NETWORK GATEVWAY 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 cawpanr/05pey9one aspect, the invention rel ates t oPaT/SERMONEISGRL eway
configured to provide a handover, converting and routing function.
BACKCGROUND [ 002] Specifications for the next generation radi o access
network (RAN) are currently being devel oped by the 3rd Generation
Partnership Project (3GPP). This socalled next generation RAN is referred
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Access called next generation RAN is referred to as the “Evolved Universal Terrestrial Radio
Access Network (E-UTRAN)”. Another name for E-UTRAN is the “Long Term
Evolution (LTE)” RAN.
[003] The LTE RAN is designed to be connected to a core network (CN), which
is called the “Evolved Packet Core (EPC) network” or “System Architecture Evolution
(SAE) network”. The combination of an E-UTRAN and an EPC network is referred to as
an “Evolved Packet System (EPS)” or an “LTE/SAE network”. A base station in an E-
UTRAN is called an “E-UTRAN NodeB” (“eNodeB” or “eNB” for short).
[004] There is contemplation of having a base station that provides a coverage
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)”, “LTE Home Access Point (LTE HAP)”, “LTE Femto Access Point (LTE
FAP)” and “femto base station”. Inan 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 to as a picocell when, for

example, the coverage area provided by the HeNB encompasses a large office building or
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connection is set up between two eNBs, the eNBs exchange information regarding the
macrocells served by the eNBs. Typically, an X2 connection is set up only between eNBs
that serve cells between which handover may be performed. The protocol used for the X2
control plane is called the “X2 Application Protocol (X2AP)”. The X2AP messages used
for establishing an X2 connection between two eNBs are X2 SETUP REQUEST and X2
SETUP RESPONSE.

[008] A mobile network may have up to a million or more HeNBs. It is doubtful
that the capacity of the control nodes in the CN (e.g. a Mobility Management Entity
(MME) or other core network control nodes) will be able to handle that many HeNBs.
Therefore, a gateway (a.k.a. a HeNB gateway (HeNB-GW), which is a type of
concentrator node) is used to conceal the large number of HeNBs from the CN. That is,
the HeNB-GW will, from the perspective of the CN, look like an eNB with many cells.
Accordingly, the HeNB-GW communicates with the control nodes of the CN using the
“S1 interface” in the same manner that an eNB communicates with the control nodes of
the CN using the S1 interface. Functionally, the HeNB-GW acts as a proxy of the CN
control node for all the HeNBs that are connected to the HeNB-GW (i.e. from the
perspective of an HeNB, the HeNB-GW will look like a CN control node). That is, an

HeNB communicates with a HeNB-GW using an S1 interface in the same manner that an
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[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.
[0012] What is desired is an improved handover procedure.
SUMMARY
[0013] In one aspect, the present invention provides an improved method for

handing over a connection from a source base station (e.g., an HeNB) to a target base

station (e.g., another HeNB). In some embodiments, the method is performed by a
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handed ovgiessage @ dn§ic@Rtnetvask coritl héde (adslming 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 HeNBs to implement any portion of the
X2 protocol.
[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: (e) 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
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over request message and transmits the handover request message to the target base
station via the connection, otherwise the gateway forwards the handover required
message to a core network node.
[0019] In some embodiments, the step of generating the handover request
message 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; (ii) retrieving previously stored information that was included
in one or more control messages (e.g. an SIAP INITIAL CONTEXT SETUP REQUEST
message) previously received at the gateway, wherein the control messages relates 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; 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
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[0022) The accompanying drawings, which are incorporated herein and form part
of the specification, illustrate various embodiments of the present invention and, together
with the description, further serve to explain the principles of the invention and to enable
a person skilled in the pertinent art to make and use the invention. In the drawings, like
reference numbers indicate identical or functionally similar elements.

[0023] FIG. 1 illustrates a network according to an embodiment of the invention.
[0024] FIG. 2 is a flow chart illustrating a process according to an embodiment of

the invention.

[0025] FIG. 3 is a message flow diagram further illustrating the process shown in
FIG. 2.
[0026] FIG. 4 is a functional block diagram of a gateway according to an
embodiment of the invention.

DETAILED DESCRIPTION
[0027] 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
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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



[0023] FIG 1 illustrates a network according to an enbodi nent of the

invention. [ 0024 ] FIG 2 is a flowchart illustrating a process accordi ng
to an enbwoizoentsowd the invention. [0025] FIG 3 is a mesTageooPiosnsszli agr am
further illustrating the process shown in FIG 2. [0026] FIG 4 is a

functional bl ock diagram of a gateway according to an enbodi nent of the

I nvention. DETAI LED DESCRI PTI ON [ 0027] The present invention will be
described herein in the context of an LTE/ SAE network, but the invention is
not so limted (i.e. the invention could also apply to other networks such
as a 3G né&rgsibRe statign nEy heg kaepiestablishod previpusty, of jt cbuig be set up wisnr at es a

W rel ess Wi- i t {.0g.: e ' t.af the

i nventi on? As S Hg\;\aﬁﬁsngQZ@n@ %%Vigg%'fag%(eageddaegp l}ﬁggﬁﬁeyﬂgﬁglﬁeﬁ?@:%@@omes 101
(e.g. basdesctiptioronill refot to, the S1AP interface 16d refatadwnessages e eteamptiy Ssomed gat eway

102 . g. 3 - HNB- . CN 104 havin t .| east one control
node( ((ae.gg ?mﬁﬂéﬁ%@i i g (rg f??'is‘%g'??’ﬂ%d'é@ém’c% RIPSTRS rﬂ%laé/ agﬁ‘?j’ﬁl l@pgn@g@ of user
equi pment ugiblFinctiE2 type of iMeriite batwRen\iHe Raivig AndiaricEBfie Sfflor MRl RAfEval e 9.

ot her devi ces ancL systens connected to public network 110). stem 100 may
al so i ncl BYLSOYHE %3¢ SO8- eNBs 103 serving macrocells. [0029] An aspect of

t he prese Bfyent i ' ' ; Ls.€onfigured
presenposRye! m&eﬁgagmbm§ FRG. 3, 'Fmi.%éﬁq fB@{(ﬁ\‘ﬁ’ﬂﬂl&%ﬁ%ﬂﬁe spebifie

to inplement an inproved handover procedure. In sone e nents, gateway
102 enabl BEPcess 3P0 thapisperpread byrgatesvalyd 0P tnigepleneant thefpranessadesaibed abanet wor k

100 SO12 kel a00 Sy LN cp 202 MANILO NS CLERCEON GRAEHIREL"0C°, o,

MVE) ( e. gmesdagesSIFaPexdalfROESeREN) Sakiiay o2 sagjcreasiveleid srabre toritloPP TS 36. 413

sent fr Omn{[eps%gessqlf'lorrr? g 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 SIAP/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 101a 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).



net wor k node need not be received by the MVE in order for the handover
procedure to conpl ete successfully). [0030] For exanple, in sone

enbodi nerwe,20tis9gat eway i s configured to: (a) intercepPCa/SEAVOHESBS

requi red nessage transmtted fromthe source base station (the handover
required nessage indicates that a user equi pnent (UE) serviced by the
source base station should be handed over to the target base station), (b)
in response, generate and transmt a handover request nessage to the target

base stati c) rgceive an acknow edgenent ssage f the target base
oration 48833Y” i ofdiehCre o R e e T B o (R g "2
handover ohetentierdRIRagn S1dnicRcetownrie theasgetsicavork modAdhisdeagmitatddy, in
response to receiyi t he handover required nessage transmtted fromthe
sour ce badbasgdgn ﬁg?ts‘ﬁép a%r?%wesé%a%s" ﬂ’ﬁt‘arﬁ?tdﬁg‘?‘ﬁrg “Sﬁsﬁ/“’ﬁéﬁ‘%ﬂ%@?’ayﬁé’gs age to
any core 'a_?BWg{:thﬁ(Sﬂtsétﬂt) 1RO el BRI Hdde §cdhds HRdBNRY, ANBLIBQ b _
directly with the target base station). In this mahner, t he met hod provi des

the distin82. Asitherureet dgfinitien irthaighe eRiBdDdnmcluded indhelCelbkdentity, thise core
t Kk , ' t ' t: I th
net wor C%&ﬁ@dh?ﬂﬂéigagee §'bﬁ)e wi¥sly ROLNS-1B 05}'%2‘3?'??,@%}"%‘&@?@ it @?Ehﬁt“ ng the

source base station t o conmuni cate rget base
station. Tihthegateormy eachyHeBRwemecasisgleddanitocdhly. Hpatemay 62 detetnzinésahatusi ng an

i nterface between the. gate a source base s lop. Likew se, .the

ot oway il ETL A SLirEet ey PR ns ke R RBBCactle thish M et S RREPY ace
bet ween t kepQgegeway and target base station. This interface between the
gat eway andt ar get base station may _have heen, established previously, or it

coul d be 480343 whell sieRpANSy saieway [02, sathes thap simply FriransiAiteResnesstas¥dur e

descri bed abeyirol Abd\Gial CN'RU4, Pf)loRidriles SBSRBIREqRsHhdsbage 8D e 4. 9hd e S | AP
I nterface and rel ated nessages to exenplify sone enbodi nents of the present

sol uti on, SiA€ HANBOMER RE mesyaged foresponsaniolreseivingmessapmiP2andt her type
of interf %&&@%}4@?&%9 182 hEVAYs A e Bih R A5G HeRldR R $had3) eWay and

source base's
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 1

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-RAB
SETUP/MODIFY REQUEST message(s) for




[0031 ] Referring nowto FIG 2, FIG 2 is a flowchart illustrating one
specific process 200 that is perforned by gateway 102 to i npl enent the
process owecpimsgabove. Process 200 may begin in step POZ/SEdMes)5gat eway
102 receives one or nore control nessages. For exanple, in step 202 gat eway
102 may receive one or nore control messages from a source network node
(e.g. HeNB 10l1a) or fromthe core network 104 as part of a procedure for
establishing a session with UE 192 or one or nore control nessages rel ated
to a handover of a lJF 192 session to the source network node. For _instance,
gateway 102 may receive S| AP pi@ycethesnEr®iBsessages fromthe sourjce
network n6&8 TBIRa or a core nétinsAkdeddinotee SL1ATh LI TTAdr CONABRTe,| t he

SI AP I NI TI AL CONTEXT SETUP REQUEETUReSEQUBSTETIe ¢ $myeS| AR EheABeSERUR/ MODI FY
REQUEST fressage(s). Likew se, i|E-88po202n g eSpP IF)IRA®Y recei ve X2AP
handover |rel at ed messages from|&ETERBEMODBFY NeRQUEST aye20de (sgatfeway (102
stores reglevant information (e]anyr ekkeanE-RaBor mati on el enents (I Es) or
porti ons|8FRAB| bgaal (&%) cont aiznedudedt be eheve A niNTed, SORPEXZAH
nmessages| Parahatersuse during @ SEIUEOREQUPSDCRSKE fye (M3 heNaxtra(stdp 206),
gateway 102 receives fromthe j$aurae Bet yQrikhdosieam fraagover requirgd
message B02 (e.g. the Sl AP HAND@¥EGPREEL RECRIBHSRE e 3R (B Geod I ch
shows a pessage fl ow according tagyaatggpoglm of the invention), i ch

i denti fi F8oQFCEOBNEI €5 Td¥guLIal 'I%lh@éd'?ﬁ”ﬁlﬁé YETRP FuBiciER Tt o K node

(e.g. HeNBnAOEpR) pessage 02 ||& RED 2 I Es. Typically, one |or nore
rreasurem=@5n£§plq2i nmessages 301 ?e g. lt) eé%th%&%\/basurenent Report message as

defi ned | 18] I O adi-date )
transmt E? Eo ?’Ee source @RIB ﬁig Et gi} I{FEthe ﬁﬁf ‘tga Eetrﬁ jr ce
HeNB 1014 10 begin the handovel cess caus SwHeNE 101 to
make a hfandover deci sion and t()dtllf' § 'Bh%% dré:(ﬂ? %F

can store the in ormatlo ne

example is the S1AP INITIAL CONTEXT
SETUP REQUEST message.

Trace Activation This optional IE can be transferred
from the MME to the HeNB in many
different messages and the HeNB-GW
can store the information. One
example is the S1AP INITIAL CONTEXT
SETUP REQUEST message.

Request Type This optional IE can be transferred
from the MME to the HeNB for example
in the S1AP LOCATION REPORTING
CONTROL message and the HeNB-GW can
store the information.

[0036] As indicated in Table 1, some of the information that is required to be
included in the SIAP HANDOVER REQUEST message 304 is: (a) included in the SIAP
HANDOVER REQUIRED message 302, (b) included 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
S1AP HANDOVER REQUEST message 304. Table 1 illustrates the case when the

10



message 302).[0033] In direct response to receiving nessage 302, gateway
102 may determ ne whether there exists an Sl interface towards the target
net wor k rwoes10fisp@odet ermi nati on i s based on the S 1 se®PUp/SperdoseFetl

bet ween the target network node and the gateway 102 as during this SI setup
the target network node sends its identity, eNB-1D, to the gateway 102. As
the current definitionis that the eNB-IDis included in the Cell ldentity,
this means that the gateway 102 will know the eNB-I1D of the HeNBs connected

to it (at Bllgﬁaaﬁ{g coflnetfigh %@?la@%@aﬁﬁcﬂe %13 N%ﬁa t‘ﬁ??ﬁ% ? htdbk doBi'l O&'n?{] et ar g ot

gateway 1 erernm nes ere exls ace towar
net wor k ndﬁ@atet,\lagnoz iseabjer toGessthe pelated S UAP signalingand Gtdre he 084¢s eedsitfop 208,

t 10 t h | t tt e302toacontro|
Lo ¢ b fteandpyer logie Sl ptinPlet b AR e PG IR S ptes (4B 0. - t he

Sl AP HANDEASE R HekRhESign g%@ﬁiﬁé}:tlbrﬂat{d%la&ﬂ%ear%@, W€ RiitidIEsABRshed i a#02 and
detecting t hat 8§teway 102 has an S linterface with the target network node

and (2) tENBand &ar?evawégga@énswlqteSf:m@efeelﬁts@slf?@ﬁ\smlwghdaéucl{m] The S
| AP HANDOWEER, iw@ QE rgl%léd @ Bflﬁ%v& fHe SN tﬁ@%oufge rﬁleﬁﬁyrk
1 shows a

Referring now Table 1 s ovvn bel ow, Ta ISt o east some of
the | Es t hede willecontinuthe pekded infernatioh ankbehn be stared &y gAewvayANROVER aREQUEST

3 Q ' hle 1 f the inf tion
59202 Rl s SOEL RO B B e RISk T 0 12 ©
is: (a) iappliesést allnhdlkuad&drk@ad—@é‘daﬁhﬂameﬁlﬁgﬂ RED rressage 302, (b) included

i n nmessag receive ste and/ or evi ous enerat e

al | ocat ed @9353& ewa OI@’Z WOA%cﬁFﬁvP“ Yo\ s e M E‘)G ?fﬁ(?&?ﬁ‘r%]dg%s °“d‘é?twe€?&y 102
gener at es rdqufte SinfltmaNdR6AER BEd D TzalRas 202 kéipd stle andirdlaRd if@diaiBs certain
I nf or mat i Bér?hf er:om t he Sl AP HANDO\/EQTgREQJ?RED grf%gga(%ea%éza 1) relt ri eving

i nf or mat | oM fprevigpssignaling ielated tor the sigualing cppneptioniangd the; aﬁg)cme@l\hemm) y
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 SIAP 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 S1 the SIAP 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 SIAP 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



all ocated information (default values), and/or (iv) mapping information

I ncl uded in the SI AP HANDOVER REQUI RED nessage 302 to information required
to be i ncawodet/isme® 1AP HANDOVER REQUEST nessage 304. TabIT&SE000/050533 r at es
t he case when thesignaling connection and related bearers are activated in
t he source network node so that the gateway 102 is able to see the related
SI AP signaling and store the val ues needed for a | ater handover | ogic.
Simlar principles can al so be applied in other cases (e.g. in the case
where the ?Ilng connection and rel ated bearers were initially

est abl i shé "PW edie BRESagH 06 Wwas tprsaitisd "mz)qna%tomssmlwﬁkﬁltm thee rel ated
SI AP si gn? obé‘@)prockéﬁs%lgtgp 1% nbte t2h§ %?EQ@ %2 %é% %ldb c{)r%ln%}l&d to the

handover Tfromthe eNB to the sou ce N con ain needed
i nf or mat | B§sBERI3QRAS- %@eﬁléfddAUP%éﬁlb@@MMAND mlessagd)ahdatralllmduhaer fromthe

source ne rk node. This sane principle applies
for all hwgﬁé%%%ﬂggﬁi%%nggggggﬁ%ed herein. [0037] In other words, the

fol | owi ngLapa9sone HiefSlﬂIbHANﬂﬁ‘ﬁEhldOMkﬁmmmeb@ge Bdmareqai%slarpaehdum?or mat i on
can be found 1 10 S sta related. information froma
previ ous %ﬁtﬁm‘ﬁ(s %%"éﬁ'%‘? ﬁabﬁengg'éﬂ FQ%gng'Gr%QEW?BHSt(OiﬁH'ePSr‘\éo‘a%som at ed
bearers) shae [EsthitardRq ﬁi%ﬂd@%e%&ﬁfdeﬂ%glAlﬂHANM)VERtC@MMQE%sag/\; up or

E- RAB Set up/ Modi fy or previous handover into HeNB, via the HeNB- ; (2)
gateway 192-copies the information fromthe nessage triggering the handover
procedure (e.g. the Sl AP HANDOVER REgpt RBD nessage) to the Sl AP HANDOVER
REQUEST nessage; (3) gateway 102 keeps state and related information during
the handover preparation to handover execution fron1the 1st nessage
to the 3|TheerEsagin SIARNE eXafE ;

HeNB- GW | EANDOVER ¢tMbRENER REQ
HANDOVER| or sone

of the | E('VTME’L\?dE P Ap Ofp t e Tramn JMéE%EQP?BﬁE“ L‘Z }\hotéf ‘H%N%"EWL ﬁ 'Lé?' et wor k

nodes may send messages to inf recerve dat a
eNB UE S1AP ID May be obtained by the HeNB-GW during
earlier S1AP signaling.
Handover Type Use default (e.g. “IntraLTE”).
E-RAB ID If this optional IE received in the
(E-RABs to be HeNB-GW in the S1AP HANDOVER REQUEST
forwarded) ACKNOWLEDGE message in the E-RABs
Admitted List
DL Transport Layer If this optional IE received in the
Address 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 S1AP HANDOVER REQUEST
ACKNOWLEDGE message in the E-RABs
Admitted List

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

Failed to Setup List
Target eNB to Source May be obtained by the HeNB-GW from

eNB Transparent 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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(e.g. for SI the Sl AP eNB STATUS TRANSFER nessage and the MVE STATUS
TRANSFER nessage dependi ng on sending entity). These nessages are not shown
i n the neweagw/dshesw shown in FIG 3, nor are the mappi ngCrsB@s/osiseswn, but
it's a direct copying of information, except for the connection identifiers
(i.e. MVE UE SIAP ID and eNB UE SI AP I D which needs to be replaced with the
ones related to the connection). [0038] Next (step 210), gateway 102
receives fromthe target network node an acknow edge nessage 306 (e.g. an

SI AP HANDQUBZ, REQUERT, ACKNOM FRGE o5 sl 1pWil e o Y8 bhanOT LA Btk Y ¢ e

target netwo node i n response (0 nmessage response
acknow edge SidsH4dNDEIGER COMMAND Oitschgt 808rarac(@) ichidedin théitBh&RNnow edge

oy ocose oPBRVERREUESEALND VIO rsdsegE OGHT T g in Be&Rs. handover
comand NMe&eRee indéh 202 mccbmgﬁ,wsmm&mmvg&w%ﬂm& date3fik t ransmit
the nmessage 308 to the source network node. [0039 e S| AP HANDOVER

COMMVAND 4 4RGIANDE VERLPOMMAND messpeg A 08rbys 65 exjracipg; cerRiiy isfarmatitmow t o
Table 2 s ! helOM 1 ES t hat
Are requi roine S AMHARDOYER REQUEST A ORI RRORIRR s 308 @ i 5 ¢

2[ 0040] Asnformitionstorkd in stEpR04 and (id)onetriewing preyidusly allocatedhinéormation red to be

i ncl uded IEEE% me @3@2 HANDOVER COMVAND nessage 308 are: (a) included in the
S| AP HAN T ACKNOW.EDGE nmessage 306 or (b) included in nmessages

recei ved i[004tg¢p 20bB redpoasy tdithgs VAP HANDO¥ERGOMMEN DInesgape S08,thé. 02

t t he S| AP HANDOVER ND nessage, 308 by. (i) extracting certain
e o T ShHiEe BRDIR Nods KT SARLO e TP Bt e B RRZE 508 °FT 1S

retri evi NnQROUMrEPHbhREoRAGIraRoN MeFAEY to2Bé LEND2( iTh kdspébrRt kd @Y hixgioRéreVi ously

al T ocated cgrrrlnl;ngggr‘;telssgge glO? thaeuLlJlg 1\9/5Jl lrzlajr?ssrln)it's 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 IEs 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

13



[ 0041]

handover

message 312 (e.g.
the target network node,
notify nessage 314 (e.qg.

214, gat

In response to the SI AP HANDOVER COVWAND nessage 308,
networ k node transmts a handover conmand nessage 310 (e.g.
RRCConnecwOenRaso09 gur ati on nessage) to the UE 192.

t he sou
the RRC
| N PCESBOIVIO51S65
command nessage 3 10, the UE 192 transmts a handover confi
which then transmts to gateway 102 an hand
the S | AP HANDOVER NOTI FY nessage). [0042]

way 102 recejives the handaver notify nessage 314 and deter

whet her
hi dden t

ENB.HE SWAP M ates to MayshgeoBb®ingd yattdiea el Glaguséntd
ne ongoi ng handover fr ogPprhéesoftARet@nadirn control node,

102 need
handover
message
MVE in t
handover

SEtBABpERt e t he core n¢Mayr kecohtaiheddue tisoHeNBR€Wpdntdongy
(EhRAB$ stacenpl i shed
Bswbtahedsendi ng nessageegeigedoivar e tHeNB-@We imetciver 81484 (
ne core network) (this|HANDAYER REQUESE|AGKNOWDEDCEC deboagX2-
(step 216). Gateway 1@2 thade-rims iadwivmdd aisteaded for t

nmessage
previ ous
her ei n,
below, T
to be in

1

BTGanspopt t Teeygy i nci pl ¢stagh bel osedinad ey tHHNS-Ggatawayqg ]
gddresed, generated andhelieeceinNedsidiLrimy i0®,. asydBscril
0 generate nessage 31l0rek@0¢ed Befend M tig) Eﬁarslipshc
bl e 3 shows a |ist of | aanbe9BR REGEESF Adkhdd%ﬁnb&aheQQSE§
cl uded in the Sl AP PATI1§WLEQ}ER@g&ﬁ&&mm§§§§qu§%6IETABL

As indic
in the S
HANDOVER
ACKNOW_E

G
g

AGPE tRIpabl € 5, SOnE Ma&”Se'SﬁtéiﬁEdQQF Odﬂflhﬁ
AP PATH SW TCH REQUES §§gges égéh %%?
Eyﬁ 4 ZN?B
Hhﬂﬁ R é&mﬂ?ﬁ%&%ﬁ%dﬁﬁﬁﬁﬁﬁgsgggétE

REQUI RED nmessage 302,
in the E-RABs Admitted List IE.

DGE nessage 306, or (c
May be obtained by the HeNB-GW during
earlier S1AP signaling.

Source MME UE S1AP ID

E-UTRAN CGI May be obtained by the
earlier S1AP signaling e.g. in the
S1AP HANDOVER REQUIRED message and

the Source eNB to Target eNB

HeNB-GW during

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 SIAP 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 IEs 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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202. Accordingly, in sone enbodi nents, gateway 102 generates the SI AP PATH
SW TCH REQUEST nessage 312 by: (i) extracting certain information from
nmessages WBO20em39®96 and/or (ii) retrieving informati onPETSER@I0MS3E ep 204.
[ 0045] Next (step 2 18), gateway 102 receives fromthe core network (e.g.
fromthe MVE) an SI AP PATH SW TCH REQUEST ACKNOW.EDCGE nessage 318. [0046]
In step 220, gateway 102 generates an S| AP UE CONTEXT RELEASE COVMAND
nmessage 320 and transmits it to the source network node thereby triggering

th I f ' figds th
s neeqolergee oo WskE 228 iy ddaeelBt HOin Qifee ARG MchES I 0o | 10
|sf gat EYM G:OBI‘I\ES(éd SR@[IS. bMS?mMPISE’bEmssagem.at ed andgcz)r rtacei ;/ed 5o
i nformati an, esgcr ereijn, ener af. ssage . ste ,
ot onn 1390433 o1 < ol Shelifpe Rased B B0 08 SPlAAT B ends B oA s
RELEASE CoMAERbEa SBSHRABWIE Zeallb&ict/ih thdse I{i/?/ﬁéﬁﬁ.d’hb@edﬂ@&ﬁﬁmtom&fesﬂcﬁes 3is

n nor a

sinplified in the sense that neither a ( Serving GNis reall ocated
in these dpegartsgntaimmpay HehH seeific signaling: s deigiisiellopudingof byRdfpAreany HeNB
speci fiC $isgnal dhdn ad HesdSk Abl itnpd ﬁt%ﬂ’\ﬁés‘é'ﬂ%&s?i‘.e.?ﬁ‘? ald AbRigdlfiRaitl SO not
shown as these are not I nportant tor these flows (1.e. there are no

si gni f i cadiffaiericketomanisshe wellrkniswn $ignaking flokslown si gnal i ng flows). [0048] A

b fit of ' ' t 1 S it

Ponul ts 1 Fo0a ' Wil Sate ePRL I L BRIBRTARCAR A oo | 0049y
Ref er ri ng rexals indedslsignading lbhdiowhrd the aofematstarboartrobheddk di agr am of gat eway
102 accordin 0 S

t ofge, enbodi ne f..the.invention. As.shown, gateway 102
ey conpr |L00481gat aNERBLRIETHG oS PeiiPbis ¥ ngiong hlodkdigigg o edteway >
M cropr ocqys aécdidingtotdind ehibotmtRitsSOf Hheiivédition.( As Shovai) @aRvayPoEmaPn- vol ati l e
storage devices) and conputer software 408 stored on the storage system

406. Conf icQuUPHI ptpRIOgasEing system 01 Re. AN o IHRreINIGIOPEPCFOL). GraaleSIaIeR em 406.
Gatevay 1QeaiR%06 (38 ohb6t MR dohA/bHTNd H8BEE I ee) aHd RipliteF Sottviakd/adeor

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, software 408 may include a module for
generating an SIAP HANDOVER REQUEST message in response to gateway 102
receiving from an HeNB an SIAP 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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communi cating with eNBs 103, HeNBs 101 and CN 104. For exanple, gateway 102
may i nclude Tx/Rx nodule 404 for transmtting data to and receiving data

f r om HeNB8020W/057099Rx nodul e 405 for transmtting data POTSEAWOSESEYI Ng
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 that when processing system 402 executes software 408,
gateway 102 perforns steps described above with reference to the flow
charts shown in FIG 2. That is, for exanple, software 408 may include a

nodul e f o hie Hherbreadiand seage b theesentiry eationEiBRIdee da dimited by esyoftbe t o

gat eway 10 k&feSdribbd S n S| AP HANDOVER REQUI RED nessage t hat
identifies anotﬁg} Heﬁéhggy?ﬁgb$ggagt of the handover. [0050] While various
enbodi mentl80611t he pdditenallyj whitanthe procésaesalebaribed dem@rant dtlsaded in thet shoul d

be unders f have bee resented. b f ex | e only, and not
Iinitatiohggﬁgéqugkgﬁé§afﬁﬁw@ﬁﬁgaﬁﬁﬁﬁwg“ﬁﬁﬁréSgﬁéggfﬁw q%%# cases than in
a system dhssatishi P@coidingBiNids eontentjstiied (RHY soeStepy flay B% ABRIIS somtépsbe

sol ution mhe%e a.bgs& ségaégn gatemay i s used between one or nore base
stations 9Y°F ARIteg, Be g the 3tbs HALbE tersrangsde anst somestepsmaybeer f ace i s
used on bpdrforied @Fpdlle.he base station gateway. Thus, the breadth and scope
of the present invention should not be limted by any of the
above-descri bed exenpl ary enbodi nents. [0051] Additionally, while the
processes descri bed above and illustrated in the drawi ngs are shown as a
sequence of steps, this was done solely for the sake of illustration.
Accordingly, it is contenplated that sone steps may be added, sone steps
may be omtted, the order of the steps nmay be re-arranged, and sonme steps
may be perforned in parallel.CLAIMS 1. A nmethod for handi ng over a
connection froma source base station (10l1a) to a target base station
(101b), conprising:

16



(a) receiving (202), at a gateway (102), a handover required nessage (302)
transmtted fromthe source base station, the handover required nessage

i ndi cati ngotzhaxosgooaser equi prent (UE) (192) connecti on PEmisEe®d/0s33 he
source base station should be handed over to a target base station; (b)
generating (208), at the gateway, a handover request nessage (304) in
response to receiving the handover required nessage (302); and (c)
transmtting (208), fromthe gateway, to the target base station the
handover EE%%Q%t nmessage (304), wherein 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 claim 1, wherein the

step of transmtting the ndover request nessage to the target base
station comprikes R el bapding Vﬁ%%w%loni’a%&ww&aa@@awoaa

exi sting idu@fg‘eﬁsagegﬁﬁomgolp@t,wﬁﬁigi,&'ge gateway and the target base station.
3. The nethod of any one of clains wherei n t he handover required

1-2
message is an @) ReCiMARIRIDR REaWAEID! 0B shagdoves rauirpd mEssagR382) r equest

message i gathitdForhhREY, : Erggagg - Of. ne of
clainms 1- 3? mrtﬁ? corrprlllégibhﬁg: Eg ’tg{gg%ﬁglgeﬁdé?uﬁ;gggg, .ﬂfbﬁ%{"&é%ﬁy, a
handover nseyequpment KHEW 19apeommestmagerviced by thersansrbasessthtion shouddbe t ar get base
station; ratin 212) .. at the gateway, a handover command nessage
(308) in &%ﬁjﬁgﬁgt"g@%b{ éélas\?is g'og’t t he gateway t he handover request

acknow edge neds gererdting§208) 20 thef datdways haridbvergeduédidnessdgeqBod) e gat eway, the

handover command nessa 30 to the, source_base station.
response to receswmg %e(hanggver requljged message (3(b)2); and

(c) transmitting (208), from the gateway, to the target base station the handover

request message (304), wherein
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 method of claim 1, wherein the 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.

3. The method of any one of claims 1-2, wherein
the handover required message is an S1AP HANDOVER REQUIRED message,
and

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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5. The nmethod of any one of clains 1-4, further conprising: (g) receiving
(214), at the gateway, a handover notify nessage (314) transmtted fromthe
target bawe 28t0AtSH@n i n response to the target base st at iPON/SER@EONSBY a
handover confirmati on nmessage (312) transmtted fromthe UE (192); (h)
generating (216), at the gateway, a path switch request nessage (316) in
response to receiving at the gateway the handover notify nessage (3 14);

(i) transmtting (216), fromthe gateway, the path switch request nessage
(316) to a core network control node (104). 6. The nethod of claimb5,

wher ei n t he coffetransmiing (213htfras thesaeway, the hasgpydrcommand messege (3881 fot y ( MVE)

(392). 7. any one of clainms 5-6, further conprising: 0 )
recei vi ngth}%ﬁ%?&ggmﬁ ré' gateway, a path switch request acknow edge nessage

(3 18) transmtted fromthe core network control node; (k) generating

(220), 2t he G2t oup g RO b BT AR5 (20

response to recCeiving e pa SW reques

and (1) transn{g)téceiyingd209), atithogatéweay, g hirdoasr, notiNemefsageqBl 4ptiansmitease
comand méssa‘ﬁe a&ﬁ‘?%eto the source base station. 8. The mgth d of claim?7,
further cHRPYTEIRRF! Pescstalipn i eanopse todhe target base skapign regeiyipe aBARIOVET el ease
conpl et e gBFAAEG Resdrgd (3AMStFlnbiRRd ffoRtht UE @92 ce base station. 9. The
nmet hod of any one of clains 4-8, wherein the source base station is

configured to ¢ genemting42 il sheegatemynmpah swisehagauesBmessaged3{®dn UE i n

response [ M g transmtted from
t he gat emgéiﬁr%?%gaﬂig%E@gggé}g‘gﬁ{hgﬁgmgp%@n@g%%%émrei n, in response
to receiving tGptrdmmating (2 16} dwin the gatewsy dlee (aBl0HYitdhrraqest messapef(B bifto he

source base stati lﬁ%ﬁnﬁﬁeﬁm” does not transmt any handover nessage to

any core RSPRIFRRE?

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:

(j) 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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11. The met hod of any one of clains 1-10, wherein, in direct response to
recei ving the handover required nessage (302), the gateway determ nes

whet her twenre1s)®ps a connection with the target base ®CaUSEvIAmE3Sif a
connection is determned to exist, then the gateway generates the handover
request nessage (304) and transmts the handover request nmessage (304) to
the target base station via the connection, otherw se the gateway forwards
t he handover required nmessage (302) to a core network node (392). 12. The

nmet hod of any e cl ai -11 erein the step of generating the
handover requeg{’]’ mojggea@%hgﬁ&lﬁnyco@ﬁﬁ Faas ld?re‘L]We‘PrdBéCSB?'%Fﬁ%reFS‘M“gw ng
steps: (i }hechahdoet ieqgireimésshge (B01)aranarhited forOme béiRcd b6 Su@sn, frRqui T ed
message and including the extracted information in the handover request
message; BRFYay 4R i"e&m@mﬁraev NeRAoVsT raessaasdo Ay eareraetvork ¢antiel Reds- i ncl uded i n
one or nore control messages previously received at the gateway, wherein
the control nessages relate to a connection established with the UE, and

i ncl udi ng the #btri Ehectiethed of anytangef tlaimshle | harigmimrin disepressponse ssage; (iii)

o or ot Gy DR eaBerelteh et PO Tk B el R SRR s o (1)

addi ng t oexikte alcamtotiar witk thieaargetrtmssstatoncing, ifa comieetiqat ie deternintdkxief aul t
val ues. 13. The nethod of, cl.aim 12, wherein one the one, or nore control
nmessages ﬁ?"l‘?‘?egaé?w&f“gf’ﬂﬁ“?‘leihe We%ftﬁeﬁﬁgi@% ar?Bé‘?BﬂB‘.tSt 9. The method

of any onaroved réquEst Mestaze (IOHNEIHR thrger BRGKIARNDRAS the Thitieboh, lotheAvike 0 base
station and the target base station 1s a fento base station.15. A gateway

appar at us the sptsypy fejvardsthe handeyes sequired massass B02bie acorpratwerkingde €393 a
source base station (10la) to a target base station (101b), conprising: (a)

a data storage system (406) storing conputer software (408);
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;

(ii) 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 SIAP 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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(b) a data processing system (402) for executing the conmputer software; (c)
a transmt and receive nodule (404) for (i) receiving nessages transmtted
fromthe wounm#shmge station such as a handover requir edCFSEs@gOSESBRAL

i ndi cates that a user equipnment (UE) (192) connection serviced by the
source base station should be handed over to the target base station and
(i1) transmtting nmessages; and (d) a transmt and receive nodule (405) for
(i) transmtting nessages to a core network control node and (ii) receiving
messages froma core network control node, wherein the conputer software is
confi gured suchSt hat galemiay apparatunil 02)bor faoHlitating ¢he handevee of @epnpgctione dat a
processin e essi NN .to receiving the
handover ?rg%ﬁo@%ﬂe%%ssé%g)&%b@%g&ti%}#?%a%és’%%{%na 19rptpé‘go}l?‘\g/“eRh pdul e to transmt
to the target (@ acamtsaragersystetndheh)storing ecupger sofisamgd0®)hat was gener at ed by
the processing,sysiemif the QC i system is capabl g of communicating
with the. t ar gaRaPRaTReeRinEs Bl BROCeiing e Spreitet dofeSiey 1 her
configured suc(r)ahahsnihem febeivemomule e1043 R (Wedceiving mesapes @anshiinddre dat a

processi ng system the data processing systemis operable to function as a
proxy of °Eb‘?'§5%?e\/\kﬁ5?<5t€‘<‘.ﬁﬂ%\‘ a3 bandpyy sequirgd mgssage that indigates thatase st at i ons

(101) thayss re&uiﬁﬁ\@m{@'li? lg2y %%ﬁ&%%@ﬁr‘i&é bl thel 3Grcd BhWioR BRGHIREL'S (102) .

16. The gateway apparatus of claim 15, wherein the data processing system
uses the thardedgver tathe targeichagestatinmand (t)oransmitting messhgeshanddover request

ressage 10 the  AMRmBAREELAL RAMIDLAS) AR SXRAIRGE L EOGS ARt D

bet ween the gateway apparatus an ase sta
appar at us netwoslngontrobnaike aadl Gii)recelving Messages ifimma tdre nétsvodoswakrol emle) r ed nessage

is an S | AP HANDOVER REQUI RED nessage,
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 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
network node, 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 a 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 SIAP HANDOVER REQUEST message.
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and the handover request nessage is an SI AP HANDOVER REQUEST nessage. 18.
The gateway apparatus of any one of clains 15-17, wherein the conputer
sof t war e WO 2buwvash@p confi gured such that when the conpuP€r/SERFILNGNSES | S
executed by the data processing system the data processing system in
response to receiving a handover request acknow edge nessage (306)
transmtted fromthe target base station, generates a handover conmand
nmessage (308) and uses the transmt and receive nodule (404) to transmt

t he handover command nessage (308) to the source base station. 19. The

gat eway apparatus of any one of clainms 15-18, wherein the conputer software

is further confg.gurms g&tm"aytabﬁéraw@eﬂadyhﬁeeﬂamﬁﬂs BDWHéééﬁrﬁthb?zorﬁfﬁﬁ&Ut ed by
t he data pr ocessin system t dat a processi n %St I N response to

recei ving softwase Syraher ﬁ%‘!ﬁﬂ“&ednsé'ﬁg dwbwhemthe cqmatﬁsrnﬁ £ is pXAeHICH by ther get base
station i gah pRRERHE sS'Qelﬁ htﬁe Hah Q?Jce&ﬁ'%‘%y?l&ﬂt 1h995ﬁ6ﬁ§%Qb )‘éc@ﬂm‘% IR

confirmati on nessage (3 12) transmtted fromt 192 generat es a path
switch retpquest aﬂ@gwgge (nessaze G306) wansmitteddrom thedarget hamjstatmegamramsdul e (405)

to t vvork node
(892; ansrrMthgqug ewa§/mae%)pg gﬁggﬁ#u g‘?%gﬁg',('?m#é%%e'ge 'i%ﬁ&'ﬁ etvvork node
i s a Mobi trarisynitvhe hayeloeertcomntiant ynesddpE) 3082 tolthe ?dﬂecegau‘sewatyorﬁppar at us of any

one of clainms 19-20, wherein the conputer software is further configured
such that when the conputer software is executed by the data processing

system the dal® PrORGREWE apyaLAELS 4y oneSPEIRMS 15019, MRict the cmpat switch
request acknow edge nessage (318) transmtted fromthe core network node,

gener at esSH{twae EJH'F@XFOTPQE%%'CEWHW the seraputer sofiyyaresin gxqguted by the t r ansni t
and recei y8, pRy gégsﬁlg(sg t§19 d£t5 gﬂ%@sﬁng sPSeEnGOipbhst o réte RS AATRPd MESSage

(320) to the sourc ase stat |
notify message (314) transmitted from the target base station in response to the target

base station receiving a handover confirmation message (312) transmitted from the UE
(192), generates a path switch request message (316) and uses the transmit and receive
module (405) to transmit the path switch request message (316) to a core network node
(392).

20.  The gateway apparatus of claim 19, 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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22. The gateway apparatus of any one of clains 18-21, wherein the source
base station is configured to transmt a handover conmand nessage (310) to
the UE i rwoesmass®@ot o recei ving the handover command ( 3@8Y/SEc@n®mssi ed from
t he gateway. 23. The gateway apparatus of any one of clains 15-22, wherein,
the gateway apparatus is configured such that, in response to receiving the
handover required nessage (302) transmtted fromthe source base station,

t he gat eway apparatus does not transmt any handover nessage to any core
network control node. 24. The gateway apparatus of any one of clains 15-23,
wherein the conputer software is configured such that when the conputer
software i s exegut S da OCGSSI ng
Svstem in diros ot Pk EuBbOSRIN RERR £ Wi e s

(302), dehppamtusis cuﬁf‘@uhdrsutlhelae irepesonse ta receivingrthe hmdwédreqlhedtmrsggb bas e
station a a |on i s, det ener at.es the
handover ngmjh@'fs"ﬂé 'F?BH’)C bess S"’l"&‘?réﬁ? %aée”YBrYeapH%fﬂﬁ'ng‘?s éHﬁ'ésﬂt nmessage
(304) to hlhyshdnaﬁ@e&nebﬁget(sgt@tcbmem@ktcbﬁraQaaeect| on, otherwise it forwards
t he handover required nmessage (302) to a core netvvork node (392). 25. The
gat eway apparatus of any one of clains 15-24, wherein the conputer software

s conf i gured sich HiathtpbisuearRHRE o eI, SHEKEFHE Edhnbfer N dat 2

pr ocessi ng syst em t ocessi syst em gener at es t ver
r equest rre@imgel%csoﬁgurwsucti ithat svhen thetcomputersoftavare is ekesuted by dire datom t he

nandover L edulslEd, ER SAIS AR AREUILON S ERRLSH B RRTRL | on Tn the

handover freques vVihg previ & 1'hf or mat i on
t hat was hmdloueieehumdmessacge (mp,eletenﬂhms)wmmaaﬁ@eexum acomi¢slioh witlo tieved at

t he gat ewa erein t ontrol ages r.el at.e to a conne
e b e bees DR e b, i b rnetion i JRETEMEH 10 EYiste DO ES A US 8 POHOYS ¢ he
handover f@qe@mesﬁgémgpand(tranmmmhmvbm@wmhbﬁmge ei)u@ﬂféthﬂgett he

<)
handover required nessage to inforpmation required (be i ncluded in the
handover basgistatipn M@st,hw@necaﬁa/ otherpisg )it fapyrdipthe handover required message

(302) to a core network node (392).

25.  The gateway apparatus of any one of claims 15-24, wherein the computer
software is configured such that when the computer software is executed by the data
processing system, the data processing system generates the handover request message
(304) by: (i) extracting certain information from the handover required message and
including the extracted information in the handover request message; (ii) 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; and/or (iv) adding

to the handover request message predetermined default values.

26.  The gateway apparatus of claim 25, wherein one of the one or more
control messages is the SIAP INITIAL CONTEXT SETUP REQUEST message.
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to the handover request nessage predeterm ned default values. 26. The

gat eway apparatus of claim25, wherein one of the one or nore control
messages WO 2010a05819AP | NI TI AL CONTEXT SETUP REQUEST ness&ge/SEZ009/Dhis3yat eway
apparatus of any one of clainms 15-26, wherein the source base station is a
fenmt o base station and the target base station is a fento base station.

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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