple the anchor node 110,

con(;plipraermty ﬁatf"@r‘\%ﬁ i He pardover procasiyem i over waieessage 34-
The"’ﬁseﬁ’%qﬁ@?ﬁ JWSE‘S 'céﬁtth&ﬁ’EQﬁSFnH %rh%t\ﬁoFkor %t%ﬂﬂiﬁ e with
to a secon

conhecti on between t nobi
the e@Sdec captrolarientital (36he sour ce net work node
transmts data 5 fromto the third node at 44. The
data is received at the third node. Upon conpl etion

Thedbcathm dfahd weer equm@lm(sa bEad@hae ssbdopibepsaedr giSg4Pcam
to thc?ﬁ_’tar et network La a second forwarding

K EngAsyRl reQISTIPR %%@ nﬁy(%eﬁhe&eﬁm%m@eﬂera is
co Hﬁeﬂ%d ﬁhé"?@@k&t iR tolBhdloF $fonfitie REBP HRIMENt (UE) now

downl i nk ocol data units sent to the source
travaeeadhg lrli@'nafFQﬂSB sysienn mobilty aashoril-ASPornddhe ediBy t o
a nobil e node, are tunneled to the inter-access
system nobi lity anchor (1-ASA) instead of sending
in theh2&&3@E iacesdd yetwnria tc GRS L0 Bdnetgrodohanddves disvedeed above,

the t t networ Thi s v i ds packet rij )
the o Lo Te A Rl Baviat. 103sEr 75 BoR Fahacl/ds SHSN entiy
receed FHclSadtPECAS §E Yok tﬂ&%@@ﬂ%ﬁw ﬁeﬁg@,@ha% DL PDUs for
recovery procedures which may reduce the effective

this spedifig Hg@ﬁeqwm@ai thipt @6ahgnaissyea thebanimes comaaand (27a).
Thegﬁe }3%35{:8&” 9&% i @LGHB’#P&%G'@PE sh@éPﬁgﬂij}P&ent.(u E) before

rada SO be avo en a user equip
corr(nuﬁ)dlmgtﬁeoml'e{dummemi {UBdgenevaltopibesttaldet sgafesi (RYc). The |-

ASAP itunr%éP?snl%d?rg:tee%t sso eét%?er}m?nca‘igss Sat a'}/eséﬁgsih r%gssage 30. in the
meantime the source 2G/3G SGSN buffers any incoming PDUs which are then
relayed back to the I-ASA in 32. Due io 30, these PDUs are now forwarded to the
user equipment (UE) through eNB.

Figure 4 shows an exempilifying flowchart in accordance with an embodiment. At

40 a source network node, for example the eNB 103 of Figure 1, communicates
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-A further advantage may be provided in that conplex
security associ ations between the two controller
nodes (e.g. a 3GPP LTE eNBs and a 2GL30 SGSN) are not
necessarily required, in contrast to the case. where
di rect tunneling between thgse two nodes is used. 25
In accordance with an alternative enbodi nent a
forwarding interface is included between a source

witlSh #ho8IR nddy 1@1(@[835%@ S&MNReRAGh %n&%@g{\?'ﬂl\v% nBie [3F example

target system for exanple targ et anot he
the @@S}ngbnOdQ W 10sviama fisy fofwardig n@thatn tdsponse ¢o mtmﬂma at 42

o PR RSkt sS85 L 8 Boweon e

moliientiedeeand al ks g‘i&tw:brrl](rm‘.(}jdm Qe bgum@ Hetwiikt lg@ije ﬂrgnérﬁlts data
t ecause in bi

fror, 13 BB B0 A4 NS oA B S e BfR arle e diirg modAaypon

confpl&idtobf fHer MaHdREr bRoddifird a4 %tataS)éSfo?Nbrd%‘a”ﬁ £ 14 H'Ee target

enbodi nents may be provided in G access netwo
newkmqﬁmwaya ggcanskidtwadtine mas. oijtargetsmmm node may then

con%jnﬁété%ﬁ’ﬁéh}%‘b e A5 getaqg}%el ed fromthe source network

0 an €r-access systemnobility anchor entity
(1 -ASA) rather than to a target network node. The

in cvlrarggiﬁiserrgg %at ag) ' o%verﬁln'knp%{oco Eiét?anusnltga enkt)?o %ﬁeogcl)l?r%g n% work
controller node, for example for delivery fo a mobile node, are tunneled to the
inter-access system mobility anchor (I-ASA) instead of sending these directly to a
corresponding controller node in the target network. This avoids packet ioss
during intersystem handover. This, in turn may assist in avoiding unnecessary
TCP congestion control recovery procedures which may reduce the effective -
throughput.  Embodiments may also allow packet loss mitigation. In certain
embodiments throughput degradation may also be avoided when a user
equipment (UE) is located at cell edge and possibly causing ping-pong effects

between access systems.

A further advantage may be provided in that complex security associations
between the two controller nodes (e.g. a 3GPP LTE eNBs and a 2G/3G SGSN)
are not necessarily required, in contrast to the case where direct tunneling

between these two nodes is used.

In accordance with an alternative embodiment a forwarding interface is included
between a source station, for example a eNB and a controller of the target
system, for example target SGSN. Yet another possibility is to use bi-casting at
the inter-access system mobility anchor (I-ASA). Bi-casting can be used for

seamless real time (RT) intersystem handover, although it may not be well suited
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10 nore data processors. The data processing facility
may be provided on an appropriate data processing
platform such as by a conputer chip. The required
data processing functions of a node may be provi ded
by separate processors or by an integrated processor.
For exanpl e, data processing nay be provided in a
central processing unit of a controller,

for E';'s§Fe’sé e R sREN PBRISEUS ﬁécgﬁéé‘lnll?ecfﬁsﬂﬁgséﬁf PRIl ERd in

an access system An appropri at
the é@wi@atsystqm og st &ty gnecthi dorveardea tm‘lhlettsrgahyyﬁermsed
for inplenmenting the enbodi nents, when | oaded on an
appropriate processor, for exanple in a processor of

Somee rufdme EhtoplimgniamMmegdbe NBaVRIcdR}A 2@3@oac@9@nﬁémorks by
{5@ t he eneratl on and/or interpretation

sharsd@ eRosRddeIGIhal butierednackets ae tgrmlg% frem the
souﬁ,‘ét heWork hide {AKR Wn@i‘%céé’sg QUeBm AUl QGRS %Hg@ (I-ASA)

product for providing the operation may be store

rathﬁhﬂla@rfé\ﬂ@&@ﬁtﬁwfwemdﬁ a carrier mediumsuch as a
carrier disc, card or tape. A possibility is to
downl oad t he program code product to the

Thecreamired cdta qrocessime functions dagy bbprwidsar by réarghetibde or
il st enbodinents of the present

b ted
morp et ?ﬁ%ﬁ%&é tkﬁ\?ndm@s&“i’%é&m% faciie 8k e DROGHSE on an
appfopiiate 8HGpSe88IRE [pPatfirdd, 'sQBFr es%WQ%HﬁJHtér cﬂfzptﬁ‘?e required

present invention are applicable to any oth
datasgrchgq;l@g tfypaions aiserodd mayube peovided by separate processors or

by an integrated processor. For example, data processing may be provided in a
central processing unit of a controller, or distributed across several data

processing modules of an access system.

An appropriately adapted computer program code product or products may be
used for implementing the embodiments, when loaded on an appropriate
processor, for example in a processor of a node. The program code means may,
for example, perform the generation and/or interpretation of messages, selection
and/or determination of suitable actions to be taken and so forth. The program
code product for providing the operation may be stored on and provided by
means of a carrier medium such as a carrier disc, card or tape. A possibility is to
download the program code product to the communication device via a data
network. |

It should be appreciated that whilst embodiments of the present invention have
been described in relation o mobile nodes such as mobile stations, embodiments
of the present invention are applicable to any other suitable type of user

equipment.
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The enbodi nents of the invention have di scussed
handover of a connection between user equi pnent and
particul ar network nodes. Enbodi ments of the present
invention may al so be applicable to a handover
bet ween ot her network el emenats in certain cases. It
is also noted herein that while the above descri bes
exenplifying enbodi nents of the invention, there are
[ [
TheS BBl o R @R Ok L8 WA #%omnector
betweren s@gp@q@upmmt pn@ pariiculan petwark rsiedef Embbdlmenﬂseof the

ar at u for

pregANTHich: Malnse B2 ABrlkdlis o 4 FRESGIS heliPhed Bt ipcwork
demen&ﬁgn&ﬁdm&mmesecelve data froma nobility anchor

node and buffer said data for transm ssion to a

nobi | e node via a first connection; and
It isTidd AVicRAIhdrBin ihat While Qhe BHBAE dRYUESbIY é’)&thﬂffgné ¥mbodiments

handover of the first connection to a secon
of therinantionn thrseweiensevrsahvaiationsoard ametificationgevhinbdeay be

S LSS ST, ABATEBAL B, 058 o rsen

inventian @sdiefined limthe dppendledAldiage station as clained in
claim2, wherein the base station conprises an
evol ved Node B. 4. A controller of an origination
access systemincludi ng apparatus as clainmed in claim
1. 5. Acontroller as clained in claim4, wherein
the controller conprises a



serving General Packet Radi o Service support node.
6. Apparatus as clained in claim1l, wherein the data
is packet data and the first connection is a packet
switched connection. 7. Apparatus as clainmed in
claim1, wherein the data %@ received via a first
data tunnel. 8. Apparatus clainmed in claima1l,
Claimgherein the data is user plane data. 21 9
Apparatus as clained in claim1, which is configured
to initiate the handover procedure. 10. Apparatus for

1 HgBaB TR g oA o

configureghéari tting to a nDbi | e node via a f| rst connection;
I ni tbﬁ,%l on of a handover procedure for

recei‘{?g‘%’éfgyé{’]‘qo? 'R W%‘fh%orﬂ%’@t@faﬁw ey sid gkl for transmission
to a nfHBHIdeNa REtrvESshridigioADRh4 € node and a second

access network, recelive said data back fromthe first
access network, and send said data to said second

TR ES DREA o AT e P e st
conneBliSit @8 AreBtbhd YeoRfAeetiorm SetAbH AP AL USodS ahli 3 TEdet node,

in claima2l0.
send said buffered data to said mobility anchor entity.

2. Abase station including apparatus as claimed in claim 1.

3. A base station as claimed in claim 2, wherein the base station comprises an

evolved Node B.

4. A controller of an origination access system including apparatus as

claimed in claim 1.

5. A controller as claimed in claim 4, wherein the controller comprises a

serving General Packet Radio Service support node.

6. Apparatus as claimed in claim 1, wherein the data is packet data and the first

connection is a packet switched connection.

7. Apparatus as claimed in claim 1, wherein the data is received via a first data

funnel.

8.  Apparatus as claimed in claim 1, wherein the data is user plane data. ,



12. Apparatus as clained in claim10, wherein the
data is packet data and the first connection and the
second connection each is a packet swtched
connection. 13. Apparatus as claimed in claim 10,
wherein the data is sent to the first and second
access networks via flrst arfd second dat a tunneLs
14. ,Appar.atus as cl d in claim10, wherein the

9. 4at APParilds eSslamedinCRIEnd: WaIchdn contgurRe to initiatedhe

hahB6¢dlbrasshigs. networks via user plane forwarding
paths. 15. A nethod, conpri sing: recei ving data
at a node of a first access network froma nDbiIity

102 RBEARAECA I W LR AROAT k2 B LSS

f ol bemd nigta tu 4 ifiesti avwees netvb@kdow&anmﬂm@w & rhélile node via a
%andover of the first connection to a second
first SORBEEHYh bet ween the nobile node and a target node

of follbReRY MiRARASS DRANGSVer preasiiure fé@hé’ndw& %F]Fh% first

data to said nobility anchor entity.
copngriiriyta A serandcennegtiosy bﬁtwega.the mmla rmqmam@a S@&Dad

Bl RGO B, U5 0 R some

sambdata:to said sebbndﬁaa:rmsbotbtwsrlc far traxsbmitting) ® §aid mebile node

reén said data is user plane data.
via sald second connhection.

11. - Aninter éccess system mobility node including apparatus as claimed in
ciaim 10.

12, Apparatus as claimed in claim 10, wherein the data is packet data and fhe

first connection and the second connection each is a packet switched connection.

13.  Apparatus as claimed in claim 10, wherein the data is sent to the first and

second access networks via first and second data tunnels.

14.  Apparatus as claimed in claim 10, wherein the data is user plane data and

is sent to the first and second access networks via user plane forwarding paths.

15. A method, comprising:

receiving data at a node of a first access network from a mobility anchor
node and buffering said data for transmission to a mobile node via a first
connection; and



18. A nethod as clained in any of clains 15 to 17,
conprising initiating the handover procedure at said
node of the first access network. 19. A conputer
program conprisi ng program code neans adapted to
perform any of steps of any of clains 15 to 18 when
the programis run on a proces8pdr. 20. A nethod,
conpri si ng: sending data froma nobility
anchor node to a first access network for

t r asidviihy ditiditordon® bah@ov@dsrobdure b ﬁéﬁdcﬁ@ﬁwmé st
followng initiation of a handover procedure fo

CHRIMRAIPEIO ¥ Seaadrqansectiom hebveeynthegnabileaedel and a target node
ofPBBESHA QBcAR MERBHE RenIRRY éﬁg %glgftsa&{;ac tét%‘éféﬂrg)obmty anchor

access network, recéiving sal

emiii.l ity anchor node fromthe first access network,
and sending said data fromsaid nobility anchor node
to said second access network for transmtting to

16.aAdnatiod as pdleed i slaird B2 aemsteR0BAECdAtaNs pa%ket fata and
met hod as claimed in claim 20 wherein said nob

CO{RBRZRY nRRL NG (ﬁﬁ'%é%‘ﬁeﬁ‘?%rdad% c@s§a'§y§PBWﬂh@ﬂphpt yantr%/y on a
tu%ﬁe?e%(jﬁdﬁ%& BRfc @l,é[:ggnl n claim20 or 21, wherein
et

sai d ta is pac ta. 23. A.nethod as clalrredln
any of clains 20 to 22, corrpr|3| ng receiving the data

fro i .St : irst. . data.tunnel -
17 s BTG, B8 ARERSR B ES bt wPerel i ld s y4 lane
data.second data tunnel. 24. A nethod as clainmed in any
of clainse 20 to 23, where in the data is user

- 18. A method as claimed in any of claims 15 to 17, comprising initiating the

handover procedure at said node of the first access network.

19. A computer program comprising program code means adapted to perform
any of steps of any of claims 15 to 18 when the program is run on a processor.

20. A method, comprising:

sending data from a mobility anchor node to a first access network for
transmitting to a mobile node via a first connection;

following initiation of a handover procedure for handover of the first
~ connection to a second connection between the mobile node and a second
access network, receiving said data back at the mobiiity anchor node from the
first access network, and sending said data from said mobility anchor node to
said second access network for transmitting to said mobile node via said second

connection.

21. A method as claimed in claim 20, wherein said mobility anchor node

_provides inter access system mobility. -



pl ane data. 25. A conputer program conprising
program code neans adapted to perform any of steps of
any of clainms 20 to 24 when the programis run on a
processor.

23

22. A method as claimed in claim 20 or 21, wherein said data is packet data.

23.. A method as claimed in any of claims 20 to 22, comprising receiving the
data from the first access network via a first data tunnel and sending the data to
the second access network via a second data tunnel.

24. A method as claimed in any of claims 20 to 23, where'in the data is user

plane data.

- 25, A computer program comprising program code means adapted to perform

any of steps of any of claims 20 to 24 when the program is run on a procéessor.



