NETWORK GATEVAY CONFI GURED TO PROVI DE A HANDOVER, CONVERTI NG AND ROUTI NG
FUNCTI ON TECHNI CAL FI ELD (001) The present invention relates to radio
comuni cations. In one aspect, the invention relates to a network gateway
configured to provide a handover, converting and routing function.
BACKGROUND [ 0021Specifications for the next generation radi o access network
(RAN) are currently being devel oped by the 3rd Generation Partnership
Project (3GPP). This so-called next generation RAN is referred to as the

"Evol ved Uni ver ﬁﬁge ©. Anot her
nane for E-UTRAN ﬁ% > The LIE RAN
is designed to be connect 0 a core ne mnr |ch is called the

"Evol ved Packet Core (EPC) network" or "System Ar chi tecture Evol ution ( SAE)
networ k". The conbi nati on of an HEOHRASABRMIEIAD EPC network is referred to

as an "Evol acket " T K", se station
in an EUTRA\IiI(alg%FcaI I gg§§%§@r\§% T\%és %?ad &col\ﬂlolﬁé@aﬂgés\{\% CP ehort)
(4) There i snvenivhechtbsatoiagntvelrk MWayg:oaﬂgwapsieo gtoxide @rhandoaer, ptmwntldgrmda
coverage ar ?&3 ﬁ%ﬂ Ftﬁ:{ than the coverage area provided by a conventional

ar

(i.e. "macro base station. For exanple, it is contenplated to
have base station that provi des a BAVEEBGENRY ea for a home only or a canpus

only. Such e st Station.”
Gher names Por a hotpertons B AE AR sbrdieh Bb @Rl AIRAR BN | T e
Home Access cWesinHy qug gevelapyd by the I GrapmidonRactaershipBioact (BGPR). Fﬂﬁ’; s0-and "fento
base stati ogyjeg hEkt Ehe\{['gﬁ‘ ﬁ}@%r&%a%%éthler:ro%wu;ﬁve Bl sﬁ%F}@a%?o Net wor k™,

al so known as 30 sem a hone base station i1s referred to as a "Hone

NodeB ( FI NBYtccesH ¢tW§rkfﬁ§rUEMW” vienodiganamerfer U RRAN istheothonpdemn st at i on” as

an HeNB. EvddIqLIEMNR AN, specified to provide essentially the sane
service to end users as an eNB and woul d be connected to the core network

by, for exa®PP2] usi ddeSIRRAN kdlegignadrie be gpapedudde e cerie netwoyk (Ebewhich

transm ssi o caldy tﬁ@*@oﬂ@@%@@ttCorE r@c%vt%mrag)e@eﬁrc\rh&%ﬁe Eronatrq nHeNB i s
caIIedafemoce (it is also sonetines referred to as a picocell when,

for exanpl ef ”tﬁié‘eﬁwe’r Brecombingtipn elandel TBH Niand apiERB netvoskrisasfomed ta as ar ge

of fice buil gf #80fkd P%@Mﬁ%m (@pg?gtdaen @pw@m%e@roﬁﬁ SeEal gﬁ%nhgra@e eNB is
called a nacrocell. Thu or ot her ase station be

referred to ﬂwlﬁc"ﬂ@&“}“?éﬁ%lﬁ&‘@ E't(zaNogeB” em@NBR fasBorDor ot her  base

station thatopfpVi deghgrel lﬁéogﬁzhp%\ﬂﬁﬁmmgra%etsl%@n%at FiliBeDARSeraiat | ON) may
be referred to as a "macro base station
area smaller than the coverage area provided by a conventional (i.e. “macro”) cellular

base station. For example, it is contemplated to have base station that provides a coverage
area for a home only or a campus only. Such a base station is referred to herein as a
“home base station.” Other names for a home base station are “Home E-UTRAN NodeB
(HeNB)”, “L.TE Home Access Point (LTE HAP)”, “LTE Femto Access Point (LTE
FAP)” and “femto base station”. In an UTRAN (“Universial Terrestrial Radio Access
Network”, also known as 3G) system, a home base station is referred to as a “Home
NodeB (HNB)”. For simplicity, we shall refer to a “home base station” as an HeNB.
[005] The HeNB is specified to provide essentially the same service to end users
as an eNB and would be connected to the core network by, for example, using some kind
of Internet Protocol (IP) based transmission. In this document, the coverage area serviced
by an HeNB is called a femtocell (it is also sometimes referred 1o as a picocell when, for

example, the coverage area provided by the HeNB encompasses a large office building or



[6] A perceived advantage of an HeNB is that it may be cheaper for an end
user to receive a service when using an HeNB for network access versus
using an eND for network access. The HeNB woul d, in nost cases, use the end
user's already existing broadband connection (e.g. xDSL, Cable, etc.) to
achi eve connectivity to an operator's CN and possibly to ot her eNBs/ HeNBs.
[ 7] The current working assunption in the 36PP LTE RAN specification is
that the "X2 interface" is not used with HeNBs, but the X2 interface is
used by eNBs to conmunicate with each other. The X2 interface between eNBs
i s used for chamdpwst the saverat hredsen)@:dbgsedNBMW&é ma@dekif ahud, Bt er - cel |
Interferenc X2 .connection i s set up between two
eNBs, the eﬁﬁ Q%@E{aﬁ“ém? n%sgstw] n? gﬁy Pe ger”&Bﬁ(bhetrﬂ%%c,fF‘B@éﬁafeswé’éFved by the
eNBs. Typi Ca!hdajlel\@’@b@htrdmm:bm[hat odidds alfrgartbyerhta@enneNBatddasd serve
cel I s bet weg p rnmed. The protocol used for the X2
control plane %hﬁ?’o?%%%ﬁ%as?% pr%lblgscaiz"?gh Prot ocol (X2AP)". The X2AP
messages uséf0fbr estiafsrdedlad a@/aauagw ap bieNBds ihanit bﬁybeﬁmaﬁemremaﬁ are X2
SETUP REQUEQL e netwo ve up to a
mllion or rm?%qgce?@ a§§§§ﬁ§§§’% qeﬁﬁﬂn tﬁ%&@%p yacT St 3 3?’“4‘?% ]\Etglnt rol

nodes in t hérawodk agcesy NistieNE yoldimgesteases, Emmbync(tldh@al&adﬁéxliwhgcore

net wor k conglggdbmqp&%g o %ﬁ/\; Jherefore, a
gat eway (a.K gt {e %S?BL@&NE %%mklg%eh&%ecwgy tBé“S?er%tB ntentrat or
node) is us@Haﬂ@)mﬁ@hb'éapth@WBSéﬂ@&snunber of HeNBs fromthe CN. That is,
the HeNB- GAfygd4 . fremé f. 0k n eNB with
many cel | SWAccordl ng mﬁm{&ﬁg%&%@éﬁ%ﬁm@?ﬁ&ﬂwtmf q.‘ca'r‘ffnrlf)l nodes of
t he CN usi n@attthm“xénterme F#mﬁbdlmthch@Bsmtmmneuerfadaas usadbedBcwoMmuNi cat es
wi th the coRidflnidiedes L r: tionally, the
HeNB- OW act s as k proxyegol}étnﬁ %\?&g:‘)ﬂn&?g@ ?L‘ .I%%@{%ﬁg,ﬁéms % hat are
connect ed t% lf%é(m-h@wo(viﬂ and for bmrtchiéhﬁfefesepeftzﬁom@ 6€1GNWHeiNB) X2 he

| i eNB- GV W {hindcA8Kissbik b@tv%% h mruni cat es
with a HeNB-Olecu5|lrslg§ 6 I nter acet ?ﬁqg#excg% n‘%ﬁnﬁg& {‘%J}@ng% eNB
comuni cat egagigoekis &eﬁ@débmeleb’IBSn'B@@g"bfaﬂ XBeomNctim inget upenlBbetiva¢reeNBrce. | n an

UTRAN syst g HNB- GW
00 6] The aishor a7 OFiRln Mok it el Be AS(oArER T PRUEH LGRS, D00 or
nmore. Thus,contie phanerisecellesith 3 dpwlicpibor %@P%‘dmlb@/”aﬁhd-ﬁw ®ysagey ubd up to
200, 000 or ‘ﬁ;ﬂé{z

0] There eX|fg}t)és't%% di fe)?gcr??necrloce ugerg\s{@ Sgg%gerrg?&rm ng a a%%ﬁ%%c{r %et Wee
eNBs. TheseSEW RESAONS$R "SI based" handover procedure and (2) the

based" handgyg Pr oCgIfe néSvolk s halaMES 'n%lo}é’orhgﬁé%jl%pﬁﬁ gmﬂover

procedure uses an Sl interface between no e control
nodes in t HBatEN capgslly ebibe eantrokpodssindbe G (g \dviohility Matagemensiityrai nl'y t he X2

interface Q%% omgﬁﬁe QthBJﬂ%oﬁwﬁéé\és Jh%e%bleb@ﬁ%thﬁd? ﬂ:{aﬂﬁ? cedure is

described in 3.401, and the based over procedure is
descri bed |WCQ@P3'%‘€8’6Y@GGE‘ apBielNB gatpavag HPHR-E0V h amhisb s typr efcedur e and t he

X2 based h%ﬂ&xﬁztomoaeﬁgwee t&@dacéa@m@ x}ié xﬁﬂ\bfepoﬂ?ém\’tﬁ‘{nﬁhpﬁ t ikleNBs.
However, the latter only in case the interface is used 1 ]A

probl em wi tthe Q& BG W méll, éronbtés eerspraticiof die @Pi.deakdikeas eNB wi @P“Sa

connect i on Adcomalys i HeRBEE WecdnfiniidaRS Afth aﬂéeclsﬁra%o&éa%hhtei@ énl ased
handover procedure requires signaling towards a core network control node.
Because it P$insfeetisdhersame mapeer akevgB corpapnientes avithdhqrontiolmodes off HeNBs,

it is ex peQﬁ@@Nmﬁﬁ teReNReMick! FRRtSaIFIBEHAVERAY 188 2RPQV 6B BRt Ween HeNBs

in, for ex an_enter F{I’I se or canpus scenario. Consequent | Y, usi ng t he

Sl based héﬁ’éf&i)é?de;ff’b%b‘ﬂﬁ gNBp thahwe F%W%edéﬁﬁ%lé?h’%@tw feyframdifi fi cantly
i ncrease t perspéctnebfl AHINE theIRNB-BW WEI06I0hI: I'El\eBK o] R3S, I Hat ROFES. The X2

based hand rocedure C e.this, si nalln | oad, but this would
require thgg{an MHEsates F‘Pﬁﬁér‘?&ﬁ‘ﬁ; 5%1‘%‘%? dd g‘f’éanéﬁ‘m%eMéa‘pﬁ“ot ocol ,

whi ch woul d i ncrease the cost and conplexity of the HeNBs. Because HeNBs
are expected to be mass-nmarket devices, it is desired to keep HeNBs as
sinpl e and cheap as possible. [0011la] The 3GPP draft R3-080465, "Inpact on
SI AP from HeNB GW concept"”, XP050163662, dated 14 February 2008, di scl oses
a HeNB gateway architecture and several handover scenarios involving HO
Requi red and HO Request nessages, which are passed through the HeNB gat eway
bet ween the eNB/HeNB and the Mobility



Managenent Entity (MVE) in the core network. However, the document fails to
sol ve the above-nenti oned problens. [0011b] The 3GPP draft R-3-080062,
"EUTRAN Proxy in support of massive deploynment of HN 3s", XP050163296,
dated 4 February 2008, discloses an architecture for a H(e)NB proxy, and
mentions sone aspects of an HO t hroughX2-interface, but fails to solve the
above-nenti oned problens. [0011c]U. S. Patent Application Publication No.
2008/ 261602 di scl oses a network of fento base stations (fBSs), connected

via an RAGH B5 AGILEOEL N aBh6l) dofel SIROPRI RIS, K JRERALIG fy af Tic from a

cluster o Wever hIS ocunent a
above- nedfTRANGygstembihe rgatew[agﬁmrzféﬁkatto assa Hemie NadeB :Gamvayrm HNBdWandovcer

procedure SUMVARY 0 ect, i nvention_ provides an

i mproved HM#%Hod for fg%z\‘&aﬁ’% %t@l%ﬁfeﬁf%&\% d‘@t%ég% 0Qt at i on
(e.g., anrbHehl) The, @xemgmeﬁoft;&%&)cgm@tsk%w(@y&Heﬁn%maw&lﬁi} In sone
enbodi ments, the nmethod is performed by a ‘gateway (e.g. HeNB-GW FI NB- GW

or ot her 29810804y ymors assumingsanddeB serss/ipio twodemtecellt wor k control node for a
plurali tyrt&f 1di3se gl e%&%t&@@ltffe?egxfg%g%?&tfgp E%n LAYEY pedules OME

enbodi nents, the gateway IS opera to receiy ver requi Fed message
(e.g. theNSs. BreskHANDOYER ‘FE%REmaM&agm)cedwamﬁmzt) tled X2rawed’he sour ce base

station. This handover required ne icates that a user equjpment

( UE) conﬁ’@ﬁ‘{k?vc‘?ﬁpm%%/ é‘ﬁc}ﬂfﬁ? NERES gnaﬁygﬁ %gg%segﬁ‘é’?q"c‘fﬁr RAGIHEF Y56 #h %ﬁed over
to a tar geferfh@stwéatioass oflthe Eﬂmﬁ%nﬂ%er&ﬁﬁbl\/ﬂdags fnNge baNAA¥REs fhequi r ed
nmessage, the gateway generates a handover uest messaae (e.g., the SI AP

HANDOVER *REGISESirnde¥er ayeoedaisdises mpis by the X@ontte ecethgiwesn o eeofdhaEi on t he
handover (FRaNRS trpRS gﬁ%gshggg%ﬂe%f%@é!&@é AAROUBLY in $8pP §3PANDE, 12 heKS! Vi ng

t he handover require

based handover procedure is described in 3GPP TS 36.300. Both the S1 based handover
procedure and the X2 based handover procedure can be applied to handovers between
HeNBs. However, the latter only in case the X2 interface is used.

[0011] A problem with using the S1 based handover procedures to transfer a
connection from a source HeNB to a target HeNB is that the S1 based handover
procedure requires signaling towards a core network control node. Because it is expected
that the RAN will include a large number of HeNBs, it is expected that there will be a
large number of handovers between HeNBs in, for example, an enterprise or campus
scenario. Consequently, using the S1 based handover procedure in the femto
environment may significantly increase the signaling load seen by the core network
control nodes. The X2 based handover procedure can decrease this signaling load, but
this would require that the HeNBs implement at least some aspects of an X2 protocol,
which would increase the cost and complexity of the HeNBs. Because HeNBs are
expected to be mass-market devices, it is desired to keep HeNBs as simple and cheap as
possible.

[0011a] The 3GPP draft R3-080465, “Impact on SIAP from HeNB GW concept”,
XP050163662, dated 14 February 2008, discloses a HeNB gateway architecture and
several handover scenarios involving HO Required and HO Request messages, which are

passed through the HeNB gateway between the eNB/HeNB and the Mobility



transmtted fromthe source base station, the gateway does not transmt any
handover nessage to any core network control node (assum ng the gateway can
comunicate directly with the target base station). In this nmanner, the

met hod provides the distinct advantage of reducing the signaling | oad seen
by the core network control nodes (e.g., MVES) while at the sane tine not
requiring the HeNBs to i nplenent any portion of the X2 protocol. [0015]1In
sonme enbodi nents, after transmtting the handover request nessage to the

target b stati .t teway may receive fromthe target base station
an acknos\})§I g%a 8%%&? ﬂ%ﬁ&é@?ﬁ%&} %&%.C?ret T %A WKE&B@&%%#%&@&MEGE

message) .thé shavespanisted roblemsacknowl edgenent nessage, the gateway transmts
a handover c nd ss%gp (e.gi the S 1 AP HANDOVER COWAND nessage) to
the sourd80bi®de st dedhPPdsef Bi-ASWode TIADRANREAYSIN UPROSt O MASWiRs i t t | ng

the handoygloyRAMSIIINEES XP980 163204 Qlafed UGRLrRAS LRt AlLIOks GR AR 1SESre
transmtting the handover regquest nessage over an existing interface set up

bet ween tfhea J40) dBayroxndnd entiensgemelpspestsaif an Fgh thrp@ihX2}inferigosnbuefeiodi ment s,
the neth i . t of: (e) receiving, at the gateway, a
handoverqﬁé@%&gmﬁggg%ggﬁ?%gggﬁﬁg ed fromthe target base station in
response [00l iiche t angetPdias & ppliadtionPubketion INog2@08201d0Y disclosusfai net@drk on
message transm tted fromthe UE; ene ing, at the gateway, a path

Svi toh rduse %%%%@S%ﬁé%%%&v %@ﬁﬁi@%@ggﬁgﬁtﬁé #efay the handover
notify nBg§RAAble(8) mhkBNtditié HOm 4 1RAITEBIA BYRYver, AR dB&Iders Wish Ch request
nmessage to a core network node (e.g. MVE or another core network control
node) ; (H?ﬂ%@é@h@ﬁmgﬁma@ﬂﬁhémyéﬂéﬂg??&a path switch request acknow edge
message L@y L edyldiamdfies RO mBRMRRIL£00NBleaiade: (1) generating, at
t he gat eway, UE context release comrand nmessage I n response to receiving
the path switch request acknow edgeUNBSARYe; (j) transmitting, fromthe
gateway, the UE context rel ease conmand .nessage to.the source hase station
and (k) réoc%#i ng, q‘éfm‘i Hecdal S\Réfﬁ?mén‘t%“%ﬂ"t"g%ﬁ ?%}‘%%(Q}ée%ﬁ%%?oé nmessage
transni t tiRddhg 0RANRnEQULE EroRPs %&éeasals@gtaﬁm.g%%r}@@m% tohelyaed 1S
configured to transmt a handover command to the UE in response to

recei vi ngtaties (hanaeiesr Hedtadd samasisbedimentsftho methed igparfomagd by 8018] I n some
enbodi ments, the gateway, in direct response to receiving the handover
requi red nessage, determ nes whether there exists a connection with the
target base station and, if a connection is determned to exist, then the
gat eway generates the handover request nmessage and transmts the handover
request nessage to the target base station via the connection, otherw se
the gateway forwards the handover required nessage to a core network node.
[0019] I n sone enbodi nents, the step of generating the handover request
nmessage conprises one or nore of the following steps: (i) extracting
certain information fromthe handover required nessage and including the
extracted information in the handover request nessage; (ii) retrieving
previously stored information that was included in one or nore control
nmessages (e.g. an S | AP I NI TI AL CONTEXT SETUP REQUEST nessage) previously
recei ved at the gateway, wherein the control nessages relates to a
connection established with the UE, and including the retrieved information
in the handover request nessage; (iii) mapping information included in the
handover required nessage to information required to be included in the
handover request nessage; and (iv) adding to the handover request nessage
one or nore predeterm ned default values. [0020]1n another aspect, the
present invention provides a gateway apparatus for

3a



facilitating the handover of a connection froma source base station to a
target base station. In sone enbodi nents, the gateway apparatus includes
the follow ng: a data storage system storing conputer software; a data
processi ng system for executing the conputer software; and a transmt and
receive nodule for (a) receiving nmessages transmtted fromthe source base
station such as a handover required nessage that indicates that a user

equi pnent (UE) serviced by the source base station should be handed over
to the target base station and (b) transmtting nessages. Advantageously,
the conput egateyel (agr BeNB-COBHING I Woorsittehgdthedy) wlaeatistdia pﬁ‘(ﬁ(mwﬁ edre SOf t vvar eis

executed by,dD&k daka 9{(%?&%3%\%%1\1/(2%? ng.gtatgorﬁe daf 2 cg{’ %gtgi @%@P

response to recelving requr T ed hebugg mt and
- recei ve nodi®me etn(bodlmams,rmet gaeyvay hﬂeopkailbgew rebeivea bandoveoreqairdianeteagere.g.equest

ressage | habe i ARNEIGVBUNBILLREBLOGES AR AYER ) o Rl 5851

systemis capabl e of comuni cati ng Pand i s
further conﬂ?'ghﬁ"é@/es[féwfqdh’@ﬂssa&hmdw@heﬂ‘emm@t@mmht(\hkﬁ)eonnsct&necut ed by the

data processiiga sy aicSred f1S, IR RONEESRAMH YL sfa?gAe to function

as a proxy of a core network contro or ~a pluf b¥se stations
that are coRfAIRsed@racEing thedandoreraequingd Uh&samﬂ@watpwaqogmeateua harjda0&1] The

above and ot ANIRI r ef erence
to the accon%?ﬁ‘y‘?ﬁp‘%ggigwqﬁﬂéﬁ‘%% NOONRRE g#%%%ﬁ%ﬁé“%% P8022] The
acconpanyi ﬁggﬁr%%@"‘wvﬁr@qqeﬁmmﬁat ed herein and formpart of the
speci fi cati @iyl | UShEahG é/cﬁlEI&QH\?es? RO rezlic, AE hidd V£E%§?wmés@¥%“t' on and,

together with the descrip |on serve o explain i pl es of
t he i nvent i ‘EisTaitied fr@né*mssvrée baspétpmt@mtmvaddqemn@m@nmranyrimtovaxrt to make

and use thegyd i ndi cate

i dentical or Sgh\gﬁg{%ngﬁgﬁelnst%&g@“ﬁgksﬁy § g%%{:g%%ﬁ (PH'?PI?{;J%E rates a

net wor k ac cieetlyriyith e terget base sfptigat Inghis maang ,ﬁgﬁem@'ih%l)royiﬁﬁzbﬁl@mce is aflow
chart ill USaHU&%Hg@Gfﬁd\@ir%qﬁ§§grﬁﬁd£fogﬁ 8n P?tt@@o%@%&%&oﬁodés{tﬁg nvention.

(0025] FI G I S a nessage Tagram further trating process
shown i n FINBMEp) W’(‘MQB‘FM'@ time ey reguiringche lbehds tb iroplkmetit any pomtiarf ofahegat evay

accordi ng ty@ FBtocol.

[0015] In some embodiments, after transmitting the handover request message to
the target base station, the gateway may receive from the target base station an
acknowledgement message (e.g., the SIAP HANDOVER REQUEST ACKNOWLEGE
message). In response to the acknowledgement message, the gateway transmits a
handover command message (e.g., the SIAP HANDOVER COMMAND message) to the
source base station.

[0016] In some embodiments, step of transmitting the handover request message
to the target base station comprises transmitting the handover request message over an
existing interface set up between the gateway and the target base station.

[0017] In some embodiments, the method also includes the steps of: (¢) receiving,
at the gateway, a handover notify message transmitted from the target base station in
response to the target base station receiving a handover confirmation message transmitted
from the UE; (f) generating, at the gateway, a path switch request message in response to
receiving at the gateway the handover notify message; (g) transmitting, from the gateway,

the path switch request message to a core network node (e.g. MME or another core



enbodi nent of the invention. DETAI LED DESCRI PTI ON (0027) The present
invention will be described herein in the context of an LTEJSAF network,
but the invention is not so limted (i.e. the invention could also apply to
ot her networks such as a 3G network), [0028] Referring nowto FIG 1, FIG |
illustrates a wireless comruni cati on system 100 according to an enbodi nent
of the invention. As shown, system 100 includes a plurality of network
nodes 101 (e.g. base stations 10la, 10 1 b, 101n) serving fentocells, a
gateway 102 (e.g., a HeNB-G Wor HNB-GWN, and a CN 104 having at | east one
contr ol nodet\Q@kgontM@ctéEBh)(rs@B’n@, @ thgajewaYrepath swivhovieptt sckapwlstee a user of
user equi pnent hoBE B SMiInG E8 taNGieS¥s eMs (e. g.
ot her devi C'E%SS%%@ Sﬁﬁ%ﬁi&:%ﬁ%ﬁ éc F@co‘MrEmoC Egtg\‘/a\or n% rk%estyzm 100 may
al so incl ud@Ecweemrelmcwnemé nmgsémipw@erm@ﬁwég the, Pa'PWG@Z@] F!EﬁueéSpect of
the present,inyg %%sﬁé@@qgﬁ\snﬁl%n%Wﬂ“@gm%ﬁ“@bé—%t&héteaées confi gured
to inpl enent an 1 nprove over procedure. I'n some enbodi nents, gateway
102 enabl escomnidfd 1B ssagoterkariolitsa besg siio andidd reseisings at din eateddyrrdéE net wor k
node 101 a {Q.fALRfE c@x\ﬁ)l\éﬁrnlﬁsghgg%aﬂs%néa fidnt RO Wurdd MasSQMiore TRELIREK node
havi ng to communi cat e ntrol node in the core network 104 (e.g. an
MVE) (e.g. basestsionrs ¢anfDOVER tRESUI RED A seymandiodus VR Euresmensdpp TS 36. 413
sent. from { e RLIE SabldRbknARYFaiftl Aol REciaGS! ved by the ME in order
for the han'%gei}erél o%ﬂﬁure to conplete successfull 00301For exanple, in
sone enbodi B@RE, thén @me@mdwn@dm 8W%d‘"tddfe°‘(f%?P°“3F ©rwpd thy handover
required MegRagR, kﬁ@?&%&&&@ delePMInEEhIIRN (1R BRES &,haéchanw&s e ubgadover

requi red nessage Indicates that a user equipnent (UE) serviced t he
sour ce basebasg smumnmé Hbutanession igrstaminedio exist thea thegatraray Bﬁseéat@tﬂéﬁu on), (b)

I n responsey,g ?Feahe%t ﬁ@sqaéeraﬂa%mm@tmiaﬂ&w@ﬁeai&guﬁé& fg@?&ﬁ:@% ek Bast N tar get
base stati on, receli ve an acknow edgenent nessa romthe target base

stati on, anﬂat(O@)Vlai the panspriiaB.cotheswish the gaR WX oBHENER a"ﬁ‘é‘é“éé‘ﬁﬁé"“’q ransmt a
handover copuRRl (IRSSRUEwork fdag, source base station. Advantageously, in
response to receivi n? t he handover required ness ge transmtted fromthe
sour ce basel@012] on, In spmegambedimentiolbe st of geperpatingthe bandovsaraBser nessage to

any core ne&\\éga% c%mame%n@&dﬁoréemwmnwndg%pgqt)%wﬂsg&rﬁmahﬁ%e
directly with target base station). hi's manner, the nethod provides

the disti ncffoﬁdhﬂdﬁﬂ@g’éf @ﬂu‘feédil?éﬁﬂga‘ﬂ%‘éc‘ﬁﬁ'%w EXHRcled dbfornagian Bythe he cor e

net wor k Conkz{nebvenl%asét (n@ssggef (l%ﬁ}v,wb&ﬁo@iy dibted FddRatid Batalk idcRALd i ng t he
source base station to communi cat e ‘di rectl%%vvlth the tar et base

station. Th#d mpemavcwwlwﬁa%w<ést@ WAPHNIHA LN EEX B 284 USRRQW Tusi ng an

interface bglusgy Iebr%ugﬂe%myd ﬁ@ﬁt g%waf%Q?e‘f»@mét:&womesshgés%t@ﬁo at he
gat eway nmy com"rum cate"w th he targe base station usi ng an I nterface

bet ween t hecmﬁ@mys@i@hqdawg@he Hﬁs@dét“‘é‘tqlféﬁﬂihe Fticyed fampbenen st ween t he

gat eway andpandover request message; (iii) mapping information included in the handover required
message to information required to be included in the handover request message; and (iv)
adding to the handover request message one or more predetermined default values.
[0020] In another aspect, the present invention provides a gateway apparatus for
facilitating the handover of a connection from a source base station to a target base
station. In some embodiments, the gateway apparatus includes the following: a data
storage system storing computer software; a data processing system for executing the
computer software; and a transmit and receive module for (a) receiving messages
transmitted from the source base station such as a handover required message that

indicates that a user equipment (UE) serviced by the source base station should be handed



target base station may have been established previously, or it could be
set up when required, i.e. as part of the handover procedure described
above. Al though the follow ng description will refer to the S 1 AP
interface and rel ated nmessages to exenplify some enbodi ments of the present
sol ution, the handover process may al so be inpl enented using anot her type
of interface between the gateway and target base station and gateway and
source base station. [0031l]Referring nowto FIG 2, FIG 2 is a flow chart
illustrating one specific process 200 that is perfornmed by gateway 102 to

i npl enent  t ber pribeeegst tssgatidnadd ¢ cumsmiting sesegR 0B dWRYgbRGIymEN step 202,

where gate j ) ne ,or re,control nmessages, For exanple, in
step 202 g\é\?ae{nv{/);ugegi{fg&ar?féa}é%?nef%gfe{;cgucgqgat&r}wWBF EORRIHE S8 sexeratedtydbn a source
net wor k nodéatq progessingedyBemOthaate probessing syzenG OF @spdaicwd tdeeitRg tR%ahd@ivE: of a

procedure fgp.; Lshi Lon W th 192 or .one or nmopre control
messages rel 'g%legtnt%ggagé%%%gagr%sﬁ' 2 rfﬁwfélﬁoléggstgfrﬁ'?fmt"dof%}’féarg‘&?ﬁﬁf’e net wor k
node. For i##toandendoyertreqvast niedgearthyt wagehereeddy tAPpPREBEIAE §)stedONtHe0l NESSages

fromthe S ObHhGesi ] [.a.COrl. etwork 104 node, such as, for
exanpl e, the Sgﬁl%%&ﬁ:fﬁ&%q%}'%nﬁmﬁwgé&l%t ﬁ%&’%%é‘@g"aﬁ‘ﬂj‘?he S 1AP
E- RAB SETURUNIRDIcsigREdoRS Thatwdismthe CetputdriskRwirs &, exedutaittgphed®ay,  gat enay 102

may recei ve, X260 handay, s froman eNB 103. Xt (step
204) gt oV 10F or ora e aLP bkt R RRE Spei N e DR T ACBmat | on
el ements (|MEgyorkeontiol ndde fier agluraligy ef/base statfss} thaome eonachidativéli CorabaNE

menti oned S|, AR AR AR es for later use during a handover procedure. |
0032Next (step g)Za%G)},’ g%g.@v\)ay 102 receives fromthe source network node a
handover reflfi2idd neSkeeabeveznd ofher gpedidind ShbRiMANDANBRREQREDyRSSage)
(see FIG 3erdhidlh gahe 396t ow according to an enbodi ment of the
i nvention), e\?\/ni ch |%gn¥}??p?g)§ﬁ%§ coﬁ%‘ai ns information for identifying a
target network node (e.BRIBENE:SORIBTIOMOE JhFeDBAWINGSI udes a set of Es.

Typically, @¥229" NOfig @Al nk S s 3 £. t he RRC

Al easur enent Repgrg rrgssaage asﬁ gfg@%‘r‘l@ggﬁlﬁc@gﬁﬁ@g@? géfg'%ﬁqmmﬁ one or
nor e handowé thesaerificatine §lustrateyasiois ¢retsbdinentshof trequeser iteMBnk@l aodetiem t he UE
192 triggengedSics heain. 1. dover. process (i.e.
causes the sour ce_QHrg{NB 1 tﬁ(s)&%a ég‘@a‘ﬂgﬁd’g\‘/‘é‘%ﬁgﬁ‘.ﬂ%f"&ﬁ"‘@ﬁa“ B hsnit a
handover r &q\geser skikeddnthe pegipgnt art (@OB!3) dnd ush themventies pbrsedmeinggdike Vi ng
message 302, f Qa0 bl Q4 rPEAG: n.there exists an Sl interface
t owar ds theefarget netvvo[1 ﬁ%%’ggﬁ?m@&(‘f%g%g‘ﬁgt|e(5'}1enfs‘s based on the Sl
setup perf dio88al bet iden! illystratesragetwarle aasordingrio eeerabaimdéne ofphat Swentioh02 as
during thisogbsget ugghe;dt e.sends .. i dent i.t NB-1D, to
t he gat evva;s/{ 1.02‘.)S As the gjﬂogﬁc%hagzl;%{nﬁgg% ?Cgssétaﬁaotrd'mt'ﬂg)aé'lﬁg'-bf)%"%gt‘ﬁncl uded
in the Cel ltheigentiony, this means that the gateway 102 will know the eNB-1D
of the HeNBgpegnnectgg {Q .l [ : : n each HeNB serves a
si ngl e femEEoceI F) CIf ga{% ém'g?ga%gghﬁgd? F r'#1 fﬁ'gggrtlﬁ% r(é?tt' mrﬁeep'g%sssﬁhg“ﬁr‘n” S|
interface f¥fwadrds the target network node, then the process proceeds to
step 208. [;/@834]! n sigp. r ?r n.sinply retransmtting
message 302 to_%al contrq? %%gagﬁﬁaﬁwk%af?g %nge%@?rginggo ' handover
request nesubbmawAf (he inyentidne S| AP HANDOVER REQUEST message) in response
to receiving nessage 302 and t o way 102 has an Sl interface
with the target network node gggﬂ?%ﬂ?r%?gn%qg}fhe nmessage 304 to the
target net wgg7hode_The present invention will be described herein in the context of an

LTE/SAE network, but the invention is not so limited (i.e. the invention could also apply

to other networks such as a 3G network).
{0028} Referring now to FIG. 1, FIG. 1 illustrates a wireless communication

system 100 according to an embodiment of the invention. As shown, system 100



(00351 The SI AP HANDOVER REQUEST nessage 304 requires a particular set of

| Es. Referring now Table 1 shown bel ow, Table 1 shows a list of at |east
sonme of the IEs that are required to be included in the SI AP HANDOVER
REQUEST nmessage 304. TABLE 1 IES in SI AP HANDOVER REQUEST Exenpl ary source
for the informati on Message Type Defined in 3GPP TS 36.413 MME UE SIAP I D
Included in the SI AP I NI TI AL CONTEXT SETUP REQUEST nessage. Handover Type

Use predeterm ned default(e.g. "IntraLTE"). Cause Use Cause value fromthe
SI AP HANDOVER REQUI RED nessage
includes a plurality of network nodes 101 (e.g. base stations 101a, 101b, ..., 101n)

serving femtocells, a gateway 102 (e.g., a HeNB-GW or HNB-GW), and a CN 104
having at least one control node (e.g. MME 392 (see FIG. 3)). These components enable
a user of user equipment (UE) 192 to communicate with other devices and systems (e.g.
other devices and systems connected to public network 110). System 100 may also
include one or more eNBs 103 serving macrocells.

[0029] An aspect of the present invention provides an improved gateway 102 that
is configured to implement an improved handover procedure. In some embodiments,
gateway 102 enables a UE 192 connection to be handed over from a source network node
101a to target network node 101b without the source network node having to
communicate with a control node in the core network 104 (e.g. an MME) (e.g. the STAP
HANDOVER REQUIRED message as defined in 3GPP TS 36.413 sent from the source
network node need not be received by the MME in order for the handover procedure to
complete successfully).

[0030] For example, in some embodiments, the gateway is configured to: (a)
intercept a handover required message transmitted from the source base station (the
handover required message indicates that a user equipment (UE) serviced by the source
base station should be handed over to the target base station), (b) in response, generate
and transmit a handover request message to the target base station, (¢) receive an
acknowledgement message from the target base station, and (d) in response to the
acknowledgement message, transmit a handover command message to the source base
station. Advantageously, in response to receiving the handover required message
transmitted from the source base station, the gateway does not transmit any handover
message to any core network control node (assuming the gateway can communicate
directly with the target base station). In this manner, the method provides the distinct
advantage of reducing the signaling load seen by the core network control nodes (e.g.,
MMESs) while at the same time not requiring the source base station be able to
communicate directly with the target base station. The gateway may communicate with
the source base station using an interface between the gateway and source base station.
Likewise, the gateway may communicate with the target base station using an interface

between the gateway and target base station. This interface between the gateway and



UE Aggregate Maxi mum Bit Rate Included in the SI AP I NI TI AL CONTEXT SETUP
REQUEST or E-RAB SETUP/ MODI FY REQUEST nessages. E-RAB ID (E-RABs to be set
up) Included inthe SI AP HANDOVER REQUI RED nessage Transport Layer Address
Included in the SI AP I NI TI AL CONTEXT SETUP REQUEST nessage for the default
E-RAB or in the SIAP E-RAB SETUP/ MODI FY REQUEST nessage(s)for any ot her
E-RABs. GIP TEID Included in the SI AP I NI TI AL CONTEXT SETUP REQUEST nessage
for the default E-RAB or in the Sl AP E- RAE SETUP/ MODI FY REQUEST nessage(s)

for any other E-RABs.
target base station may have been established previously, or it could be set up when

required, i.e. as part of the handover procedure described above. Although the following
description will refer to the SIAP interface and related messages to exemplify some
embodiments of the present solution, the handover process may also be implemented
using another type of interface between the gateway and target base station and gateway
and source base station.

[0031] Referring now to FIG. 2, FIG. 2 is a flow chart illustrating one specific
process 200 that is performed by gateway 102 to implement the process described above.
Process 200 may begin in step 202, where gateway 102 receives one or more control
messages. For example, in step 202 gateway 102 may receive one or more control
messages from a source network node (e.g. HeNB 101a) or from the core network 104 as
part of a procedure for establishing a session with UE 192 or one or more control
messages related to a handover of a UE 192 session to the source network node. For
instance, gateway 102 may receive S1AP protocol control messages from the source
network node 101a or a core network 104 node, such as, for example, the SIAP INITIAL
CONTEXT SETUP REQUEST message and the SIAP E-RAB SETUP/MODIFY
REQUEST message(s). Likewise, in step 202, gateway 102 may receive X2AP handover
related messages from an eNB 103. Next (step 204), gateway 102 stores relevant
information (e.g. relevant information elements (IEs) or portions of relevant IEs)
contained in the above mentioned STAP/X2AP messages for later use during a handover
procedure.

[0032] Next (step 206), gateway 102 receives from the source network node a
handover required message 302 (e.g. the SIAP HANDOVER REQUIRED message) (see
FIG. 3, which shows a message flow according to an embodiment of the invention),
which identifies or contains information for identifying a target network node (e.g. HeNB
101b). Message 302 includes a set of IEs. Typically, one or more measurement report
messages 301 (e.g. the RRC MeasurementReport message as defined in 3GPP TS 36.331
containing one or more handover candidates) transmitted to the source HeNB 1012 from
the UE 192 triggers the source HeNB 101a to begin the handover process (i.e. causes the
source HeNB 101 to make a handover decision and to transmit a handover request

message 302).



E- RAB Level QoS Paraneters Included in the SLAP I NI TI AL CONTEXT SETUP
REQUEST nessage for the default E-RAB or in the Sl AP E- RAB SETUP/ MODI FY
REQUEST nessage(s) for any other E-RABs. Source eNB to Target eNB
Transparent Container Included in the S| AP HANDOVER REQUI RED nessage.
Handover Restriction List This optional |IF can be transferred fromthe MVE
to the HeNB in many different nessages and the HeNB-ow can store the

i nformati on. One exanple is the SI AP I NI TI AL CONTEXT SETUP REQUEST nessage.

Trace Activat] Thi ptional |E can. be transferred fromthe MVE to the
HeNB i n man?gégﬁ erei‘f 8‘%@%@%@? 19 FRECY DR MGETREE &9 8alpvat Ry eterminer nat i on.

One exanpl ewhehérhiger&txi?s dnl1 ThibdatNTrasTthSameh JRECAESIe. MRS 8@6ninddgquest Type

This optional IFE can he transferred fromthe MVE to the HeNB for exanple in
the SLAP L&Rﬁeﬁﬁngﬁ FN@’%@Q?%EWW%%@@“&WBW’Kéoqqé’i‘&éﬂ@@@&’ﬁy t2%re the

i nf or mat i onas dyiBY 86 Asseiup dicaagadhciword addk gerlds itS IR NBID, td1fhe gABkAON t hat
IS required | ncl uded .i.n t he | . AP _HANDOVE EST nessage "304 is:
(a) incl udehdzf? ﬁ?h%%“&%%ﬂﬂéﬁ)&@&@&@ﬂﬁg&%g@g@g | 1densiyy. ithig | uded i n
messages r emeins it iha gaitweqy WO2yill analk tie cUB)IDITEN 1981SBYcoBRIAE A Rt Rastal | ocat ed
by gateway ccordi nal LN sone odi nenis, gateway 102 generates the
SI AP HANDdb%Ef ﬁéﬁéfahm%é%%%%er‘éfﬁ& SB@EI}%‘P‘}’“@& @é‘f’%ﬁb?‘&?e‘%f%we? thelor mat i on
fromthe S therdRxisiANDSVBRREQOWVRED reaga getwdiZnodé) thén the p;b&ése‘gﬂowdé faf or mati on

t hat was stsqug)in step 204, (iii) retrieving previously allocated
information% efgault val ues), and/or (iv) mapping information included in

the SI AP HMNDRJER REQU#pRER) guesand 02, 38 er tlenisiipdy rebhspilttihg eiebsageh o0 be
| nl uded T o b bNRIRYFEN TO R e TE RS 2R 3% reqlia hechge JoatoL s © the
SIAP HANDOVER REQUEST message) in response to receiving message 302 and
detecting that gateway 102 has an S| interface with the target network node and 2)
transmits the message 304 to the target network node.
[0035] The SIAP HANDOVER REQUEST message 304 requires a particular set
of IEs. Referring now Table 1 shown below, Table 1 shows a list of at least some of the
IEs that are required to be included in the SIAP HANDOVER REQUEST message 304,
TABLE |

IEs in S1AP HANDOVER Exemplary source for the information

REQUEST

Message Type Defined in 3GPP TS 36.413

MME UE S1AP ID Included in the S1AP INITIAL CONTEXT
SETUP REQUEST message.

Handover Type Use predetermined default (e.g.
“IntralTE") .

Cause Use Cause value from the S1AP

HANDOVER REQUIRED message
UE Aggregate Maximum Included in the S1AP INITIAL CONTEXT

Bit Rate SETUP REQUEST or E-RAB SETUP/MODIFY
REQUEST messages.

E-RAB ID Included in the S1AP HANDOVER

(E-RABs to be set up) | REQUIRED message

Transport Layer Included in the S1AP INITIAL CONTEXT

Address SETUP REQUEST message for the default

E-RAB or in the S1AP E-RABR
SETUP/MODIFY REQUEST message(s) for
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Message TyPBANDOVER REQUIRED message 302, (b) mcluded in messages received in step 202,
and/or (c) previously generated or allocated by gateway 102, Accordingly, in some
embodiments, gateway 102 generates the SIAP HANDOVER REQUEST message 304
by: (i) extracting certain information from the SIAP HANDOVER REQUIRED message

302, (ii) retrieving information that was stored in step 204, (iii) retrieving previously

allocated information (default values), and/or (iv) mapping information included in the
S1AP HANDOVER REQUIRED message 302 to information required to be included in
STAP HANDOVER REQUEST message 304. Table 1 illustrates the case when the

10

NDOVER COVWAND nessage 308. TABLE 2
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Defined in 3GPP TS 36.413 MVE HE SI AP I D May be obtained by the HeNB- GW
during earlier SIAP signaling. eNB HE SI AP I D May be obtained by the

HeNB- GV during earlier Sl AP signaling. Handover Type Use _
default(e.g."IntraLTE"). E-RAB ID (E-RABs to be forwarded) If this
optional IE received in the HeNB-GWVin the S| AP HANDOVER REQUEST
ACKNONLEDGE nessage in the E-RABs Admitted List DL Transport Layer Address
If this optional IE received in the HeNB-GN in the SI AP HANDOVER REQUEST

ACKNOW.EDCGE nessage in the E-RABs Admitted List DL GIP TEID If this
opti onal | Pignatieg apptkciion aridgelbleMBeaBid i atthateSid e FANRQER rREQAIES that

ACKNOAL EDGFth@Ea?eQ&@ag'q 0;'2 i aton% Eée%%%laﬁegrglkﬁes%n%l;nsgtand store the values needed for
a later handover logic. Similar principles can also be applied in other cases (e.g. inthe
case where the signaling connection and related bearers were initially established in an
eNB and the gateway 102 was not able to see the related S1AP signaling). In such a case,
the X2AP or SIAP signaling related to the handover from the eNB to the source network
node will contain the needed information and can be stored by gateway 102 for a later
handover from the source network node to another network node. This same principle
applies for all the handover logic described herein.

[0037] In other words, the following are some different possibilities on how the
required information can be found: (1) gateway 102 keeps state and related information
from a previous signaling related to the signaling connection (and the associated bearers)
that is to be handed over (e.g. during Initial Context Setup or E-RAB Setup/Modify or
previous handover into HeNB, via the HeNB-GW); (2) gateway 102 copies the
information from the message triggering the handover procedure (e.g. the SIAP
HANDOVER REQUIRED message) to the SIAP HANDOVER REQUEST message; (3)
gateway 102 keeps state and related information during the handover preparation to
handover execution (e.g. from the 1* message to the 3% message and one example is that
information is stored in the HeNB-GW from S1AP HANDOVER REQUIRED message
and then used in the SIAP HANDOVER COMMAND message); and (4) gateway 102
uses default values for some of the IEs. As part of the handover process, the source and
target network nodes may send messages to inform about the status of received user data
(e.g. for SI the STAP eNB STATUS TRANSFER message and the MME STATUS
TRANSFER message depending on sending entity). These messages are not shown in
the message flow shown in FIG. 3, nor are the mapping tables shown, but it’s a direct
copying of information, except for the connection identifiers (i.e. MME UE SI1AP ID and
eNB UE S1AP ID which needs to be replaced with the ones related to the connection).
[0038] Next (step 210), gateway 102 receives from the target network node an
acknowledge message 306 (e.g. an SIAP HANDOVER REQUEST ACKNOWLEDGE
message), which was transmitted by the target network node in response to message 304,

In response to the acknowledge message 306, gateway 102 determines whether the

11



E-RAB ID (E-RABs to be releasd) If this optional |E received in the
HeNB- GV in the Sl AP HANDOVER REQUEST ACKNOWLEDCE message in the E-RABs
Failed to Setup List Target eNB to Source eNB Transparent Contai ner May be
obt ai ned by the HeNB-GNfromthe SI AP HANDOVER REQUEST ACKNOWLEDGE message.
Criticality Diagnostics If this optional IE received in the HeNB-GWin the
S| AP HANDOVER REQUEST ACKNOALEDGE message in the Criticality Diagnostics
E.  (0040)As indicated in Table 2, some of the IEs that are required |obe
i ncluded in the S1AP HANDO\/ER COMVAND nessage 308 are: (a)dl gcl uded in the

N uded i n nessages
Cecei ved I nom Og;gs Accordl ngl'y n%ﬁédsﬂg%%(?ng%oo raesrgr%éégqb'éf’vé‘ 102

received in ste
gener at es t?f@ceﬁﬁpprﬁ&ﬁe‘HANBER/Eﬁ GORERRIS, BHERHYH2 FOB:rdigs a t(anbloxex&dn&ﬁéddng certain

f t PANDGV e 306, (ii)
Ircra]t ?rgl L\SWF%SF%P3D§§0€§ hs??g'rqed in g?gﬁ 205 anﬁ 5’\%5[)% "é?/lf‘ﬁ previ ousl y
al | ocat ed |rﬂ?56‘?gﬁgﬁ ﬁhe(%"éfcamitt”"(}%ﬂodés) (0041]In response to the SI AP
HANDOVER COM@4Y nesxsfm,xmmbbe/mwmbme @9&%@ iA0s 8,8 handover

d . the_RRC RRCConnecti onkeconf i gur af sage) to
f ﬁ?TEE 132 ssg‘l ‘% ?’?%i‘if&ﬁ”g'ég QY oHigbleZridiove beleswivhied she\ssagee 08d0castsome UE 192

transmts afftRnBomerarcRpbitedBbd RRLIRSS 398P ﬁ%&l[ﬁ@\/ @% message
RRCConnect i.gnReconf i gur af i onConpi et e nessage) to the target né rk node,
whi ch t hen 3;agansmts to gateway 102 an handover notify nessage 314 (e.g.

the S | AP HANDOVER NOTI FY nessage) TABLE?2

The IEs in S1AP
HANDOVER COMMAND
Megssage Type

MME UE S1AP ID

Exemplary source for the information

Defined in 3GPP TS 36.413

May be obtained by the HeNB-GW during
earlier S1AP signaling.

May be obtained by the HeNB-GW during
earlier S1AP signaling.

Use default (e.g. “IntraLTE”).

eNB UE S1AP ID

Handover Type

E-RAB ID If this optional IE received in the
(E-RABg to be HeNB-GW in the S1AP HANDOVER REQUEST
forwarded) ACKNOWLEDGE message in the E-RABs

Admitted List

DL Transgport Layer
Address

If this optional IE received in the
HeNB-GW in the S1AP HANDOVER REQUEST
ACKNOWLEDGE message in the E-RABs
Admitted List

DL GTP TEID

If this optional IE received in the
HeNB-GW in the $1AP HANDOVER REQUEST
ACKNOWLEDGE message in the E-RABRg
Admitted List

E-RAB ID
(E-RABs to be
releasd)

If this optional IE received in the
HeNB-GW in the S1AP HANDOVER REQUEST
ACKNOWLEDGE message in the E-RABs
Failed to Setup List

Target eNB to Source
eNB Transparent

May be obtained by the HeNB-GW from
the S1AP HANDOVER REQUEST ACKNOWLEDGE

Container message.
Criticality If this optional IE received in the
Diagnostics HeNB-GW in the S1AP HANDOVER REQUEST

ACKNOWLEDGE message in the
Criticality Diagnostics IE.
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(004211 n step 214, gateway 102 receives the handover notify nessage 314 and
det erm nes whet her nessage 314 relates to nessage 306. As gateway 102 has
so far hidden the ongoi ng handover fromthe core network 104 control node,
gateway 102 needs to update the core network control node about the
perfornmed handover. This is acconplished by generating an S1AP PATH SW TCH
REQUEST nessage 316 and sendi ng nessage 316 towards the core network 104
(e.g. an ME in the core network) (this nessage is normally only used for
X2-based handover) (step 216). GatewaylO02 finds the information needed for
t he rressagemma@]usi ngs tnkiieatpd InNTabjel 25 Sortk SfaheiEe thatlhre Y@uirdddtbe ifludddineway 102

ner oi hr -t o HeRA S FENRau e EO RN PO b b EF ) R TE TR s Shoun
bel ow, TablRABDOVERREQUEST AGKNIIWLEBG?E mmge 866 6M®) ihbladddhameat@sr equ IT L gd
o0, BN LS AT AL RS, TSR P Raid e e
S1AP HANDOVER COMMAND message 308 by: (i) extracting certain information
from the SIAP HANDOVER REQUEST ACKNOWLEDGE message 306, (ii) retrieving
information stored in step 204 and (iii) retrieving previously allocated information
(default values).
{0041] In response to the SIAP HANDOVER COMMAND message 308, the
source network node transmits a handover command message 310 (e.g. the RRC
RRCConnectionReconfiguration message) to the UE 192. In response to the handover
command message 310, the UE 192 transmits a handover confirmation message 312 (e.g.
the RRC RRCConnectionReconfigurationComplete message) to the target network node,
which then transmits to gateway 102 an handover notify message 314 (e.g. the SIAP
HANDOVER NOTIFY message).
[0042] In step 214, gateway 102 receives the handover notify message 314 and
determines whether message 314 relates to message 306. As gateway 102 has so far
hidden the ongoing handover from the core network 104 control node, gateway 102 needs
to update the core network control node about the performed handover. This is
accomplished by generating an SIAP PATH SWITCH REQUEST message 316 and
sending message 316 towards the core network 104 (e.g. an MME in the core network)
(this message is normally only used for X2-based handover) (step 216). Gateway102
finds the information needed for the message 316 using the principles disclosed above.
That is, gateway 102 uses previously stored, generated and/or received information, as
described herein, to generate message 316.
[0043] Referring now to Table 3 shown below, Table 3 shows a list of at least
some of the [Es that are required to be included in the SIAP PATH SWITCH REQUEST
message 316.
TABLE 3

The IEs in S1AP PATH Exemplary source for the information
SWITCH REQUEST

Message Type Defined in 3GPP TS 36.413
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Message Type Defined in 3GPP TS 36. 413 eNB UE SI AP ID May be obtained
by the HeNB-OWN during earlier Sl AP signaling. E-RAB ID (E-RASs to be
swi t ched)

eNB UE S1AP ID May be obtained by the HeNB-GW during
earlier S1AP signaling.

E-RAB ID - |May be obtained by the HeNB-GW during

(E-RABs to be earlier S1AP signaling e.g. may be

switched) received in the HeNB-GW in the S1AP

HANDOVER REQUEST ACKNOWLEDGE message
in the E-RABs Admitted List IE.
Transport layer May be obtained by the HeNB-GW during
address earlier S1AP signaling e.g. may be
received in the HeNB-GW in the S1APpP
HANDOVER REQUEST ACKNOWLEDGE message
in the E-RABs Admitted List IE.

GTP TEID May be obtained by the HeNB-GW during
earlier S1AP signaling e.g. may be
received in the HeNB-GW in the S1AP
HANDOVER REQUEST ACKNOWLEDGE message
in the E-RABs Admitted List IE.
Source MME UE S1AP ID |May be obtained by the HeNB-GW during
earlier S1AP signaling.

E-UTRAN CGI May be obtained by the HeNB-GW during
earlier S1AP signaling e.g. in the
S1AP HANDOVER REQUIRED message and
the Source eNB to Target eNB
Transparent Container IE.

[0044] As indicated in Table 3, some of the IEs that are required to be included in
the SIAP PATH SWITCH REQUEST message 312 are: (a) included in the SIAP
HANDOVER REQUIRED message 302, (b) included in the SIAP HANDOVER
REQUEST ACKNOWLEDGE message 306, or (c) included in messages received in step
202. Accordingly, in some embodiments, gateway 102 generates the SIAP PATH
SWITCH REQUEST message 312 by: (i) extracting certain information from messages
302 and 306 and/or (ii) retrieving information stored in step 204.

[0045] Next (step 218), gateway 102 receives from the core network (e.g. from
the MME) an STAP PATH SWITCH REQUEST ACKNOWLEDGE message 318,
[0046] In step 220, gateway 102 generates an SIAP UE CONTEXT RELEASE
COMMAND message 320 and transmits it to the source network node thereby triggering
the release of resource in the source network node. Gateway 102 finds the 1Es needed for
the message 320 using the principles disclosed above. That is, gateway 102 uses

previously stored, generated and/or received information, as described herein, to generate
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May be obtained by the HeNB-GWduring earlier SIAP signaling e.g. may be
received in the HeNB-GWin the SI AP HANDOVER REQUEST ACKNOALEDGE nessage in
the E-RABs Admitted List |E. Transport |ayer address May be obtained by
the HeNB-GW during earlier Sl AP signaling e.g. may be received in the

HeNB- GNVin the Sl AP HANDOVER REQUEST ACKNOALEDGE nessage in the E-RABs
Admtted List IE. GIP TEID My be obtained by the HeNB-OWNduring earlier
S| AP signaling e.g. nay be received in the HeNB-GWin the SI AP HANDOVER
REQUEST ACKNOALEDGE nessage in the E-RABs Adnmitted List |E. Source MVE UE
S| AP | D Maymdéseage 32 lmeabpﬁw,tghtewhjeNB-ﬁN\dslfrbmghcea)McieelémeHAdeg lbuggam ng. .

E- UTRAN Cd | HeNB- uring earlier signaling
e.g. in theUFSP@IS %%rt;’enéeéséi&ee azgld the Source eNB to Target eNB
Tr anspar ent [Q@a&Ttlai nelt shdld be noted that FIG. 3 is simplified in the sense that neither an

MME nor a Serving GW is reallocated in these figures. The reallocation of these nodes
doesn’t contain any HeNB specific signaling. The details of forwarding of user data are
also not shown as these are not important for these flows (i.e. there are no significant
differences towards the well-known signaling flows).

[0048] A benefit of configuring gateway 102 to perform process 200 is that it
results in less signaling load toward the core network control node.

[0049] Referring now to FIG. 4, FIG. 4 is a functional block diagram of gateway
102 according to some embodiments of the invention. As shown, gateway 102 may
comprise a data processing system 402 (e.g. one or more microprocessors), a data storage
system 406 (e.g. one or more non-volatile storage devices) and computer software 408
stored on the storage system 406. Configuration parameters 410 may also be stored in
storage system 406. Gateway 102 may also include transmit/receive (Tx/Rx) circuitry for
communicating with eNBs 103, HeNBs 101 and CN 104. For example, gateway 102
may include Tx/Rx module 404 for transmitting data to and receiving data from HeNBs
101, Tx/Rx module 405 for transmitting data to and receiving data from, for example,
core network 104, and Tx/Rx module 407 for transmitting data to and receiving data from
eNBs 103. Software 408 is configured such that when processing system 402 executes
software 408, gateway 102 performs steps described above with reference to the flow
charts shown in FIG. 2. That is, for example, softiware 408 may include a module for
generating an STAP HANDOVER REQUEST message in response to gateway 102
receiving from an HeNB an STAP HANDOVER REQUIRED message that identifies
another HeNB as the target of the handover.

[0050] While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,
and not limitation. For example, the embodiments apply also in other cases than in a
system consisting of HeNBs and HeNB-GW. One such example would be solution where
a base station gateway is used between one or more base stations and the core network

and when the same or similar interface is used on both sides of the base station gateway.
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[ 00441As indicated in Table 3, sone of the |Es that are required to be
included in the SI AP PATH SW TCH REQUEST nessage 312 are: (a) included in
t he SI AP HANDOVER REQUI RED nessage 302, (b) included in the S 1 AP HANDOVER
REQUEST ACKNOWL.EDGE nessage 306, or (c) included in nmessages received in
step 202. Accordingly, in sonme enbodi nents, gateway 102 generates the SI AP
PATH SW TCH REQUEST nessage 312 by: (i) extracting certain information from
nmessages 302 and 306 and/or (ii) retrieving information stored in step 204.
[ 00451Next (step 218), gateway 102 receives fromthe core network (e.g.
fromthe MMg), CH REQUEST. A E message 318. [00463In
step 220, gat %\?*%y@%@@agé\%gﬁ’ g&%egrﬁs%gﬁﬁemgn% Hodpy BYRMBRD nessage
320 and t r @heverdescribed eomphey suhodoesnset wor k node t hereby triggering the

rel ease of rce ity t wor k. node., Gate 102 finds the IEs
needed for [[O‘r?gg?lressa’%@“&%@%%ﬂ%ﬁl{eﬁgoc\éérgfsndcefcﬁ"lggia%vgE'},@ﬁéﬁmﬁﬂé‘%@? That is,
gat evay 102lraydess aprshovvo asd sequenot efihtepgdiie wag doohe aslely dor theegé ved | nf or mat i on,

as describ in, 20, I n step, 222 at eway 102
recei ves f?gﬁht&&)g: BeedenBE L Bbiem TRRT AP Riont Bo P b eSS Shaef BBE. BovPLETE
nessage 32May[boomitiersthaerden of thsstape ey bt fretrafiged; and sbme siepgrhayficed i n t he
sense that ,aeitREH ARIMVE nor a Serving ONis reallocated in these figures.
The real l ocation of these nodes doesn't contain any HeNB specific
signaling. The details of forwarding of user data are also not shown as
these are not inportant for these flows (i.e. there are no significant
differences towards the well-known signaling flows). (0048] A benefit of
configuring gateway 102 to perform process 200 is that it results in |ess
signaling |load toward the core network control node. (0049]Referring nowto
FIG 4, FIG 4 is a functional block diagram of gateway
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102 according to sonme enbodi ments of the invention. As shown, gateway 102
may conprise a data processing system 402 (e.g. one or nore

m croprocessors), a data storage system 406 (e.g. one or nore non-volatile
storage devices) and conputer software 408 stored on the storage system
406. Configuration paraneters 410 nmay al so be stored in storage system 406.
Gateway 102 may al so include transmt/receive (Tx/Rx) circuitry for

comuni cating with eNBs 103, HeNBs 101 and CN 104. For exanple, gateway 102
may include Tx/Rx nodule 404 for transmtting data to and receiving data
from HeNBs @d04imsTx/ Rx nodul e 405 for transmtting data to and receiving
data from for exanple, core network 104, and Tx/Rx nodul e 407 for
transmtting data to and receiving data fromeNBs 103. Software 408 is
configured such it hat 5w ! Tware 408,
gateway 102 perforns st,epgpggggéﬁ%_gﬁrgﬁﬁgmﬁﬂ? ﬁm‘regé%gﬂrrggﬁgsg%t& fg&i{‘ﬁg??)l ow
charts shovf 2itigstpese sption({gtb); comprigingexanpl e, software 408 may incl ude a
nodul e for gene(@t@cegi,\%qg@),lat@gaet R RR@ Pl Uﬁ&ﬁrﬁ&@aéﬁgadz sponse to
gateway 10Z recei h?r]‘g rom an NB ‘an S1AP HANDOVER REQUI'RED fressage t hat

i dentifies tﬁ‘ﬁ%ﬁ“ﬂ@‘y (s sguree prse platiqehe pndoper regurgd vepsagq indioBDEWAL ke vari ous
enbodi ment &safeqaib@emr(esﬁﬂsz dRRlibORa 8y REBuLE BL&EIshRsh &G@M%e it should
be understq\od that the ve been presented by way of exanple only, and not

y
limitation. "5 oX AR faEet Pase S@libdi nents appl y al so in other cases than in
a system consi s{)gencedingled8y, avihe ghich@NBhEAbVEGUEH Hhes@sehanWoul d be

sol ution where a base stati ateway i s used between one or nore base

on 2y
stations altfPPHE \CEFEVIRRINGOrMIdokedeqiiredmessaee@f®: ¥ similar interface is

used on both si dgsaminiting (3083 Erost @é F&&vzﬂ%@ﬂ@ﬁ(ﬁget_ Gébﬁﬁatiomﬁ‘e QB@&%“ and

scope of the gresent {3 ention should not be Iimted by any of the

above- descrTHEY ERBEPIAY WEHEBdi nent s. (0051) Addi tionally, while the
processes descr ihagaeabonss a%@?réﬂﬂdﬁ%ﬁt@h@@oh&ohh@l r@@@(\ﬂoaﬂﬁrgﬁﬁmﬁgﬁﬁw as a
sequence of stsfeags, (éghs was done aol El for the sake of illustration.
Accor di ngl y2¢sfaupls QQRthatare souecies it the riervay @99 may be added, some steps
may be omtted, the order of the steps nay be re-arranged, and sone steps
may be perforneg in paral nmet hod for handi ng over a

lllf’gl ~ . CLAING | . A ho

connection fronfa sollFdeetindal clajm d; veherain the siep ohtrapsmiftingthe hapdevest at i on

(101b), congqyus infagsage to the targe@asé QARIN\CoMPride? Badsmitdhg the BAIRVEYeduld2) , @
mtted from t%’ue source base station,

handover reg:ui r ed mess)ﬁ.g.e Ség%% trani ]
t he handov&I*SPEGRNCF BYCHEWE CAET CROPINEET tHagateWaysd tedarepihespsiation) (192)
connection serviced by the source base station should be handed over to a

target base station; b enerating (208), at the gateway, a
handover reques%' ms@’ﬁd’éet}(ogd’%?gx e0b Elgimsla2.derdt ei vi ng t he handover

required nessageée 6@¥3Yer rétficted message i 61 S TARAANEOVEW RERARED infeQiibe he
gat eway, tgm} he target base station the handover request nessage (304),

wher ein
the handover request message is an SIAP HANDOVER REQUEST message.

4. The method of any one of claims 1-3, further comprising:

(d) receiving (210), at the gateway, a handover request acknowledge message
(306) transmitted from the target base station;

(e) generating (212), at the gateway, a handover command message (308) in

response to receiving at the gateway the handover request acknowledge message (306);
and
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the gateway acts as a proxy of a core network control node (104) for a
plurality of base stations (101) that are connected to the gateway (102).
2. The nethod of claiml, wherein the step of transmitting the handover
request nessage to the target base station conprises transmtting the
handover request nmessage over an existing interface set up between the
gateway and the target base station. 3. The nethod of any one of clains
1-2, wherein the handover required nessage is an S | AP HANDOVER REQUI RED
nmessage, and the handover request nessage is an SI AP HANDOVER REQUEST

: 4, The th of any one of clains 1-3, further conprising:
Erg)ss?ggei Vi ng (2<ib‘ja,f15fa{f‘?ftgr{§%da{'%a§ga'§W%H&d\?ééwmdameBé&)gg messgge
(306) transkhetsb@te basOsmiidae t arget base station; (e) generating (212),
at the gateway, a handover command nessage (308) in response to receiving
at the gateway the handover request acknow edge nessage (306); and
(1) transm ttings.(212he ndethotiof gy cpabLslains 1t4hmémawgin§;om?ndl Wﬁssagedf
308) to the source base tion. 5.The thod of any o of clainms 1-4,
1£ur t %er conpri si @&“‘e“’mg <23‘%‘8)"‘{ ‘B%%aé?“\ﬂyn@h%g‘i"ﬂ notify "Fﬁ%g"géﬁ@vﬁ‘??m‘geﬁandover
notify nességem thethrppt Hasedaiontin @sponseimtiichargétdba@atation s eising hih@fiohér resp?gig)
to the target base statio ceiving.a ndaver ..confirmation nessage
transmi ttedc?"rf% R dneciaes %gfmmmegfr()ﬁ‘)%"gg’%ﬁgh ng (216), at the gateway,
a path switch ref@ugstatims@ageat(Bl)eviay, 4 REPOIRE rdgest eeﬁshgé(?gs)aﬁ ]Ehe gath eway
t he handovep, notify nessa 314) . i).fransmtting (210, fromthe
gat enay, thé’s%og%%tfosrflﬁe{ éﬁ%#%&%&'&@ﬁ%‘%&%@’&ﬁﬁ%@y ol i bdf'% net wor k control
node (104). (i) transmitting (216), from the gateway, the path switch request message (316) to

( g

a core network control node (104).

6. The method of claim 5, wherein the core network control node is a
Mobility Management Entity (MME) (392).

7. The method of any one of claims 5-6, further comprising:

() receiving (218), at the gateway, a path switch request acknowledge message
(318) transmitted from the core network control node;

(k) generating (220), at the gateway, a UE context release command message
(320) in response to receiving the path switch request acknowledge message (318); and

(1) transmitting (220), from the gateway, the UE context release command

message (320) to the source base station,

8. The method of claim 7, further comprising receiving (222), at the gateway,

a UE context release complete message (322) transmitted from the source base station.
9. The method of any one of claims 4-8, wherein the source base station is

configured to transmit a handover command message (310) to the UE in response to

receiving the handover command message (308) transmitted from the gateway.
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6. The nmethod of claim5, wherein the core network control node is a

Mobi lity Managenent Entity (MMVE) (392). 7.The nethod of any one of clains
5-6, further conprising: 0) receiving (218), at the gateway, a path
switch request acknow edge nessage (318) transmitted fromthe core network
control node; (k) generating (220), at the gateway, a UE context

rel ease command nmessage (320) in response to receiving the path swtch
request acknow edge nessage (318); and (I') transmtting (220), from
the gateway, the UE context rel ease command nessage (320) to the source

base station. 8. e | furnt ohprising receiving (222),
at the gatewvay, @UE@%E?&?? fo?gyzdggg?ggtr?glledt?thﬁlégnsé]grgsp()@%é? T YAE i t t ed

from t he sothedandoxeaeyirgd mgsage3Pdransitedtifron tizrspuon basotatidraites 4- 8,
wher i 0t he gROAGRDA fradh dnd Bahdb SN goei%gtceretn%av“o%%otn{rgnenhqa“dOVef

L .
command nessage (310) to the UE In resﬁoa% recelvi &ndover
command nessage (308) transmitted fromthe gateway. 10.The nethod of any

one of clains 1-8, i bR I RATRY .t he handover required
nmessage (302) .t.rglnsvr;lh?% ?3&19?gmar{yﬁoépgoﬁgggqblg’seﬁé'sfy'g{k?gﬁr%gtrﬁgo"ﬁ% 0eway does

not transmi [ECEMye fishaerpurr ragrinsd issee GAZ). tho gaterva daterinireomhetbér tinoele.  11. The
met hod of  agyistoRorbctioh HithBhel tarkBr ba¥¥ '\ &difoh Gnd, ifh AhhkGbn sSRRANRS & Quist,

then the gateway generates the handover request message (304) and transmits the
handover request message (304) to the target base station via the connection, otherwise

the gateway forwards the handover required message (302) to a core network node (392).

12, The method of any one of claims 1-11, wherein the step of generating the
handover request message (304) comprises one or more of the following steps:

(i) extracting certain information from the handover required message and
including the extracted information in the handover request message;

(i) retrieving previously stored information that was included in one or more
control messages previously received at the gateway, wherein the control messages relate
to a connection established with the UE, and including the retrieved information in the
handover request message;

(iii) mapping information included in the handover required message to
information required to be included in the handover request message;

(iv) adding to the handover request message one or more predetermined default
values.

13. The method of claim 12, wherein one of the one or more control messages
is the STAP INITIAL CONTEXT SETUP REQUEST message.

14. The method of any one of claims 1-13, wherein the source base station is a

femto base station and the target base station is a femto base station.
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recei ving the handover required nessage (302), the gateway determ nes

whet her there exists a connection with the target base station and, if a
connection is determned to exist, then the gateway generates the handover
request nessage (304) and transmts the handover request nessage (304) to
the target base station via the connection, otherw se the gateway forwards
t he handover required nessage (302) to a core network node (392). 12.The
nmet hod of any one of clainms 1-11, wherein the step of generating the

handover requsst MRSSAAG(APAL MRS kAR AN Ol TRASNRL of NEorh0ldoni NG

st eps: exttactrng certalin’informati over required
message éﬁﬁlﬁﬁnﬁﬁdﬁﬁgﬁ@h@l@Qi@é@ﬁéﬁgﬂﬁﬂﬁiﬁﬁﬂmdhoﬂﬁ omwrisasdover request

message, Igeg(a'da)a G&hsd 4@6)‘5‘:;\{6&%540)‘11 Eé?rs@ﬁw%xg ik tion that was

included in o or nobre c revi ous eived at the
gat eway, wher €t dak?epr@@ﬁwng sym §4ige foreapaatiag the compyieneeftwvam est abl i shed

with the UE and f8GHAdhAang Pé%eifv@trr(dd%}éetQOA)"ff)P(lﬁﬁEé&ﬁ 'ﬁ"&rﬁ ﬁﬁ% s&?r@@'QzYs@r
Fud

request message; (1i1) mapping information inc he handover
r equi r ed sies adundeyer Fagahmcsage balindisates habeuser é‘liluﬂ@éntl HEt(h%Z)handover

request RBSRAGS serviced b>( t!h%ou%’@ﬁa@g sttaﬁoﬁ %uﬂ%ﬁ%@éd SRAUSHE (IS Dage one or

nore predeterm ned defdult val ues. he nethod of claim 127 wherein one
of the of@liep anehiiig i@pwRiFEIL Iﬁ%@@g&thp §0Qfﬁ‘éb§P siapon MpdrthptarggbkEFexT SETUP
REQUEST pgr&sfd8d 14. The nethod of any one of clains 1-13, wherein the
source base station is a fento base station and the target base station is
a fento base §Patscennd trapsmik agd fesqryy moegler(40Uor Goipgnsmitiing gepsagesiviang t he

handover cgfe R1EARBESE ABAE (300) #hdSAYFLEIVRRSResSARS (1O thdBd@hetdrR target base
station (101b), conpri sing:
control node, wherein
the computer software is configured such that when the computer software is
executed by the data processing system, the data processing system, in response to
receiving the handover required message, uses the first transmit and receive module to
transmit to the target base station, a handover request message that was generated by the
processing system if the processing system is capable of communicating with the target
base station, and
the computer software is further configured such that when the computer software
is executed by the data processing system, the data processing system is operable to
function as a proxy of the core network control node (392) for a plurality of base stations

(101) that are communicatively connected to the gateway apparatus (102).

16.  The gateway apparatus of claim 15, wherein the data processing system
uses the transmit and receive module to transmit the handover request message to the
target base station over an existing interface set up between the gateway apparatus and

the target base station.

17. The gateway apparatus of any one of claims 15-16, wherein
the handover required message is an SIAP HANDOVER REQUIRED message,
and

the handover request message is an STAP HANDOVER REQUEST message.
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(a) a data storage system (406) storing conputer software (408); (b) a data
processi ng system (402) for executing the conputer software; (c) a
first transmt and receive nodule (404) for (i) receiving fromthe source
base station, a handover required nessage that indicates that a user

equi pnrent, UE (192) connection serviced by the source base station should
be handed over to the target base station and (ii) transmtting nessages to
t he source base station and the target base station; and (d) a
second transnmit and receive nodule (405) for (i) transmitting nessages to a
core network control node (392) and (ii) receiving nmessages fromthe core
net wor k control lhodeThagravayapparatus ofmhporemiplaines 155 b whercw thecoppufer gur ed
such that ViaaleleherARERUA BRrQLUYRkHeR URESRBLE RNlICe ABka B @E eSST NG
system th ata processi ng system 1n response to recelving tthe handover
requi red nedttrapgecessingsystemet 13fi?rt@t)w@ﬁrsangFﬁSterrarmrei%me%qtveecm@elaéwm@vcrr ansmt to
the target base a%mwnéa@e s A0¥ R anBAERbm m%;ga%ag n&gRef ated by

t he processi ngq system i f the processing systemis capab comuni cati ng
wi th the tdigdavenepgunand mepwge (38pnd uses thqtﬁésmtﬁﬁ%&e@w%mwwwt@ further

confi gured siiehit R NG LohiiBinG HIRHEEH0HAS INUREGcd SasE¥BIt ed by the data
processi ng system the data processing systemis operable to function as a

proxy of the core network control node (392) for a plurality of base

stations (101) tybat @hE LM UPparald HRhY oRUMREHEN- L WihBRindAl & ppar at us
(102). 16. The gat evvag é:tg par at B’g of cl a}:/(r)n 15, wherein th em ata tce):gesm ng

system us es‘soﬁh’é’ etiy Bpf ?ﬁct:’“%drsé@b‘ih@té"‘??ﬁ dhigicempuier so&MmarR is eﬁeh'ée%@h'@ibv er

request NMesgy oée@sﬂgt@st&ﬁrtﬂgﬁatp%@eéﬁﬂ &ys% VR EpoRe: 16 ¥dceivinB S mmo%face set
up between the gat evva apparatus and the target base station. . The

gat eway app¥ift messae (Aify raprnignd fqmyhedaraet bass Staﬁ\ﬁb’r“é?ﬁﬁo‘ﬂsﬁé‘) ﬁaﬁ’&%er required

message iS @ie shtiofiFeck] Q%E&va@ﬁlhﬁﬁaom&%g@mm%&hﬁeMM%%ErequeSt
nessage is an SI AP [' AN ER REQUEST nessa he gat eway

appar at us ofl 9RngengiaEs apath Is‘étl‘ﬂ‘e’ei‘{‘?s‘ln?ess‘%&ﬁé}‘g? #ndiuses ‘b%lﬁiﬁt"érﬁn‘é BE¢Yare is
further conbgi (QdS)Stb’ﬁ'EhsErhﬁﬁe WRB RwiElEreqRETHLsSge $PIf6h WA &rd bR abdeed by the

dat a proceSS| ng system the data processing system in response to

recei vi ng &3Mndover request acknow edge message (306) transmitted fromthe
target base station, generates a handover command message (308) and uses
the transmt and receive nodule (404) to transmt the handover conmand
nmessage (308) t 3% heTBogA &Y BRRAANEY Qftciagp |9, wherein the core network node is a

Mobility Management Entity (MME).

21.  The gateway apparatus of any one of claims 19-20, wherein the computer
software is further configured such that when the computer software is executed by the
data processing system, the data processing system, in response to receiving a path switch
request acknowledge message (318) transmitted from the core network node, generates a
UE context release command message (320) and uses the transmit and receive module
(404) to transmit the UE context release command message (320) to the source base

station.
22.  The gateway apparatus of any one of claims 18-21, wherein the source

base station is configured to transmit a handover command message (310) to the UE in

response to receiving the handover command (308) transmitted from the gateway,
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19. The gateway apparatus of any one of clains 15-18, wherein the conputer
software is further configured such that when the conputer software is
executed by the data processing system the data processing system in
response to receiving a handover notify nessage (314) transmtted fromthe
target base station in response to the target base station receiving a
handover confirnmation nessage (312) transmtted fromthe UE (192),
generates a path switch request nessage (316) and uses the transmt and
receive nodule (405) to transmt the path switch request nmessage (316) to a
core network node (392). 20. The gateway apparatus of claim 19,
wherei n the core3net ardatenageppatand oWabi dnie by cIMaRagSIRRherdin/ithd datdMyE) .

21. The gat evv%% afopar@at ug of, gﬁny. one of clains ﬁQ- Zg, wher ei n t he conputer
sof twar e i SPPUPPHBFOUIHIC SR JOERPIRGI GHeLiPe ehadmstifearinddresiagee i s

- execut ed by30)erackatigeddrane s SoUREE inysitainh, thhgatdlalyappracadet Ag uaysiiem i n
response tonrsc i Vi 3% a €ptath swtch re ezt (?cknow{ edge nessage (318)
transmitted™ rom YREEEELABY {BF REHEE ec,néo M8t%t es a UE context rel ease

command nessage (320) and uses the transmt and receive nodule (404) to

station 25 T i P an A B A e B A 5 g e fePRuES T o
wher ei n t hesofware cacobfigmedsducit ihelrwl:tes tieaompgtar @ftwae it cf:jemgeﬂ by the fe@mdover
ComTr TSR s G Ml JERRC A b SEL g P onco e

appar at us dfandovyr reqéred inesshgd (382) ] det@djnewtvbethérmherd dxdstadoanayiompparet us i s
configured . t. ecei wing.t handover tequired
meosage ( s09yeiteieiBiion b, rRBAARor ol el 10 iy o AP e BBy

appar at us degpsstmassape B04)yant! rammitardaudvenmegssigeestage €30¢) Lakietarget wor K
control no Lo 24, .gat appar a f .any one of clains 15-23,
wherein t hcel)%%eosrtraf)lﬁ? &F %ﬁs%ocfogl\?\egtrl%’ P?Q%Snef'?fgG‘r’aer%sqgﬁ@aﬁld?‘f%feq\‘)\)ﬁeéjﬁn?sﬁ%ecorrput er
sof t war e i d3&Recatcecindyorkmeded@®d. pr ocessi ng system the data processing
system in direct response to receiving the handover required nessage
(302), determ nes whether there exists a connection with the target base
station and, if2& cohrastiwenanppsratstofanyi anedf ¢laimeX b2, whendmthgemapatres t he
handover r . 0 ransmn he .handover request nessage
(304) to tﬁnggrtre ésg:t% §%§§% Sg%‘a@to\%]%\git% ct% Wémgész’rqg&ei'So?lx,ec%?‘ﬁbé'rt\r)\? @a it forwards
t he handoverocesipgisysein, tisdtegeo(e3OR) system gemroates thebandoder requiat Ha8ae. 25.
The gat ewa r.at . . i - wherein the conputer

sof tware |)s(3(%§§? i(gﬁg%ﬁﬂé%%ﬁlxpﬁ@?%gﬁh? !ﬁ'gﬁ %%a%rrdpﬁvt%gfeq%lo thare. ?’%‘Fexecut ed by
t he data pricdelsg thgesypstedimformhgondatlz handveerssquest nesssipertiipenieviages t he
handover r ve il X cti C in_information from
t he handov??é&?ogéla{g?}gegqﬁtggéagg@hggﬁaﬁ '&Q%ﬁgilié&ﬂtﬁé‘% g%(‘for%gél'?%egsalgﬁsf ormation in

t he handov grevicaisiyi eseivedasiaggatewayi Yheran th eritroy mpsseges oaiag 1o asstooneedon nf or mat i on
that was i Q:&Ll%%ﬁegi with tﬂﬁ%EogndqRJl\Fdir?ét% Fe%kevg?ﬁfo?'@gﬁq[n% ﬁl\élh%d%lvgr reqiest! ved at

t he gat eway, ereln the tontro ssages relate to a connect t on

est abl i shednessagr (lileapping mfematiel indideg in the harglpvdresquited méssagrae i on in t he
handover r . (1l i i.n fl incl,ud in the
handover rzﬁﬁ‘?a‘éawégfg%é‘éb%g‘ c{uﬁ?@%t@g%ovflferg{ij@e%&?a ebaéd@ﬁgguagglagi n the
handover r dethe bendorss seqyest mesrdgopreddtarningd défagt vabueshe handover request
nmessage predeterm ned default val ues. 26. The gateway appar at us of

cl aim 25, wherein one of the one or nore control nessages is the SI AP

| NI TI AL CONTEXT2GETUheREQUESAPparys afjelaim 257 witreingat efihy ompparca¢ us of any one
of claim 15306l fe Sep ROHTAE CRRIRT S A RESUBST RillggPase station

and the target base station is a fenmo base statio
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27.  The gateway apparatus of any one of claims 15-26, wherein the source

base station is a femto base station and the target base station is a femto base station.
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