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terface response message to the first BS, wherein the X2 interface response message comprises the access mode of the CSG sup-
ported by the cell in the second BS.
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Description

Title of Invention: APPARATUS AND METHOD FOR X2
INTERFACE SETUP AND CELL SWITCHING IN MOBILE

COMMUNICATION SYSTEM
Technical Field

The present invention relates to mobile communication technologies. More par-
ticularly, the present invention relates to an X2 interface setup method and a cell

switching method 1n a mobile communication system.

Background Art

Along with recent developments of mobile communication technologies, a System
Architecture Evolution (SAE) system has been widely used. More specitically, the
SAE system includes an Evolved Universal Terrestrial Radio Access Network
(E-UTRAN) and a core network.

FIG. 1 1s a diagram illustrating an SAE system architecture according to the related
art. A Base Station (BS) under the SAE system belongs to the E-UTRAN 110, and 1s
responsible for providing User Equipment (UE) with a radio intertace tor accessing the
SAE system. A Mobile Management Entity (MME) and a user plane entity (i.e., a
Serving GateWay (S-GW)) 150 belong to the core network, and are connected with the
BS under the SAE system through an S1 intertace. Here, it 1s possible that the MME
and the S-GW 150 are located in the same physical entity. FIG. 1 illustrates an
example 1n which the MME and the S-GW 150 are located 1n the same physical entity,
which 1s denoted as MME/S-GW. More specitically, the MME 1s responsible for
managing a session context and/or a mobile context ot the UE and saving security-
related-information of a user, and the S-GW provides a user plane function.

Referring to FIG. 1, the BS under the SAE system includes a home BS 130 (e.g., a
Home enhanced Node B (HeNB) or Home Node B (HNB)) and an ordinary macro BS
120 (e.g., enhanced Node B (eNB)). More specifically, the home BS 130 1s used for a
family and can be applied to places such as a university and/or a company, and 1s a
plug-and-play type. That 1s, the HeNB 1s the home BS 130 applied to a long term
evolution system and 1s connected with a gateway 140 of the home BS 130 through the
S1 interface, and the gateway 140 of the home BS 130 1s connected with the MME/
S-GW 150 through the S1 interface. The HeNB may also be directly connected with
the MME/S-GW 150 without the gateway of the BS. The HNB 1is the home BS 130
applied to a Universal Mobile Telecommunications System (UMTS) system and 1s
connected with the gateway ot the BS through an Iuh interface, and the gateway ot the
BS 1s connected with a Serving GPRS Support Node (SGSN) through the Iuh interface.
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Typically, the home BS 130 has a limit for an accessed UE, 1.e., only the UE having an
authority for accessing the home BS 130 can access the home BS 130, which 1s
different from the ordinary macro BS 120. For example, regarding the user’s family,
only a member of the user’s tamily or another member permitted by this family can
access the home BS 130 of the family. Regarding a company, only a statt ot the
company and a cooperation partner permitted by this company can have access.

Typically, a group of home BSs having the same access user group (e.g., the home
BSs used for the same company) 1s denoted as a Closed Subscriber Group (CSG).
There 1s a umique IDentifier (ID) for each CSG, and the CSG ID 1s broadcasted in
broadcast information of the home BS. In the related art, in order for the home BS to
provide increased coverage, three access modes, which respectively are a Closed
mode, a Hybrid mode and an Open mode, are defined for a cell of the home BS. The
three access modes are respectively described in more detail below.

If the access mode of the cell of the home BS 1s the Closed mode, only a particular
user, 1.e., a user having a subscription with an operator, can access the cell of the home
BS. A supported CSG ID 1s broadcasted 1n the cell of the home BS. Typically, the cell
of this home BS in which the CSG ID 1s broadcasted and the access mode, which 1s the
Closed mode, 1s denoted as a CSG cell. That 1s, the CSG cell denotes a closed-mode
cell which supports a CSG function. If the access mode of the cell of the home BS 1s
the Hybrid mode, the cell 1s denoted as a Hybrid cell. It 1s also required to broadcast
the supported CSG ID 1n the Hybrid cell. Any of the users can access this Hybrid cell,
but the member that belongs to the CSG supported by this Hybrid cell, 1.e., the user
already having a subscription with the operator, can gain a better service. That 1s, 1n the
event that the Hybrid cell has a limited resource, firstly the member that does not
belong to this home BS 1s switched to another cell, or 1s provided with a service using
a low Quality of Service (QoS). If the access mode of the home BS 1s the Open mode,
the home BS 1s the same as a macro cell, 1.e., any user 1s permitted to have access.
Also, no CSG ID is allocated to the cell of the home BS, and no CSG ID 1s
broadcasted. The cell of the home BS of the Open mode 1s no ditferent trom the
ordinary macro BYS, and 1s denoted as an Open cell hereinafter.

Typically, a list of the CSG ID which permits access of the UE 1s saved on both the
UE and the MME. This list may be subscription information. When the user accesses
the cell of the home BS, the UE and the MME perform access control. That 1s, if 1t 1s
determined that the access mode of the cell of the target home BS to be accessed by the
user 18 the Closed mode, the user 1s permitted to have access in the event that the CSG
supported by the cell of the home BS belongs to the list of the CSG ID which permits
access. If the access mode of the cell of the home BS 1s the Hybrid mode, the user 1s

permitted to have access and it 1s determined that the user 1s the member of the home
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BS in the event that the CSG supported by the cell of the home BS belongs to the list
of the CSG ID which permits access, and the user 1s permitted to have access and it 1s

determined that the user 1s not the member of the home BS otherwise.
Typically, a situation in which the UE moves from a home BS to another home BS,

and particularly in which the UE moves from among multiple home BSs which belong
to the same CSG, frequently occurs. With respect to this situation, handover based on
the S1 intertace (which 1s also denoted as a S1 handover) and handover based on an X2
intertace (which 1s also denoted as an X2 handover) are the most common measures.
More specifically, being compared with the X2 handover, the S1 handover has
shortcomings such as trequent signaling interaction and/or core network requirements.
A specitic X2 handover procedure 1s as follows. When the UE of a connected mode
moves from an eNB1 to another eNB2, if there 1s an X2 interface between the two
eNBs, the eNB1 transmits a message to the eNB2 and the eNB2 prepares a resource.
Thereatter, the eNB1 notifies a new configuration of a target cell to the UE, and the
UE 1s synchronized with the target cell and transmits a message to notifty the target
cell. The BS 1n which the target cell 1s located, 1.e., the eNB2, transmits a message to
the MME after receiving the notification from the UE, so that the MME switches a
downlink data tunnel from a source cell to the target cell.

It can be found that the X2 intertace handover procedure in the related art is
completely performed with respect to the macro BS eNB. The main reason for this 1s
that in a system structure, which 1s illustrated 1n FIG. 1, there 1s an X2 interface
between the macro BSs and there 1s no X2 interface between the home BSs. Therefore,

the UE does not move between the home BSs.

Disclosure of Invention

Solution to Problem

Aspects of the present invention are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present invention 1s to provide an apparatus and method
for performing a handover between home Base Stations (BSs) in a mobile commu-
nication system.

Another aspect of the present invention 1s to provide an apparatus and method tor
performing a handover between home BSs using an X2 interface in a mobile commu-
nication system.

Another aspect of the present invention 1s to provide an apparatus and method for es-
tablishing an X2 interface between home BSs 1n a mobile communication system.

In accordance with an aspect of the present invention a method tor setting up an X2

interface in a mobile communication system is provided. The method includes
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transmitting, by a first Base Station (BS), an X2 interface setup request to a second BS,
wherein the X2 nterface setup request comprises an access mode of a Closed Subscriber
Group (CSG) supported by a cell in the first BS, and transmitting, by the second BS, an
X2 mterface response message to the first BS, wherein the X2 interface response
message comprises the access mode of the CSG supported by the cell in the second BS.

[14] In accordance with another aspect of the present invention a method for cell switching
In a mobile communication system is provided. The method includes determining, by a
source BS, whether to permit a handover of a User Equipment (UE) based on access
mode of a target BS, transmitting, by the source BS, a handover request to the target BS,
wherein the handover request comprises a group member state indication of the UE, and
transmitting, by the target BS, a handover response to the source BS.

[15] In accordance with still another aspect of the present invention an apparatus for a BS 1n
a mobile communication system is provided. The apparatus includes a cornmunication
unit for transmitting an X2 interface setup request to a second BS, wherein the X2
interface setup request comprises an access mode of a CSG supported by a cell in the
first BS, and for receiving an X2 interface response message from the second BS,
wherein the X2 interface response message comprises the access mode of the CSG
supported by the cell on the second BS, and a storage unit for storing the access mode of
the CSG supported by the cell in the second BS.

(16] [n accordance with yet another aspect of the present invention an apparatus for a BS in a
mobile communication system 1is provided. The apparatus includes a controller for
determining whether to permit a handover of an UE based on access mode of a target BS,
a communication unit for transmitting a handover request to the target BS, wherein the
handover request comprises a group member state indication of the UE, and for receiving
a handover response from the target BS.

[17] In accordance with a further aspect of the present invention an apparatus fora BS in a
mobile communication system 1s provided. The apparatus includes a communication unit
for receiving a handover request comprising a CSG IDentifier (ID) supported by the
target cell which 1s reported from the UE, and a controller for determining whether the
CSG ID included in the handover request is consistent with the CSG ID supported by the
target cell before transmitting the access request, wherein the communication unit
transmits the access request to a Mobile Management Entity (MME) when the CSG IDs

are consistent, and transmits a handover failure message to the source BS when the CSG

IDs are not consistent.
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According to an aspect of the present invention, there is provided a method for setting
up an X2 interface in a mobile communication system, the method comprising:

transmitting, by a first base station (BS), a setup request message to a second BS,
wherein the setup request message includes a closed subscriber group (CSG) identifier
(ID) and neighbor information of the first BS; and

receiving, by the first BS, a setup response message from the second BS, wherein the
setup response message includes a CSG ID and neighbor information of the second BS.

According to another aspect of the present invention, there is provided a method for a
handover in a mobile communication system, the method comprising:

transmitting, by a source base station (BS), a handover request message to a target BS,
wherein the handover request message includes a group membership state of a user
equipment (ULE); and

recetving, by the source BS, a handover response message from the target BS.

According to a further aspect of the present invention, there is provided an apparatus for
a first base station (BS) in a mobile communication system, the apparatus comprising:

a transceiver for transmitting a setup request message to a second BS, wherein the setup
request message includes a closed subscriber group (CSG) identifier (ID) and neighbor
information of the first BS, and for receiving a setup response message from the second
BS, wherein the setup response message comprises the CSG ID and neighbor information
of the second BS.

According to a further aspect of the present invention, there is provided an apparatus for
a source base station (BS) in a mobile communication system, the apparatus comprising:

a communication unit for transmitting a handover request message which is transmitted
from the source BS to a target BS, wherein the handover request message includes a
group membership state of a user equipment (UE), and for receiving a handover response
message which is transmitted from the target BS to the source BS.

According to a further aspect of the present invention, there is provided an apparatus for
a target base station (BS) in a mobile communication system, the apparatus comprising:

a communication unit for receiving a handover request message which is transmitted
from a source BS to the target BS, wherein the handover request message includes a
group membership state of a user equipment (UE), and for transmitting a handover
response message which is transmitted from the target BS to the source BS.

According to a further aspect of the present invention, there is provided a method for

setting up an X2 interface in a mobile communication system, the method comprising:

CA 2797418 2018-03-28
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receiving, by a first base station (BS), a setup request message from a second BS,
wherein the setup request message comprises a closed subscriber group (CSG) identifier
(ID) and neighbor information of the second BS; and

transmitting, by the first BS, a setup response message to the second BS, wherein the
setup response message comprises the CSG ID and neighbor information of the first BS.

According to a further aspect of the present invention, there is provided a method for a
handover in a mobile communication system, the method comprising:

receiving, by a target base station (BS), a handover request message from a source BS,
wherein the handover request message includes a group membership state of a User
Equipment (UE); and

transmitting, by the target BS, a handover response message to the source BS.

According to a further aspect of the present invention, there is provided an apparatus for
a first base station (BS) in a mobile communication system, the apparatus comprising:

a transceiver for receiving an X2 setup request message from a second BS, wherein the
X2 setup request message comprises a closed subscriber group (CSG) identifier (ID) and
neighbor cell information of the second BS, and for transmitting an X2 sefup response
message to the second BS, wherein the X2 setup response message comprises the CSG
ID and neighbor cell information of the first BS.

| 18] Other aspects, advantages, and salient teatures of the invention will become apparent to

those skilled in the art from the following detailed description, which, taken in con-

CA 2797418 2018-03-28
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junction with the annexed drawings, discloses exemplary embodiments of the
invention.
Brief Description of Drawings

The above and other aspects, teatures, and advantages of certain exemplary em-
bodiments of the present invention will be more apparent from the following de-
scription taken in conjunction with the accompanying drawings, in which:

FIG. 1 1s a diagram illustrating a System Architecture Evolution (SAE) system ar-
chitecture according to the related art;

FIG. 2 1s a diagram 1llustrating a procedure for setting up an X2 interface according
to an exemplary embodiment of the present invention;

FI1G. 3 1s a diagram 1llustrating an SAE system architecture according to an
exemplary embodiment of the present invention;

FIG. 4 1s a diagram 1llustrating a procedure of a User Equipment (UE) accessing a
source cell required to handover to a target cell according to an exemplary embodiment
of the present invention;

FIG. 5 1s a diagram 1llustrating a procedure of a UE accessing a source cell required
to switch to a target cell according to an exemplary embodiment ot the present
invention;

FIG. 6 1s a diagram 1llustrating a procedure of a UE accessing a source cell in a
source Base Station (BS) required to switch to a target cell 1n a target BS according to
an exemplary embodiment of the present invention;

FIG. 7 1s a diagram 1llustrating a procedure of a UE accessing a source cell in a
source BS required to switch to a target cell in a target BS according to an exemplary
embodiment of the present invention;

FIG. 8 1s a block diagram of a BS 1n a mobile communication system according to an
exemplary embodiment of the present invention; and

FIG. 9 1s a block diagram of a Mobile Management Entity (MME) in a mobile com-
munication system according to an exemplary embodiment ot the present invention.

Throughout the drawings, 1t should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.

Best Mode for Carrying out the Invention

The tollowing description with reference to the accompanying drawings 1s provided
to assist in a comprehensive understanding of exemplary embodiments of the invention
as defined by the claims and their equivalents. It includes various specific details to
assist 1n that understanding but these are to be regarded as merely exemplary. Ac-
cordingly, those of ordinary skill in the art will recognize that various changes and

modifications ot the embodiments described herein can be made without departing
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from the scope and spirit of the invention. Also, descriptions of well-known functions
and constructions are omitted for clarity and conciseness.

The terms and words used 1n the tollowing description and claims are not limited to
the bibliographical meanings, but are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it should be apparent to those
skilled 1n the art that the following description of exemplary embodiments of the
present invention are provided for purposes of 1llustration only and not for the purpose
of limiting the invention as defined by the appended claims and their equivalents.

[t 18 to be understood that the singular forms “a,” “an,” and “the” include plural
reterents unless the context clearly dictates otherwise. Thus, tor example, reterence to
“a component surface” includes reference to one or more of such surfaces.

By the term “‘substantially” it 1s meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to skill 1n the art, may occur 1n amounts that do not preclude the effect
the characteristic was intended to provide.

Exemplary embodiments of the present invention provide a home Base Station (BS)
entity involved in Closed Subscriber Group (CSG) principles. An example of the home
BS includes a Home enhanced Node B (HeNB). It should be understood that technical
solutions according to the exemplary embodiments of the present mmvention are also ap-
plicable to a macro BS in which the CSG 1s defined. For example, if a cell of the macro
BS 1s also defined with the CSG and can also be divided into a CSG cell, a Hybrid cell
and an Open cell according to an access mode, the CSG cell, the Hybrid cell and the
Open cell, which are described in more detail below, can be the cells applied to the
macro BS.

FIG. 2 1s a diagram 1llustrating a procedure for setting up an X2 interface according
to an exemplary embodiment ot the present invention. The procedure 1s applied to a
scenario in which the X2 interftace 1s established between the home BSs which belongs
to the same CSG, and 1s also applicable to a scenario in which the X2 interface 1s es-
tablished between the home BS and the macro BS or a scenario in which the X2
intertace is established between the macro BSs.

Reterring to FIG. 2, in step 201, a BS 210 transmits an X2 interface setup request to
a BS 220. Here, it the BS 210 supports a CSG function, the access mode of the CSG
supported by the cell on the BS 210 1s included 1n the X2 intertace setup request. More
specifically, the access mode of the CSG can be implemented as at least one of a
Closed mode, a Hybrid mode and an Open mode as described in the related art. It the

access mode of the CSG i1s the Closed mode or the Hybrid mode, a CSG IDentifier (
ID) supported by the cell on the BS 210 can be further included in the X2 intertace
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setup request. If the access mode of the CSG 1s the Open mode, there 1s no need to
include the CSG ID supported by the cell on the BS 210 in the X2 interface setup
request since there 1s no CSG ID for the cell of the Open mode, and it 1s sufficient to
include only the access mode of the CSG supported by the cell on the BS 210, i.e., the
Open mode. In an exemplary implementation, the X2 interface setup request can
further include an 1dentitier of the BS 210, and/or information of the cell on the BS
210. Optionally, the request can include at least one of information of an adjacent cell
of the BS 210, and information of a Mobile Management Entity (MME) pool to which
the BS 210 belongs.

[37] In step 203, the BS 220 transmits an X2 interface response message to the BS 210.
Here, if the BS 220 supports a CSG function, the access mode of the CSG supported
by the cell on the BS 220 1s included in the X2 interface response message. More
specifically, the access mode of the CSG can be implemented as at least one of the
Closed mode, the Hybrid mode and the Open mode as described above with respect to
the related art. It the access mode of the CSG 1s the Closed mode or the Hybrid mode,
the CSG ID supported by the cell on the BS 220 can be further included 1n the X2
interface response message. It the access mode of the CSG is the Open mode, there is
no need to include the CSG ID supported by the cell on the BS 220 in the X2 interface
response since there 1s no CSG ID for the cell of the Open mode, and it 1s sufficient to
include only the access mode of the CSG supported by the cell on the BS 220, 1.e., the
Open mode. In an exemplary implementation, the X2 interface response message can
further include an 1dentifier of the BS 220, and/or information of the cell on the BS
220. Optionally, the message can include at least one of information of an adjacent cell
of the BS 220, and information of an MME pool to which the BS 220 belongs.

[38] The X2 interface setup method provided according to an exemplary embodiment of
the present invention 1s implemented as described above. According to the setup
method, the system structure 1llustrated in FIG. 1 can be updated as 1llustrated in FIG.
3.

[39] FIG. 3 1s a diagram 1llustrating a System Architecture Evolution (SAE) system
according to an exemplary embodiment of the present invention.

[40] Referring to FIG. 3, the SAE system belongs to an Evolved Universal Terrestrial
Radio Access Network (E-UTRAN) 310. In the SAE system, a home BS 330 1s
connected with a gateway 340 of the home BS 330 through S1 interface, and the
gateway 340 of the home BS 330 1s connected with a MME/Special GateWay (5-GW)
350 through S1 interface. A macro BS 320 is connected with the MME/S-GW 3350
through S1 interface. More particularly, the X2 intertace 1s set up between macro BSs
320 and X2 interface is set up between home BSs 330.

[41] A cell switching method 1n the mobile communication system according to an
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exemplary embodiment of the present invention 1s described below with reterence to
FIG. 4.

FIG. 4 1s a diagram 1llustrating a procedure of a User Equipment (UE) accessing a
source cell required to handover to a target cell according to an exemplary embodiment
of the present invention. The exemplary embodiment of the present invention 1s
applied to the system structure 1llustrated in FIG. 3. It 1s assumed herein that a source
cell on a source BS and a target cell on a target BS are both cells supporting a CSG
function and correspond to the same CSG, 1.e., a CSG 1D broadcasted 1n the source cell
1s the same as that in the target cell. Also, an X2 interface has been established 1n ac-
cordance with the method illustrated in FIG. 2 by the source BS and the target BS.

Referring to FIG. 4, 1n step 401, the UE 410 transmits a measurement report to the
source BS 420 1in which the source cell 1s located. Here, the UE 410 transmits the mea-
surement report according to a configuration of the source cell. For example, 1f 1t 1s
speciftied in the configuration of the source cell that the UE 410 transmits the mea-
surement report periodically, the UE 410 transmits the measurement report in a preset
time interval. If 1t 1s specified in the conftiguration of the source cell that the mea-
surement report 1s triggered by an event, 1.e., 1s transmitted when a certain condition 1s
met, the UE 410 transmits the measurement report when the event 1s satistied. Here, a
physical layer 1dentifier corresponding to the target cell is included in the measurement
report, 1.e., the source BS 420 knows the target cell to which the UE 410 1s to be
switched. The source cell and the target cell both may be cells supporting the CSG
function. Thus, the CSG 1dentitier and a group member state indication of the UE 410
can be turther included 1n the measurement report. More specitically, if the group
member state indication 1s set as Member, it 1s indicated that the UE 410 1s a user
member that belongs to the Hybrid cell.

In step 403, the source BS 420 determines whether it 1s permitted to handover the UE
410 to the target cell. It the handover 1s permitted, the source BS 420 transmits a
handover request to the target BS 430 1in step 405. Otherwise, the source BS 420
retfuses to handover the UE 410 to the target cell and terminates the procedure. The
source BS 420 can make the determination according to an algorithm for radio
resource management and the measurement report in step 403. More specitically, the
source BS 420) determines whether a signal of the target cell meets a handover
condition detined by the algorithm for radio resource management. If it 1s determined
that the signal of the target cell meets the handover condition, the source BS 420 de-
termines whether to handover the user to the target cell. The source cell in the source
BS 420 and the target cell in the target BS 430 both may be cells supporting the CSG

function and correspond to the same CSQG. Also, when the X2 intertface between the
source BS 420 and the target BS 430 1s established by the method illustrated in FIG. 2,
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the source BS 420 can obtain information of the CSG supported by the cell in the
target BS 430, e.g., the access mode of the CSG. Also, in the event that the access
mode 1s the Closed mode or the Hybrid mode, the information of the CSG can further
include the CSG ID supported by the cell in the target BS 430. Thus, when de-
termining that the signal of the target cell meets the handover condition defined by the
algorithm for radio resource management, the source BS 420 can also perform a CSG
detection function, 1.e., determine whether the CSG ID supported by the target cell 1s
consistent with that reported 1n the measurement report by the UE 410. It 1t 1s de-
termined that the CSG ID 1s consistent, the source BS 420 permits the handover of the
UE 410 to the target cell Otherwise, the source BS 420 refuse to handover the UE 410
to the target cell if the target cell 1s the CSG cell.

In step 4035, the source BS 420 transmits a handover request to the target BS 430.
Here, at least one of an indication of an X2 signaling context allocated to the UE 410
by the source BS 420, an indication by a core network, an indication of an S1 signaling
context allocated to the UE 410 by the core network, an 1dentitier of the target cell, en-
cryption information and an encryption capability of the UE 410, information of a
Radio Resource Control (RRC) context and information of an E-UTRAN Radio
Access Bearer (E-RAB) may be included 1in the handover request. The information of
the RRC context includes an access layer contiguration and an 1dentifier allocated to
the UE 410 by the source cell, and the information of the E-RAB includes Quality of
Service (QoS) information and user plane tunnel information of the core network.

When the X2 interface 1s established by the method illustrated in FIG. 2, the source
BS 420 obtains the information of the CSG supported by the cell in the target BS 430.
Thus, when the source BS 420 transmits a handover request to the target BS 430 1n
step 405, 1f the source BS 420 knows that the target cell and the source cell support the
same CSG according to the obtained information of the CSG supported by the cell in
the target BS 430, the target cell should also permit the UE 410 to have access 1n the
event that the access mode of the source cell 1s the Closed mode and the UE 410 has
already been connected to the source cell (which means that the source cell permits this
UE 410 to have access), since the target cell and the source cell support the same CSG.
Therefore, if the access mode of the source cell 1s the Closed mode, the source BS 420
transmits the handover request to the target BS 430. Thereafter, after receiving the
handover request, the target BS 430 can then determine that the UE 410 1s permitted to
access the target cell.

In the event that the access mode of the source cell 1s “Hybrid”, the group member
state indication of the UE 410 can be turther included in the handover request. More
specifically, the group member state indication can be set as “*being a group member”

or “‘not a group member’. Here, since the target cell supports the same CSG as the
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source cell, 1t can be derived that the UE 410 has the same group member state at the
source cell and the target cell. The group member state indication of the UE 410 has
already been saved in the source BS 420. Accordingly, it 1s sutficient to have the saved
group member state indication of the UE 410 included 1n the handover request.
According to an exemplary embodiment of the present invention, the group member
state indication can be arranged only 1n the event that the UE 410 1s the group member,
1.e., the handover request does not include the group member state indication in the
event that the UE 410 1s not the group member. That 1s, 1t the group member state 1n-
dication 1s included by the handover request, it 1s indicated that the UE 410 1s the
group member. Otherwise, it 1s indicated that the UE 410 1s not the group member.

In step 407, the target BS 430 transmits a handover request response to the source BS
420). Here, the handover request response includes an indication of an X2 signaling
context allocated to the UE 410 by the target BS 430, and/or an RRC message to be
transmitted to the UE 410. The RRC message to be transmitted to the UE 410 is trans-
parently transmitted to the source BS 420, and the source BS 420 transters the message
to the UE 410. If required, the handover request response also includes General Data
Transter Plattorm (GTP) tunnel information for data transter.

In step 409, the source BS 420 transmits an RRC reconfiguration request to the UE
410. Here, the RRC recontiguration request includes the “RRC message to be
transmitted to the UE 4107 transmitted to the source BS 420 by the target BS 430 1n
step 40°7. The “RRC message to be transmitted to the UE 4107 1s transmitted to the
source BS 420 by the target BS 430, and then transmitted to the UE 410 by the source
BS 420. More specifically, the RRC message to be transmitted to the UE 410 can
include a Cell Radio Network Temporary Identifier (C-RNTI) allocated to the UE 410
by the target cell, and/or encryption information of the target BS 430, and may further
include information ot an allocated random access channel.

In step 411, the UE 410 pertorms synchronization with the target cell. In step 413,
the UE 410 transmits an RRC reconfiguration completion message to the target BS 430
after completing the synchronization.

In step 415, the target BS 430 transmits a path switching request message to the
MME 440, to notity the UE 410 that it has already been switched to a new cell, 1.e., the
target cell. Here, an indication of an S1 signaling context allocated to the UE 410 by
the target BS 430 and tunnel information for downlink data reception are included in
the path switching request message.

In step 417, the MME 440 transmits a path switching response message to the target
BS 430. Here, an indication of an S1 signaling context allocated to the UE 410 by the
MME 440 and/or tunnel information for uplink data are included 1n the path switching

response message, and 1t necessary, encryption information can also be included.
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In step 419, the target BS 430 transmits a UE 410 context release message to the
source BS 420, to instruct the source BS 420 that the context of the UE 410 can be
released.

The X2 handover process 1s implemented as described above.

The above description 1s provided by taking the source BS and the target BS corre-
sponding to the same CSG as an example. If the source BS and the target BS each
correspond to distinct CSGs and the source BS does not save information of whether
the UE can access the target cell, the core network needs to participate in the CSG
access control.

FIG. 5 1s a diagram 1llustrating a procedure of a UE accessing a source cell required
to switch to a target cell according to an exemplary embodiment of the present
invention. The exemplary embodiment of the present invention is applied to the system
structure 1llustrated in FIG. 3. Here, an X2 interface 1s established 1n accordance with
the method illustrated in FIG. 2 between the source BS 520 and the target BS 530.
More specitically, the source BS 520 and the target BS 530 can be the home BS, and
can also be the ordinary macro BS supporting a CSG function,

Referring to FIG. 3, 1n step 501, the UE 510 transmits a measurement report to the
source BS 520 in which a source cell is located. Here, the UE 510 transmits the mea-
surement report according to the configuration of the source cell. For example, 1t 1t 1s
specified 1n the contiguration of the source cell that the UE 510 transmits the mea-
surement report periodically, the UE 510 transmits the measurement report in a preset
time interval. If 1t 1s specified 1n the configuration ot the source cell that the mea-
surement report 18 triggered by an event, 1.e., transmitted when a certain condition is
met, the UE 510 transmits the measurement report when the event is satistied. Here, a
physical layer 1dentifier corresponding to the target cell 1s included 1n the measurement
report, 1.e., the source BS 520 knows the target cell to which the UE 510 1s to be
switched. The source cell and the target cell both may be cells supporting the CSG
function. Thus, the CSG 1dentifier and a group member state indication of the UE 510
can be turther included 1n the measurement report. More specitfically, 1t the group
member state indication 1s set as Member, it 1s indicated that the UE 510 1s a user
member that belongs to the Hybrid cell.

In step 503, the source BS 520 determines whether 1t 1s permitted to handover the UE
510 to the target cell. It the handover i1s permitted, the source BS 520 transmits an
access request to the MME 540 1n step 5035. Otherwise, the source BS 520 retuses to
handover the UE 510 to the target cell and terminates the current procedure. More
specifically, the source BS 520 can make the determination according to an algorithm
for radio resource management and the measurement report in step 503. That 1s, the

source BS 520 determines whether a signal of the target cell meets a handover
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condition deftined by the algorithm for radio resource management. If it 1s determined
that the signal of the target cell meets the handover condition, the source BS 520 de-
termines whether to handover the user to the target cell. The source cell in the source
BS 520 and the target cell in the target BS 530 both may be cells supporting the CSG
function and correspond to the same CSG. Also, when an X2 interface between the
source BS 520 and the target BS 530 1s established by the method illustrated 1n FIG. 2,
the source BS 520 can obtain information of the CSG supported by the cell in the
target BS 530, e.g., the access mode of the CSG. Also, 1n the event that the access
mode 1s the Closed mode or the Hybrid mode, the information of the CSG can further
include the CSG ID supported by the cell in the target BS 530. Thus, when de-
termining that the signal of the target cell meets the handover condition detined by the
algorithm for radio resource management, the source BS 520 can also perform a CSG
detection function, 1.e., determine whether the CSG ID supported by the target cell 1s
consistent with that reported in the measurement report by the UE 510. If it 1s de-
termined that the CSG ID supported by the target cell 1s consistent with that reported 1n
the measurement report by the UE 310, the source BS 520 permits the handover of the
UE 510 to the target cell. Otherwise, the source BS 520 refuses to handover the UE
510 to the target cell if the target cell 1s the CSG cell.

[59] In step 5035, the source BS 520 determines that the target cell and the source cell do
not support the same CSG, and then transmits an access request to the MME 540 1t the
target cell 1s a cell having a CSG capability. In an exemplary embodiment of the
present invention, in accordance with the method illustrated in FIG. 2, the source BS
520 knows that the cell in the target BS 530 supports the CSG when establishing the
X2 interface with the target BS 530. Thus, the source BS 520 can easily determine
whether the target cell and the source cell support the same CSG according to the CSG
information that 1s known. It it 1s determined that the target cell and the source cell
support the same CSG, the source BS 520 operates 1in accordance with the procedure
illustrated in FIG. 4. Otherwise, the source BS 520 executes an operation of
transmitting the access request to the MME 540. It should be noted that, if the target
cell does not support the CSG tunction, the core network does not need to perform a
CSG access determination and processing i1s directly performed in accordance with the
method 1n the related art. Here, the access request can include the CSG ID supported
by the target cell, the access mode and an identitier of the UE 510.

160} In step 507, the MME 540 controls access of the UE 510 according to the CSG 1D
supported by the target cell, the access mode and subscription information of the UE
510, and thereafter, transmits an access response to the source BS 520. Here, if the
target cell 1s the CSG cell, the access response includes an indication of whether the

UE 510 is permitted to have access. Alternatively, in the event that the UE 510 1s
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permitted to have access, a success access response which indicates that access to the
target cell 1s permitted 1s transmitted. In the event that the UE 510 1s not permitted to
have access, a tailure access response, which indicates that access to the target cell 1s
not permitted, 1s transmitted. If the target cell 1s the Hybrid cell, the MME 540 de-
termines whether the UE 510 is a group user member of the CSG supported by the
target cell. In this case, the access response message can include a state indication of
whether the UE 510 is the group member of the Hybrid cell.

In step 509, the source BS 520 determines whether switching the UE 510 to the
target cell 1s permitted according to the indication of whether the UE 510 1s permitted
to have access which 1s included 1n the access response message. It 1t 1s determined
that access 1s permitted, the source BS 520 transmits the handover request to the target
BS 530. Otherwise, the source BS 520 refuses the user to have access and terminates
the procedure. Here, at least one of an indication of an X2 signaling context allocated
to the UE 510 by the source BS 520, an indication by the core network, an indication
of an S1 signaling context allocated to the UE 510 by the core network, an 1dentifier ot
the target cell, encryption information and an encryption capability of the UE 510, 1n-
formation of an RRC context and information of an E-RAB are included in the
handover request.

It an access mode of the target cell 1s the Closed mode, the source BS 520 may refuse
to switch the user to the target cell in the event that the MME 540 1nstructs that the UE
510 18 not permitted to access the target cell, and the source BS 520 transmits the
handover request to the target BS 530 in the event that the MME 540 1nstructs that the
UE 510 1s permitted to access the target cell. In this case, the handover request can
further include an indication that the UE 510 1s permitted to have access, 1.e., the UE
510 1s permitted to access the CSG supported by the target cell. This indication can be
explicitly set as an information element that access 1s permitted, or be implicit, which
denotes that the MME 540 permits the UE 510 to have access 1t the source BS 520 has
transmitted the handover request.

It the access mode of the target cell 1s the Hybrid cell, any ot the users 1s permitted to
access the target cell. Thus, the source BS 520 transmits the handover request to the
target BS 530. In this case, the handover request can further include the group member
state indication of the UE 510 at the target cell. More specifically, the group member
state indication of the UE 510 can be set as “a group member”, i.e., the UE 510 1s the
user member of the CSG supported by the target cell. Alternatively, the group member
state indication of the UE 510 can be set as “not a group member”, 1.e., the UE 510 1s
not the user member of the CSG supported by the target cell.

In step 511, the target BS 530 transmits a handover request response to the source BS

520. Here, the handover request response includes an indication of an X2 signaling
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context allocated to the UE 510 by the target BS 530, and/or an RRC message to be
transmitted to the UE 510. More specifically, the RRC message to be transmitted to the
UE 510 1s transparently transmitted to the source BS 520, and the source BS 520
transters this message to the UE 510. If required, the handover request response also
includes General Data Transfer Platform (GTP) tunnel information for data transter.

In step 513, the source BS 520 transmits an RRC reconfiguration request to the UE
510. Here, the RRC reconfiguration request includes the “RRC message to be
transmitted to the UE 510" transmitted to the source BS 520 by the target BS 530 1n
step 507. The “RRC message to be transmitted to the UE 5107 1s transmitted to the
source BS 520 by the target BS 530, and then transmitted to the UE 510 by the source
BS 520. More specifically, the RRC message to be transmitted to the UE 510 can
include a C-RNTT allocated to the UE 510 by the target cell, and/or encryption 1in-
formation of the target BS 530, and may turther include information of an allocated
random access channel.

In step 515, the UE 510 pertorms synchronization with the target cell. In step 517,
the UE 510 transmits an RRC reconfiguration completion message to the target BS 530
after completing the synchronization.

In step 519, the target BS 530 transmits a path switching request message to the
MME 540, to notity the UE 510 that it has already been switched to a new cell, 1.e., the
target cell. Here, an indication of an S1 signaling context allocated to the UE 510 by
the target BS 530 and tunnel information for downlink data reception are included in
the path switching request message.

In step 521, the MME 540 transmits a path switching response message to the target
BS 530. Here, an indication of an S1 signaling context allocated to the UE 510 by the
MME 540) and/or tunnel information for uplink data are included in the path switching
response message, and 1t necessary, encryption information can also be included.

In step 523 the target BS 530 transmits a UE 510 context release message to the
source BS 520, to mstruct the source BS 520 that the context of the UE 510 can be
released.

The X2 handover process illustrated in FIG. 5 1s implemented as described above.

It can be found that in the above procedure illustrated in FIG. 5, the source BS
triggers the MME to pertorm the CSG access control, 1.e., the access control by the
MME 1s executed after the source BS has already determined to permit the UE to
access the target cell. However, 1n this case, the target BS does not participate in the
handover procedure. A procedure in which the target BS triggers the MME to perform
the CSG access control 1s described below with reference to FIG. 6.

FIG. 6 1s a diagram 1llustrating a procedure of a UE accessing a source cell in a

source BS required to switch to a target cell 1in a target BS according to an exemplary
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embodiment of the present invention. The exemplary embodiment of the present
invention 1s applied to the system structure 1llustrated in FIG. 3. Here, an X2 interface
1s established in accordance with the method illustrated in FIG. 2 between the source
BS 620 and the target BS 620. The source BS 620 and the target BS 620 can be a home
BS and an ordinary macro BS supporting a CSG tunction.

Referring to FIG. 6, 1n step 601, the UE 610 transmits a measurement report to the
source BS 620 in which a source cell 1s located. Here, the UE 610 transmits the mea-
surement report according to a contiguration of the source cell. For example, 1t 1t 1s
specified 1n the configuration of the source cell that the UE 610 transmits the mea-
surement report periodically, the UE 610 transmits the measurement report in a preset
time interval. If 1t 1s specified in the configuration of the source cell that the mea-
surement report 1s triggered by an event, 1.e., transmitted when a certain condition 1s
met, the UE 610 transmits the measurement report when the event 1s satistied. Here, a
physical layer identifier corresponding to the target cell is included in the measurement
report, 1.€., the source BS 620 knows the target cell to which the UE 610 1s to be
switched. The source cell and the target cell both may be cells supporting the CSG
function. Thus, the CSG 1dentifier and a group member state indication of the UE 610
can be further included 1n the measurement report. More specitically, if the group
member state indication i1s set as Member, 1t 1s indicated that the UE 610 1s a user
member that belongs to the Hybrid cell.

In step 603, the source BS 620 determines whether it 1s permitted to handover the UE
610 to the target cell. If the handover 1s permitted, the source BS 620 transmits a
handover request to the target BS 620 1n step 605. Otherwise, the source BS 620

retuses to handover the UE 610 to the target cell and terminates the procedure. The

resource management and the measurement report in step 603. More specitically, the
source BS 620 determines whether a signal of the target cell meets a handover
condition defined by the algorithm for radio resource management. If i1t is determined
that the signal of the target cell meets the handover condition, the source BS 620 de-
termines whether to handover the user to the target cell. The source cell in the source
BS 620 and the target cell in the target BS 630 both may be cells supporting the CSG
function and correspond to the same CSG. Also, when the X2 intertace between the
source BS 620 and the target BS 630 1s established by the method illustrated in FIG. 2,
the source BS 620 can obtain information ot the CSG supported by the cell in the
target BS 630, e.g., an access mode of the CSG. Also, in the event that the access mode
1s the Closed mode or the Hybrid mode, the information of the CSG can further include
the CSG ID supported by the cell in the target BS 630. Thus, when determining that

the signal of the target cell meets the handover condition defined by the algorithm tor
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radio resource management, the source BS 620 can also perform a CSG detection
function, 1.e., determine whether the CSG ID supported by the target cell 1s consistent
with that reported 1n the measurement report by the UE 610 If i1t 1s determined that the
CSG ID supported by the target cell 1s consistent with that reported in the measurement
report by the UE 610, the source BS 620 permits handover of the UE 610 to the target
cell. Otherwise, the source BS 620 refuses to handover the UE 610 to the target cell if
the target cell is the CSG cell.

In step 605, the source BS 620 transmits a handover request to the target BS 620.
Here, an indication of an X2 signaling context allocated to the UE 610 by the source
BS 620, an indication by the core network, an indication of an S1 signaling context
allocated to the UE 610 by the core network, an identitier of the target cell, encryption
information and an encryption capability of the UE 610, information of an RRC
context and information of an E-RAB are included 1n the handover request.

[t should be noted that it the source BS 620 has not obtain the information of the
CSG supported by the cell ot the target BS 620 when the X2 interface between the
source BS 620 and the target BS 620 1s established, the target BS 620 performs the
CSG detection function, and steps of the CSG detection function, which are alternative
steps of steps 601 to 605, are as follows. The UE 610 transmits the measurement report

including the CSG ID supported by the target cell and the group member state 1n-
dication of the UE 610 to the source BS 620. The source BS 620 transmits the

handover request to the target BS 620. In addition to the above information, the
handover request should also include the group member state indication of the UE 610
and the CSG ID which are reported in the measurement report by the UE 610. After
the target BS 620 receives the handover request, the target BS 620 compares the CSG
ID reported by the UE 610 and the CSG ID actually supported by the target cell. If the
CSG IDs are not consistent with each other, it 1s indicated that the CSG ID reported by
the UE 610 1s forged. Then in the event that the access mode ot the target cell 1s the
Closed mode, the target BS 620 retuses to switch the UE 610 and transmits a handover
failure message to the source BS 620. In the event that the access mode 1s the Hybrid
mode, the target BS 620 permits to switch the UE 610, but regards the UE 610 as being
not the group member of the CSG for processing. It the CSG IDs are consistent with
each other, 1t 1s indicated that the CSG ID reported by the UE 610 1s trustable.

In step 607, the target BS 620 receives the handover request. In step 609, if the target
cell 1s the CSG cell, the target BS 620 transmits the access request to the MME 640).
Here, the target BS 620 transmits the access request to the MME 640 to make the core
network to determine whether the UE 610 1s permitted to access the target cell. The
access request includes the CSG 1D supported by the target cell and the 1dentitier of
the UE 610. It should be noted that if the access mode of the target cell 1s the Hybrid
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mode, any of the users 1s permitted to access the target Hybrid cell. In this case, the
transmitting, by the target BS 620, the access request to the MME 640 1n step 609 and
transmitting, by the MME 640, an access response to the target BS 620 1n step 611
may be skipped, and an access control by the target BS 620 in step 613 may be directly
performed.

In step 611, the MME 640 controls access of the UE 610 according to the CSG 1D
supported by the target cell and the subscription information of the UE 610, and
thereatter, transmits the access response to the target BS 620. If the access mode of the
target cell 1s the Closed mode, the MME 640 determines whether the UE 610 1s
permitted to access the target cell, 1.e., the CSG supported by the target cell, according
to the subscription information ot the UE 610. In this case, the access response
message can include an indication of whether the UE 610 1s permitted to have access.
Alternatively, in the event that the UE 610 1s permitted to have access, a success access
response which indicates that access to the target cell 1s permitted is transmitted, and 1n
the event that the UE 610 1s not permitted to have access, a tailure access response,
which indicates that access to the target cell 1s not permitted, 1s transmitted.

In step 613, 1t the UE 610 is permitted to access the target cell, the target BS 620
pertorms the access control of the resource according to E-RAB QoS information
included by the handover request in step 603, and transmits the handover request
response to the source BS 620. Here, the access control 1n step 607 relies on whether
the physical resource in the target BS 620 can meet requirements of the E-RAB QoS,
and a sufficient resource 1s allocated to the E-RAB, which 1s a current function of the
target BS 620. More specifically, the above handover request response includes an 1n-
dication of an X2 signaling context allocated to the UE 610 by the target BS 620, and/
or an RRC message to be transmitted to the UE 610, and 1f required, also includes GTP
tunnel information for data transter.

In step 615, the source BS 620 transmits an RRC reconfiguration request to the UE
610. Here, the RRC reconfiguration request includes the “RRC message to be
transmitted to the UE 610" transmitted to the source BS 620 by the target BS 630 1n
the above step 607. This “RRC message to be transmitted to the UE 6107 1s transmitted
to the source BS 620 by the target BS 630, and then transmitted to the UE 610 by the
source BS 620. More specifically, the RRC message to be transmitted to the UE 610
can include a C-RNTT allocated to the UE 610 by the target cell, and/or encryption in-
formation of the target BS 630, and may further include information of an allocated
random access channel.

In step 617, the UE 610 performs synchronization with the target cell, and, 1n step
619, the UE 610 transmits an RRC reconfiguration completion message to the target

BS 630 after completing the synchronization.
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In step 621, the target BS 620 transmits the path switching request message to the
MME 640, to notify the UE 610 that it has already been switched to a new cell, 1.e., the
target cell. Here, an indication of an S1 signaling context allocated to the UE 610 by
the target BS 620 and tunnel information for downlink data reception are included 1n
the path switching request message. The path switching request message may further
include the access mode and the CSG ID supported by the target cell.

In step 623, the MME 640 transmits the path switching response message to the
target BS 620. Here, an indication of an S1 signaling context allocated to the UE 610
by the MME 640 and/or tunnel information for uplink data are included in the path
switching response message, and if necessary, encryption information can also be
included. The group member state indication of the UE 610, 1.e., indication of whether
the UE 610 1s the group member of the target cell, 1s also included 1n the path
switching response message. That 1s, 1n step 623, the group member state indication
can be set as “being a group member” or “not a group member’, and can also be set as
“being a group member” only. 1t no setting 1s made, the UE 610 1s considered as being
not the group member. Thus, the target BS 620 schedules the UE 610 according to the
group member state indication of the UE 610.

It should be noted that the setting of the group state indication 1n step 623 1s executed
when the target cell is the Hybrid cell. The main reason for this 1s that any of the
Hybrid cells permits the UE 610 to have access, but in the scheduling, the UE 610 can
be scheduled based on two roles, 1.e., as the group member or not as the group
member. It the target cell 1s not the Hybrid cell, e.g., 1s the Closed cell, 1t 1s possible
that the path switching response message does not include the group member state 1n-
dication of the UE 610, which can be similar to step 415 illustrated in FIG. 4.

In step 623, the target BS 620 transmits the UE 610 context release message to the
source BS 620, to mstruct the source BS 620 that the context of the UE 610 can be
released.

The X2 handover process illustrated in FIG. 5 1s implemented as described above.

It can be found that in the above procedure illustrated in FIG. 5, 1t 1s the source BS
that triggers the MME to perform the CSG access control, and 1n the above procedure
illustrated in FIG. 6, it 1s the target BS that triggers the MME to pertform the CSG
access control. In an exemplary implementation, the source BS and the target BS may
respectively trigger the MME to perform the access control, 1.e., the source BS triggers
the MMLE to pertorm the access control ot the CSG cell and the target BS triggers the
MME to perform the access control of the Hybrid cell, which 1s describe in more detail
below with reterence to FIG. 7.

FIG. 7 1s a diagram 1llustrating a procedure of a UE accessing a source cell in a

source BS required to switch to a target cell 1in a target BS according to an exemplary
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embodiment of the present invention. The exemplary embodiment of the present
invention 1s applied to the system structure 1llustrated in FIG. 3. Here, the X2 interface
1s established in accordance with the method illustrated in FIG. 2 between the source
BS and the target BS 730. More specifically, the source BS 720 and the target BS 730
include a home BS and an ordinary macro BS supporting a CSG function.

Referring to FIG. 7, 1n step 701, the UE 710 transmits a measurement report to the
source BS 720 in which the source cell 1s located. Here, the UE 710 transmits the mea-
surement report according to the contiguration ot the source cell. For example, 1t 1t 1s
specified 1n a configuration of the source cell that the UE 710 transmits the mea-
surement report periodically, the UE 710 transmits the measurement report in a preset
time interval. If 1t 1s specified in the configuration of the source cell that the mea-
surement report 1s triggered by an event, 1.e., 1s transmitted when a certain condition 1s
met, the UE 710 transmits the measurement report when the event 1s satistied. Here, a
physical layer identifier corresponding to the target cell is included in the measurement
report, 1.e., the source BS 720 knows the target cell to which the UE 710 1s to be
switched. The source cell and the target cell both may be cells supporting the CSG
function. Thus, the CSG 1dentifier and a group member state indication of the UE 710
can be further included in the measurement report. If the group member state 1n-

dication 1s set as Member, it 1s indicated that the UE 710 1s a user member that belongs
to the Hybrid cell.

In step 703, the source BS 720 determines whether it is permitted to handover the UE
710 to the target cell. If the handover 1s permitted, the source BS 720 determines that
the target cell and the source cell do not support the same CSG 1n step 705. Otherwise,
the source BS 720 retuses to handover the UE 710 to the target cell and terminates the
current procedure. The source BS 720 can make the determination according to an
algorithm for radio resource management and the measurement report 1n step 703.
More specitically, the source BS 720 determines whether a signal ot the target cell
meets a handover condition defined by the algorithm tor radio resource management.
If 1t 1s determined that the signal of the target cell meets the handover condition, the
source BS 720 determines whether to handover the user to the target cell. The source
cell in the source BS 720 and the target cell in the target BS 730 are both cells
supporting the CSG function and correspond to the same CSG. Also, when an X2
interface between the source BS 720 and the target BS 730 1s established by the
method 1llustrated 1in FIG. 2, the source BS 720 can obtain information of the CSG
supported by the cell in the target BS 730, e.g., an access mode of the CSG. Also, in
the event that the access mode 1s the Closed mode or the Hybrid mode, the information
of the CSG can further include the CSG ID supported by the cell in the target BS 730.

Thus, when determining that the signal of the target cell meets the handover condition
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detined by the algorithm for radio resource management, the source BS 720 can also
perform a CSG detection function, 1.e., determine whether the CSG ID supported by
the target cell 1s consistent with that reported 1n the measurement report by the UE 710
If 1t 1s determined that the CSG ID 1s consistent, the source BS 720 permits handover
of the UE 710 to the target cell. Otherwise, the source BS 720 refuses to handover the
UE 710 to the target cell 1t the target cell 1s the CSG cell.

In step 703, the source BS 720 determines that the target cell and the source cell do
not support the same CSG, and the source BS 720 transmits the access request to the
MME 740 if the target cell 1s the CSG cell. Here, the CSG ID supported by the target
cell and the 1dentifier of the UE 710 can be included in the access request.

[t should be noted that it the access mode of the target cell 1s the Hybrid mode, any
of the users 1s permitted to access the target Hybrid cell. In this case, the determining,
by the source BS 720, as to whether the target cell and the source cell do not support
the same CSG and the transmitting the access request to the MME 740 in steps 705 and
the controlling ot access of the UE 710 according to the CSG 1D supported by the
target cell and subscription information of the UE 710 1n step 707 may be skipped, and
an operation of transmitting the handover request to the target BS 730 1n step 709 may
be directly performed.

In step 707, an MME 740 controls access of the UE 710 according to the CSG 1D
supported by the target cell and the subscription information of the UE 710, and
thereafter, transmits the access response message to the source BS 720. Here, the
access response includes the indication of whether the UE 710 1s permitted to have
access. Alternatively, in the event that the UE 710 1s permitted to have access, a
success access response which indicates that access to the target cell 1s permitted 1s
transmitted, and 1n the event that the UE 710 1s not permitted to have access, a failure
access response, which indicates that access to the target cell 1s not permitted, 1s
transmitted.

In step 709, the source BS 720 determines whether it 1s permitted to switch the UE
710 to the target cell according to the indication of whether the UE 710 18 permitted to
have access which 1s included 1n access response message It 1t 1s determined that the
source BS 720 the switching of the UE 710 to the target cell 1s permitted, the source
BS 720 transmits the handover request to the target BS 730. Otherwise, the source BS
720 refuses the user to have access and terminates the current procedure. Here, if the
target cell 1s the Hybrid cell, any of the users 1s permitted to access the target cell, 1.e.,
the source BS 720 directly transmits the handover request to the target BS 730 1n step
709. Here, an 1indication of an X2 signaling context allocated to the UE 710 by the
source BS 720, an indication by the core network, an indication of an S1 signaling

context allocated to the UE 710 by the core network, an identifier of the target cell, en-
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cryption information and an encryption capability of the UE 710, information of an
RRC context and information of an E-RAB are included in the handover request.

In step 711, 1t the UE 710 1s permitted to access the target cell, the target BS 720
pertorms the access control of the resource according to the E-RAB QoS information
included by the handover request in step 709, and transmits the handover request
response to the source BS 720. Here, the access control in Step 707 relies on whether a
physical resource in the target BS 720 can meet requirements of the E-RAB QoS, and a
sutticient resource 1s allocated to the E-RAB, which 1s a current function of the target
BS 720. More specifically, the handover request response includes an indication of an
X2 signaling context allocated to the UE 710 by the target BS 720, and/or an RRC
message to be transmitted to the UE 710, and 1f required, also includes GTP tunnel 1n-
formation for data transfer.

In step 713, the source BS 720 transmits an RRC reconfiguration request to the UE
710. Here, the RRC recontiguration request includes the “RRC message to be
transmitted to the UE 710" transmitted to the source BS 720 by the target BS 730 1n
the above step 707. The “RRC message to be transmitted to the UE 7107 1s transmitted
to the source BS 720 by the target BS 730, and then transmitted to the UE 710 by the
source BS 720. More specitically, the RRC message to be transmitted to the UE 710
can include a C-RNTT allocated to the UE 710 by the target cell, and/or encryption in-
formation of the target BS 730, and may turther include information of an allocated
random access channel.

In step 715, the UE 710 pertforms synchronization with the target cell, and, in step
717, the UE 710 transmits an RRC reconfiguration completion message to the target
BS 730 after completing the synchronization.

In step 719, the target BS 720 transmits the path switching request message to the
MME 740, to notity the UE 710 that it has already been switched to a new cell, 1.e., the
target cell. Here, an indication ot an S1 signaling context allocated to the UE 710 by
the target BS 720 and tunnel information for downlink data reception are included in
the path switching request message. The path switching request message can turther
include the access mode and the CSG ID supported by the target cell.

In step 721, the MME 740 transmits the path switching response message to the
target BS 720. Here, an indication of an S1 signaling context allocated to the UE 710
by the MME 740 and/or tunnel information for uplink data are included in the path
switching response message, and if necessary, encryption information can also be
included. The group member state indication of the UE 710, 1.e., whether the UE 710 1s
the group member of the target cell, 1s also included 1n the path switching response
message. That 1s, the group member state indication can be set as “being a group

member”’ or “not a group member”, and can also be set as “being a group member”
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only. It no setting 1s made, the UE 710 1s considered as being not the group member.
Thus, the target BS 720 schedules the UE 710 according to the group member state 1n-
dication of the UE 710.

[t should be noted that the transmitting of the path switching response message by the
MME 740 to the target BS 720 1n step 721 1s executed when the target cell 1s the
Hybrid cell. The main reason for this 1s that any of the Hybrid cells permits the UE 710
to have access, but in the scheduling, the UE 710 can be scheduled based on two roles,
1.€., as the group member or not as the group member. It the target cell 1s not the
Hybrid cell, e.g., 1s the Closed cell, it 1s possible that the path switching response
message does not include the group member state indication of the UE 710, which can
specifically be similar to step 4135 illustrated in FIG. 4.

In step 723, the target BS 720 transmits the UE 710 context release message to the
source BS 720, to instruct the source BS 720 that the context of the UE 710 can be
released.

FIG. 8 1s a block diagram of a BS 1n a mobile communication system according to an
exemplary embodiment of the present invention.

Referring to FIG. 8, the BS includes a Radio Frequency (RF) processor 810, a
modem 820, a backhaul communication unit 830, a storage unit 840 and a controller

350.

The RF processor 810 pertorms tunctions, such as signal band conversion and ampli-
fication, to transmit and receive signals over a radio channel. That 1s, the RF processor
810 up-converts a baseband signal output from the modem 820 into the RF signal and
transmits the RF signal over an antenna, and down-converts the RF signal received
over the antenna into the baseband signal. Although not illustrated, for example, the
RF processor 810 may include an amplifier, a mixer, an oscillator, a Digital to Analog
Convertor (DAC), an Analog to Digital Convertor (ADC) and the like.

The modem 820 converts the baseband signal and a bit string according to a physical
layer standard of the system. For example, to transmit data, the modem 820 generates
complex symbols by encoding and modulating a transmit bit string, maps the complex
symbols to subcarriers, and constitutes Orthogonal Frequency-Division Multiplexing
(OFDM) symbols by applying Inverse Fast Fourier Transtorm (IFFT) and inserting a
Cyclic Pretix (CP). When receiving data, the modem 820 splits the baseband signal
output tfrom the RF processor 810 into OFDM symbols, restores the signals mapped to
the subcarriers using Fast Fourier Transtorm (FFT), and restores the receive bit string
by demodulating and decoding the signals.

The backhaul communication unit 830 provides an interface for the BS to com-
municate with other entities (1.e., other BSs, an MME and the like). More specifically,

the backhaul communication unit 830 converts the bit string transmitted by the BS into
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a physical signal, and converts the physical signal received at the BS 1nto the bit string.
The storage unit 840 stores program codes and system information required for the op-
erations of the BS. The storage unit 840 provides stored data to the controller 850 upon
a request from the controller 850.

The controller 850 controls the functions of the BS. For example, the controller 850
generates a transmit packet and a message and provides the modem 820 with the
transmit packet and the message. The controller 850 also processes a receive packet
and a message from the modem 820. More particularly, according to an exemplary em-
bodiment of the present invention, the controller 850 controls a procedure to establish
an X2 intertace with another BS, a procedure tor a handover of an UE tfrom another BS
to the BS and a procedure for a handover of a UE from the BS to another BS. For
example, the controller 850 controls a procedure to establish an X2 as illustrated in
FIG. 2. For example, the controller 850 controls a procedure for a handover as 1l-
lustrated in FIG. 4 to FIG. 7.

The backhaul communication unit 830 transmits an X2 intertace setup request to a
second BS, and recelves an X2 interface response message from the second BS.
Herein, the X2 interface setup request comprises an access mode of a Closed
Subscriber Group (CSG) supported by a cell on the first BS. The X2 interface response
message comprises the access mode of the CSG supported by the cell on the second
BS. The storage unit 840 stores the access mode of the CSG supported by the cell on
the second BS.

For example, the controller 850 determines whether to permit a handover of an UE
based on an access mode of a target BS, and the backhaul communication unit 830
transmits a handover request to the target BS and receives a handover response from
the target BS. Herein, the handover request comprises a group member state indication
of the UE.

For example, the backhaul communication unit 830 receives a handover request
comprising a CSG ID supported by the target cell which is reported trom the UE, and
the controller 850 determines whether the CSG ID 1ncluded in the handover request 1s
consistent with the CSG ID supported by the target cell before transmitting access
request. It the CSG IDs are consistent, the backhaul communication unit 830 transmits
the access request to the MME. However, it the CSG IDs are not consistent, the
backhaul communication unit 830 transmits a handover failure message to the source
BS.

FIG. 9 1s a block diagram of a MME 1n a mobile communication system according to
an exemplary embodiment of the present invention.

Reterring to FIG. 9, the MME includes a communication unit 910, a storage unit 920,

and a controller 930.
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|113] The communication unit 910 provides an interface tor a gateway to communicate
with other entities (1.e., a BS and on the like). The storage unit 920 stores program
codes and system information required for the operations of the gateway.

[114] The controller 930 controls the functions of the gateway. For example, the controller
930 manages a tratfic flow of at least one small BS connected to the gateway. More
particularly, according to an exemplary embodiment of the present invention, a
Handover (HO) processer 932 included in the controller 930 controls a procedure for
handover ot a UE pertormed between BSs connected to the MME. For example, the
controller 930 controls a procedure for a handover as illustrated in FIG. 4 to FIG. 7.

[115] According to the exemplary embodiments of the present invention, an access mode
and a CSG ID supported by the cell at an opposite end can be known when an X2
intertace is established between BSs. Thus, a BS can be facilitated in performing
control on access of the UE when serving as a source BS.

[116] Further, a target BS 1s not configured to request an MME to determine whether the
UE can access the target BS after the UE has already been switched to the target BS.
Thus, problems resulted from releasing the connection or handover the UE trom the
target BS to the source BS by an access network when access is not available can be
avolded, and normal data reception by a user can be implemented.

[117] While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope ot the invention as detined by the appended claims and their

equivalents.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for setting up an X2 interface in a mobile communication system, the
method comprising:

transmitting, by a first base station (BS), a setup request message to a second BS,
wherein the setup request message includes a closed subscriber group (CSG) identifier
(ID) and neighbor information of the first BS; and

receiving, by the first BS, a setup response message from the second BS, wherein

the setup response message includes a CSG ID and neighbor information of the second

BS.

2. The method of claim 1, further comprising:

transmitting, by the first BS, a handover request message to the second BS,
wherein the handover request message includes a group membership state of a user
equipment (UE); and

receiving, by the first BS, a handover response message from the second BS.

3. The method of claim 2, further comprising:

receiving, by the first BS, a measurement report transmitted by the UE, wherein

the measurement report comprises an 1dentifier of the second BS.

4. The method of claim 2, further comprising:

transmitting, by the first BS, an access request message to a mobile management
entity (MME) before transmitting the handover request message; and

receiving, by the first BS, an access response message from the MME, wherein
the access response message includes an indication of whether the UE is permitted to
have access, or, the access response message includes an indication that the UE is
permitted to have access and the group membership state of whether the UE is associated

with a hybrid cell.
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5. The method of claim 4, wherein the handover request message includes the

group membership state of the UE 1f the second cell 1s a hybrid cell.

6. The method of claim 4, further comprising:

transmitting, by the second BS, the access request message to an MME if the
second cell is a closed subscriber group (CSG) cell before transmitting the handover
response message, wherein the access request message includes a CSG identifier (ID)
supported by the second cell and an identifier of the UE; and

receiving, by the second BS, the access response message from the MME.

7. The method of claim 6, wherein the handover request message includes the CSG
ID supported by the second cell which is reported from the UE, and

further comprising:

determining, by the second BS, whether the CSG ID included in the handover
request is consistent with the CSG ID supported by the second cell before transmitting
the access request message,

transmitting, by the second BS, the access request message to the MME if the
CSG IDs are consistent; and

transmitting, by the second BS, a handover fatlure message to the first BS if the

CSG IDs are not consistent.

8. The method of claim 7, wherein the access response message is transmitted, by
the MME, if the second cell 1s the CSG cell and includes an indication of whether the UE

1s permitted to have access.

9. The method of claim 7, wherein the access response message from the MME
compriscs one of: a success response message 1f the UE 1s permitted to have access if the
second cell 1s the CSG cell, and, a tailure access response message 1f the UE is not

permitted to have access if the second cell 1s the CSG cell.
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10. The method of claim 2, further comprising:

transmitting, by the first BS, an access request message to a mobile management
entity (MME) before transmitting the handover request message, if the second cell is a
closed subscriber group (CSG) cell; and

receiving, by the first BS, an access response message from the MME, wherein
the access response message comprises an indication of whether the UE is permitted to

have access.

11. The method of claim 2, further comprising:

transmitting, by the first BS, a radio refirst control (RRC) reconfiguration request
message to the UE;

transmitting, by the UE, an RRC reconfiguration completion message to the
second BS:

transmitting, by the second BS, a path switching request message to a mobile
management entity (MME), wherein the path switching request message comprises an
access mode and a CSG identifier (ID) supported by the second cell;

transmitting, by the MME, a path switching response message to the second BS,
wherein the path switching response message comprises a group membership state of the
UE; and

transmitting, by the second BS, a UE context release message to the first BS.

12. An apparatus for a first base station (BS) in a mobile communication system, the
apparatus comprising:

a transceiver for transmitting a setup request message to a second BS, wherein
the setup request message includes a closed subscriber group (CSG) identifier (ID) and
neighbor information of the first BS, and for receiving a setup response message from the
second BS, wherein the setup response message comprises the CSG ID and neighbor

information of the second BS.
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13. The apparatus of claim 12, wherein the transceiver transmits a handover request
message which is transmitted from the first BS to the second BS, wherein the handover
request message includes a group membership state of a user equipment (UE), and

receives a handover response message which 1s transmitted from the second BS to the

first BS.

14. The apparatus of claim 13, wherein the transceiver receives a measurement
report transmitted by the UE, wherein the measurement report comprises an identifier of

the second BS.

15. The apparatus of claim 13, wherein the transceiver transmits an access request
message to a mobile management entity (MML) betfore transmitting the handover request
message, and receives an access response message from the MME,

wherein the access response message inciudes an indication of whether the UE is
permitted to have access, or, the access response message includes an indication that the
UE is permitted to have access and the group membership state of whether the UE is

associated with a hybrid cell.

16. The apparatus of claim 15, wherein the handover request message includes the

group membership state of the UE 1f a target cell 1s a hybnd cell.

17. The apparatus of claim 15, wherein the access response message includes an
indication of whether the UE 1s permitted to have access if a target cell is a closed

subscriber group (CSG) cell.

18. The apparatus of claim 15, wherein the access response message comprises,
access if a target cell 1s a closed subscriber group (CSG) cell, a success response message
if the UE is permitted to have access and a failure access response message if the UE is

not permitted to have access.
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19. The apparatus of claim 13, wherein the transceiver transmits, before transmitting
the handover request message, an access request message to a mobile management entity
(MME) if a target cell is a closed subscriber group (CSG) cell, and receives an access

response message from the MME, wherein the access response includes an indication of

whether the UE is permitted to have access.

20. The apparatus of claim 13, wherein the group membership state ot the UE

indicates whether the UE is a member of the second BS.

21. The apparatus of claim 12, wherein the transceiver receives a handover request
message which is transmitted from the second BS to the first BS, wherein the handover
request message includes a group membership state of a user equipment (UE), and

transmits a handover response message which is transmaitted from the first BS to the

second BS.

22. The apparatus of claim 21, further comprising:
at least one processor for determining whether a closed subscriber group (CSG)

identifier (ID) of a cell in the BS 1s consistent with the CSG ID of a cell in the second BS,

and
wherein the transceiver transmits a handover failure message to the second BS 1f

the CSG IDs are different.

23. The apparatus of claim 21, wherein the group membership state of the UE
indicates whether the UE is a member of the first BS.

24, A method for setting up an X2 interface in a mobile communication system, the
method comprising:

receiving, by a first base station (BS), an setup request message from a second
BS, wherein the setup request message comprises a closed subscriber group (CSG)

identifier (ID) and neighbor information of the second BS; and
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transmitting, by the first BS, an setup response message to the second BS,
wherein the setup response message comprises the CSG ID and neighbor information of

the first BS.

25. The method of claim 24, further comprising:

receiving, by the first BS, a handover request message from the second BS,
wherein the handover request message includes a group membership state of a User
Equipment (UE); and

transmitting, by the first BS, a handover response message to the second BS.

26. The method of claim 25, wherein the group membership state of the UE indicates
whether the UE 1s a member of the second BS.

27. An apparatus for a first base station (BS) in a mobile communication system, the
apparatus comprising:

a transceiver for receiving an X2 setup request message from a second BS,
wherein the X2 setup request message comprises a closed subscriber group (CSG)
identifier (ID) and neighbor cell information of the second BS, and for transmitting an X2
setup response message to the second BS, wherein the X2 setup response message

comprises the CSG ID and neighbor cell information of the first BS.
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