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(57) Abstract: A method and apparatus of operating a femto base station in a wireless communication system is provided. A first
announcement message indicating service interruption is transmitted. A second announcement message indicating service recov-
ery is transmitted. The second announcement message is transmitted to a user equipment or a macro base station having a wider
cell area than the femto base station. Reliability of a communication service can be maintained for a user equipment even if a ser-
vice of a femto base station is temporarily interrupted.
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Description
Title of Invention: METHOD AND APPARATUS OF OPERATING
FEMTO BASE STATION IN WIRELESS COMMUNICATION

SYSTEM
Technical Field

[1] The present invention relates to wireless communications, and more particularly, to a

method of operating service interruption and recovery of a femto base station.

Background Art

[2] With the development of communication and the spread of multimedia technology, a
wireless communication system uses various techniques for massive data transmission.
A method of assigning a more number of frequency resources may be used as a
method of increasing radio capacity. However, since the number of frequency
resources is limited, there is a limitation when the more number of frequency resources
are assigned to a plurality of users. As one of methods for effectively utilizing the
limited frequency resources, there is a method of creating a small-sized cell. When the
small-sized cell is created, one base station (BS) provides a service to a less number of
users, and thus the BS can assign a more number of frequency resources to the users.
By creating the small-sized cell, a service for massive data transmission with better
quality can be provided to the plurality of users.

[3] A technique related to a femto BS installed in homes or businesses is actively
ongoing in recent years. The femto BS represents a very small-sized mobile commu-
nication BS used in an indoor environment such as homes, offices, etc. The femto BS
has a similar concept with a pico-cell. Yet, the femto BS has a concept of having a
more advanced function than the pico-cell. The femto BS is connected to an Internet
protocol (IP) network widely used in homes or offices, and provides a mobile commu-
nication service by accessing to a core network of a mobile communication system.
That is, the femto BS is connected to the core network of the mobile communication
system through a digital subscriber line (DSL). A user of the mobile communication
system may receive a service via a conventional macro BS in an outdoor environment,
and may receive a service via the femto BS in an indoor environment. The femto BS
improves indoor coverage of the mobile communication system by correcting a
problem in which the conventional macro BS provides a deteriorating service inside a
building. Since the femto BS can provide a service only to a specific designated user, a
voice service and a data service can be provided with high quality. Further, the femto
BS can provide a new service not provided by the macro BS. With the wide use of the

femto BS, fixed-mobile convergence (FMC) can gain momentum, and industry-based
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costs can be reduced.
The service of the femto BS is affected by a poor line condition of an IP network,

software rebooting, etc. For example, the femto BS may be temporarily powered off or
may be disconnected from the core network of the mobile communication system. If
the service of the femto BS is interrupted in an unexpected situation, a communication
service provided to a user equipment may significantly deteriorate.

Accordingly, there is a need for a method capable of maintaining reliability of a com-
munication service for a user equipment even if a service of a femto BS is recovered

from a temporary interruption.
Disclosure of Invention

Technical Problem

The present invention provides a method and apparatus of performing service in-
terruption and recovery of a femto base station while maintaining reliability of a com-
munication service.

Solution to Problem

According to an aspect of the present invention, a method of operating a femto base
station in a wireless communication system is provided. The method include
transmitting a first announcement message indicating service interruption by using a
paging message or broadcast message transmitted with a specific cycle, and
transmitting a second announcement message indicating service recovery, wherein the
second announcement message is transmitted to a user equipment or a macro base
station having a wider cell area than the femto base station.

The first announcement message may comprise radio resource assignment for
transmission of information regarding the service interruption.

The method may further include transmitting paging information which is modified
by using a radio resource indicated by the first announcement message.

The method may further include transmitting paging information of the macro base
station by using a radio resource indicated by the first announcement message.

A paging message may be transmitted from the macro base station to the user
equipment after the first announcement message is transmitted until the second an-
nouncement message is transmitted.

The method may further include transmitting a service interruption period to a paging
controller for managing the paging message.

The method may further include transmitting downlink traffic buffered in the paging
controller to the user equipment during the service interruption period.

The first announcement message may include a dedicated ranging code for an access

to the macro base station.
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The first announcement message may include a service interruption reason.
In another aspect, a femto base station in a wireless communication system is

configured to transmit a first announcement message indicating service interruption by
using a paging message or broadcast message transmitted with a specific cycle, and
transmit a second announcement message indicating service recovery, wherein the
second announcement message is transmitted to a user equipment or a macro base

station having a wider cell area than the femto base station.
Advantageous Effects of Invention

Reliability of a communication service can be maintained for a user equipment even
if a service of a femto base station is temporarily interrupted.
Brief Description of Drawings

FIG. 1 shows a wireless communication system.

FIG. 2 shows an example of a frame structure.

FIG. 3 shows a method of operating a femto base station (BS) in a scheduled out of
service (OoS) according to an embodiment of the present invention.

FIG. 4 shows a method of operating a femto BS in a scheduled OoS according to
another embodiment of the present invention.

FIG. 5 shows a method of operating a femto BS in a scheduled OoS according to
another embodiment of the present invention.

FIG. 6 shows a method of operating a femto BS in an unscheduled QoS according to
an embodiment of the present invention.

FIG. 7 shows a method of operating a femto BS in an unscheduled QoS according to
another embodiment of the present invention.

Mode for the Invention

FIG. 1 shows a wireless communication system. The wireless communication system
can be widely deployed to provide a variety of communication services, such as
voices, packet data, etc.

Referring to FIG. 1, the wireless communication system includes at least one user
equipment (UE) and a base station (BS). The UE may be fixed or mobile, and may be
referred to as another terminology, such as a mobile station (MS), a user terminal
(UT), a subscriber station (SS), a wireless device, etc. The BS is generally a fixed
station that communicates with the UE and may be referred to as another terminology,
such as a node-B, a base transceiver system (BTS), an access point, etc.

There may be one or more cells within the coverage of the BS.

The BS may be classified into a femto BS 20 and a macro BS 60 according to cell
coverage or deployment. A cell of the femto BS 20 is smaller than a cell of the macro
BS 60. The cell of the femto BS 20 may fully or partially overlap with the cell of the
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macro BS 60. As such, a structure in which small-range cells are deployed in an
overlapping manner within a wide-range cell is referred to as a hierarchy cell structure.

The femto BS 20 may also be referred to as other terminologies, such as a femto-cell,
a home node-B, a closed subscribed group (CSG), etc. To distinguish from the femto-
cell, the macro BS 60 may also be referred to as a macro-cell.

The femto BS 20 is connected to a femto gateway 30 through an Iuh interface. The
Iuh interface represents an interface between the femto BS 20 and the femto gateway
30 through the IP network. The femto gateway 30 is an entity for managing at least one
femto BS 20. The femto gateway 30 may perform registration, authentication, and
security processes of the femto BS 20 so that the femto BS 20 can access to a core
network 90 of the wireless communication system. The macro BS 60 is connected to a
radio network control (RNC) 70 through an Iub interface. The RNC 70 is an entity for
managing at least one macro BS 60, and connects the macro BS 60 to the core network
90. The macro BS 60 is connected to the core network 90 through a dedicated line,
whereas the femto BS 20 is connected to the core network 90 through the IP network.

A UE accessing to the femto BS 20 is referred to as a femto UE 10. A UE accessing
to the macro BS 60 is referred to as a macro UE 50. When the femto UE 10 is handed
over to the macro BS, the femto UE 10 may become the macro UE 50. When the
macro UE 50 is handed over to the femto BS, the macro UE 50 may become the femto
UE 10.

A downlink (DL) represents a communication link from the BS to the UE, and an
uplink (UL) represents a communication link from the UE to the BS. In the DL, a
transmitter may be a part of the BS, and a receiver may be a part of the UE. In the UL,
the transmitter may be a part of the UE 10 and the receiver may be a part of the BS.

There is no restriction on multiple access schemes used in the wireless commu-
nication system. Various multiple access schemes may be used such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency division
multiple access (FDMA), single-carrier FDMA (SC-FDMA), orthogonal frequency
division multiple access (OFDMA), etc.

FIG. 2 shows an example of a frame structure. This structure may be a frame
structure of at least one of a macro-cell and a femto-cell in a hierarchy cell structure.

Referring to FIG. 2, a superframe includes a superframe header and four radio frames
FO, F1, F2, and F3. Although it is shown that each superframe has a size of 20 mil-
liseconds (ms) and each frame has a size of 5 ms, the present invention is not limited
thereto. The superframe header may be located at a front-most position of the su-
perframe. A common control channel is assigned to the superframe header. The
common control channel is used to transmit information regarding frames constituting

the superframe or control information (e.g., system information) that can be commonly
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utilized by all UEs within a cell. A synchronization channel for transmitting a synchro-
nization signal may be deployed either inside or adjacent to the superframe header. The
synchronization signal may represent cell information such as a cell identifier (ID).

One frame includes 8 subframes SFO, SF1, SF2, SF3, SF4, SF5, SF6, and SF7. Each
subframe can be used for UL or DL transmission. Each subframe may consist of 6 or 7
OFDM symbols, but this is for exemplary purposes only. Time division duplexing
(TDD) or frequency division duplexing (FDD) may be applied to the frame. In the
TDD, each subframe is used in UL or DL transmission at the same frequency and at a
different time. That is, subframes included in a TDD frame are divided into a UL
subframe and a DL subframe in a time domain. In the FDD, each subframe is used in
UL or DL transmission at the same time and at a different frequency. That is,
subframes included in an FDD frame are divided into a UL subframe and a DL,
subframe in a frequency domain. UL transmission and DL transmission can be simul-
taneously performed while occupying different frequency bands.

A subframe includes at least one frequency partition. The frequency partition consists
of at least one physical resource unit (PRU). The frequency partition may include a
localized PRU and/or a distributed PRU. The frequency partition may be used for other
purposes such as fractional frequency reuse (FFR) or multicast or broadcast service
(MBS).

The PRU is defined as a basic physical unit for assigning resources including a
plurality of consecutive OFDM symbols and a plurality of consecutive subcarriers. The
number of OFDM symbols included in the PRU may be equal to the number of OFDM
symbols included in one subframe. For example, when one subframe consists of six
OFDM symbols, the PRU may be defined with 18 subcarriers and six OFDM symbols.
A logical resource unit (LRU) is a basic logical unit for distributed resource as-
signment and localized resource assignment. The LRU is defined with a plurality of
OFDM symbols and a plurality of subcarriers, and includes pilots used in the PRU.
Therefore, one LRU includes a specific number of subcarriers, where the specific
number depends on the number of assigned pilots.

A logical distributed resource unit (DRU) may be used to obtain a frequency
diversity gain. The DRU includes a distributed subcarrier group in one frequency
partition. The DRU has the same size as the PRU. One subcarrier is a basic unit for
constituting the DRU.

A logical contiguous resource unit (CRU) may be used to obtain a frequency
selective scheduling gain. The CRU includes a localized subcarrier group. The CRU
has the same size as the PRU.

Now, a method of performing service interruption and recovery of a femto BS while

maintaining reliability of a communication service will be described. A state where a
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service of the femto BS is interrupted is hereinafter referred to as an out of service
(00S). The OoS of the femto BS can be classified into a scheduled OoS and an un-
scheduled OoS. For example, when rebooting is necessary due to software download/
install or the like, the femto BS may operate by scheduling its OoS. The scheduled
OoS may be performed when a UE receiving a service from the femto BS operates in
an idle mode or a sleep mode. The unscheduled OoS may occur in a situation un-
expected by the femto BS, such as in a case where the femto BS experiences power
failure or a network is disconnected or the like.

<Scheduled Out of Service>

FIG. 3 shows a method of operating a femto BS in a scheduled out of service (OoS)
according to an embodiment of the present invention.

Referring to FIG. 3, for the scheduled OoS, the femto BS transmits a QoS noti-
fication message to a paging controller (step S110). The paging controller manages a
paging signal for call or data packet transmission for a UE. The OoS notification
message may include a scheduled OoS duration, a femto BS ID (BSID), etc. By
notifying the scheduled OoS duration to the paging controller, the paging controller
can buffer DL traffic which arrives during the scheduled OoS duration.

For the scheduled OoS, the femto BS transmits a paging advertisement (PAG-ADV)
message or a broadcast message to the UE (step S115). The PAG-ADV message or the
broadcast message may include an OoS indication indicating that the femto BS
performs the scheduled OoS, OoS information indicating resource information for
transmitting detailed information on the scheduled OoS, etc. The OoS indication and
the OoS information may be transmitted using the PAG-ADV message monitored by
the UE in the idle mode so that the UE operating in the idle mode in the coverage of
the femto BS can receive the OoS indication and the OoS information. Alternatively,
the OoS indication and the OoS information may be transmitted using the broadcast
message transmitted in a cycle monitored by the UE in the idle mode. Alternatively,
the detailed information on the scheduled OoS may be included in the PAG-ADV
message in transmission.

The femto BS transmits changed paging information to the UE (step S120).
Transmission of the changed paging information may be indicated by the PAG-ADV
message or the broadcast message. The changed paging information may include in-
formation (e.g., a paging cycle, a paging offset, a paging listening interval, an OoS
reason, etc.) for transmitting the paging message by avoiding the scheduled OoS
duration. The OoS reason may be transmitted using the PAG-ADV message or the
broadcast message. The UE may receive a paging message transmitted at a later time
according to the changed paging information.

The femto BS transmits the PAG-ADV message at the changed paging cycle and
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paging offset (step S130). An old paging offset may be included in the scheduled OoS

duration, and the PAG-ADV message to be transmitted at the scheduled QoS duration

is not transmitted. The UE does not monitor the paging message at an old paging cycle
and paging offset.

When DL traffic is arrived to the UE during the scheduled OoS duration, the paging
controller buffers the DL traffic (step S140). The paging controller transmits a paging
announcement message to the femto BS when the scheduled OoS duration is over (step
S145).

When transmitting a first PAG-ADV message after the scheduled OoS duration is
over, the femto BS transmits the PAG-ADV message by including a DL traffic in-
dication (step S150). The first PAG-ADV message is transmitted according to the
changed paging cycle and paging offset. The DL traffic indication indicates that there
is DL traffic to be transmitted to the UE.

The UE performs network re-entry to the femto BS to receive the DL traffic in the
idle mode (step S160). After the UE is re-registered to the femto BS and thus is in an
active mode, the DL traffic buffered by the paging controller is transmitted to the UE
via the femto BS (step S170).

As such, when the femto BS performs the scheduled OoS, the paging message can be
transmitted by avoiding the scheduled OoS duration in such a manner that the paging
cycle, the paging offset, and the like are changed, and the scheduled OoS duration is
notified to the paging controller. As a result, DL traffic can be transmitted to the UE
with a minimum delay without any loss.

FIG. 4 shows a method of operating a femto BS in a scheduled OoS according to
another embodiment of the present invention.

Referring to FIG. 4, for the scheduled OoS, the femto BS transmits a QoS noti-
fication message to a paging controller (S210). The OoS notification message may
include a scheduled QoS duration, a femto BS ID (BSID), etc. By notifying the
scheduled OoS duration to the paging controller, the paging controller may buffer DL
traffic which arrives during the scheduled OoS duration, or may transmit the DL traffic
to an overlay macro BS of which a cell area overlaps with that of the femto BS.

For the scheduled OoS, the femto BS transmits a PAG-ADV message or a broadcast
message to a UE (step S215). The PAG-ADYV message or the broadcast message may
include an OoS indication indicating that the femto BS performs the scheduled OoS,
OoS information indicating resource information for transmitting detailed information
on the scheduled OoS, etc. The detailed information on the scheduled OoS may be
included in the PAG-ADV message

The femto BS transmits paging information of the overlay macro BS to the UE (step

S5220). Transmission of the paging information to the overlay macro BS may be
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indicated by the PAG-ADYV message or the broadcast message. The paging in-
formation of the overlay macro BS may include a paging cycle, paging offset, paging
listening interval of the overlay macro BS and an OoS reason of the femto BS. The
OoS reason may be transmitted using the PAG-ADV message or the broadcast
message. The UE may receive the paging message of the overlay macro BS during the
scheduled OoS duration by using the paging information of the overlay macro BS. The
UE does not monitor the paging message at the paging cycle and paging offset of the
femto BS during the scheduled OoS duration.

When DL traffic is arrived to the UE during the scheduled OoS duration, the DL
traffic may be arrived to the paging controller (step S230). The paging controller may
buffer the UE’s DL traffic arrived during the scheduled OoS duration or may transmit
the DL traffic to the UE via the overlay macro BS. In a case where the paging
controller buffers the DL traffic, as described with reference to FIG. 3, the buffered DL
traffic may be transmitted after the scheduled OoS duration of the femto BS is over.

The paging controller transmits the paging notification message to the overlay macro
BS to transmit the UE’s DL traffic arrived during the scheduled OoS duration to the
UE via the overlay macro BS (step S235). The overlay macro BS transmits the PAG-
ADYV message to the UE upon receiving the paging notification message (step S240).
A DL traffic indication may be included in the PAG-ADYV message of the overlay
macro BS. The UE may receive the DL traffic from the overlay macro BS during the
scheduled OoS duration of the femto BS.

When the femto BS is recovered from the scheduled OoS, the femto BS may transmit
a recovery indication, i.e., a ‘recovery from OoS notification” message, to the UE (step
S5250). The UE stores previously obtained paging information of the femto BS (e.g.,
the paging cycle, the paging offset, the paging listening interval, etc.) during the
scheduled OoS duration instead of releasing the paging information. Upon receiving
the recovery indication, the UE may receive the paging message of the femto BS by
using the stored paging information of the femto BS.

After the scheduled OoS duration is over, the UE’s DL traffic may be arrived to the
paging controller (step S260). The paging controller transmits the paging notification
message to the femto BS in response to the DL traffic arrived after the scheduled OoS
duration is over (step S265). Upon receiving the paging notification message, the
femto BS transmits a PAG-ADV message including a DL traffic indication to the UE
(step S270). The UE may receive the DL traffic in an idle mode by performing
network re-entry to the femto BS.

Since the paging message or the DL traffic can be transmitted from the macro BS
during the scheduled OoS duration when the femto BS performs the scheduled OoS,
the paging message or the DL traffic can be persistently transmitted to the UE.
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FIG. 5 shows a method of operating a femto BS in a scheduled OoS according to
another embodiment of the present invention.

Referring to FIG. 5, OoS notification message transmission (step S310), PAG-ADV
or broadcast message transmission (step S315), and overlay macro BS’s paging in-
formation transmission (step $320) are performed in the same manner as described
with reference to FIG. 4. During the scheduled OoS duration, UE’s DL traffic arrival
(step S330), paging notification message transmission (step S335), and overlay macro
BS’s PAG-ADYV message transmission (step S340) may be performed in the same
manner as described with reference to FIG. 4.

When the femto BS is recovered from the scheduled OoS, the femto BS transmits a
recovery message to a macro BS (step S350). Upon receiving the recovery message
from the femto BS, the macro BS transmits a recovery indication of the femto BS, i.e.,
a ‘recovery from OoS notification’ message, to the UE (step S355). The UE stores
previously obtained paging information of the femto BS (e.g., the paging cycle, the
paging offset, the paging listening interval, etc.) during the scheduled OoS duration
instead of releasing the paging information. Upon receiving the recovery indication,
the UE may receive the paging message of the femto BS by using the stored paging in-
formation of the femto BS.

After the scheduled OoS duration is over, the UE’s DL traffic may be arrived to the
paging controller (step S360). The paging controller transmits the paging notification
message to the femto BS in response to the DL traffic arrived after the scheduled OoS
duration is over (step S365). Upon receiving the paging notification message, the
femto BS transmits a PAG-ADV message including a DL traffic indication to the UE
(step S370). The UE may receive the DL traffic in an idle mode by performing
network re-entry to the femto BS.

<Unscheduled Out of Service>

FIG. 6 shows a method of operating a femto BS in an unscheduled QoS according to
an embodiment of the present invention.

Referring to FIG. 6, the femto BS operates in case of an unexpected power failure.
The femto BS may experience power failure in a situation unexpected by the femto
BS. To cope with such a situation, the femto BS may have backup power. The femto
BS performs the unscheduled OoS when the backup power reaches a threshold after
switching to the backup power. The femto BS may store UE context in advance, or
may store the UE context when the backup power reaches the threshold. The UE
context includes a UE ID, a femto BS ID, a overlay macro BS ID, a current paging
cycle, a current paging offset, a current paging listening interval, a dedicated ranging
code for a UE, etc.

When the backup power reaches the threshold, the femto BS transmits an OoS noti-
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fication message including the UE context to a macro BS (step S410). The femto BS
may transmit the QoS notification message to a paging controller. Alternatively, the
macro BS may transmit the OoS notification message including the UE context to the
paging controller (step S415). The paging controller may store the UE context, and
then may use the UE context in a process of transmitting a paging message to the UE.

The macro BS provides the dedicated ranging code to the macro BS, wherein the
dedicated ranging code is used when the UE accesses to the macro BS from the femto
BS in the unscheduled OoS (step S420). The dedicated ranging code may be either a
ranging code used for an access to the femto BS or a ranging code randomly selected
by the macro BS.

The femto BS transmits a PAG-ADYV message to the UE to instruct the UE to access
to the macro BS (step S425). The PAG-ADYV message may include information such
as a macro BS ID, a dedicated ranging code provided by the macro BS, a OoS reason,
etc.

The UE transmits the dedicated ranging code to the macro BS (step S430). Since the
dedicated ranging code is a ranging code assigned by the macro BS, the macro BS can
know that the dedicated ranging code of the UE is correct. The macro BS may process
the dedicated ranging code of the UE by using non-contention-based ranging. The
macro BS transmits a ranging response (RNG-RSP) message to the UE in response to
the dedicated ranging code (step S435). The RNG-RSP message includes uplink radio
resource assignment information to allow the UE to be able to transmit a ranging
request (RNG-REQ) message.

The UE transmits the RNG-REQ message by using the assigned uplink radio
resource (step S440). The RNG-REQ message may indicate a ranging and location
update request based on the OoS of the femto BS. The macro BS transmits an RNG-
RSP message including paging information of the macro BS (e.g., a paging cycle, a
paging offset, a paging listening interval, etc.) in response to the RNG-REQ message
(step S445).

The UE may receive a PAG-ADV message from the macro BS by using the paging
information of the macro BS (step S450). Since the paging controller knows that the
femto BS operates in the unscheduled OoS, the paging controller may transmit DL
traffic to the UE via the macro BS upon generation of DL traffic for the UE.

The femto BS transmits a recovery notification message to the macro BS when
power is recovered (step S460). The femto BS may transmit the recovery notification
message to the paging controller. Alternatively, the macro BS may transmit the
recovery notification message to the paging controller (step S465).

The macro BS transmits a PAG-ADV message to the UE to instruct the UE to

recover the femto BS from the unscheduled OoS and to perform handover (HO) to the



11

WO 2010/077002 PCT/KR2009/007679

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

femto BS (step S470). By using the PAG-ADV message, the UE can know that the
femto BS is recovered from the unscheduled OoS.

The UE transmits the ranging code to the femto BS by using the stored paging in-
formation of the femto BS (e.g., the paging cycle, the paging offset, the paging
listening interval, etc.) (step S480). Since the UE performs handover from the macro
BS to the femto BS, any ranging code can be selected for use from ranging codes for
handover. The femto BS transmits an RNG-RSP message including uplink radio
resource assignment information in response to the ranging code of the UE (step
S485).

The UE transmits the RNG-REQ message by using the assigned uplink radio
resource (step S490). The RNG-REQ message may indicate a ranging and location
update request based on the OoS of the femto BS. In response to the RNG-REQ
message, the femto BS transmits an RNG-RSP message indicating that a location
update process is performed according to a location update request of the UE (step
S5495). The RNG-RSP message may include the paging information of the femto BS
(e.g., the paging cycle, the paging offset, the paging listening interval, etc.). The femto
BS recovered from the unscheduled OoS may use paging with a new cycle, and in-
formation thereof may be included in the RNG-RSP message.

The UE may receive the PAG-ADV message from the femto BS by using the paging
information of the femto BS (e.g., the paging cycle, the paging offset, the paging
listening interval, etc.) (step S500).

When the femto BS performs the unscheduled OoS, reliability of a communication
service can be maintained since the service can be persistently provided to the UE via
the macro BS.

FIG. 7 shows a method of operating a femto BS in an unscheduled QoS according to
another embodiment of the present invention.

Referring to FIG. 7, the femto BS operates in case of unexpected backhaul failure.
The backhaul of the femto BS uses an IP network. The femto BS may experience
backhaul failure in a situation unexpected by the femto BS. When the femto BS ex-
periences the backhaul failure, the femto BS may not be able to communicate with a
macro BS and a paging controller. Since the backhaul of the macro BS uses a
dedicated network, communication between the macro BS and the paging controller is
not disabled in an unexpected manner.

When the femto BS experiences the backhaul failure, the femto BS transmits a PAG-
ADYV message including backhaul down notification to a UE (step S510). The PAG-
ADYV message is a message for instructing the UE to perform ranging to an overlay
macro BS.

The UE transmits a femto BS ID in a backhaul down state and an RNG-REQ
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message for indicating ranging based on backhaul down notification to the macro BS
(step S520). The RNG-REQ message may include a location update request. The
macro BS transmits an RNG-RSP message in response to the RNG-REQ message (step
S$525). The RNG-RSP message may include paging information of the macro BS (e.g.,
a paging cycle, a paging offset, a paging listening interval, a paging group ID, a paging
controller ID, etc.). In this case, the paging group ID may indicate only a region of the
overlay macro BS of which a cell area overlaps with a cell area of the femto BS to
which the UE can access. That is, the paging controller may transmit a paging noti-
fication message only to the overlay macro BS of the UE.

The UE may receive a PAG-ADV message from the macro BS by using the paging
information of the macro BS (step S530).

When the backhaul of the femto BS is recovered, the femto BS transmits an QoS no-
tification message indicating ‘backhaul on’ to the macro BS (step S540). The femto BS
may transmit the QoS notification message to the paging controller. Alternatively, the
macro BS may transmit the OoS notification message of the femto BS to the paging
controller (step S545).

The macro BS transmits a PAG-ADV message to the UE to instruct the UE to
recover the femto BS from an unscheduled OoS and to perform ranging to the femto
BS (step S550). By using the PAG-ADV message, the UE can know that the femto BS
is recovered from the unscheduled OoS.

The UE transmits the ranging code to the femto BS by using the stored paging in-
formation of the femto BS (e.g., the paging cycle, the paging offset, the paging
listening interval, etc.) (step S560). Since the UE performs handover from the macro
BS to the femto BS, any ranging code can be selected for use from ranging codes for
handover. The femto BS transmits an RNG-RSP message including uplink radio
resource assignment information in response to the ranging code of the UE (step
S565).

The UE transmits the RNG-REQ message by using the assigned uplink radio
resource (step S570). The RNG-REQ message may indicate a ranging and location
update request based on the OoS of the femto BS. In response to the RNG-REQ
message, the femto BS transmits an RNG-RSP message indicating that a location
update process is performed according to a location update request of the UE (step
S575). The RNG-RSP message may include the paging information of the femto BS
(e.g., the paging cycle, the paging offset, the paging listening interval, etc.). The femto
BS recovered from the unscheduled OoS may use paging with a new cycle, and in-
formation thereof may be included in the RNG-RSP message.

The UE may receive the PAG-ADV message from the femto BS by using the paging
information of the femto BS (e.g., the paging cycle, the paging offset, the paging
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listening interval, etc.) (step S580).

Although it is assumed in the above description that a UE located in a cell area of a
femto BS is in an idle mode, a mode of the UE is not limited to a specific mode. Thus,
a method of operating the femto BS in a scheduled OoS or an unscheduled OoS of the
present invention can also apply to a case where the mode of the UE is an active mode
or a sleep mode.

All functions described above may be performed by a processor such as a micro-
processor, a controller, a microcontroller, and an application specific integrated circuit
(ASIC) according to software or program code for performing the functions. The
program code may be designed, developed, and implemented on the basis of the de-
scriptions of the present invention, and this is well known to those skilled in the art.

While the present invention has been particularly shown and described with reference
to 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 of the invention as defined by the appended claims. The exemplary
embodiments should be considered in descriptive sense only and not for purposes of
limitation. Therefore, the scope of the invention is defined not by the detailed de-
scription of the invention but by the appended claims, and all differences within the

scope will be construed as being included in the present invention.
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Claims

A method of operating a femto base station in a wireless commu-
nication system, the method comprising:

transmitting a first announcement message indicating service in-
terruption by using a paging message or broadcast message transmitted
with a specific cycle; and

transmitting a second announcement message indicating service
recovery, wherein the second announcement message is transmitted to
a user equipment or a macro base station having a wider cell area than
the femto base station.

The method of claim 1, wherein the first announcement message
comprises radio resource assignment for transmission of information
regarding the service interruption.

The method of claim 2, further comprising transmitting paging in-
formation which is modified by using a radio resource indicated by the
first announcement message.

The method of claim 2, further comprising transmitting paging in-
formation of the macro base station by using a radio resource indicated
by the first announcement message.

The method of claim 1, wherein a paging message is transmitted from
the macro base station to the user equipment after the first an-
nouncement message is transmitted until the second announcement
message is transmitted.

The method of claim 1, further comprising transmitting a service in-
terruption period to a paging controller for managing the paging
message.

The method of claim 6, further comprising transmitting downlink
traffic buffered in the paging controller to the user equipment during
the service interruption period.

The method of claim 1, wherein the first announcement message
comprises a dedicated ranging code for an access to the macro base
station.

The method of claim 1, wherein the first announcement message
comprises a service interruption reason.

A femto base station in a wireless communication system, wherein the
femto base station is configured to:

transmit a first announcement message indicating service interruption
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by using a paging message or broadcast message transmitted with a
specific cycle, and

transmit a second announcement message indicating service recovery,
wherein the second announcement message is transmitted to a user
equipment or a macro base station having a wider cell area than the
femto base station.

[Claim 11] The femto base station of claim 10, wherein the first announcement
message comprises radio resource assignment for transmission of in-
formation regarding the service interruption.

[Claim 12] The femto base station of claim 11, wherein the femto base station is
further configured to transmit paging information which is modified by
using a radio resource indicated by the first announcement message.

[Claim 13] The femto base station of claim 11, wherein the femto base station is
further configured to transmit paging information of the macro base
station by using a radio resource indicated by the first announcement
message.

[Claim 14] The femto base station of claim 11, wherein the femto base station is
further configured to transmit paging information of the macro base
station by using a radio resource indicated by the first announcement
message.

[Claim 15] The femto base station of claim 10, wherein a paging message is
transmitted from the macro base station to the user equipment after the
first announcement message is transmitted until the second an-

nouncement message is transmitted.
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