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Description

RADIO TRANSMITTING/RECEIVING APPARATﬁS AND METHOD,
TERMINAL APPARATUS, BASE STATION APPARATUS AND WIRELESS

COMMUNICATION SYSTEM

Technical Field
({0001}

The present ilnvention relates to a radic
transmitting/receiving apparatus and method for use in a
terminal apparatus and & base station apparatus that
constitute a wireless communication system, and
particularly to a technique for performing a handover

from a macro cell to a CS8SG cell.

Background Art
{0002]

Conventionally, the Long Term Evolution (LTE) system
ig known as a network system for wireless communication
between a base station and a terminal apparatus. The LTE
system is a moblle communication system of next
generation evolved from the Universal Mobile
Telecommunications System (UMTS) and is intended to
provide more improved mobile communication services.
100031

In the LTE, in addition to a macro cell wireless

communication base station apparatus (Evolved NodeB, or



eNB} that is primarily located outdocrs and supports a
larger cell diameter, it is under consideration to
provide a femto cell wireless communication base station
apparatus, which supports a cell diameter on the order of
tens of meters, in indoor facilities such as a residence,
an office, a restaurant, and a shopping center. Some
femto cell wireless communication base station
apparatuses under consideration in the 3rd Generation
Partnership Project (3GPP) permit limited groups of
members to access the base station apparatuses. Such
cells are rererred to as a Closed Subscriber Group cell,
or C8G cell. A wireless communication base station
apparatus that forms a CSG cell 1s referred to as a Home
Evoled NodeB, or HeNB. The macro eNB can, for example,
manage two or more different frequency bands (fl, f2,
fn), and the home eNB may be located on a freguency fl.
[0004]

A wireless communication terminal apparatus (User
Eguipment, or UE) permitted to have an access is
controlled from the network so as to connect to the home
eNB. Specifically, once in the area of the CSG cell, the
terminal apparatus is controlled to preferentially
connect to the home eNB even if the terminal apparatus
can receive radio signals from the eNB. A list of CSG
cells that the terminal is permitted to access is
referred to as a whitelist. Each of ferminal apparatuses

has its own whitelist,



r00057
Description will now be made to a control method of

performing a handover from a macro eNB to a home eNB in a

]

conventional LTE. (refer to, for example, Patent
Literature 1 and Non-Patent Literature 1)
{0006]

An active UE generally receilves a measurement
control message through a Dedicated Control Channel, or
DCCH, from the eNB to which the UE is connected. The
measurement control message provides settings for taking
reception quality measurements of the currenﬁ cell and an
adjacent cell. The measurement control message includes
parameters such as a frequency and a system to be
measured, event information that triggers transmission of
a measurement report to the base station, a signal used'
in the measurement, and a duration (gap) for performing
the measurement. The UE measures reception gquality of
the adjacent cell through a pilot channel {(Common Pilot
Channel, or CPICH} according to the settings from the
measurement control message, and transmits the reception
quality measurement result in a report (measurement
report) to the eNB in a periodical manner or triggered by
a configured event.

{00077

It is assumed here that the UE moves to the vicinity

of the border of the C3G cell. The UE measures the

reception quality of the CSG cell, during which the UE



acguires a physical cell ID {(Physical Cell Identity, or
PCI) of the CSG cell by receiving a Synchronization
Channel, or SCH. In particular, one PCI is determined
among 510 PCIs by a combination of a signal pattern of a
Primary Synchronization Channel (P-SCH) and a pattern of

{81, S2) or (82, S81) determined from an

s

a pair o
Secondary Synchronization Channel (S~8CH). The UE then
notifies the macro eNB of the PCI of the CSG cell
subjected to the measurement and the measurement result.
(60087}

The macro eNB retains a list of C3G cells contained

Gy

in the macro cell, and the list of CSG cells include PCIs
for each home eNB and a Cell Global Identity, or CGI.

The macro eNB that has received the measurement result of
the CSG cell notified by the UE determines a home elNB
that has the corresponding PCI from the list of £SG cells
contained in the macro cell, and transmits an inguiry (HO
request) of whether the UE may be allowed to perform a
handover via a Mobility Management Entity (MME)/Gateway
(GW) to the home eNB. If the handover of the UE is to be
permitted, the home eNB that has received the HO reqguest
reserves in advance wireless resources appropriate for
services provided to the UE, performs acceptance control,
and transmits a response {(an ACK to the HO reguest) that
permits the handover of the UE via the MME/GW to the
macroc eNB.

[C009]



Upon receiving the ACK to the HO request from the
home eNB, the macro eNB transmits an instruction {HO
command) causing a transfer to the CS8G cell to the UE,
and the UE transmits & random access preampble (RACH
preamble} in order to sstablilish synchronization with the
specified home eNB. Thereafter, when the UE receives a
response (random access response, or RACH response) from
the home eNB, the UE establishes synchronization with the
home eNB and an uplink transmission opportunity is
assigned to the UE from the home eNB. Once the
synchronization is established, the UE transmits a signal
(HO confirmation) indicative of the completion of

handover to the home &NB.

on List

’.,.l.

itat

@]

Patent Literature

Patent Literature 1: Japanese Patent Laid-Open No.2007-
266732

Non-Patent Literature
Non-Patent Literature 1: 3GPP TS36.331 v8.32.0 "Evolved
Universal Terrestrial Radio Access (E-UTRA) Radio

Resource Control {(RRC)"

[(0o1z]



In the conventional handover control method, however,
UEg deliver reports to eNBs with reference to only PCIs
of CSG cells. Therefore, if two or more CSG cells that
use the same PCI are present in the macro cell for
example, the macro eNB may transmit HO requests to more
than one home eNB in response to the measurement report
sent from the UE. In such a case, there may be wasteful
signaling to home eNBs different from the home eNB on
which the UE actually measured the reception guality.
Further, home eNBsg, which are different from the home eNB
on which the UE actually measured the reception quality,

may reserve unnecessary resources for the UE.

Summary of Invention
Technical Problem
[0013]

Embodiments of the present invention are made under
such circumgtanceg. Embodiments of the invention provide
a radio transmitting/receiving apparatus capable of
suppressing wasteful signaling and preventing unnecessary
regources from being regerved even when two or more CSG
cellg that use the game PCI are present in the macro

cell.

Solution to Problem

[0014]



According to a first aspect, there is provided a
wireless communication apparatus comprisging: a reception
unit configured to receive, from a macrocell base
station, a control mesgsage including a network policy
regarding handover to femto célls included in a macrocell
and configured to receive, from a femto cell base
station, a pilot channel signal for reception quality
measurement at the femto cells and a synchronization
channel signal for synchronization; a storage unit
configured to store a list indicative of accessible femto
cells among the femto cells included in the macrocell; a
determination unit configured to determine whether the
femto cells are positionally accessible based on
information related to the accessible femto cells
included in the list in reference to the received network
policy; a measurement report creétion unit configured to
create a report, the report including information related
to whether the femto cells are positionally accessible as
determined by the determination unit; and a transmission
unit configured to transmit the created report to the
macrocell base station; wherein the reception unit
receives the network policy, which is referenced to
determine whether the macrocell supports handover to the
femto cells, before the transmission unit transmits the
report to the macrocell station.

According to a second aspect, there is provided a

wireless communication method executed in a wireless



T7a

communication apparatus, the method comprising:
receiving, from a macrocell base station, a control
message including a network policy regarding handover to
femto cells included in a macrocell and receiving, from a
femto cell base station, a pilot channel signal for
reception quality measurement at the femto cells and a
gsynchronization channel signal for synchronization;
storing a list indicative of accessible femto cells among
the femto cells included in the macrocell; determining
whether the femto cells are positionally accessible based
on information related to the accessible femto cells
included in the list in reference to the received network
policy; creating a report, the report including
information related to whether the femto cells are
positionally accegsible as determined in the determining
step; and transmitting the created report to the
macrocell base station; wherein the receiving step of

receiving the network policy, which ig referenced to

+J

determine whether the macrocell supports handover to the
femto cells, occurg before the transmitting step of
transmitting the report to the macrocell base station.

[0015]



As described below, the present invention has otherx
agspects. Therefore, the disclosure of the invention is
intended to provide some of the aspects of the invention,
and is not intended to limit the scope of the invention

as described and claimed herein.

Brief Description of Drawings

[0016]

[Figure 1] Figure 1 is a block diagram showing a
configuration of a terminal apparatus according to a
first embodiment.

[Figure 2] Figure 2 is a diagram for illustrating a cell

arrangement according to the first embodiment.

I_.J.

[Figure 3] Figure 3 1s a block diagram showing a
configuration of & base station apparatus according to
the first embodiment.

[Figure 4] Figure 4 is a sequence diagram for
illustrating an operation of a wireless communication
system according to the first embodiment.

[Figure 5] Figure 5 is a flow chart for illustrating an
operation of the terminal apparatus according tc the
first embodiment.

[Figure €] Figure ¢ is a flow chart for illustrating an
operation of the base station apparatus according to the

first embodiment.



[Figure 7] Figure 7 is a block diagram showing a
configuration of a terminal apparatus according to a
second embodiment.

IS

Figure 8] Figure 8 is a block diagram showing a

configuration of a base station apparatus according to

the second embodiment.

—
]
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gure 9] Figure 9 is a ssquence diagram for
illustrating an operation of a wireless communication
system according to the second embodiment.

[Flgure 10] rigure 10 is a seguence diagram for
illustrating an operation of the wireless communication
system according to the second embodiment.

[Figure 11] Figure 11 is a flow chart for illustrating an
operation of the terminal apparatus according to the
second embodiment.

[Figure 12] Figure 12 is a block diagram showing a
configuration of a terminal apparatus according to a
third embodiment.
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[Figure 13] Figure 13 is a block diagram showing =z
configuration of a base station apparatus according to
the third embodiment.

[Figure 14] Figure 14 is a seguence diagram for
illustrating an operation of a wireless communication
system according to the third embodiment.

[Figure 15] Figure 15 is a flow chart for illustrating an

operation of the terminal apparatus according to the

third embodiment.



[Figure 18] Figure 16 is a block diagram showing a
configuration of a teﬁminal apparatus according fo a
fourth embodiment.

[Figure 17] Figure 17 is a block diagram showing a
configuration of a base station apparatus according to
the fourth embodiment.

{Figure 18] Figure 18 is a seguen

O

e diagram for
illustrating an operation of & wireless communication
system according to the fourth embodiment.

[Figure 19] Figure 19 is a flow chart for illustrating an
operation of the terminal apparatus according to the

fourth embodiment.

Description of Embodiments
[0017]

The present invention will now be described in
detail. BHowever, the detailed description below and
attached drawings are not intended to limit the present
invention. Rather, the scope of the invention is defined
by the attached claims.

[0018]

The radio transmitting/receiving apparatus according
to the invention comprises: a reception unit for
racelving, from a macro cell base station, an instruction
for handover to a femto cell contained in a macro cell
and receiving, from a‘femto cell base station, a pilot

channel signal for measurement at the femto cell and a



synchronization channel signal for synchronization; a
storage unit for storing a list indicative of an

accessible femto cegll among femto cells contained in the

}._!.
o

macro cell;la determination unit for determining whether
or not a femtoc cell bf handover destination is acceséible
based on a physical cell ID of the femto cell acquired
from the recelved synchronizatior channel and the list; a
measurement report creating unit for adding a physical
cell ID and a unique cell ID To a measurement report
indicative of a result of measurements taken by means cof
the pilot channel signal, the physical cell ID being
acquired. from the‘synchronization channel and being
indicative of a femto cell from which a signal is being
received and the unigque cell ID being for uniguely
identifying a femto cell contained in the macro cell and
veing indicative of the femto cell c¢f handover

etermined to be accessible; and a

Q.

destination
transmission unit for transmitting the measurement report
to the macro cell.
[0019]

With this configuration, not only the physical cell
ID (such as PCI) of a femto cell (such as a CSG cell)

from which a signal is being received, but also a unique

G

cell ID {such as CGI) cof th

¢

femto cell o handover
destination is added to the measurement report of the
radio guality. Therefore, even when two or more CSG

cells that use the same PCI are present in the macro cell



th

for example, an accessible CSG cell {(a CSG cell o

(%3
ju )
[0}

2
[}
[ ]

handover destinaticon) can be ddentified based on
In this way, it is possible to suppress wasteful
signaling to home eNBs of inaccessible (86 cells and
prevent unnecessary resources from being reserved.

[0620]

The present invention adds not only the physical
cell ID of a femto cell from which a signal is being
received but also a unigue cell ID of the femto cell of
handover destination to the measurement report, and can
thereby suppress wasteful signaling and prevent
unnecessary resources from being reserved.

[0021]

A wireless communication system according to
embodiments of the present invention will now be
described below with reference to drawings. The wireless
communication system according to the embodiments
includes a terminal apparatus with radio
transmitting/receiving functions {such as mobile phcnes
and PDA devices) and a base station zpparatus with radio
transmitting/receiving functions. The terminal apparatus
and the base station apparatus are also considered as a
radio transmitting/receiving apparatus.

[0022]
{(First embodiment)
A wireless communication system according to a first

embodiment cf the present invention will now be described



below with reference to Figures 1 to 6, Figurxe 1 is a
block diagram showing a configuration of a terminal
apparatﬁé 1 according to the embodiment; Figure 2 is a
diagram for illustrating a cell arrangement according to
the embodiment; and Figure 3 is a block diagram showing a
configuration of a base statioﬁ apparatus 2 according to
the embodiment.

[0023]

First, a cell arrangement according to the
empbodiment will be described with reference to Figure 2.
In an example shown in Figure 2, a macro elNB manages
macrc cells having two different frequency bands (fi, £2),
and CSG cells managed by two home eNBs (HeNB 1 and HeNB
2) are both located on the macro cell of frequency fl.
PCIs of the two CSG cells are both "PCI #2" and both PCIs
are the same. In other words, two CSG cells that usé the
same PCI are present in one macro cell in this case.

Meanwhile, CGIs of the two CSG cel

[

s are "CGI #3" for one
CSG cell and "CGI #6" for the other and the two CGIs are
different. Here, the macro eNB corresponds tc a macro
cell base station of the invention. The CSG cell
corresponds to a femto cell of the invention, and the
home eNB corresponds to a femto cell base station of the
invention. Further, the PCI corresponds to a physical
cell ID of the invention, and the CGI corresponds to a

unique cell ID of the invention.

[0024]



Next, a configuration of the terminal apparatus 1
according to the embodiment will be described with
reference to the block diagram in Figure 1. As shown in

Figure 1, the terminal apparatus 1 (UE) comprises a

]

¥

[

eception unit 10, a PCI acquisition unit 11, a whitelist
storage unit 12, a determination unit 13, a measurement
unit 14, a measurement revort creating unit 15, and a
transmission unit 16.

[0025]

The reception unit 10 receives a pilot channel for
reception guality measurement at a CSG cell as well as a
synchronization channel for PCI acquisition from a home
eNB, and receives a handover command (HO command) from
the macro eNB.

[0026]
The PCI acquisition unit 11 acquires a PCI from the

synchronization channel information input from the

reception unit 10, and outputs the acquired PCI to the

|.Ju

determination unit 13 and the measurement report creating

unit 15. The whitelist storage unit 12 stores a list of

PCis and CGIs of CSG cells that the terminal apparatus 1

EN

is permitted to access. The information of the whitelist
is output to the determination unit 13.
(00271

The determination unit 13 determines a CGI of a CSG

Y

cell accessible to

1
o
[}

terminal apparatus 1 based on the

g
]
1

PCI input from the acguisition unit 11 and the



information input from the whitelist storage unit 12, and
cutputs the CGI to the measurement report creating unit
15. The measurement unit 14 measures reception guality
pased on the pilot channel input from the reception unit
10, and outputs the result to the measursment report
creating unit 15.
(0028}

The measurement report creating unit 15 creates a
measurement report based on the PCI input from the PCI
acquisition unit 11, the CGI of the CSG cell input from

the determination unit 13 (the CGI of the C3G c¢ell that

oy

the terminal apparatus 1 desires to enter), and the
reception guality input from the measurement unit 14.

The created measurement report is output to the
ransmission unit 16. The transmission unit 16 transmits

the measurement report input from the measurement report

cre

&)

ting unit 15 to the macro eNB through an antenna.

(00

]

9

[

Next, a configuration of the base station apparatus

2 according to the embodiment will be described with

ot

reference to the block diagram in Figure 3. As shown in
Figure 3, the base station apparatus 2 {(macroc eNB)
comprises a transmission unit 20, a reception unit 21, a
CSG cell list storage unit 22, a determination unit 23,
and an HO reguest creating unit 24.

[0030]



The transmission unit 20 transmits an HO request
input from the HO request creating unit 24 to the
terminal apparatus 1. The reception unit 21 receives a
measurement report from the terminal apparatus 1. The

also receives a list of CSG cells

ot

reception unit 2
contained in the macro cell from the MME/GW. The CSG

cell list storage unit 22 stores the CSG cell list input
from the reception unit 21, which has been sent from the
MME/GW. The CSG cell list information is input to the
determination unit 23.

[0031]

The determination unit‘ZB compares the measurement
report output from the reception unit 21, which has been
sent from the terminal apparatus 1, with the CSG cell
list output from the CSG cell list storage unit 22 Lo
extract a CSG cell corresponding to the PCI included in
the measurement report from the terminal apparatus 1, and
outputs an instruction o create an HO reqguest for the
corresponding CSG cell to the HO reguest creating unit 24.
The HO request creating unit 24 creates the HO request in
response to the instruction from the determination unit
23 and outputs the HO request to the transmission unit 20.
[0032]

The operation of a thus configured wireless

communication system will be described with reference to



First, as a characteristic operation of the
inventicn, description will be made to the operation (i.e.
signaling) of the entire system in the case of ths cell

arrangement as shown in Figure 2 when the terminal

ot

apparatus 1 that i1s camping on the macro cell is to
handover tc one of two CSG cells having the same PCI (i.e.
the CSG cell [PCLl #2, CGI #3] of HeNB 1).

[0034}

Figure 4 is a seguence dilagram showing the operation
of the wireless communication system according to the
embodiment. As shown in Figure 4, the terminal apparatus
1 takes reception guality mesasurements of the homs eNB 1
{81y, and acguires the PCI (here, PCI #2). The terminal
apparatus 1 adds the PCI of the home eNB 1 subjected to
the measurement and the CGI (here, CGI #3) of an
accessible CSG cell corresponding to the PCI (the CSG
cell that the terminal apparatus 1 desires to enter) to
the measurement result, and notifies the base station
apparatus 2 {(macro eNB) of a resultant measurement report
MR (PCI $£2, 1f CGI #3) (52).

[0035

md

The base station apparatus 2 (macro eNB) éetermines
a home eNB that has the "PCI" and "if CGI" notified from
the terminal apparatus 1 {(here, the home eNB 1y, and
transmits an HO reguest to the home eNB 1 through a
Mobility Management Entity {(MME)/Gateway (GW) (83). If

the handover of the terminal apparatus 1 is to be



permitted, the home eNB 1 that has zeceive

Q.

the HO
request reserves in advance wireless resourcs
appropriate for services provided to the terminal
apparatus 1, performs acceptance control, and transmits
an ACK to the HO request via the MME/GW to the hase
station apparatus 2 (macro eNB) (S4).
[G036]

Upon receiving the ACK to the HO request from the
home eNB 1, the base station apparatus 2 (macro =NB)
transmits an HO command for instructing the terminal
apparatus 1 to transfer to the CSG cell 1 (335), and the
terminal apparatus 1 transmits a random access preamble
o the specified home eNB (S6). After the home eNB
transmits a random accessg response (37) and
synchronization is established, the terminal apparatus 1
transmits an HO confirmation to the home aNB 1 (88).
[0037)

Next, the operation of components of the wireless
communication system (the terminal apparatus 1 and the
"base station apparatus 2) will be described.

[0038]

Figure 5 is a flow chart Showing the operation of
the terminal apparatus 1 according to the embodiment. As
shown in Figure 5, the terminal apparatus 1 receives
pilot channel and a synchronization channel from the home

eNB (810), and takes reception quality measurements of

the pilot channel of the home eNB (Sll). The terminal



apparatus 1 then determines whether or not the CSG cell
of handover destination is accessible (i.&. whether or
not it is the CSG cell that the terminal apparatus 1
desires to enter) based on the PCI acquired from the

synchronization channel and the whitelist. In cases

[}

where a C8G cell that has the PCI of a home eNBE included
in the whitelist 1s the best <ell that has the best
reception guality {(Sl2) for example, this determination
is made by extracting the CGI of the CSG cell

corresponding to the PCI from the whitelist (S13). The

~nrt

terminal apparatus 1 then creates a measurement report to
which the CGI (if CGI} of the accessible CSG cell is
added (S14), and transmits the measurement report to the
base station apparatus 2 (macro &NB) (815). Thereafter,
once the terminal apparatus 1 receives an HO command from
the base station apparatus 2 {(macro eNB) (S1i6), a
handover to the home eNB is performed (S17).

[0039]

Figure 6 is a flow chart showing the operation of
the base station apparatus 2 according to the embodiment.
As shown in Figure 6, upon receiving the measurement
report of the reception quality measurement at the home
eNB from the terminal apparatus 1 {320), the base station
apparatus 2 (macro eNB) creates an HO reguest for the
home eNB of handover destination based on the "PCI" and

Tif CGI"™ added to the measurement report (S21) and

transmits the HO reguest to the home eNB via the MME/GW



($22). Upon receiving 2 response (HO request ACK) to the
HO request from the home eNB via the MME/GW (S23), the
base station apparatus 2 (macro eNB) transmits an HO
command for causing a transier to the home eNB to the
terminal apparatus 1 based on the HO reguest ACK (524},
[0040]

According to the wireless communication system
according to the first embodiment, since the bases station

apparatus 2 (macro eNB) retrieves a home eNB whose CGI

h

4
A

CGI) is desired by the terminal apparatus 1 from a

——~

list t

;_J..
193]
o]

transmit an HO request, it is possikle to reduce
wasteful signraling to two or more home eNBs that have the
same PCI and reduce unnecassaryy resources being ressrved
in the home eNBs.

[0041]

In other words, to cope with the problem of a prior
art that the base station apparatus 2 (macro eNB)
redundantly transmits HO reguests even to other home eNBs
that have the same PCI, the terminal apparatus 1 adds a
CGI of a home eNB to which the terminal apparatus 1
desires to handover to & measurement report and transmits
the report to the base station apparatus 2 (macro eNB) in
the embodiment, so that the HO reguest is sent to only an
appropriate home eNB.

[0642]

(Second embodiment)



A wireless communicaticn system according to a
second empodiment of the present invention will now be
described below with reference to Figures 7 to 10. In
this unit, description will primarily be made to

differences om the first embodiment. Therefore, the

h
#

configuration and operation of the second embodiment are
similar to these of the first embodiment unless otherwise
noted.
[0043]

In this embodiment, it is assumed that a network
policy of the base station apparatus Z (macro eNB) does

not support a reliable handover and is of aggressive one

o]

ot
i)}

hat performs a handover regardless of

o+

he presence or

b

1
7]
h

anc

0]

of an access permission. In other words, the
embodiment is intended for a so~called aggressive base
station apparatus 2 (macro eNB) of Release 8. The
network policy of the base station apparatus 2 (macro
eNB) is included in system infcormation of the base
station apparatus 2 (macro eNB), and conveyed to the
entire macro cell through a Broadcast Control Channel, or
BCCH. RAlternatively, the network policy of the base
station apparatus 2 (macro eNB) is included in a
measurement control message, and conveyed to the terminal
apparatus 1 individually through a Dedicated Control
Channel.

(00447



Figure 7 is a block diagram showing a configuration
of a terminal apparatus 1 according to the embodiment.
In the terminal apparatus 1 according to the embodiment,

a network policy identifying unit 17 and a locs

j43]

tion
information storage unit 18 are added to the

configuration according to the first embodiment.

Similarly to the first embodiment, the reception
unit 10 receives a pilot channel as well as a

synchronization channel from a home eNB, and receives an

[

HO command from the base station apparatus {macro eNB).
The reception unit 10 also receives system information
including a network policy from the base station
apparatus 2 (macro eNB). The reception unit 10 has a GPS
function that enables the reception unit 10 to receive
the current location information c¢f the terminal.

[00456]

The network policy ildentifying unit 17 identifies
the network policy (of aggressive one of Release 8) from
the system information input from the reception unit 10,
and outputs the result to the determination unit 13. The
PCI acguisition unit 11, similarly to the first
embodiment, acguires a PCI from the synchronization
channel information, and outputs the acquired PCI tc the
determination unit 13, the measurement report creating
unit 15, énd the location information storage unit 18.

{00473



The location information storage unit 18 stores the
location informatiorn (for example, the latitude and
longitude information} of the terminal input from the
reception unit 10, the PCI input from the PCI acguisition
anit 11, and the like in association with each other as
fingerprint information of & C3G cell that the terminal
apparatus 1 has previously accessed. The information
‘fingerprint information) 1s output to the determination
unit 13.

(0048}

If it is determined that the base station apparatus
2 (macro eNB) is an aggressive macro eNB of Relsase 8
based on information output from the network policy
identifying unit 17, the determination unit 13 determines
whether the measured home eNB is that of an accessible
C8G cell {(i.e. a CSG ¢ell that the terminal can access)

based on the PCI input from the PCI acguisition unit

bl
Pt

and the fingerprint information input from the location
information storage unit 18.
[0049]

For example, the determination unit 13 calculates

the distance from the terminal apparatus 1 to the home

ot
4

th

CI of the measured home eNB, the

eNB based on ths
current location information of the terminal appearatus 1,
and the fingerprint information (PCIs and the location
information of CSG cells that the terminal apparatus 1

has previocusly accessed), and if th nce is at or

m

p
[

®
=
ez}
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less than a predetermined reference distance (for example,
gseveral tens to several hundreds meters), it is
determined that the C3G cell is likely to be the one
accessible to the terminal apparatus L. On the other
hand, if the distance is larger than the predetermined
reference distance, the determination is that it is
likely that the €3G cell is not the one accessible to the
terminal apparatus 1.
[D050]

As a result of the determination, i1f the measured
home eNB 1s likely to be an accessible CSG cell (i.e. a

w

1 that the terminal apparatus 1 desires to enter),

C5G ce
the determination unit 13 determines the CGI of the (CSG
cell accessible to the terminal apparatus 1, and outputs
the CGI to the measurement report creating unit 15. On
the other hand, if it is likely that the measured home
eNB is not an accessible CSG cell {(i.e. the C3G cell is
not the one that the terminal apparatus 1 desires to
enter) as a result of the determination, the
determination unit 13 outputs, to the measurement report
reating unit 15, an insiruction to create a measurement
report to which a flag (non CSG flag) is added indicating
that the CSG cell is the one that the terminal apparatus
1 does not desire to enter. Alternatively, the
determination unit 13 outputs an instruction to measure
another frequency (for example, £2) of the macro cell

(inter-freguency measurement} to the measurement unit 14.



(G051}

Similarly to the first embodiment, the measurement
unit 14 measures reception guality based on the pilot
channel input from the reception unit 10, and cuiputs thes
result to the measurement report creating unit 15. The
measurement unit 14 starts to measure another frequency
(for example, £2) of the macro cell based on the inter-
frequency measurement instructicn input from the
determination unit 13.

[0052]

Figure 8 is a block diagram showing a configuration
of a base station apparatus 2 according te the embodiment.
In the base station apparatus 2 according to the
embodiment, & network policy storage unit 25, a systen
information c¢reating unit 26, and a measurement contrcl
information creating unit 27 are added to the
configuration according to the first embodiment.

[0053]

The network policy storage unit 25 stores th

1]

network policy (of aggressive one of Release 8)
information of the base station apparatus 2 (macro aNB).
The network pcolicy infermation is input to the system

information creating unit 26, The system information

creating unit

N8]

6 creates system information including

4
1

information output from the network policy storage unit

25. The created system information is o the

F

nput

[

transmission unit 20.



[00541

Similarly to the first embodiment, the determination

unit 23 compares the measurement report from the terminal

ot

I list to extract a C8G cell

pors

apparatus 1 with the C3G ce
corresponding to the PCI included in ths measurement
report from the terminal apparatus 1, and outputs an
instruction to create an HO reguest for the corresponding
CSG cell to the HO reguest creating unit 24, If the “non
CSG flag" is included in the measurement report from the
terminal apparatus 1, the determination unit 23 also
inputs, to the measurement control information creating
unit 27, an instruction to create a measurement control
including an instruction to measure another freguency
(for example, f£2) of the macro cell (inter-frsguency
measurement) .

[0055]

The measurement control information creating unit 27
creates the measurement control including an instruction
to measure another fregquency (for example, £2; of the
macro cell in response to the instruction from the
determination unit 23. The created measurement control
message 1s input to the transmission unit 20. The
transmission unit 20 transmits the system information
input from the system information creating unit 26, the
HO request input f£rom the HC regquest creating unit 24,

the measurement control message input from the



measurement control information creating unit 27, and the
like to the terminal apparatus 1.
[0056]

The operation of a thus configured wireless
communication system will be described with reference to
Pigures 9 to 11.

[0057]

Figures 9% and 10 are seguence dlagrams showing the
operation of the entire wireless communication systen
according fo the embodiment. First, with reference to
Figure 9, description will be made to the operation in
cases where it is determined that the measured home eNB
is likely to be a home eNB accessible to the terminal
apparatus 1 from the PCI and fingerprint information
acguired by the terminal apparatus 1.

(0058}

As shown in Figure 9, the terminal apparatus 1
receives the system infeormaticn (BCCH} from the base
station apparatus 2 (macro eNB) and identifies the
network policy of the base station apparatus 2 (macro
eNB) (S30). 1In this case, the network policy of the base
station apparatus 2 (macro eNB) is identified as an
aggressive eNB of Release 8.

{5059]

The terminal apparatus 1 takes reception quality

measurenents of the home eNB {(home eNB 1) (S31), and

acquires the PCI (here, PCI $#2). The terminal apparatus



1 retains PCIs and the location information (finge int

+

P

3

information) of CSG cells that the terminal apparatus 1
has previously camped on, and in this case, it is
determined that the measured home eNB (home eNB 1) is
likely to be & home eNB accessgible to the terminal
apparatus 1 from the PCI and fingerprint information
acquired by the terminal apparatus 1.

[0060]

The terminal apparatus 1 then adds the PCI of the
home eNB (home eNB 1) subjected to the reception guality
measurement and the CGI (here, CGI #3) of an accessible
C3G cell corresponding to the PCI (the CSG cell that the
terminal apparatus 1 desires to enter) to the reception
guality measurement result, and notifies the base station
apparatus 2 (macro eNB} of a resultant measurement report
MR (PCI #2, 1f CGI #3) (S32).

[0061])

The base statlion apparatus 2 {(macro eNB} determines
a home eNB that has the "PCI" and "if CGI"™ notified from
the terminal apparatus 1 (here, the home eNR 1), and
transmits an HC reguest to the home aN8 1 through the
MME/GW (833). If the handover of the terminal apparatus

5

hat has received

o

1l is to be permitted, the home eNB 1 t
the HO reguest reserves in advance wireless resources
appropriate for services provided to the terminal

apparatus 1, performs acceptance control, and transmits



an ACK to the HO request via the MME/GW to the base
station apparatus 2 {(macro eNB) (834).
[0062]

Upon receiving the ACK to the HO request from the
home eNB 1, the base station apparatus 2 (macro eNB}
transmits an HO command for instructing the terminal
apparatus 1 to transfer to the CS8G cell 1 (835), and the
terminal apparatus 1 transmits a random access preamble
to the specified home eNB (336). After the home eNB
transmits a random access response (837) and
synchronization is established, the terminal apparatus 1

transmits an HO confirmation to the home eNBR 1 (838).

o]

06

(93]

Next, with reference to Figure 10, description will
pe made to the operation in cases where the determination
is that it is likely that the measured home eNB is not a
home eNB accessible to the terminal apparatus 1 from the
PCI and fingerprint information acqguired by the terminal
apparatus 1.

[0664)]
As shown in Figure 10, the terminal apparatus 1

r

0]

U]

ceives the system information (BCCH) from the bhase
station apparatus 2 (macro eNB) and identifies the
network policy of the base station apparatus 2 {(macro
eNB) (S40). 1In this case, the bazse station apparatus 2
(macro eNB) is also identified as an aggressive eNE of

Releass §.



=

{00657
The terminal apparatus 1 takes reception guality
measurements of the home eNB (home NB 1) (841}, and

acquires the PCI (here, PCI #2). The terminal apparatus

()

rd

1 retains PCIs and the location information (fingerprint
information) of CSGC cells that the terminal apparatus 1
has previously camped on, and 1in this case, the
determination is that it is likely that the measured home
eNB (home eNR 2) is not a home eNB accessible to the
cterminal apparatus 1 from tThe PCI and fingerprint
information acquired by the terninal apparatus 1.
100667

For example, 1f the terminal apparatus 1 does not

have a high level of self-decision function (for example,

the terminal apparatus 1 is a Release B terminal), the

terminal apparatus 1 adds the PCI of the home eNB (home

=]

eNB 2) subjected to the reception guality measurement and

a flag "non CSG flag®” for notifying that the CSG cell

{i.e. the CSG cell is not the one that the terminal

apparatus 1 desires to enter) to the reception quality
measurement result, and notifies the base station
apparatus 2 (macro eNB) of a resultant measurement report
MR (PCI #2, non CS8G flag) (842).

[0067]

Upon receiving the measuresment report to which the

"non C3G flag" is added, the base station apparatus 2



(macro eNB)

ot

ransmits a measurement control message for

¢t
ju

instructing e terminal apparatus 1 To measure ancther
frequency {for example, £2) of the macro cell (inter-

freguency measurement) (8543). Upon receiving the

=

sasurement control message from the base station

fet

starts

fod

praratus 2 (macroc eNB}, the terminal apparatus

3]

h

to measure ancther frequency (for example, £2) of the
macro cell (844), and transmits a measurement report to
the base station apparatus 2 (macro eNB) (£45).
[0068]

If the terminal apparatus 1 has a high level of
self-decision function (the terminal apparatus 1 is a

Y

Release 9 terminal}, the terminal apparatus 1

automatically starts to measure another freguency (for

example, £2) of the macro cell (inter-frequency

measurement) (844} at the time when the terminal
apparatus 1 estimates that the measured CSG cell is not

an accessible CSG cell, and transmits a measursment
report to the base station apparatus 2 (macro eNB) (345).

[0069]

fod
o

Figure is a flow chart showing the operation of

ot

he terminal apparatus 1 according to the embodiment. As

0

hown in Figure 11, the terminal apparatus 1 first

"

ec

e

ives & network policy included in system information

h

rom the base station apparatus 2 {(macro eNB) (850).
Next, the terminal apparatus 1 takes reception quality

measurements of a pilot channel of a home eNB (S51), and



if a C8G cell that has the PCI of a home eNB contained in

f

the whitelist is the best cell of the best reception
qualify (852), determination is made on the network
policy.
(00701

If it is determined that the base station apparatus
2 {(macro eNB) is an aggressive macro eNB of Release §
(853} as a result of the determination on the nstwork
policy, the terminal apparatus 1 uses the acqguired PBCI

and fingerprint information to determine whether the home

D

NB is accessible to the terminal apparatus 1 (85

W

.o If

}.J.

t is determined that the CSG cell is likely to be the
one accessible to the terminal apparatus L, the terminal
apparatus 1 creates a measurement report including the
CGI (if CGI) of the accessible C3G cell, and transmits
the measurement report to the base station apparatus 2
(macro eNB} (855).
[0071]

If the determination is that 1t is likely that the
CSG cell is not the one accessible to the tarminal
apparatus 1 and if the terminal apparatus 1 has a high
level of selfi-decision function (for example, the
terminal apparatus 1 is a Release 9 terminal) (8536}, the
terminal apparatus 1 starts to take reception guality
measurenments of another fregquency of the base station
apparatus 2 {macro eNB) (inter-frequency measurement)

without transmitting a measurement report (857).



[0072]
On the other hand, if the terminal apparatus 1 does

(SR8

h

not have a high level of self—decision function

example, the terminal apperatus 1 1is a Release 8

terminal}, the terminal zpparatus 1 creates a measurament

s

eport including a flag for notifying that the CSG cell
is not an accessible CSG cell, and transmite the
measurement report to the base station apparatus 2 (macro
eNB) ({858).

{00731

According to the wireless communication system
according to the second embodiment, similar effects to
the first embodiment can be achieved.

[06074]

The embodiment 1s intended for an aggressive base
station apparatus 2 {(macro eNB) of Release 8. In this
case, when the terminal sends a CGI (if CGI) of an
accessible CSG cell with a measurement report, it is
conceivable that a handover instruction may be provided
regardless of whether the C3G cell is actually the one
accessible to the terminal apparatus 1. In other words,
in the case of an aggressive macro eNB of Release 8, it

is conceivable that the terminal apparatus 1 starts HO

p—

in the

14}
ot
¢

o)

iste

procedures for home eNBs that are not

whitelist, causing a problem of wasteful signaling. Also

similarly to the first embodiment, sending only a PCI in



a measurement report may cause a problem of HO reguests
being sent to more than one home eNB.
“[0075]

In this embodiment, therefore, in view of the fact
that the base station appazgtus 2 (macro eNBy acgs in a
different way according to the network policy when a
measurement report is recelved, it is possible to
suppress wasteful signaling and an increase of message
size of & measurement report by determining information
to be sent in the measurement report depending on the
network policy of the base station apparatus 2 {(macro
eNB) .

[0076]

In particular, according to the wireless
communication system accerding to the embodiment, 1f the
base station apparatus 2 [(macro eNB) 1s an aggressive
macro eNB of Release 8, the terminal apparatus 1 uses
location information by means of fingerprints to confirm
confidence before the terminal apparatus 1 sends "if CGI"
in a measurement report. It is therefore possible to
reduce wasteful signaling such as handover instructions
provided to CSG cells that are not listed in the
whitelist. In this way, signaling overhead can be
reduced by considering actions taken by the base station
apparatus 2 (macro eNB; at the time when a reception
quality measurement result i1s received from the terminal

apparatus 1 and transmitting a suitable reception guality



measurement result depending on the network policy of the
base station apparatus 2 (macro eNB).
(00771
{Third embodiment)
A wireless communication system according to a third

embodiment of the present invention will now be described

-t
[ &2}

below with reference to Figures 12 to In this unit,
description will primarily be made to differences from
the seéecond embodiment. Therefore, the configuration and
operation of the third embodiment are similar to those of
the second embodiment unless otherwise noted.
(06787

In this embodiment, it Lls assumed that az network
pelicy of the bhase station apparatus 2 (macro eNB) deces
not support a reliable handover and is of non-aggressive
that does not perform a handover regardless of the
presence or absence of an access permission. In other
words, the embodiment is intended for a so-called non-
aggressive macro eNB of Release 8.
[0079]

Figure 12 is a block diagram shéwing a configuration
of a terminal apparatus 1 according to the embodiment.

by

apparatus 1 according to the embodiment is

e

The termina

]

not provided with a location information storage unit 18.
Further in this embodiment, 1if it is determined that the
base station apparatus 2 (macro eNB) is a non-aggressive

macro eNB of Release 8 based on information output from



the network policy identifying unit 17, the determination
unit 13 outputs, to the measurement report creating unit
15, an instruction to cresate a measurement report to
which a CGI of a measured CSG cell is not added (i.e. a
measurement report including a PCI and a receptiocn
guality measurement result of the measured CSG cell).
Incidentally, the process is performed in cases where the
terminal apparatus 1 does not have & high level of self-
decision function (for example, the terminal apparatus 1
is a Release 8 terminal). If the terminal apparatus 1
has a high level of self-decision function (for example,
the terminal apparatus 1 1ls a Release 92 terminal), the
determination unit 13 outputs an instruction toc measure
another freguency (for example, f2Z2) of the macro cell
{(inter~frequency measurement) to the measurement unit 14.

0080]

E]

igure 13 is a block diagram showing a configuration
of a base station apparatus 2 according to the embodiment.

The base station apparatus 2 according to the embodiment

Jod

is not providad with a C8G cell list storage unit 22.
Further in this embodiment, the network policy storage
unit 25 stores a network policy (of non-aggressive of
Release 8) information of the base station apparatus 2
(macro eNB). When it is determined that the measured
cell is not a macro cell (it is a C8G cell) from a PCI

included in a measuremsent report from the fTerminal

apparatus 1, the determination unit 23 inputs, to the



|
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measurement control information creating unit 27, an
instruction to create a measurement control message
including an instruction to measure another freguency
{for example, f£2) of the macro cell {inter-freguency
measurement) .
(00811

| The operation of a thus configured wireless
communication system will be described with reference to
Figures 14 and 15,
(00821

Figure 14 is a sequence diagram showing the

operation of the entire wireless communication system
according to the embodiment. As shown in Filgures 14,
the terminal apparatus 1 receives system information
(BCCH) from the base station apparatus 2 (macro eNB) and
identifies a network policy of the base station apparatus
2 (macro eNB) {S60). In this case, the network policy of

the base station apparatus 2 (macro eNB) is ildentified as

O
an 1Y

a non-aggressive eNB Reiease 8.
[0083]

The terminal apparatus 1 takes reception guality
measurements of the home eNB (home eNB 1) (561), and
acquires the PCI (here, PCI #2). At this time, it is
possible to determine that the measured cell is a CSG
cell from the acguired PCI and a whitelist retained by
the terminal apparatus 1. It is also possible to

determine that the base station apparatus 2 (macro =NB)

4



does not retain a list of €SG cells from the network
poiicy of the base station apparatus 2 (macro eNBj.

[0084]

-
H

For example, 1if the terminal apparatus 1 does not

o
ot
5]

}-J

have a high level of self-decision function (for example,
the terminal apparatus 1 is a Release 8 terminal), the
terminal apparatus 1 notifies the base station apparatus
2 (macro eNB) of only a reception guality measurement
result to which the PCI of the home eNB 1 subjected to
the reception guality measurement is added (S62). In
other words, a CGI of the measured home eNBE 1 is not
notified £o the base station apparatus 2 (macro eNB).
Upon receiving a measurement report from the terminal
apparatus 1, the base station apparatus 2 (macro eNB)
transmits a measurement control nessage for instructing
the terminal apparatus 1 to measure ancther Ifreguency
{for example, £2) cf the macro cell (inter-freguency
measuremant) (S63). Upon receiving the measurement
control message from the base station apparatus 2 {(macro
eNB), the terminal apparatus 1 starts to measure another
freqgquency (for example, £2) of the macro cell (564), and
transmits a measurement report to the base station
apparatus 2 (macro eNB) (S65).
[0085]
Tf the terminal apparatus 1 has a high level of
gself~decision function (the terminal apparatus 1 is a

Release 9 terminal), the terminal apparatus 1



automatically starts to measure another frequency {for
example, £2) of the macro cell {inter-freguency
measurement) (S64) at the time when it is determined that
the measured cell is a CSG cell and the base station
apparatus 2 (macro eNB) 1s a non-aggressive macro eNB of
Release 8§, and transmits a measurement report tc the base
station apparatus 2 {(macro eNB) (S865}.

[0C86)

Figure 15 is & flow chart showing the operation of
the terminal apparatus 1 according tc the embodiment. As
shown in Figure 15, the terminal apparatus 1 first
receives a network policy included in system information
from the base station apparatus 2 (macro elNB} (870).
Next, the terminal apparatus 1 takes reception guality
measurements of a pilot channel of a home eNB (S71), and
if a CSG cell that has the PCI of a home eNB contained in
the whitelist is the best cell of the best reception

gualify (372

p—

, determination on the network policy is

. made.

If it is determined that the base station apparatus
2 {(macroc eNB) is a non-aggressive macro eNB of Release 8
(S73) as a xesglt of the examination on the network
pelicy, and 1f the terminal apparatus 1 has a high level
of self-~decision Ffunction (for example, the terminal
apparatus 1 is a Release 9 terminal) (S74), the terminal

apparatus 1 starts to take reception guality measurements



of another fregquency of the base station apparatus

B

{fmacro eNB) (inter-~freqguency measurement) without
transmitting a measurement report (875).
(0088}

On the other hand, if the terminal apparatus 1 does
not have a high level of self~decision function (for
example, the terminal apparatus 1l is a Release 8
terminal), the terminal apparatus 1 creates a measurement
report to which only the PCI of the CSG cell is added
(i.e. a measurement report to which a CGI of the CSG cell
is not added); and transmits the measurement report to
the base station apparatus 2 (macro eNB) (S76).

[0088]
According to the wireless communication system

according to the third embodiment, similar effects to

ct
P
®

rst embodiment can be achieved.

th
}.,J.

<

[00801

The embodiment is intended for a non-aggressive
macro eNB of Release 8. In this case, the base station
apparatus 2 (macro eNB) does not completsly support a
handover for CSG cells and it is conceivable that the
base station apparatus 2 (macro eNB) does not retain a

B

list of home eNBs contained in the macro cell. In this

;...J«

case, even when the terminal apparatus 1 ssnds a CGI (if

CEIY of an accessible CSG cell with a measurement report
the base station apparatus 2 (macro eNB) cannot take an

action because of the lack of the list of CSG cells,



causing a problem of an increase of message size of a
measurement report due to unnecsessary information.

f0091]

e

In this embodiment, therefore, it is possiblie to

§
=5

minimize a message size by sending only a PCI of a home
eNB acguired during measurement.
[0092]

In particular, according to the wireless
communication system according to the embodiment, 1f the
base station apparatus 2 {(macro eNB) 1ls a non-aggressive
macro eNB of Relesase 8, the terminal apparatus 1 sends
only a PCI of a home eNB acquired during measurement, so
that the message size can be minimized.

{00933

Incidentally, thie base station apparatus 2 (macro
eNB) may retain a CSG cell list received from the MME/GW.
In this case, 1f two or more CSG cells that have the same
BCI are present in the CSG cell list, the base station

apparatus 2 (macro eNB) may perform simi

fort

ar operations.
If the same PCI (a certain PCI) is held by only one CSG
cell in the C8G cell list, an HO request may he

transmitted to the corresponding home eNB.

(Fourth embodiment)
A wireless communication system according to a
fourth embodiment of the present invention will now be

described below with reference to Figures 1€ to 19. In



|
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this unit, description will primarily be made to
differences from the second embodiment. Therefore, the
configuration and operation of the fourth embodiment are
similar to those of the second embodiment unless
otherwige noted.

{0095}

In this embodiment, it is assumed that a network
policy of the base station apparatus 2 (macro eNB}
supports a reliable handover. In other words, the
embodiment 1s intended for a so-called Releass 8 macro

aNB.

[00%96]

~

Figure 16 is a block diagram showing a configuration
of a terminal apparatus 1 according to the embodiment.
The terminal apparatus 1 according to the embodiment is
not provided with a location information storage unit 18
and a DRX contrcl unit 19 is added. Discontinuous
reception (DRX) is a control method of the terminal
apparatus 1 to receive data intermittently when the
receiving data is discontinuous in order to suppress

receiving power consumption. The DRX includes long DRX

iy

of time during which data is

Q.

and short DRX, whose perio
not received is different from each other. The long DRX

is used in cases where data is not received for a long

in

period, since the longer the period during which data 1

n

not received is, the more the power consumption of the

terminal apparatus 1 is suppressed. The terminal



}
fEnN
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1

apparatus 1 is instructed to implement the DRX and to use

‘either of the long DRX or the short DRX when the terminal

apparatus gstablishes a connection with the base

o

station apparatus 2. The terminal apparatus 1 does not
implement the DRX without an instruction from the base

g embodiment, if it

!._F.

station apparatus 2. Farther in th

o]

is determined that the base station apparatus Z (macro
eNB} is & macro eNB of Release 9 based on information
cutput from the network pelicy identifving unit 17, ths
determination unit 13 inputs} To the measurement unit 14,
an instruction to receive BCCH of a CSG cell to acguilre a
CGI while the terminal implements the long DRX. On the
other hand, i1f the terminal does not impliement the long
DR¥, the determination unit 13 outputs, to the
measurement report creating unit 15, an instructicn to
create a measurement report including a PCI and a
reception guality measurement result of the measured CSG
cell. Based on an instruction in a measurement control
message output from the reception unit 16, the
determination unit 13 inputs an instruction to implement
the long DRX to the DRX contrel unit 1% or outputs an
instruction to measure another frequency (for example,
£2) of the macro cell {(inter~frequency measurement) to
the measurement unit 14. The DRX control unit 19 starts
to impléemen the_long DRX according to the output from

the determination unit 13.

]

~1

roos
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Figure 17 1s a block diagram showing a configuration
of a base station apparatus 2 according to the embodiment.
A DR¥ changing instruction unit 28 is added to the base
station apparatus 2 according to the embodiment. Further
in this embodiment, the network policy storage unit 25

stores a network policy (Release 9) information of the

base station apparatus 2 (macro eNB). If a PCI and a CGI

Q.

are added to a measurement report ocutput from the
reception unit 21, which has been sent from the terminal
apparatus 1, the determination unit 23 compares it with a
CSG cell list output from the CSG cell list storage unit
22 to extract a C3G cell corresponding to a combinatiocn
of the PCI and the CGI included in the measurement report
from the terminal apparatus 1, and outputs an instruction
to create an BO request for the corresponding CSG cell to
the HC reguest creating unit 24. If a CGI is not added
to a measurement report from the terminal apparatus 1,
the determination unit 23 inputs, to the DR¥X changing
instruction unit 28, an inétruction for the terminal
apparatus 1 to implement the long DRX, or inputs, to the
measurement contrel information cresating unit 27, an
instruction to create a measurement control message
including an instruction to measure another Ifreguency

(for example, £2) of the macro cell nter-freqguency

—
-

measurement) .

[0098]



In response to the instruction from the
determination unit 23, the DRX changing instruction unit
28 inputs, to the measurement control information

creating unit 27, an instruction to

8

reate z measurement
control message including an instruction to implement the
long DRX, In response to the instruction from the
determination unit 23, the measurement cqntrol
information creating unit 27 creates a measurement
control message including an instruction to measure
another freguency (for example, £Z) of the macro cell,
and inputs it to the transmission unit 20. In response
to the instyruction from both the determination unit 23
and the DRX changing instruction unit 28, the measurement
control informastion creating unit 27 creates a
measurement control message including an instruction to
implement the long DRX, and inputs it to the transmission

unit 20.

]

00991
The operation of a thus configured wireless

communication system will be described with reference to

i

igures 18 and 19.

[0100]

Figure 18 i1s a sequence diagram showing the
operation of the entire wireless communication system
according to the embodiment. As shown in Figure 18,
the terminal apparatus 1 rsceives the system information

(BCCH) from the base station apparatus 2 (macro eNB) andc



[

dentifies the network policy of the base station
apparatus 2 {macro eNB} {(S80). In this case, the network
policy of the base station apparatus 2 (macro eNB) is
identified as an eNB of Release 9.

[6101]

The terminal apparatus 1 takes reception quality
measurements of the home eNB (home eNB 1) (881), and
acouires the PCI (here, PCI #2). Determination is then
made to whether the terminal apparatus 1 implements the
long discontinuous reception (DRX) (S82).

[01062]

If it is determined that the terminal apparatus 1
does not implement the long DRX, the terminal apparatus 1
adds only a PCI of the measured C3G cell to¢ a reception
guality measurement result, and transmits the measurement
report {(PCI #2} tco the base station apparatus 2 (macro
eNB) . Upon receiving the measurement report from the
terminal apparatus 1, the base station apparatus 2 (macro
eNB) transmits a measurement contirol message for
instructing the terminal apparatus 1 to implement the
long DRX and acquire a CGI {i.e. to recelve BCCH) of the
CS8G cell (S84;. Instead, the base station apparatus 2
(macro eNB) may transmit a measurement control message

with an instruction to measure another frequency (for

I

(inter~

sm.t

exampls, £2) of the macro cel requency
measurement) .

(6103]



If it is determined that the terminal apparatus
impleﬁents the long DRX, and when it is determined that
the measured cell 1g a CSG cell from the acguired PCI and
a whitelist, the terminal apparatus 1 automatically
receives BCCH of the CSG cell to acguire a CGI {S85).

The terminal apparatus 1 then creates a measurement
report MR (PCI #2, CGI #3) to which the PCI and the CGI
are added, and transmits it to the base station apparatus
2 (macro eNB) (586),

[0104]

Upon receiving a measurement report from the
terminal apparatus 1, the base station apparatus 2 {(macro
eNB) determines the corresponding CS8G cell from the PCI
and the CGI added to the measurement report and a list of
C3G cells retained by the base station apparatus 2, and
transmits an HO reguest to & nome eNB (home eNB 1) of the
corresponding CS8G cell ($87). If the handover of the
terminal apparatus 1 is to be permitted, the hcome eNB 1
that has received the HO reouest reserves in advance
wireless resources appropriate for services provided to
the terminal apparatus 1, performs acceptance control,
and transmits an ACK to the HO reguest via the MME/GW to
the base station apparatus 2 (macro &NB) (S88).

10105]

Upoh recelving the ACK to the HO reguest from the

home eNB 1, the base station apparatus 2 (macro eNB)

transmits an HO command for instructing the terminal
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apparatus 1 to transfer to the €86 cell 1 (588}, and the
terminal apparatus 1 transmits a random access preamble
tc the specified home eNB ($810). After the home eNB
transmits a random access reéponse (S81l) and
synchronization is established, the terminal apparatus 1
transﬁits an HO confirmation to the home eNR 1 (SB1i2).
[6106]

Figure 19 is a flow chart showing the operation of
the terminal apparatus 1 according to the embodiment. As
shown in Figure 19, the terminal apparatus 1 first
recelves a network policy included in system information
from the base station apparatus 2 (macroc eNB) (8S0).
Next, the ferminal apparatus 1 takes reception quality
neasurements of a pilot channel of a home eNB (S9%1), and
if a CSG cell that has the PCI of a home eNB contained in
the whitelist is the best cell of the best reception
qualify (592), examination is made on the network policy.
(0107}

If it is determined that the base statlon apparatus
2 (macro eNB) is a macro eNB of Release 9 (S893) as a
result of the examination on the network policy,
determination is made on whether or not the terminal
apparatus 1 implements the long DRX (894). If the
terminal apparatus 1 implements the long DRX, the
terminal apparatus 1 receives BCCH of the CSG cell to
acquire a CGI {S95). The terminal apparatus 1 then

creates a measurement report including the acguilred PCI



and CGI and a reception guality measurement result, and
transmits the measurement report to the base statilion
apparatus 2 (macro eNB) {(S96). On the other hand, if the
terminal apparatus 1 does not implement the long DRX, the
terminal apparatus 1 creates & measurement report
including the PCI and a reception gquality measurement
result, and transmits it to the base station apparatus 2
(macro eNB) (897).-
[0108]
ccording to the wireless communication system

according to the fourth embodiment, similar effects to
the first embodiment can be achieved.
[0109]

The embodiment is intended for a macro eNB of
Release 9. In this case, since the base staition
apparaﬁus 2 (macro eNB) supports a reliable handover to a

C8G ce it is conceivable that the base station

2]
found
-

ot

apparatus 2 (macro eNB} provides a handover instruction
after the base station apparatus 2 confirms that the CSG
cell is accessible to the terminal apparatus 1.
Therefore, upon receiving a measurement report of a home
eNB from the terminal apparatus I, 1t 1s conceivable that
the base station apparatus Z immediately instructs the
terminal apparatus 1 to read a CGI of the home eNB. In
this case, a CGI (1f CGI) of the accessible CSG cell sent

by the terminal in the first measurement report is



redundant and may cause a problem of an increase of
message size of a measurement report.
[0110]

In this embodiment, therefore, 1t is possible to

minimize th

[0}

message size 0f the measurement report by

E

sending cnly a PC

E-.<

. of a home eNB acquired during

.
t
}

h

Jte

measurement in £

[wi
1]

rst measurement report.
(01113

In particular, according to the wireless
communication system according to the embodiment,

onsidering the fact that in cases where the base station

O

apparatus 2 {macro eNB) is a macrc eNB of Release 9, the
base station apparatus 2 immediately instructs the
terminal apparatus 1 to read a CGI of & home eNB upon
receiving a measurement report of the home eNB from the
terminal apparatus 1, the terminal apparatus 1 sends only

a PCI of the home eNB acguired during measurement in the

first measurement report. It is therefore possible to

‘r«) -
h

minimize the message size of the measuremsnt report.
[0112]

Embodiments according to the present invention have
been described by way of illustration. The scope of the
invention, however, is not limited thereto and alteration

and modification can be made thereto without departing

ih

from the scope of the invention as defined by the

appended claims.

D]

G1

3]

2



For example, description has been made above to the
cases where the base station apparatus 2 (macroc eNB)
transmits a network policy throughout the system by means
of system information. The scope cf the invention,
however, is not iimited thereto and the base station

apparatus 2 (macro eNB} may transmit a network policy to

the terminal apparatus 1 individuslly by means of a

¢

measurement control message.
(01147
Although currently possible preferred embodiments of

the invention have been described above, it is understood

F

{

that various modifications can be made to the embodiments
and it is intended that all such medifications that fall
within the true spirit and scope of the invention are

covered by the attached claims.

Industrial Applicability
[0115]

As described above, the radio transmitting/receiving
apparatus according to the present invention can
effectively suppress wasteful signaling and prevent
unnecessary resources from being reserved, and is useful
for a technique for performing a handover from a macro

cell to a CSG cell, and the like.
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PCI acguisition unit

whitelist storage unit
determination unit

measurement unit

measurement report creating unit
transmission unit

network policy identifying unit

location information storage unit

DR¥ control wunit

transmission unit

reception unit

CSG cell list storage unit

determination unit

HO request creating unit

network policy storage unit

system information creating unit
neasurement control information creating

DRX changing instruction unit
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CLAIMS:

1. A wireless communication apparatus comprising:

a reception unit configured to receive, from a macrocell base station, a control message
including a network policy regarding handover to femto cells included in a macrocell and
configured to receive, from a femto cell base station, a pilot channel signal for reception quality
measurement at the femto cells and a synchronization channel signal for synchronization;

a storage unit configured to store a list indicative of accessible femto cells among the
femto celis included in the macrocell;

a determination unit configured to determine whether the femto cells are positionally
accessible based on information related to the accessible femto cells included in the list in
reference to the received network policy;

a measurement report creation unit configured to create a report, the report including
information related to whether the femto cells are positionally accessible as determined by the
determination unit; and

a fransmission unit configured to transmit the created report to the macrocell base
station; _

wherein the reception unit receives the network policy, which is referenced to determine
whether the macrocell supports handover to the femto cells, before the transmission unit
trahsmits the report to the macrocell station.

2. The wireless communication apparatus according to claim 1, wherein

the storage unit is configured to store physical cell IDs of the accessible femto cells in
the list, and )

the determination unit is configured to determine whether the femto celis are positionally
accessible based on whether the physical cell ID of the femto cell acquired from the received
synchronization channel signal is included in the list.

3. The wireless communication apparatus according o claim 2, wherein the measurement
report creation unit is configured to create a report including reception quality of the femto celis

and the physical cell IDs of the femto cells.

4, A wireless communication method executed in a wireless communication apparatus, the

method comprising:
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receiving, from a macrocell base station, a control message including a network policy
regarding handover to femto cells included in a macrocell and receiving, from a femto cell base
station, a pilot channet signal for reception quality measurement at the femto cells and a
synchronization channel signal for synchronization;

storing a list indicative of accessible femto cells among the femto cells inciuded in the
macroceli;

determining whether the femto cells are positionally accessible based on information
related to the accessible femto cells included in the list in reference to the received network
policy;

creating a report, the report including information related to whether the femto celis are
positionally accessible as determined in the determining step; and

transmitting the created repott to the macrocell base station;

wherein the receiving step of receiving the network policy, which is referenced to
determine whether the macrocell supports handover to the femto cells, occurs before the

transmitting step of transmitting the report to the macrocell base station.

5. The wireless communication method according to claim 4, wherein
the storing step stores physical cell IDs of the accessible femto cells in the list, and
the determining step determines whether the femto cells are positionally accessible
based on whether the physical cell ID of the femto cell acquired from the received

synchronization channel signal is included in the list.

6. The wireless communication method according to claim 5, wherein the creating step
creates a report including reception quality of the femto cells and the physical cell IDs of the
femto cells.
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RADIC TRANSMITTING/RECEIVING APPARATUS AND METHOD,
TERMINAL APPARATUS, BASE STATION APPARATUS AND WIRELESS

COMMUNICATION SYSTEM

Abstract

A terminal apparatus (1) which is a radio
transmitting/receiving apparatus receives, from a femto
cell basze statica (home eNB), a pilot channel signal for
reception gquality measurement and a synchronization
channel signal for synchronization. The terminal
apparatus (1) hag a whitelist stored therein indicative
of an accessible femto cell, and determines whether orx
not a CSG cell of handover destination is accessible
based on a PCI of the CSCG cell acguired from the
synchronization channel and the whitelist. The terminal
apparatus (1) then adds the PCI and a CGI to a
measurement report for reception cquality, and transmits
the measurement report to a macro eNB (base station
apparatus (2)). In this way, it is possible to suppress
wasteful signaling and prevent unnecessary resources from
being reserved even when two or more CSG cells that use

the same PCI are present in the macroc cell.

Fig. 4



