
NETWORK GATEWAY CONFIGURED TO PROVIDE A HANDOVER, CONVERTING AND ROUTING
FUNCTION TECHNICAL FIELD [001] The present invention relates to radio
communications. In one aspect, the invention relates to a network gateway
configured to provide a handover, converting and routing function.
BACKGROUND [002] Specifications for the next generation radio access
network (RAN) are currently being developed by the 3rd Generation
Partnership Project (3GPP). This socalled 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 EUTRAN 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". 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 to as a picocell when,
for example, the coverage area provided by the HeNB encompasses a large
office building orcampus), and the coverage area serviced by an eNB is
called a macrocell. Thus, an HeNB (or other home base station) may be
referred to herein as a "femto base station" and an eNB (or other base
station that provides a larger coverage area than a femto base station) may
be referred to as a "macro base station". [006] 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 eNB for network access.
The HeNB would, in most cases, use the end user's already existing
broadband connection (e.g. xDSL, Cable, etc.) to achieve connectivity to an
operator's CN and possibly to other eNBs/HeNBs. [007] The current working
assumption in the 3GPP LTE RAN specification is that the "X2 interface" is
not used with HeNBs, but the X2 interface is used by eNBs to communicate
with each other. The X2 interface between eNBs is used for handover, so
called 'X2 based handover' and for Inter-cell Interference Control (ICIC).
When an X2 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 "Sl interface" in the same manner that an eNB communicates with
the control nodes of the CN using the Sl 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 Sl interface in the same manner that aneNB communicates
with the control nodes of the CN using the S 1interface. In an UTRAN
system, the gateway is referred to as a Home NodeB Gateway or HNB-GW. [009]
The number of HeNBs connected to an HeNB-GW may be up to 100,000 or more.
Thus, the number of femtocells "served" by an HeNB-GW may be up to 200,000
or more, assuming an HeNB serves up to two femtocells. [0010] There exist
two different procedures for performing a handover between eNBs. These are:
(1) the "Sl based" handover procedure and (2) the "X2 based" handover
procedure. As these names imply, the S1 based handover procedure uses an S1
interface between nodes of the E-UTRAN and the control nodes in the CN,
whereas the X2 based handover procedure uses mainly the X2 interface
between nodes of the EUTRAN. The Sl based handover procedure is described
in 3GPP TS 23.401, and the X2 based handover procedure is described in 3GPP
TS 36.300. Both the Sl 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 Sl based handover procedures to transfer a
connection from a source HeNB to a target HeNB is that the Sl 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
Sl 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 agateway (e.g., HeNB-GW,
HNB-GW, or other gateway) that acts as a proxy of a core network control
node for a plurality of base stations that are connected to the gateway. In
some embodiments, the gateway is operable to receive a handover required
message (e.g. the SlAP HANDOVER REQUIRED message) transmitted from the
source base station. This handover required message indicates that a user
equipment (UE) connection serviced by the source base station should be
handed over to a target base station. In 



response to receiving the handover required message, the gateway generates
a handover request message (e.g., the SlAP HANDOVER REQUEST message) and
transmits to the target base station the handover request message. [ 0014 ]
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., MMEs) 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 SlAP 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; (0 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
corenetwork control node); (h) receiving, at the gateway, a path switch
request acknowledge message transmitted from the core network control node;
(i) generating, at the gateway, a UE context release command message in
response to receiving the path switch request acknowledge message; (j)
transmitting, from the gateway, the UE context release command message to
the source base station; and (k) receiving, at the gateway, a UE context
release complete message transmitted from the source base station. The
source base station is configured to transmit a handover command to the UE
in response to receiving the handover command transmitted from the gateway.
[0018] In some embodiments, the gateway, in direct response to receiving
the handover required message, determines whether there exists a connection
with the target base station and, if a connection is determined to exist,
then the gateway generates the handover 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 SlAP 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
handedover to the target base station and (b) transmitting messages.
Advantageously, 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 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 for a
plurality of base stations that are communicatively connected to the
gateway apparatus. [0021] The above and other aspects and embodiments are
described below with reference to the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS [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 100includes a plurality of network nodes 101
(e.g. base stations 101a, 101b, ..., 10In) 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 SlAP 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, (c) 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., MMEs) 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 andtarget 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 S IAP
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 SlAP protocol control messages from the source
network node 10 1a 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 S1AP/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 SlAP 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).[0033] In direct response to receiving message 302, gateway
102 may determine whether there exists an Sl interface towards the target
network node. This determination is based on the S 1 setup performed
between the target network node and the gateway 102 as during this Sl setup
the target network node sends its identity, eNB-ID, to the gateway 102. As
the current definition is that the eNB-ID is included in the Cell Identity,
this means that the gateway 102 will know the eNB-ID of the HeNBs connected
to it (at least in the case when each HeNB serves a single femtocell). If
gateway 102 determines that there exists an Sl interface towards the target
network node, then the process proceeds to step 208. [0034] In step 208,
gateway 102, rather than simply retransmitting message 302 to a control
node within CN 104, (1) generates a handover request message 304 (e.g. the
SlAP HANDOVER REQUEST message) in response to receiving message 302 and
detecting that gateway 102 has an S 1interface with the target network node
and (2) transmits the message 304 to the target network node. [0035] The S
IAP 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 S IAP HANDOVER REQUEST
message 304. TABLE 1[0036] As indicated in Table 1, some of the information
that is required to be included in the SlAP HANDOVER REQUEST message 304
is: (a) included in the S lAP 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 SlAP HANDOVER REQUEST message 304 by: (i) extracting certain
information from the SlAP 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 SlAP HANDOVER REQUIRED message 302 to information required
to be included in S 1AP HANDOVER REQUEST message 304. Table 1 illustrates
the case when thesignaling connection and related bearers are activated in
the source network node so that the gateway 102 is able to see the related
SlAP signaling and store the values needed for a later handover logic.
Similar principles can also be applied in other cases (e.g. in the 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
SlAP signaling). In such a case, the X2AP or SlAP 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 SlAP HANDOVER REQUIRED message) to the SlAP HANDOVER
REQUEST message; (3) gateway 102 keeps state and related information during
the handover preparation to handover execution (e.g. from the 1st message
to the 3rd message and one example is that information is stored in the
HeNB-GW from SlAP HANDOVER REQUIRED message and then used in the SlAP
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 Sl the SlAP 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 SlAP ID and eNB UE SlAP 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
SlAP 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 theacknowledge
message 306 was transmitted in response to message 304. If it was, the
process proceeds to step 212. In step 212, gateway 102 generates a handover
command message 308 (e.g. the SlAP HANDOVER COMMAND message) and transmit
the message 308 to the source network node. [0039] The SlAP HANDOVER
COMMAND message 308 requires a particular set of IEs. Referring now to
Table 2 shown below, Table 2 shows a list of at least some of the IEs that
are required to be included in SIAP HANDOVER COMMAND message 308. TABLE
2[0040] As indicated in Table 2, some of the IEs that are required to be
included in the SlAP HANDOVER COMMAND message 308 are: (a) included in the
SlAP HANDOVER REQUEST ACKNOWLEDGE message 306 or (b) included in messages
received in step 202. Accordingly, in some embodiments, gateway 102
generates the SlAP HANDOVER COMMAND message 308 by: (i) extracting certain
information from the SlAP 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 SlAP HANDOVER COMMAND message 308, the source
network node transmits a handover command message 310 (e.g. the RRC
RRCConnectionReconb guration message) to the UE 192. In response to the
handover command message 3 10, 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 S IAP 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 SlAP PATH SWITCH REQUEST
message 3 16 and sending message 3 16 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). Gateway 102 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 SlAP PATH SWITCH REQUEST message 316. TABLE 3[0044]
As indicated in Table 3, some of the IEs that are required to be included
in the SlAP PATH SWITCH REQUEST message 312 are: (a) included in the SlAP
HANDOVER REQUIRED message 302, (b) included in the SlAP HANDOVER REQUEST
ACKNOWLEDGE message 306, or (c) included in messages received in step 



202. Accordingly, in some embodiments, gateway 102 generates the SlAP 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 2 18), gateway 102 receives from the core network (e.g.
from the MME) an SlAP PATH SWITCH REQUEST ACKNOWLEDGE message 318. [0046]
In step 220, gateway 102 generates an SlAP 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 generatemessage 320. In step 222,
gateway 102 receives from the source network node an SlAP UE CONTEXT
RELEASE COMPLETE message 322. [0047] It should 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, software 408 may include a
module for generating an SlAP HANDOVER REQUEST message in response to
gateway 102 receiving from an HeNB an SlAP 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.Thus, the breadth and scope
of the present invention should not be limited by any of the
above-described exemplary embodiments. [0051] Additionally, while the
processes described above and illustrated in the drawings are shown as a
sequence of steps, this was done solely for the sake of illustration.
Accordingly, it is contemplated that some steps may be added, some steps
may be omitted, the order of the steps may be re-arranged, and some steps
may be performed in parallel.CLAIMS 1. A method for handing over a
connection from a source base station (101a) to a target base station
(101b), comprising: 



(a) receiving (202), at a gateway (102), a handover required message (302)
transmitted from the source base station, the handover required message
indicating that a user equipment (UE) (192) connection serviced by the
source base station should be handed over to a target base station; (b)
generating (208), at the gateway, a handover request message (304) in
response to receiving the handover required message (302); 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 SlAP HANDOVER REQUIRED message, and the handover request
message is an SlAP HANDOVER REQUEST message. 4. The method of any one of
claims 1-3, further comprising: (d) receiving (2 10), 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(f) transmitting (212), from the gateway, the
handover command message (308) to the source base station. 



5. The method of any one of claims 1-4, further comprising: (g) receiving
(214), at the gateway, a handover 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); (h)
generating (216), at the gateway, a path switch request message (316) in
response to receiving at the gateway the handover notify message (3 14);
(i) transmitting (216), from the gateway, the path switch request message
(316) to 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: 0 )
receiving (2 18), at the gateway, a path switch request acknowledge message
(3 18) 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.10. The method of any one of claims 1-9, wherein, in response
to receiving the handover required message (302) transmitted from the
source base station, the gateway does not transmit any handover message to
any core network control node. 



11. The method of any one of claims 1-10, wherein, in direct response to
receiving the handover required message (302), the gateway determines
whether there exists a connection with the target base station and, if a
connection is determined to exist, 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 1-1 1, 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 SlAP 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.15. A gateway
apparatus ( 102) for facilitating the handover of a connection from a
source base station (101a) to a target base station (101b), comprising: (a)
a data storage system (406) storing computer software (408); 



(b) a data processing system (402) for executing the computer software; (c)
a transmit and receive module (404) for (i) receiving messages transmitted
from the source base station such as a handover required message that
indicates that a user equipment (UE) (192) connection serviced by the
source base station should be handed over to the target base station and
(ii) transmitting messages; and (d) a transmit and receive module (405) for
(i) transmitting messages to a core network control node and (ii) receiving
messages from a core network 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 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 S lAP HANDOVER REQUIRED message, 



and the handover request message is an SlAP HANDOVER REQUEST message.18.
The gateway apparatus of any one of claims 15-17, 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 handover request acknowledge message (306)
transmitted from the target base station, generates a handover command
message (308) and uses the transmit and receive module (404) to transmit
the handover command message (308) to the source base station. 19. The
gateway apparatus of any one of claims 15-18, 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 handover notify message (314) transmitted from the target base
station in response to the target base station receiving a handover
confirmation message (3 12) 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 (3 16) to a core network node
(392). 20. The gateway apparatus of claim 19, wherein the core network node
is a Mobility Management Entity (MME). 2 1. 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.23. The gateway apparatus of any one of claims 15-22, wherein,
the gateway apparatus is configured such that, in response to receiving the
handover required message (302) transmitted from the source base station,
the gateway apparatus does not transmit any handover message to any core
network control node. 24. The gateway apparatus of any one of claims 15-23,
wherein the computer software is configured such that when the computer
software is executed by the data processing system, the data processing
system, in direct response to receiving the handover required message
(302), determines whether there exists a connection with the target base
station and, if a connection is determined to exist, then generates the
handover request message (304) and transmits the handover request message
(304) to the target base station via the connection, otherwise it forwards
the 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 SlAP INITIAL CONTEXT SETUP REQUEST message.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. 


