
(12) United States Patent 
Ode 

US009.585074B2 

US 9,585,074 B2 
Feb. 28, 2017 

(10) Patent No.: 
(45) Date of Patent: 

(54) 

(71) 

(72) 

(73) 

(*) 

(21) 

(22) 

(65) 

(63) 

(51) 

(52) 

(58) 

WIRELESS COMMUNICATION SYSTEM, 
MOBILE STATION, BASE STATION, AND 
WIRELESS COMMUNICATION METHOD 

Applicant: FUJITSU LIMITED, Kawasaki-shi, 
Kanagawa (JP) 

Inventor: Takayoshi Ode, Yokohama (JP) 

Assignee: FUJITSU LIMITED, Kawasaki (JP) 

Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 109 days. 

Appl. No.: 14/596.715 

Filed: Jan. 14, 2015 

Prior Publication Data 

US 2015/O12478O A1 May 7, 2015 

Related U.S. Application Data 
Continuation of application No. 
PCT/JP2012/06.8889, filed on Jul 25, 2012. 

Int. C. 
H04L I/00 (2006.01) 
H04.736/18 (2009.01) 

(Continued) 
U.S. C. 
CPC ........... H04 W 36/18 (2013.01); H04 W 36/32 

(2013.01); H04 W 36/0016 (2013.01); H04W 
36/04 (2013.01); H04W 84/045 (2013.01) 

Field of Classification Search 
CPC. H04W 64/00; H04W 4/02; H04L 29/08657; 

H04L 29/08936; G01S 5/02; G01S 
5/0252: G01S 5/14 

(Continued) 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,282,427 B1 8/2001 Larsson .................... GOS 1/04 
342/450 

2007/O123272 A1* 5, 2007 Ida ...................... HO4W 52.283 
455,456.1 

(Continued) 

FOREIGN PATENT DOCUMENTS 

JP 2004-096169 A 3, 2004 
JP 2004-166126. A 6, 2004 

(Continued) 

OTHER PUBLICATIONS 

International Search Report issued for corresponding International 
Patent Application No. PCT/JP2012/06.8889, mailed Oct. 30, 2012, 
with an English translation. 

Primary Examiner — Dady Chery 
(74) Attorney, Agent, or Firm — Myers Wolin, LLC 

(57) ABSTRACT 
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unit, a calculating unit, and a sending unit. The measuring 
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that is used to request setting of a channel between the 
second base station and the first base station. 
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WIRELESS COMMUNICATION SYSTEM, 
MOBILE STATION, BASE STATION, AND 
WIRELESS COMMUNICATION METHOD 

CROSS-REFERENCE TO RELATED 5 
APPLICATION 

This application is a continuation of International Appli 
cation No. PCT/JP2012/06.8889, filed on Jul 25, 2012 and 
designating the U.S., the entire contents of which are incor 
porated herein by reference. 

10 

FIELD 

15 
The embodiments discussed herein are related to a wire 

less communication system, a mobile station, a base station, 
and a wireless communication method. 

BACKGROUND 2O 

In recent years, wireless communication terminals, such 
as Smartphones, are becoming rapidly spread. Accordingly, 
the traffic between terminals and a network is increased and 
thus a load applied to a dedicated network, such as Asyn- 25 
chronous Transfer Mode (ATM) network, is increased. As a 
countermeasure against this increase, for example, telecom 
munications carriers use a method in which Small size base 
stations (for example, femto base stations) having a com 
munication area Smaller than normal base stations (for 30 
example, macro base stations) are placed in offices or homes 
and the traffic is saved in a public network, such as the 
Internet or the like, via the femto base station. In addition to 
the wireless communication standard, such as Wideband 
Code Division Multiple Access (W-CDMA) or Long Term 35 
Evolution (LTE), the use of the femto base stations in 
wireless LAN (for example, IEEE 802.16) or WiFi (regis 
tered trademark, for example, IEEE 802.11) is studied. In 
particular, the adoption of the femto base stations that use a 
wireless LAN that effectively reduces the wireless traffic is 40 
promising as load distribution measurement (i.e., offload) of 
the traffic. 
Patent Document 1: International Publication Pamphlet No. 
WO 2004/057903 

Patent Document 2: Japanese Laid-open Patent Publication 45 
No. 2009-260448 

Patent Document 3: Japanese Laid-open Patent Publication 
No. 2009-284432 
However, the related technology described above has the 

following problem. Namely, in order to reduce the load 50 
applied to a dedicated network, a wireless communication 
terminal (hereinafter, referred to as a “mobile station') is 
handed over from the base station that is connected to the 
dedicated network to a small size base station (hereinafter, 
referred to as a “femto base station') that is connected to the 55 
public network in accordance with a user moving to an office 
or home. However, because the dedicated network and the 
public network are connected via a large number of upper 
layer apparatus or paths, when a handover is performed, a 
connection path needs to be greatly changed in order to use 60 
an optimum path. Furthermore, in accordance with a change 
in the connection path, data that is targeted for communi 
cation needs to be transferred or retransmission. Further 
more, the handover described above is performed between 
both the networks and is a handover or a hard handover in 65 
which a channel is temporarily disconnected and then con 
nected again. Consequently, the time needed to set a channel 

2 
with a base station in the public network becomes longer 
than the time needed to set a channel with a base station in 
the dedicated network. 

Furthermore, if a mobile station is not present in a 
communication area of a femto base station for a long time 
due to a user is away from the area, the femto base station 
stops or intermittently operates Some function in order to 
save electrical power. In such a case, in order for the mobile 
station is handed over from a base station that is connected 
to a dedicated network to the femto base station, the femto 
base station needs to perform control Such that the operation 
mode is returned to a normal operation mode from an 
electrical power saving operation mode. Consequently, 
when the femto base station detects that the mobile station 
enters the area of the femto base station, the femto base 
station performs control of, for example, Synchronization of 
operation timing of each function, adjusting transmission 
electrical power in order to reduce the interference with the 
other base stations, or the like. The time needed to set a 
channel with a base station in a public network, i.e., a femto 
base station, due to this control is longer than that in a 
dedicated network. Namely, the time needed to perform a 
handover is longer than that performed between the base 
stations that are connected in the same network due to any 
one of the above reasons described above, which causes a 
decrease in a transmission speed of the mobile station. 

SUMMARY 

According to an aspect of the embodiments, a wireless 
communication system includes: a mobile station; a first 
base station that communicates with the mobile station; and 
a second base station that communicates with the mobile 
station. The mobile station includes a measuring unit that 
measures a location of the mobile station, a calculating unit 
that calculates, by using location information measured by 
the measuring unit and location information on the first base 
station, a distance between the mobile station and the first 
base station, and a first sending unit that sends, to the second 
base station based on the distance calculated by the calcu 
lating unit and a predetermined first threshold, a request 
signal that is used to request setting of a channel between the 
second base station and the first base station. The second 
base station includes a first receiving unit that receives the 
request signal sent by the first sending unit, a first control 
unit that sets, when the request signal is received by the first 
receiving unit, the channel between the second base station 
and the first base station, and a second sending unit that 
sends, to the first base station by using the channel set by the 
first control unit, a notification signal that indicates notifi 
cation of the setting of the channel. The first base station 
includes a second receiving unit that receives the notification 
signal sent by the second sending unit, and a second control 
unit that sets, when the notification signal is received by the 
second receiving unit, the channel between the first base 
station and the second base station. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram illustrating an example 
configuration of a wireless communication system accord 
ing to a first embodiment; 

FIG. 2 is a schematic diagram illustrating another 
example configuration of the wireless communication sys 
tem according to the first embodiment; 
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FIG. 3 is a schematic diagram illustrating an example of 
the functional configuration of a mobile station according to 
the first embodiment; 

FIG. 4 is a schematic diagram illustrating an example of 
the functional configuration of a femto base station accord- 5 
ing to the first embodiment; 

FIG. 5 is a schematic diagram illustrating an example of 
the functional configuration of a macro base station of the 
first embodiment; 

FIG. 6 is a schematic diagram illustrating an example of 
the hardware configuration of the mobile station; 

FIG. 7 is a schematic diagram illustrating an example of 
the hardware configuration of the base station; 

FIG. 8 is a flowchart illustrating an example of the flow 
of the operation of the wireless communication system 
according to the first embodiment; 

FIG. 9 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a first modification of the first embodiment; 

FIG. 10 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a second embodiment; 

FIG. 11 is a schematic diagram illustrating an example of 
the functional configuration of a macro base station accord 
ing to the third embodiment; 

FIG. 12 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a second modification of the first and the third 
embodiments; 

FIG. 13 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a third modification of the first and the third embodi 
ments; 

FIG. 14 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a fourth modification of the first and the third 
embodiments; 

FIG. 15 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a fifth modification of the first and the third embodi 
ments; 

FIG. 16 is a schematic diagram illustrating an example of 
the functional configuration of a mobile station of a fourth 45 
embodiment; 

FIG. 17 is a schematic diagram illustrating an example of 
the functional configuration of a femto base station accord 
ing to the fourth embodiment; 

FIG. 18 is a schematic diagram illustrating an example of 50 
the functional configuration of a macro base station accord 
ing to the fourth embodiment; 

FIG. 19 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to the fourth embodiment; 

FIG. 20 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to a fifth embodiment; 

FIG. 21 is a schematic diagram illustrating an example of 
the functional configuration of a mobile station according to 60 
a sixth embodiment; 

FIG. 22 is a schematic diagram illustrating an example of 
the functional configuration of a femto base station accord 
ing to a sixth embodiment; 

FIG. 23 is a schematic diagram illustrating an example of 65 
the functional configuration of a macro base station accord 
ing to the sixth embodiment; 
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FIG. 24 is a schematic diagram illustrating an example of 

the functional configuration of a wireless communication 
system according to a seventh embodiment; 

FIG. 25 is a schematic diagram illustrating an example of 
the functional configuration of a mobile station according to 
the seventh embodiment; 

FIG. 26 is a schematic diagram illustrating an example of 
the functional configuration of a femto base station accord 
ing to the seventh embodiment; 

FIG. 27 is a schematic diagram illustrating an example of 
the functional configuration of a macro base station accord 
ing to the seventh embodiment; 

FIG. 28 is a schematic diagram illustrating an example of 
the operation of the wireless communication system accord 
ing to the seventh embodiment; 

FIG. 29 is a schematic diagram illustrating an example of 
the operation of the wireless communication system accord 
ing to a ninth modification of the seventh embodiment; 

FIG. 30 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to an eighth embodiment; 

FIG. 31 is a flowchart illustrating an example of the flow 
of the operation of a wireless communication system accord 
ing to the eleventh modification of the eighth embodiment; 

FIG. 32 is a schematic diagram illustrating an example of 
the functional configuration of a mobile station according to 
a ninth embodiment; 
FIG.33 is a schematic diagram illustrating an example of 

the functional configuration of a femto base station accord 
ing to the ninth embodiment; and 

FIG. 34 is a schematic diagram illustrating an example of 
the functional configuration of a macro base station accord 
ing to the ninth embodiment. 

DESCRIPTION OF EMBODIMENTS 

Preferred embodiments will be explained with reference 
to accompanying drawings. The wireless communication 
system, the mobile station, the base station, and the wireless 
communication method are not limited to the embodiments 
described below. 

a First Embodiment 

In the following, first, the configuration of a wireless 
communication system according to a first embodiment will 
be described. FIG. 1 is a schematic diagram illustrating an 
example configuration of a wireless communication system 
1 according to a first embodiment. The wireless communi 
cation system 1 is a system in which W-CDMA and LTE are 
used as a wireless communication method. As illustrated in 
FIG. 1, the wireless communication system 1 includes at 
least a mobile station 10, a femto base station 20, and a 
macro base station 30, which will be described later. The 
mobile station 10 sends and receives various signals or data 
to and from the femto base station 20 (or a first base station, 
hereinafter, referred to as a femto base station) and the 
macro base station 30 (or a second base station, hereinafter, 
referred to as a macro base station). The word of macro used 
for the macro base station means the service area of the 
macro base station is large. The base station that covers the 
service area Smaller than the macro base station is some 
times referred to as a micro base station and the base station 
that covers the service area further smaller than the micro 
base station is sometimes referred to as a pico base station. 
Furthermore, the femto base station means the service area 
of the femto base station is smaller than that covered by the 
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macro base station, the micro base station, and the pico base 
station. Accordingly, the micro base station is sometimes 
referred to as a large scale base station or a large size base 
station. In contrast, the femto base station is sometimes 
referred to as a small size base station or a micro mini base 
station. 

In the following, a specific example of the system con 
figuration of the wireless communication system 1 will be 
described below. The wireless communication system 1 
includes, on the mobile station side, the mobile station 10 
and a mobile station 40 and includes, on the network side, 
the femto base station 20 functioning as a Home Node B 
(HNB), the macro base station 30 functioning as a Node B 
(NB), a femto base station 50 functioning as a Home eNode 
B (HeNB), and a macro base station 60 functioning as an e 
Node B (eNB). Furthermore, the wireless communication 
system 1 includes, as an upper-layer apparatus, on the 
network side, a P-GW 70a functioning as a Packet Data 
Network (PDN) gateway that forms a connection point with 
an external Internet Protocol (IP) service network. Further 
more, under the P-GW 70a, S-GW's 70b and 70c are 
connected as serving gateways. Furthermore, under the 
S-GW 70b, a serving GPRS support node (SGSN) 70d that 
manages member information (for example, connection 
destination information and authentication information) and 
a radio network controller (RNC) 70e functioning as a 
wireless control apparatus are connected. Furthermore, in 
addition to a direct connection channel, a channel passing 
through a Mobility Management Entity (MME) 70f that 
manages the moving, such as the setting of a connection, 
handover control, or the like, is formed between the S-GW 
70b and the macro base station 60. 

Furthermore, under the S-GW 70c, an SGSN 70g is 
connected to a Home Node B GateWay (HNB-GW) 70h that 
functions as a gateway for the femto base station 20. 
Furthermore, between the S-GW 70c and the femto base 
station 50, a HeNB-GW 70i functioning as a gateway for the 
femto base station 50 is connected, and, furthermore, as 
another channel, a channel passing through an MME 70i is 
formed. FIG. 1 illustrates the configuration in which the 
mobile station 10 is connected to the femto base station 20 
via the P-GW 70a; however, the system may also be 
configured such that the mobile station 10 is connected to the 
femto base station 20 via the S-GW's 70b and 70c, instead of 
via the P-GW 70a. 

The configuration of the wireless communication system 
is not limited to the configuration illustrated in FIG. 1. The 
configuration illustrated in FIG. 2 may also be used. FIG. 2 
is a schematic diagram illustrating another example con 
figuration of the wireless communication system according 
to the first embodiment. The S-GW's 70b and 70c are not 
always need to be connected to the P-GW 70a as a single 
connection point. For example, as illustrated in FIG. 2, the 
P-GW's 70a and 70k that are the upper-layer apparatuses of 
the S-GW's 70b and 70c, respectively, may also be connected 
via a public network, such as the Internet N or the like. 

FIG. 3 is a schematic diagram illustrating an example of 
the functional configuration of the mobile station 10 accord 
ing to the first embodiment. As illustrated in FIG. 3, the 
mobile station 10 includes, from a functional viewpoint, a 
location measuring unit 11, a base station information Stor 
ing unit 12, a distance calculating unit 13, a distance 
determining unit 14, a channel control unit 15, a sending unit 
16, and a receiving unit 17. Each of these units is connected 
Such that a signal or data can be input and output in a 
one-way or two-way direction. 
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The location measuring unit 11 measures the location of 

the mobile station 10. The location measuring unit 11 may 
use the measurement results by using, for example, a loca 
tion detection technology, i.e., an Assisted-Global Naviga 
tion Satellite System (A-GNSS), using the Global Position 
ing System (GPS) prescribed in 3" Generation Partnership 
Project (3GPP) specification. Alternatively, for the location 
measurement described above, for example, a measurement 
method, such as Observed Time Difference Of Arrival 
(OTDOA) that is similarly prescribed in the 3GPP specifi 
cation and that uses a reception time difference, may also be 
used. Furthermore, the location measuring unit 11 may also 
perform measurement by using the technology of Enhanced 
Cell ID (E-CID) that is prescribed in the 3GPP specification 
and that specifies the location of the mobile station 10 based 
on the cell ID of the macro base station 30 or the femto base 
station 20. 
The base station information storing unit 12 stores 

therein, for example, location information on the femto base 
station 20. The distance calculating unit 13 calculates the 
distance between the mobile station 10 and the femto base 
station 20 based on the location information on the mobile 
station 10 and the location information on the femto base 
station 20. The distance determining unit 14 compares the 
distance between the mobile station 10 and the femto base 
station 20 with a predetermined threshold Li, and outputs 
the comparison result to the channel control unit 15. The 
channel control unit 15 determines, based on the comparison 
result that is input from the distance determining unit 14, 
whether the channel from the macro base station 30 to the 
femto base station 20 needs to be set. If it is determined that 
the channel needs to be set, the channel control unit 15 
generates a request signal that is used to request the setting 
of the channel. The sending unit 16 sends the channel setting 
request signal generated by the channel control unit 15 to the 
macro base station 30 via an antenna A1. The receiving unit 
17 receives information, such as the location information on 
the femto base station 20 or the like, that is needed for 
channel control from the femto base station 20 via the 
antenna A1. 

FIG. 4 is a schematic diagram illustrating an example of 
the functional configuration of the femto base station 20 
according to the first embodiment. As illustrated in FIG. 4. 
the femto base station 20 includes, from a functional view 
point, a location measuring unit 21, a base station informa 
tion storing unit 22, a receiving unit 23, a channel control 
unit 24, and a sending unit 25. Each of these units is 
connected Such that a signal or data can be input and output 
in a one-way or two-way direction. The location measuring 
unit 21 measures the location of the femto base station 20 by 
using the location detection function, such as GPS or the 
like. The location of the femto base station 20 may also be 
measured by the femto base station 20 itself or may also be 
obtained by the femto base station 20 from the location 
information that is measured by the mobile station 10 that is 
connected to the femto base station 20. 
The base station information storing unit 22 stores therein 

the location information on, for example, the femto base 
station 20. The receiving unit 23 receives a notification 
signal that indicates a notification of the setting of the 
channel from the macro base station 30 to the femto base 
station 20. When the notification signal is received, the 
channel control unit 24 sets the channel from the femto base 
station 20 to the macro base station 30. The sending unit 25 
sends the information needed for the channel control, such 
as the location information on the femto base station 20, to 
the mobile station 10 via the antenna A2. 
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FIG. 5 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 of 
the first embodiment. As illustrated in FIG. 5, the macro base 
station 30 includes a receiving unit 31, a channel control unit 
32, and a sending unit 33. Each of these units is connected 
Such that a signal or data can be input and output in a 
one-way or two-way direction. The receiving unit 31 
receives a request signal for requesting the setting of the 
channel described above from the mobile station 10 via the 
antenna A3. When the channel control unit 32 detects that 
the request signal has been received, the channel control unit 
32 sets the channel from the own station to the femto base 
station 20. The sending unit 33 sends, to the femto base 
station 20 by using the set channel, a notification signal that 
notifies the femto base station 20 of the setting of the 
channel. 
The mobile station 10 is implemented by, for example, a 

Smart phone. FIG. 6 is a schematic diagram illustrating an 
example of the hardware configuration of the mobile station 
10. As illustrated in FIG. 6, the mobile station 10 includes, 
from a hardware standpoint, a central processing unit (CPU) 
10a, a large scale integration (LSI) 10b, a radio frequency 
(RF) circuit 10c that includes the antenna A1, a memory 10d. 
and a display device 10e, such as a liquid crystal display 
(LCD) or the like. The memory 10d is, for example, a RAM, 
Such as a synchronous dynamic random access memory 
(SDRAM) or the like, a read only memory (ROM), or a flash 
memory. The location measuring unit 11, the distance cal 
culating unit 13, the distance determining unit 14, and the 
channel control unit 15 are implemented by the RF circuit 
10c, the CPU 10a, or an integrated circuit, such as the LSI 
10b or the like. The base station information storing unit 12 
is implemented by the memory 10d. The sending unit 16 and 
the receiving unit 17 are implemented by the RF circuit 10c. 
Furthermore, a digital signal processor (DSP) may also be 
included in the LSI 10b. 

FIG. 7 is a schematic diagram illustrating an example of 
the hardware configuration of the base station. As illustrated 
in FIG. 7, the femto base station 20 includes, as hardware 
components, a DSP 20a, a field programmable gate array 
(FPGA) 20b, an RF circuit 20c, a memory 20d, and an 
interface (IF) unit 20e. The DSP 20a and the FPGA 20b are 
connected Such that various kinds of signals or data can be 
input or output via the IF unit 20e, such as a switch or the 
like. The RF circuit 20c includes an antenna A2 that is used 
to send and receive various kinds of signals or data. The 
memory 20d is, for example, a RAM, such as an SDRAM 
and the like, a ROM, or a flash memory. The location 
measuring unit 21 and the channel control unit 24 are 
implemented by the RF circuit 10c and the DSP 20a. 
Furthermore, the base station information storing unit 22 is 
implemented by the memory 20d. The receiving unit 23 and 
the sending unit 25 are implemented by the RF circuit 20c. 
Furthermore, instead of the FPGA 20b, an LSI device may 
also be used. 
The macro base station 30 also has, from a hardware 

standpoint, the same configuration as that of the femto base 
station 20. Accordingly, the macro base station 30 is not 
illustrated and a description thereof will be omitted. The 
receiving unit 31 and the sending unit 33 are implemented 
by the RF circuit 20c, whereas the channel control unit 32 
is implemented by the DSP 20a. 
The main configuration of each of the mobile station 10, 

the femto base station 20, and the macro base station 30 has 
been described above. As for the other apparatuses, i.e., the 
mobile station 40, the femto base station 50, and the macro 
base station 60, have the same configuration of the mobile 
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8 
station 10, the femto base station 20, the macro base station 
30, respectively, described above except for wireless com 
munication that can be used. Accordingly, components hav 
ing the same configuration are assigned the reference numer 
als with the same last numbers and descriptions of Such 
components in detail are omitted. 

In the following, an operation will be described. FIG. 8 is 
a flowchart illustrating an example of the flow of the 
operation of the wireless communication system 1 according 
to the first embodiment. First, at Step S1, a user of the 
mobile station 10 registers, in the mobile station 10, the 
femto base station 20 that is normally used by the user, 
thereby the base station information storing unit 12 stores 
therein information that is used to specify the femto base 
station 20 that is to be used. At this point, the information 
that is used to specify the femto base station 20 includes, in 
addition to the identification information on the base station 
itself, information that is used to identify whether the femto 
base station 20 is directly connected to the mobile telecom 
munications network to which the mobile station 10 belongs 
(the case illustrated in FIG. 1) or is connected to the network 
via the Internet (the case illustrated in FIG. 2). 

Furthermore, the information that is used to specify the 
femto base station 20 described above may also include 
information that indicates whether a wireless communica 
tion system (for example, LTE) used by the femto base 
station 20 is the same wireless communication system (for 
example, W-CDMA) used by the mobile station 10. At this 
point, a case in which wireless communication systems are 
not the same is a case in which, of course, in addition to a 
case in which both wireless communication methods are not 
the same, even if both wireless communication methods are 
the same, telecommunications carriers differs. Furthermore, 
the information that is used to specify the femto base station 
20 described above may also include the IP address (the 
global address or the local address) of the femto base station 
20 or the designation (for example, the name of the appa 
ratus registered in the domain name server (DNS)) of the 
femto base station 20. 

In contrast, the femto base station 20 previously acquires, 
from the mobile station 10, the information that is used to 
specify a mobile station that has been permitted to connect 
and stores therein the information. Example of the informa 
tion that is used to specify a mobile station includes a 
terminal number or a telephone number. Alternatively, infor 
mation (for example, the international mobile subscriber 
identity (IMSI)) stored in a subscriber identity module 
(SIM) card may also be used. 
At Step S2, the base station information storing unit 12 

stores therein location information L as information that 
indicates the location in which the femto base station 20 is 
installed. By doing so, the location of the femto base station 
20 is previously registered in the mobile station 10. Fur 
thermore, a distance threshold L. is set in the base station 
information storing unit 12, which corresponds to the index 
for determining whether the mobile station 10 is located in 
the neighboring of the femto base station 20 (Step S3). At 
Step S4, the location measuring unit 11 in the mobile station 
10 measures the current location of the mobile station 10 by 
using the measurement technology, Such as GPS or the like, 
and stores the measured location as the location information 
L on the mobile station 10 in the base station information 
storing unit 12. 
A wired interface, such as a universal serial bus (USB) or 

the like, may be used for exchanging various kinds of 
information (for example, the identification information on 
the own station, the location information, and the closed 
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subscriber group identifier (CSGID)) between the mobile 
station 10 and the femto base station 20. Furthermore, in 
addition to the wired interface, wireless communication, 
such as LTE, W-CDMA, WiMAX, WiFi, or the like, may 
also be used. Furthermore, Bluetooth (registered trademark) 5 
or near field communication (NFC), such as FeliCa, may 
also be used. 

Furthermore, at Step S4, examples of the time at which, 
as a trigger, the mobile station 10 starts the location mea 
Surement includes the time at which a notification is sent 
from a base station to a mobile station, at predetermined 
time intervals previously determined by a mobile station or 
a base station, or the time at which an instruction is received 
from a user of the mobile station 10. The location measure- is 
ment is performed in accordance with one of the above 
triggers and the obtained measurement result (location infor 
mation) is sent to a base station. 

At Step S5, by using the location information L on the 
femto base station 20 stored at Step S2 and the location 20 
information L on the mobile station 10 measured at Step S4, 
the distance calculating unit 13 in the mobile station 10 
calculates the distance L between the mobile station 10 and 
the femto base station 20. Then, the distance determining 
unit 14 compares the magnitude relationship between the 25 
calculated distance L and the distance threshold Li, that is 
set at Step S3 (Step S6). If the comparison result satisfies the 
relationship represented by distance Ls distance threshold 
Li (Yes at Step S6), because the mobile station 10 is 
present in the neighboring of the femto base station 20, the 30 
channel control unit 15 determines that there is a high 
possibility that the mobile station 10 is handed over from the 
macro base station 30 to the femto base station 20. Accord 
ingly, the channel control unit 15 requests the macro base 
station 30 via the sending unit 16 and the antenna A1 to set 35 
the channel from the macro base station 30 to the femto base 
station (Step S7). Namely, the channel control unit 15 
generates a wireless channel setting request signal and sends 
the signal to the macro base station 30 that is being con 
nected. Furthermore, at Step S6, if the relationship is rep- 40 
resented by distance L> distance threshold L. (No at Step 
S6), the process at Step S4 and the Subsequent processes are 
performed again. 
The setting of the channel mentioned here is a process of 

setting a channel that logically connects between, for 45 
example, the macro base station 30 to which the mobile 
station 10 is currently being connected and the femto base 
station 20 that is a new connection destination. With this 
process, data can be transmitted to the femto base station 20 
that is specified by the macro base station 30. In the first 50 
embodiment, it is assumed that the transmission of infor 
mation other than a control signal that is used to set a 
channel, for example, the transmission of user data from the 
macro base station 30 to the femto base station 20 via an 
upper-layer apparatus, is not performed until a handover is 55 
performed. 
The macro base station 30 that has received the request 

described above, the macro base station 30 requests the 
upper-layer apparatus (for example, a gateway apparatus, a 
radio network controller (RNC), a mobility management 60 
entity (MME), or the like) to set a channel for the femto base 
station 20. The upper-layer apparatus that has received the 
request sets, in addition to the communication path to the 
macro base station 30 that is currently being used by the 
mobile station 10, a communication path to the femto base 65 
station 20. At this time, the transmission of the actual data 
does not always need to be transmitted. 

10 
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Then, a handover is performed if the distance between the 

mobile station 10 and the femto base station 20 becomes a 
value equal to or less than the above described distance 
threshold L. (L-L) or if the power received from the 
femto base station 20 in the mobile station 10 becomes 
greater than the power received from the macro base station 
30. Consequently, the mobile station 10 is connected to the 
femto base station 20 as a new base station. Before the 
handover is performed, on the network side, because the 
communication path for the mobile station 10 has already 
been established, the time needed to perform the handover 
to the femto base station 20 is reduced. Consequently, the 
time needed to disconnect the channel can be reduced and 
thus a decrease in a transmission speed at the time of the 
handover can be suppressed. Consequently, high speed 
communication is available. Furthermore, instead of per 
forming the handover, cell reselection (the reselecting of a 
base station) may also be performed or a different frequency 
handover may also be performed. 

First Modification 
In the following, a first modification of the first embodi 

ment will be described with reference to FIG. 9. The 
operation of the wireless communication system 1 according 
to the first modification will be described by mainly con 
centrating on the differences between the first embodiment 
and the first modification. FIG. 9 is a flowchart illustrating 
an example of the flow of the operation of the wireless 
communication system 1 according to a first modification of 
the first embodiment. Because FIG. 9 includes the same 
processes as those illustrated in FIG. 8 that are referred to in 
the description of the operation according to the first 
embodiment, processes performed at the same steps are 
assigned reference numerals with the same last numbers and 
descriptions of Such processes in detail are omitted. Spe 
cifically, the processes performed at Steps S11 to S14, S17, 
and S18 illustrated in FIG. 9 correspond to the processes 
performed at Steps S1 to S4, S6, and S7 in FIG. 8, respec 
tively. 
At Step S15, by using the location information on the 

femto base station 20 stored at Step S12 and the location 
information on the mobile station 10 at time t measured at 
Step S4, the distance calculating unit 13 in the mobile station 
10 calculates the distance L, between the mobile station 10 
and the femto base station 20. Then, the distance determin 
ing unit 14 compares the magnitude relationship between the 
calculated distance L, and the distance L at the time before 
a certain period of time (for example, one second to one 
minute) (Step S16). If the comparison result satisfies the 
relationship represented by distance Ls distance L. (Yes at 
Step S16), the channel control unit 15 determines that the 
mobile station 10 approaches the femto base station 20 and 
then performs the process at Step S17 and the subsequent 
processes. Furthermore, at Step S16, if the relationship is 
represented by distance L2 distance L. (No Step S16), the 
process returns to Step S14 and the process at Step S14 and 
the Subsequent processes are performed again. 

In any of the cases described above, the channel setting 
distance threshold L, is set before the channel is set. In the 
system in which the mobile station 10 is connected to the 
femto base station 20 via the Internet (see FIG. 2), the 
distance threshold L, that is longer than that used in the 
system that is connected to a system in which the same 
wireless communication systems (intranet) are used (see 
FIG. 1) is set. Namely, the setting is preferably made such 
that the relationship is represented by “the channel setting 
distance threshold L, in the Intranet-the channel setting 
distance threshold L. in the Internet. The reason for this 
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is that the path connected to the femto base station 20 via the 
Internet is longer than the path connected to the femto base 
station 20 in the intranet and the number of apparatuses 
passing toward the femto base station 20 is great. Conse 
quently, the time needed to establish the path and set the 
channel between the apparatuses is longer than that con 
nected via the intranet. Accordingly, by setting a longer 
distance threshold Li, the wireless communication system 
1 can start to set a channel in the early stage, thereby 
ensuring longer time that can be used for setting the channel. 
By doing so, when a handover of the mobile station 10 is 
performed, a channel is reliably set regardless of the system 
configuration. 

Accordingly, the wireless communication system 1 can 
perform the adjustment such that, if the difference between 
the time needed to set the channel connected to an intranet 
and the time needed to set the channel connected to the 
Internet is small, the difference between the distance thresh 
old L. and the distance threshold L is made to small, 
whereas, in the reverse case, the difference between the 
distance thresholds is made large. Furthermore, as described 
above, the mobile station 10 includes, as one of the pieces 
of information for specifying the femto base station 20, 
information that is used to identify whether the femto base 
station 20 is connected via the Internet. Accordingly, in 
accordance with the pieces of the information, the mobile 
station 10 can cope with setting an optimum distance 
threshold to be used or appropriately selecting the distance 
threshold. Consequently, the flexibility of the wireless com 
munication system 1 is improved. Furthermore, the deter 
mination whether the femto base station 20 is connected via 
the Internet may also be performed based on whether the IP 
address of the femto base station 20 is a global address or a 
local address (a private address). 

In the first embodiment, a description has been given with 
the assumption that the mobile station 10 is being connected 
to the macro base station 30; however, the configuration is 
not limited thereto. The wireless communication system 1 
according to the first embodiment may also be used even if 
the mobile station 10 is in a waiting state in a cell of the 
selected macro base station 30. However, with this configu 
ration, the mobile station 10 sets a normal wireless channel 
that is used for a random access and then notifies the macro 
base station 30 that the mobile station 10 requests the femto 
base station 20 to set the channel. Furthermore, the same 
applied to a case in which a mobile station is being con 
nected to a micro base station or a pico base station. In a 
description below, it is assumed that the first embodiment 
described above and embodiments that will be described 
below can be used for a micro base station or a pico base 
station unless otherwise noted. Furthermore, it is assumed 
that a femto base station, a macro base station, and a pico 
base station are Small size base stations and are also be 
applicable to the embodiments. 

b Second Embodiment 

In the following, a second embodiment will be described. 
The configuration of a wireless communication system 
according to the second embodiment is the same as that of 
the wireless communication system according to the first 
embodiment illustrated in FIG. 1. Furthermore, the configu 
ration of each of a mobile station, a femto base station, and 
a macro base station according to the second embodiment is 
the same as that of the mobile station 10, the femto base 
station 20, and the macro base station 30, respectively, 
according to the first embodiment. Accordingly, in the 
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second embodiment, components having the same configu 
ration as those in the first embodiment are assigned the same 
reference numerals and descriptions of Such components in 
detail are omitted. The second embodiment differs from the 
first embodiment in that the content of channel control that 
is requested by the mobile station 10 to the macro base 
station 30 differs. Specifically, in the first embodiment, when 
the mobile station 10 approaches within a predetermined 
distance from the femto base station 20, the mobile station 
10 requests the macro base station 30 to set an additional 
channel. In contrast, in the second embodiment, when the 
mobile station 10 moves away from the femto base station 
20 by the distance equal to or greater than the predetermined 
distance, the mobile station 10 requests the macro base 
station 30 to delete the set channel. 

In the following, the operation of the wireless communi 
cation system 1 according to the second embodiment will be 
described by mainly concentrating on the difference between 
the first embodiment and the second embodiment. FIG. 10 is 
a flowchart illustrating an example of the flow of the 
operation of the wireless communication system 1 according 
to a second embodiment. Because FIG. 10 illustrates the 
same processes as those illustrated in FIG. 8 that are referred 
to in the description of the operation according to the first 
embodiment, processes performed at the same steps are 
assigned reference numerals with the same last numbers and 
descriptions of Such processes in detail are omitted. Spe 
cifically, the processes performed at Steps S21 to S25 
illustrated in FIG. 10 correspond to the processes performed 
at Steps S1 to S5 illustrated in FIG. 8, respectively. 
At Step S26, the distance determining unit 14 in the 

mobile station 10 compares the magnitude relationship 
between the distance L calculated at Step S25 and the 
distance threshold La that is set at Step S23 (Step S26). If 
the comparison result satisfies the relationship represented 
by distance threshold Las distance L (Yes at Step S26), 
because the mobile station 10 is not present in the neigh 
boring of the femto base station 20, the channel control unit 
15 determines that there is a high possibility that the mobile 
station 10 ends the connection to the femto base station 20. 
Accordingly, the channel control unit 15 requests the macro 
base station 30 via the sending unit 16 and the antenna A1 
to delete the channel that is set between the macro base 
station 30 and the femto base station 20 (Step S27). Namely, 
the channel control unit 15 generates a wireless channel 
deletion request signal and sends the signal to the macro 
base station 30. The channel control unit 32 in the macro 
base station 30 deletes, in accordance with the deletion 
request signal described above, the channel that is set 
between the femto base station 20 (Step S28). Furthermore, 
at Step S26, if the relationship is represented by distance 
threshold L> distance L (No at Step S26), the process at 
Step S24 and the Subsequent processes are performed again. 
The macro base station 30 that has received the request 

described above releases (deletes) the channel that is set 
between the macro base station 30 and the femto base station 
20 and also instructs the upper-layer apparatus to release the 
channel. Consequently, the wireless communication system 
1 can promptly and reliably release the channel that is not 
needed any more due to the separation of the mobile station 
10 and can allocate the channel to the other mobile station. 
Thus, the system resources can be efficiently used. 

c Third Embodiment 

In the following, a third embodiment will be described. 
The configuration of a wireless communication system 
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according to the third embodiment is the same as that of the 
wireless communication system according to the first 
embodiment illustrated in FIG. 1. Furthermore, the configu 
ration of each of a mobile station, a femto base station, and 
a macro base station according to the third embodiment is 
the same as that of the mobile station 10, the femto base 
station 20, and the macro base station 30, respectively, 
according to the first embodiment. Accordingly, in the third 
embodiment, components having the same configuration as 
those in the first embodiment are assigned the same refer 
ence numerals and descriptions of such components in detail 
are omitted. The third embodiment differs from the first 
embodiment in that the distance determination performed by 
comparing the distance between the mobile station 10 and 
the femto base station 20 with the threshold L. is per 
formed by the macro base station 30. Specifically, in the first 
embodiment, the distance determining unit 14 in the mobile 
station 10 performs the distance determination and provides 
the result of the determination to the macro base station 30. 
In contrast, in the third embodiment, the mobile station 10 
does not compare the distance with the threshold. Instead of 
this, a distance determining unit 37 in the macro base station 
30 performs the distance determination by comparing the 
distance between the mobile station 10 and the femto base 
station 20 with the threshold L. 

FIG. 11 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 
according to the third embodiment. As illustrated in FIG. 11, 
the configuration of the macro base station 30 is the same as 
that illustrated in FIG. 5 except that a distance information 
extracting unit 34, a femto base station information extract 
ing unit 35, a femto base station information storing unit 36, 
and the distance determining unit 37 are included. Accord 
ingly, components having the same configuration as those in 
the first embodiment are assigned the same reference numer 
als and descriptions of Such components in detail are omit 
ted. The distance information extracting unit 34 extracts, 
from the information received from the mobile station 10, 
the distance information on the distance between the mobile 
station 10 and the femto base station 20. Then, the distance 
determining unit 37 determines, based on the distance infor 
mation, whether the channel between the macro base station 
30 and the femto base station 20 is needed. Furthermore, by 
using the location information that is extracted from the 
femto base station information extracting unit 35 and that is 
stored in the femto base station information storing unit 36 
and by using the location information on the mobile station 
10, the macro base station 30 calculates the distance by 
itself. In any methods described above, the wireless com 
munication system 1 can reduce the processing load applied 
on a mobile station due to determining or calculating the 
distance and can shorten the processing time. 
The time needed to perform a handover varies depending 

on a communication environment or a communication sta 
tus. The time needed for a handover is determined depend 
ing on, for example, the type of networks, such as an 
intranet, the Internet, the ATM, a public network, a dedicated 
network, or the like, or depending whether a handover is 
performed between the same networks or between different 
networks. Furthermore, the time needed for a handover is 
determined depending on the type of addresses, such as a 
local address or a global address, or depending on whether 
a handover is performed between the same telecommunica 
tions carriers or between different telecommunications car 
riers. Alternatively, the time needed for a handover also 
depends on the wireless communication methods. Conse 
quently, in order to implement efficient channel control 
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neither too much nor too little, the distance threshold L, that 
is used to determine when, as a trigger, the channel control 
is started is preferably set such that the distance threshold L. 
is variable and can be updated in accordance with the 
determination of the time. 

For example, if the mobile station 10 is handed over 
between networks in which the type of the networks, the 
type of the addresses, and the telecommunication carriers 
differ, it is preferable to set the distance threshold L. greater 
than that used when a handover is performed between, for 
example, networks provided by the same telecommunica 
tions carriers but only the type of networks differs. Reliably 
performing needed preparation while avoiding unwanted 
control related to a handover is effective from the viewpoint 
of performing a smooth handover. By performing the setting 
in accordance with the communication environment 
described above, the wireless communication system 1 can 
detect the possibility of a handover of the mobile station 10 
in further early stages even if the time needed to perform a 
handover becomes longer. In contrast, if the time needed to 
perform a handover is Small, because the wireless commu 
nication system 1 starts the channel control when the pos 
sibility of handover becomes high, i.e., when the mobile 
station 10 further approaches the femto base station 20, the 
wireless communication system 1 can perform effective 
control without waste. Consequently, it is possible to imple 
ment flexible and detailed channel control. In the following, 
a specific description will be given with reference to FIGS. 
12 to 15. 

Second Modification 
FIG. 12 is a flowchart illustrating an example of the flow 

of the operation of the wireless communication system 1 
according to a second modification of the first and the third 
embodiments. The main operation illustrated in FIG. 12 is 
the same as that illustrated in FIG. 8; therefore, a description 
thereof in detail will be omitted. As illustrated in FIG. 12, for 
example, when the network to which the femto base station 
20 is connected is a dedicated network, it is assumed that the 
time needed for a handover is shorter than the time needed 
for a handover when the femto base station 20 is connected 
to a network that is not the dedicated network, i.e., con 
nected to, for example, a public network, Such as the Internet 
or the like. Consequently, the wireless communication sys 
tem 1 uses the distance threshold Lis that is Smaller than the 
distance threshold Li, that is used when the dedicated 
network is used for the femto base station 20. In contrast, 
when the network to which the femto base station 20 is 
connected is not the dedicated network, data transfer due to 
a handover is performed by passing a large number of 
apparatuses. Consequently, it is assumed that a long time is 
needed to complete the handover. Thus, by using the dis 
tance threshold Le having a value greater than that of the 
distance threshold Lis, the wireless communication system 
1 lengthen the time period for which the channel is estab 
lished when compared with a case in which the femto base 
station 20 is connected to the dedicated network. 

Third Modification 
In the following, the operation of the wireless communi 

cation system 1 according to a third modification of the first 
and the third embodiments will be described by mainly 
concentrating on the difference between the second modi 
fication and the third modification. FIG. 13 is a flowchart 
illustrating an example of the flow of the operation of the 
wireless communication system 1 according to the third 
modification of the first and the third embodiments. Because 
FIG. 13 illustrates the same processes as those illustrated in 
FIG. 12 that are referred to in the description of the operation 
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according to the second embodiment, processes performed 
at the same steps are assigned reference numerals with the 
same last numbers and descriptions of Such processes in 
detail are omitted. Specifically, the processes performed at 
Steps S41, S42, and S44 to S417 illustrated in FIG. 13 
correspond to the processes performed at Steps S31, S32, 
and S33 to S316 illustrated in FIG. 12, respectively. At Step 
S43, the mobile station 10 stores information (for example, 
identification information) that is used to specify the femto 
base station 20 in the base station information storing unit 
12. At Step S44, based on the information stored at Step S43, 
the mobile station 10 specifies the information (for example, 
the type of networks or a carrier name) on the network 
currently connected by the femto base station 20 and stores 
the information in the base station information storing unit 
12. 

Fourth Modification 
FIG. 14 is a flowchart illustrating an example of the flow 

of the operation of the wireless communication system 1 
according to a fourth modification of the first and the third 
embodiments. As illustrated in FIG. 14, for example, if the 
IP address allocated to the femto base station 20 is a local 
address, there is a high possibility that the femto base station 
20 is installed in the same network as that of the macro base 
station 30. Consequently, an assumption that a handover will 
be completed in a relatively short time is established. 
Accordingly, the wireless communication system 1 uses, as 
the distance threshold L, the distance threshold L. that is 
a smaller threshold. In contrast, if the IP address allocated to 
the femto base station 20 is a global address, there is a high 
possibility that the femto base station 20 is installed in a 
network that is different from the network to which the 
macro base station 30 is connected. Consequently, it is 
assumed that the time needed for the mobile station 10 to 
complete a handover is long. Thus, by using the distance 
threshold Lo having a greater value than that of the 
distance threshold Lo, the wireless communication system 
1 ensures a longer time that can be used to set the channel 
from the macro base station 30 to the femto base station 20. 

Fifth Modification 
FIG. 15 is a flowchart illustrating an example of the flow 

of the operation of the wireless communication system 1 
according to a fifth modification of the first and the third 
embodiments. The main operation illustrated in FIG. 15 is 
the same as that illustrated in FIG. 13; therefore, a descrip 
tion in detail will be omitted. As illustrated in FIG. 15, for 
example, if the IP address of the femto base station 20 is a 
local address and if the femto base station 20 and the macro 
base station 30 are connected to the same mobile commu 
nication network, it is assumed that the time needed for a 
handover is relatively short. Consequently, the wireless 
communication system 1 uses the distance threshold L, as 
the distance threshold L. In contrast, if a state satisfies the 
condition in which the IP address of the femto base station 
20 is a global address or the condition in which the femto 
base station 20 and the macro base station 30 are connected 
between different mobile communication networks or a 
combination thereof, a large number of apparatuses are used 
for a handover. Consequently, it is assumed that the time 
needed for a handover is long. Thus, by using the distance 
threshold L. (L.L.), the Wireless communication 
system 1 ensures a longer time that can be used to establish 
the channel. Furthermore, in the fifth modification, even 
when the IP address described above is a local address and 
the base stations, i.e. the femto base station 20 and the macro 
base station 30, are connected to the same network, if the 
telecommunications carrier differs between the femto base 
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station 20 and the macro base station 30, the same effect (a 
reduction in handover time) as that in the other second to the 
fourth modifications can be obtained from the channel 
control performed by the wireless communication system 1. 

In the second to the fifth modifications, the wireless 
communication system 1 sets two kinds of distance thresh 
olds depending on the length of the predicted handover time; 
however, the distance threshold to be set is not limited to two 
kinds. For example, from among the modifications, two or 
more modifications may also be combined and the mobile 
station 10 may also use further kinds of thresholds, for 
example, three or more kinds of thresholds. Consequently, it 
is possible to implement further flexible and detailed chan 
nel control. 

Sixth Modification 
The wireless communication system 1 may also use the 

channel release technology, which has been described above 
in the second embodiment, with respect to the third embodi 
ment described above. Specifically, in addition to setting a 
channel, when the channel is released, instead of performing 
the channel control, the macro base station 30 determines, 
by itself in accordance with the request from the mobile 
station 10, whether the channel needs to be released based 
on the distance acquired from the mobile station 10. Fur 
thermore, by using the location information on the mobile 
station 10 and the location information on the femto base 
station 20, the macro base station 30 may also calculate, by 
itself, the distance. In Such a case, the location information 
on the femto base station 20 may also be acquired from the 
femto base station 20 or may also be acquired via the mobile 
station 10. With this method, it is also possible to obtain the 
same effect as that in the first to the third embodiments, i.e., 
it is possible to improve the transmission quality by main 
taining a transmission speed due to a reduction of the 
handover time. 

d Fourth Embodiment 

In the following, a fourth embodiment will be described. 
The configuration of a wireless communication system 
according to the fourth embodiment is the same as that of the 
wireless communication system according to the first 
embodiment illustrated in FIG. 1. Furthermore, the configu 
ration of each of a mobile station, a femto base station, and 
a macro base station according to the third embodiment is 
the same as that of the mobile station 10, the femto base 
station 20, and the macro base station 30, respectively, 
according to the first embodiment. Accordingly, in the fourth 
embodiment, components having the same configuration as 
those in the first embodiment are assigned the same refer 
ence numerals and descriptions of such components in detail 
are omitted. The fourth embodiment differs from the first 
embodiment in that, after a channel is set, the femto base 
station 20 is operated or changes into a normal operation 
mode. Namely, in the first embodiment, a channel is previ 
ously set between the macro base station 30 and the femto 
base station 20. However, in the fourth embodiment, in 
addition to this, operation control is performed on the femto 
base station 20. 

FIG. 16 is a schematic diagram illustrating an example of 
the functional configuration of the mobile station 10 of a 
fourth embodiment. As illustrated in FIG. 16, the configu 
ration of the mobile station 10 is the same as that illustrated 
in FIG. 3 except that an operation control unit 18 is included. 
Accordingly, components having the same configuration are 
assigned the same reference numerals and descriptions of 
Such components in detail are omitted. The operation control 
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unit 18 determines, based on the comparison result input 
from the distance determining unit 14, whether the operation 
control with respect to the femto base station 20 is needed. 
If it is determined that the operation control is needed, the 
operation control unit 18 generates a request signal for 
requesting the operation control. 

FIG. 17 is a schematic diagram illustrating an example of 
the functional configuration of the femto base station 20 
according to the fourth embodiment. As illustrated in FIG. 
17, the configuration of the femto base station 20 is the same 
as that illustrated in FIG. 4 except that an operation control 
unit 26 is included. Accordingly, components having the 
same configuration are assigned the same reference numer 
als and descriptions of Such components in detail are omit 
ted. If an operation control signal is received from the macro 
base station 30, the operation control unit 26 performs the 
operation control with respect to the femto base station 20. 
For example, if the femto base station 20 is stopped, the 
operation control unit 26 controls the femto base station 20 
such that the femto base station 20 is operated. If the 
operation mode of the femto base station 20 is in an 
intermittent operation mode (an electrical power saving 
mode), the operation control unit 26 controls such that the 
femto base station 20 changes into a normal operation mode. 

FIG. 18 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 
according to the fourth embodiment. As illustrated in FIG. 
18, the configuration of the femto base station 20 is the same 
as that of the macro base station 30 illustrated in FIG. 5 
except that a femto base station operation control unit 38 is 
included. Accordingly, components having the same con 
figuration are assigned the same reference numerals and 
descriptions of such components in detail are omitted. When 
the femto base station operation control unit 38 detects that 
the request signal described above has been received, the 
femto base station operation control unit 38 generates an 
operation control signal that is used to instruct the femto 
base station 20 to operate or that is used to change the 
operation mode into the normal operation mode and sends 
the generated operation control signal to the femto base 
station 20 via the sending unit 33. 

In the following, the operation of the wireless communi 
cation system 1 according to the fourth embodiment will be 
described by mainly concentrating on the difference between 
the first embodiment and the fourth embodiment. FIG. 19 is 
a flowchart illustrating an example of the flow of the 
operation of the wireless communication system 1 according 
to the fourth embodiment. Because FIG. 19 illustrates the 
same processes as those illustrated in FIG. 8 that are referred 
to in the description of the operation according to the first 
embodiment, processes performed at the same steps are 
assigned reference numerals with the same last numbers and 
descriptions of Such processes in detail are omitted. Spe 
cifically, the processes performed at Steps S71 to S77 
illustrated in FIG. 19 correspond to the processes performed 
at Steps S1 to S7 illustrated in FIG. 8, respectively. 

At Step S78, the channel control unit 32 in the macro base 
station 30 sets an additional channel between the macro base 
station 30 and the femto base station 20. At Step S79, by 
using the channel that is set at Step S118, the channel control 
unit 32 sends, to the femto base station 20 by using the 
sending unit 33, the operation control signal that is used to 
change the operation mode of the femto base station 20 from 
the electrical power saving mode into the normal operation 
mode. When the operation control unit 26 in the femto base 
station 20 detects that the operation control signal has been 
received, the operation control unit 26 changes its own 
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operation mode from the previously used electrical power 
saving mode into the normal operation mode (Step S710). 
By doing so, it is possible to perform the operation control 
of the femto base station. 

Seventh Modification 
The wireless communication system 1 may also combine 

the distance determining process performed in the third 
embodiment with the process performed in the fourth 
embodiment described above. Namely, for the operation 
control performed on the femto base station 20, instead of 
performing the operation control, the macro base station 30 
may also determine, by itself in accordance with a request 
from the mobile station 10, whether the operation control is 
needed based on the distance acquired from the mobile 
station 10. Furthermore, by using the location information 
on the mobile station 10 and the location information on the 
femto base station 20, the macro base station 30 may also 
calculate the distance by itself. In such a case, the location 
information on the femto base station 20 may also be 
acquired from the femto base station 20 or may also be 
acquired via the mobile station 10. With this method, it is 
also possible to obtain the same effect as that in the first to 
the fourth embodiments, i.e., it is possible to improve the 
transmission quality by maintaining a transmission speed 
due to a reduction of the handover time. 

e Fifth Embodiment 

In the following, a fifth embodiment will be described. 
The configuration of a wireless communication system 
according to the fifth embodiment is the same as that in the 
first embodiment illustrated in FIG. 1. Furthermore, the 
configuration of each of a mobile station, a femto base 
station, and a macro base station according to the fifth 
embodiment is the same as that of the mobile station 10, the 
femto base station 20, and the macro base station 30, 
respectively, according to the first embodiment. Accord 
ingly, in the fifth embodiment, components having the same 
configuration as those in the first embodiment are assigned 
the same reference numerals and descriptions of Such com 
ponents in detail are omitted. The fifth embodiment differs 
from the fourth embodiment in that the operation control 
performed by the mobile station 10 on the macro base station 
30 and the content of the channel control to be requested 
differ. Specifically, in the fourth embodiment, the mode 
changes from a stop mode or the electrical power saving 
mode into an operation mode or the normal operation mode, 
whereas, in the fifth embodiment, the mode changes from 
the operation mode or the normal operation mode into the 
stop mode or the electrical power saving mode. Further 
more, for the difference of the channel control, specifically, 
in the fourth embodiment, if the mobile station 10 
approaches within a predetermined distance from the femto 
base station 20, the mobile station 10 requests the macro 
base station 30 to additionally set the channel, whereas, in 
the fifth embodiment, if the mobile station 10 is away from 
the femto base station 20 by the predetermined distance or 
more, the mobile station 10 requests the macro base station 
30 to release (or delete) the set channel. 

FIG. 20 is a flowchart illustrating an example of the flow 
of the operation of the wireless communication system 1 
according to a fifth embodiment. Because FIG. 20 illustrates 
the same processes as those illustrated in FIG. 10 that are 
referred to in the description of the operation according to 
the second embodiment and the same processes as those 
illustrated in FIG. 19 that are referred to in the description 
of the operation according to the fourth embodiment, pro 
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cesses performed at the same steps are assigned reference 
numerals with the same last numbers and descriptions of 
Such processes in detail are omitted. Specifically, the pro 
cesses performed at Steps S81 to S86, S89, and S810 
illustrated in FIG. 20 correspond to the processes performed 
at Steps S21 to S26, S27, and S28 illustrated in FIG. 10, 
respectively. Furthermore, the processes performed at Steps 
S87 and S88 illustrated in FIG. 20 correspond to the 
processes performed at Steps S79 and S710 illustrated in 
FIG. 19, respectively. 
As described above, the configuration described in the 

fifth embodiment is the combination of the configuration 
described in the second and the fourth embodiments. 
Namely, the macro base station 30 that has requested the 
femto base station 20 to change the operation mode from the 
operating mode or the normal operation mode into the stop 
mode or the electrical power saving mode releases the 
channel that is set between the femto base station 20 and also 
releases the channel that is set between the upper-layer 
apparatus. Accordingly, the wireless communication system 
1 can change the femto base station 20 whose operation is 
not needed any more due to the separation of the mobile 
station 10 into the electrical power saving mode and allocate 
the femto base station 20 to the other mobile station by 
promptly and reliably releasing the channel. Consequently, 
the system resources can be efficiently used. 

If Sixth Embodiment 

In the following, a sixth embodiment will be described. 
The configuration of a wireless communication system 
according to the sixth embodiment is the same as that of the 
wireless communication system according to the first 
embodiment illustrated in FIG. 1. Furthermore, the configu 
ration of each of a mobile station, a femto base station, and 
a macro base station according to the sixth embodiment is 
the same as that of the mobile station 10, the femto base 
station 20, and the macro base station 30, respectively, 
according to the fourth embodiment. Accordingly, in the 
sixth embodiment, components having the same configura 
tion as those in the fourth embodiment are assigned the same 
reference numerals and descriptions of Such components in 
detail are omitted. The sixth embodiment differs from the 
fourth embodiment in that the femto base station 20 variably 
selects (or decides), in accordance with the mobile stations, 
whether to permit the operation control with respect to the 
own station, i.e., the femto base station 20. 

FIG. 21 is a schematic diagram illustrating an example of 
the functional configuration of the mobile station 10 accord 
ing to the sixth embodiment. As illustrated in FIG. 21, the 
configuration of the mobile station 10 is the same as that of 
the mobile station 10 illustrated in FIG. 16 except that a 
control permission information storing unit 19 and a control 
permission request generating unit 110 are included. 
Accordingly, components having the same configuration are 
assigned the same reference numerals and descriptions of 
Such components in detail are omitted. The control permis 
sion information storing unit 19 stores therein an identifi 
cation code for allowing the operation control with respect 
to the femto base station 20 or a command for receiving 
permission to perform the operation control as control 
permission information. The control permission request gen 
erating unit 110 generates information for requesting per 
mission to perform the operation control with respect to the 
femto base station 20. The generated information is sent by 
the sending unit 16 to the femto base station 20 as a control 
permission request. 
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FIG. 22 is a schematic diagram illustrating an example of 

the functional configuration of the femto base station 20 
according to the sixth embodiment. As illustrated in FIG. 22. 
the configuration of the femto base station 20 is the same as 
that of the femto base station 20 illustrated in FIG. 17 except 
that a control permission request extracting unit 27 and a 
control permission determining unit 28 are included. 
Accordingly, components having the same configuration are 
assigned the same reference numerals and descriptions of 
Such components in detail are omitted. The control permis 
sion request extracting unit 27 extracts the control permis 
sion request described above from the information received 
from the mobile station 10 or the macro base station 30. The 
control permission determining unit 28 determines, in accor 
dance with the control permission request, whether the 
operation control with respect to the femto base station 20 is 
permitted and then outputs the determination result thereof 
to the operation control unit 26 that is arranged downstream. 
Furthermore, in addition to information related to the femto 
base station 20, information related to a mobile station that 
can be connected to the femto base station 20 is stored in the 
base station information storing unit 22. Furthermore, infor 
mation (for example, identification information) related to a 
mobile station in which the operation control with respect to 
the femto base station 20 has been permitted is stored. 

FIG. 23 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 
according to the sixth embodiment. As illustrated in FIG. 23. 
the configuration of the femto base station 20 is the same as 
that of the macro base station 30 illustrated in FIG. 18 except 
that a control permission request extracting unit 39, a control 
permission determining unit 310, a control permission infor 
mation storing unit 311, and a control permission informa 
tion generating unit 312 are included. Accordingly, compo 
nents having the same configuration are assigned the same 
reference numerals and descriptions of Such components in 
detail are omitted. The control permission request extracting 
unit 39 extracts the control permission request described 
above from the information received from the mobile station 
10. The control permission determining unit 310 determines, 
in accordance with the control permission request, whether 
the operation control with respect to the femto base station 
20 is permitted and outputs the determination result thereof 
to the femto base station operation control unit 38 that is 
arranged downstream. The control permission information 
storing unit 311 stores therein an identification code for 
allowing the operation control with respect to the femto base 
station 20 or a command for receiving permission to perform 
the operation control as control permission information. The 
control permission information generating unit 312 gener 
ates the control permission information described above. 
The generated information is associated with the identifica 
tion information on the mobile station that is the request 
source for the control permission and then sent by the 
sending unit 33 to the femto base station 20. 

In the sixth embodiment, when the mobile station 10 
sends a request for the setting of a channel to the femto base 
station 20 to the macro base station 30 or the upper-layer 
apparatus of the macro base station 30, the mobile station 10 
also sends information (for example, permitted terminal 
number and a command that is used to receive control 
permission) that is used to allow the operation control with 
respect to the femto base station 20. Furthermore, the 
information may also be sent at the time of setting of the 
channel to the macro base station 30 to which the mobile 
station 10 is connected. 
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After the channel from the macro base station 30 to the 
femto base station 20 has been set, the mobile station 10 
requests the femto base station 20 to change the operation 
from the electrical power saving mode into the normal 
operation mode. Namely, the mobile station 10 generates an 
operation control signal that is a signal for changing the 
operation of the femto base station 20 from the electrical 
power saving mode into the normal operation mode and then 
sends the signal to the femto base station 20 via the macro 
base station 30. The macro base station 30 that has been 
received the request for setting the channel sets an additional 
channel with the femto base station 20. After the setting of 
the channel has been completed, the macro base station 30 
sends the operation control signal received from the mobile 
station 10 to the femto base station 20. The femto base 
station 20 that has been received the operation control signal 
sets an additional channel with the macro base station 30. 
Then, in accordance with the received operation control 
signal, the femto base station 20 changes its own operation 
mode from the electrical power saving mode into the normal 
operation mode. 
As described above, in the sixth embodiment, by expect 

ing a handover to the femto base station 20 and previously 
setting the channel to the femto base station 20, thereby the 
wireless communication system 1 can also reduce the time 
needed to perform the handover. Furthermore, the wireless 
communication system 1 can estimate a handover and 
previously change the operation mode of the femto base 
station 20 into the normal operation mode. Accordingly, the 
wireless communication system 1 can reduce the time 
needed for a handover compared with a case in which a 
handover is performed in the electrical power saving mode 
without changing the mode. Consequently, the time period 
for which a channel is disconnected is reduced and thus a 
reduction in the transmission speed can be suppressed. 

Furthermore, the femto base station 20 manages, for each 
mobile station, whether its own operation mode can be 
changed. Accordingly, the femto base station 20 can narrow 
down, from among the mobile stations that can be connected 
to the femto base station 20, a mobile station that can be 
subjected to the operation control with respect to the femto 
base station 20. Accordingly, it is possible to prevent opera 
tion control that is performed by an unauthorized third party. 
Furthermore, in general, because a user that installs the 
femto base station 20 bears the cost of communication or 
electricity, from the viewpoint of operation of the femto base 
station 20, it is preferable that the femto base station 20 
permit only a specific mobile station to use an operation 
control function. 

Furthermore, if a plurality of mobile stations that can be 
subjected to the operation control are present for each femto 
base station 20, when at least a single mobile station 
approaches the femto base station 20, the femto base station 
20 may also change the operation mode into the normal 
operation mode. Alternatively, the femto base station 20 may 
also change into the operation mode based on the ratio of the 
number of mobile stations approach the femto base station 
20 to the number of mobile stations that can be connected. 
Furthermore, the femto base station 20 may also change the 
operation mode based on the number of mobile stations that 
are being connected. Furthermore, a combination of these 
references may also be used. 

Furthermore, in the sixth embodiment, a description has 
been given of the electrical power saving mode and normal 
operation mode as example of the operation modes of the 
femto base station 20. In particular, for the electrical power 
saving mode, a description has been given of a mode in 
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which some operation is intermittently operated. However, 
any mode may also be used for the electrical power saving 
mode as long as a mode in which an operation control signal 
that is sent from the mobile station 10 or the upper-layer 
apparatus of the mobile station 10 can intermittently or 
always be received. In other words, from among the func 
tional components in the femto base station 20, if the 
component having the function of receiving an operation 
control signal can be used, all of the functions performed by 
the other components may also be stopped. In such a case, 
the femto base station 20 stops almost all operations; how 
ever, by using this state as a stop mode, the femto base 
station 20 may also perform control by replacing this mode 
with the electrical power saving mode. 

Furthermore, the name of each of the operation modes, 
i.e., the electrical power saving mode, the normal operation 
mode, and the stop mode, is used for convenience of 
description. Even if the name that is different from the name 
of the operation modes is used, the mode is the same as that 
described above as long as the function of the mode is the 
same. In contrast, even if the same name is allocated to 
multiple modes targeted for the comparison, these modes 
differ if these modes are modes each having different func 
tions. 

Eighth Modification 
The wireless communication system 1 may also combine 

the distance determining process according to the third 
embodiment with the sixth embodiment described above. 
Namely, for the operation control performed with respect to 
the femto base station 20, instead of performing the opera 
tion control in accordance with the request from the mobile 
station 10, the macro base station 30 may also determine, by 
itself, whether the operation control is needed based on the 
distance acquired from the mobile station 10. Furthermore, 
by using the location information on the mobile station 10 
and the location information on the femto base station 20, 
the macro base station 30 may also calculate the distance by 
itself. In Such a case, the location information on the femto 
base station 20 may also be acquired from the femto base 
station 20 or may also be acquired via the mobile station 10. 
With this method, it is also obtain the same effect as that 
performed in the first to the six embodiments, i.e., a reduc 
tion in time needed for a handover can Suppress a reduction 
in the transmission speed, and thus the quality of transmis 
sion can be improved. 

g) Seventh Embodiment 

In the following, a seventh embodiment will be described. 
FIG. 24 is a schematic diagram illustrating an example of the 
functional configuration of a wireless communication sys 
tem3 according to a seventh embodiment. The configuration 
of the wireless communication system 3 according to the 
seventh embodiment is the same as that of the wireless 
communication system 1 according to each of the embodi 
ments described above except that the an apparatus 80 is 
connected to the femto base station 20 serving as an HNB 
and except that an apparatus 90 is connected to the femto 
base station 50 serving as an HeNB. Accordingly, descrip 
tions thereof in detail will be omitted; however, the wireless 
communication system 3 is a system in which W-CDMA and 
LTE are used as a wireless communication method. As 
illustrated in FIG. 24, the wireless communication system 3 
includes at least the mobile station 10, the femto base station 
20, and the macro base station 30, which will be described 
later. The mobile station 10 sends and receives various 
signals or data to and from the femto base station 20 and the 
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macro base station 30. Furthermore, similarly to the wireless 
communication system 1 illustrated in FIG. 1, the wireless 
communication system 3 may also use the type of network 
in which the femto base station 20 is directly connected, 
instead of via the Internet N, to a mobile telecommunica- 5 
tions network to which the mobile station 10 belongs. 

The apparatuses 80 and 90 are devices that start up or stop 
their operation when, as a trigger, the apparatuses 80 and 90 
receive an apparatus control signal that is sent from the 
mobile station 10 passing through the macro base station 30, 
the upper-layer apparatus, and the femto base station 20. The 
apparatuses 80 and 90 are, for example, air conditioners, 
lighting apparatuses, personal computers (PC), or the like, in 
which the power Supply is turned on when a user is at home 
and the power Supply is turned off when a user is away from 
home. However, in contrast, the apparatuses 80 and 90 may 
also be a monitor or a crime prevention device. Such as a 
lock, that are needed to be operated when a user is not at 
home. Furthermore, in FIG. 24 illustrates the connection 
between the apparatuses 80 and 90 and the femto base 
stations 20 and 50, respectively, as wireless connection; 
however, wired connection, such as a USB interface or the 
like, may also be used. 

FIG. 25 is a schematic diagram illustrating an example of 
the functional configuration of the mobile station 10 accord 
ing to the seventh embodiment. As illustrated in FIG. 25, the 
configuration of the mobile station 10 is the same as that of 
the mobile station 10 illustrated in FIG. 21 except that an 
apparatus control information storing unit 111 and an appa 
ratus control unit 112 are included. Accordingly, compo 
nents having the same configuration are assigned the same 
reference numerals and descriptions of such components in 
detail are omitted. The apparatus control information storing 
unit 111 stores information (for example, an identifier on the 
apparatus, control content, and a control command) that is 
used to control the apparatus 80 as apparatus control infor 
mation. The apparatus control unit 112 determines, based on 
the comparison result that is input from the distance deter 
mining unit 14, whether control of the apparatus 80 is 
needed. If it is determined that the control is needed, the 
apparatus control unit 112 generates a signal, i.e., an appa 
ratus control signal, that is used to perform the apparatus 
control. 

FIG. 26 is a schematic diagram illustrating an example of 
the functional configuration of the femto base station 20 45 
according to the seventh embodiment. As illustrated in FIG. 
26, the configuration of the femto base station 20 is the same 
as that of the femto base station 20 illustrated in FIG. 22. 
Accordingly, components having the same configuration are 
assigned the same reference numerals and descriptions of 50 
Such components in detail are omitted. The channel control 
unit 24 controls a channel R1 (see FIG. 24) that is used for 
apparatus control in accordance with a signal (a channel 
control signal) that is used to control the channel between 
the femto base station 20 and the apparatus 80. The sending 55 
unit 25 sends, in accordance with the channel control signal 
described above that is input from the channel control unit 
24, the apparatus control signal that has been received from 
the upper-layer apparatus to the apparatus 80 via the antenna 
A2. Based on the instruction content, the apparatus 80 that 60 
has received the apparatus control signal performs the 
control of, for example, turning on and off the power Supply, 
changing a set value, or the like. 

FIG. 27 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 65 
according to the seventh embodiment. As illustrated in FIG. 
27, the configuration of the femto base station 20 is the same 
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as that of the macro base station 30 illustrated in FIG. 23 
except that an apparatus control information storing unit 313 
and an apparatus control unit 314 are included. Accordingly, 
components having the same configuration are assigned the 
same reference numerals and descriptions of Such compo 
nents in detail are omitted. The apparatus control informa 
tion storing unit 313 stores therein apparatus control infor 
mation (for example, an identifier of the apparatus, the 
control content, control command) that is previously 
acquired from the mobile station 10 or the femto base station 
20. In accordance with the apparatus control request 
received from the mobile station 10, the apparatus control 
unit 314 generates an apparatus control signal that is used to 
control the apparatus 80 and instructs the sending unit 33 to 
send the apparatus control signal to the femto base station 
20. 

In the following, the operation of the wireless communi 
cation system 3 according to the seventh embodiment will 
be described by mainly concentrating on the difference 
between the fourth embodiment and the seventh embodi 
ment. FIG. 28 is a schematic diagram illustrating an example 
of the operation of the wireless communication system 3 
according to the seventh embodiment. Because FIG. 28 
illustrates the same processes as those illustrated in FIG. 19 
that are referred to in the description of the operation 
according to the seventh embodiment, processes performed 
at the same steps are assigned reference numerals with the 
same last numbers and descriptions of Such processes in 
detail are omitted. Specifically, the processes performed at 
Steps S91 to S98 illustrated in FIG. 28 correspond to the 
processes performed at Steps S71 to S78 illustrated in FIG. 
19, respectively. 
At Step S99, the channel control unit 32 in the macro base 

station 30 uses the channel that is set at Step S98 and sends, 
to the femto base station 20 by using the sending unit 33, a 
signal that is used to request the femto base station 20 to 
control the apparatus 80. When the channel control unit 24 
in the femto base station 20 detects that the signal described 
above has been received, the channel control unit 24 controls 
the apparatus 80 via the wireless channel R1 (Step S910). 
The control content varies depending on the apparatus 
control signal described above. For example, if the apparatus 
80 that is to be controlled is an air conditioner, examples of 
the control content include turning on or off a power Supply, 
setting an operation mode (cooling, heating, drying), adjust 
ing a preset temperature, increasing or decreasing the air 
volume, or the like. Furthermore, if the apparatus 80 is a 
lighting apparatus, examples of the control content include 
turning on or off a Switch, changing luminance, or the like. 
By doing so, when a user of the mobile station 10 returns 
home, a comfortable environment is provided at user's 
home. 
An example of a function that can be used for setting the 

channel between the femto base station 20 and the apparatus 
80 includes a paging (calling) function or a random access 
function used in LTE or W-CDMA. After the end of the 
control of the apparatus, the femto base station 20 may also 
release the set channel. However, even if the femto base 
station 20 turns off the power supply of the apparatus 80, the 
femto base station 20 allows at least the function of com 
municating with the femto base station 20 to be intermit 
tently operated or to be operated in a normal operation state, 
instead of stopping all of the functions. 

Ninth Modification 
The wireless communication system 3 may also use a 

method in which the operation control technology described 
in the fourth embodiment is combined with that described in 
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the seventh embodiment. Namely, in response to a request 
from the mobile station 10, the wireless communication 
system 3 changes the operation mode of the femto base 
station 20 by using the channel between the macro base 
station 30 and the femto base station 20 and then controls the 
behavior of the apparatus 80 that is connected to the femto 
base station 20. FIG. 29 is a schematic diagram illustrating 
an example of the operation of the wireless communication 
system 3 according to a ninth modification of the seventh 
embodiment. Because FIG. 29 illustrates the same processes 
as those illustrated in FIG. 28 that are referred to in the 
description of the operation according to the seventh 
embodiment and the same processes as those illustrated in 
FIG. 20 that are referred to in the description of the operation 
according to the fifth embodiment, processes performed at 
the same steps are assigned reference numerals with the 
same last numbers and descriptions of Such processes in 
detail are omitted. Specifically, the processes performed at 
Steps S101 to S108, S1011, and S1012 illustrated in FIG. 29 
correspond to the processes performed at Steps S91 to S98, 
S99, and S910 illustrated in FIG. 28, respectively. Further 
more, the processes performed at Steps S109 and S1010 
illustrated in FIG. 29 correspond to the processes performed 
at Steps S87 and S88 illustrated in FIG. 20, respectively. 

Tenth Modification 
The wireless communication system 3 may also combine 

the distance determining process according to the third 
embodiment with the seventh embodiment described above. 
Namely, for the control of the apparatus 80, instead of 
controlling the apparatus in accordance with the request 
from the mobile station 10, the macro base station 30 may 
also determine, by itself, whether the control of the appa 
ratus is needed based on the distance acquired from the 
mobile station 10. Furthermore, by using the location infor 
mation on the mobile station 10 and the location information 
on the femto base station 20, the macro base station 30 may 
also calculate the distance by itself. In Such a case, the 
location information on the femto base station 20 may also 
be acquired from the femto base station 20 or may also be 
acquired via the mobile station 10. With this method, it is 
also possible to obtain the same effect as that performed in 
the first to the seventh embodiments, i.e., a reduction in time 
needed for a handover can Suppress a reduction in the 
transmission speed, and thus the quality of transmission can 
be improved. 
As described above, the wireless communication systems 

1 and 2 according to the first to sixth embodiments may also 
be used to control the other apparatuses 80 and 90 that are 
connected to the femto base station 20. For example, by 
using a timer function, an air conditioner can be operated in 
accordance with the time at which a user returns home. 
However, if the time at which a user returns home varies, it 
is difficult to flexibly cope with the variation in the time. 
Accordingly, there is a method in which a user controls 
on/off of the air conditioner via a network outside the user's 
home; however, with this method, because the user needs to 
give an instruction by himself/herself, there is a problem in 
that the user forgets to give an instruction or it takes time and 
effort for the user to give an instruction. 

With the wireless communication system 3 according to 
the seventh embodiment, the mobile station 10 determines, 
based on the distance between the femto base station 20, 
whether the mobile station 10 approaches the femto base 
station 20 or is away from the femto base station 20. If the 
mobile station 10 approaches the femto base station 20, the 
mobile station 10 sets a channel with the femto base station 
20 and sends, by using the set channel, a control signal that 
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controls the setting of the apparatus 80 of on/off the power 
supply of the apparatus 80 to the apparatus 80 via the femto 
base station 20. For example, if the apparatus 80 is an air 
conditioner, the switch thereof is turned on. In contrast, if the 
mobile station 10 is away from the femto base station 20, the 
mobile station 10 releases, due to the sending of the control 
signal described above, the channel to the femto base station 
20. For example, if the apparatus 80 is an air conditioner, a 
switch thereof is turned off. Consequently, the wireless 
communication system3 can automatically control the appa 
ratus 80 that is connected to the femto base station 20 before 
a user returns home or when a user goes to work. For 
example, if the apparatus 80 that is to be controlled is an air 
conditioner, the wireless communication system 3 automati 
cally turns on the power Supply before a user returns home, 
thereby the room temperature is adjusted at a temperature 
comfortable for a user when the user returns home without 
waiting for the operation performed by the user. Further 
more, by automatically turning off the power Supply when a 
user goes to work, it is possible to prevent the turning off of 
a power Supply from being forgotten even if no operation is 
performed by a user and thus power-saving effect can be 
acquired. 

h Eighth Embodiment 

In the following, an eighth embodiment will be described. 
The configuration of a wireless communication system 
according to the eighth embodiment is the same as that of the 
wireless communication system according to the seventh 
embodiment illustrated in FIG. 24. Furthermore, the con 
figuration of each of a mobile station, a femto base station, 
and a macro base station according to the eighth embodi 
ment is the same as that of the mobile station 10, the femto 
base station 20, and the macro base station 30 according to 
the seventh embodiment. Accordingly, in the eighth embodi 
ment, components having the same configuration as those in 
the seventh embodiment are assigned the same reference 
numerals and descriptions of Such components in detail are 
omitted. The eighth embodiment differs from the seventh 
embodiment in that the content of the channel control that is 
requested by the mobile station 10 from the macro base 
station 30. Specifically, in the seventh embodiment, when 
the mobile station 10 approaches within a predetermined 
distance from the femto base station 20, the mobile station 
10 requests the macro base station 30 to set an additional 
channel. In contrast, in the eighth embodiment, when the 
mobile station 10 moves away from the femto base station 
20 by the distance equal to or greater than the predetermined 
distance, the mobile station 10 requests the macro base 
station 30 to delete the set channel. 

FIG. 30 is a flowchart illustrating an example of the flow 
of the operation of the wireless communication system 3 
according to an eighth embodiment. Because FIG. 30 illus 
trates the same processes as those illustrated in FIG. 20 that 
are referred to in the description of the operation according 
to the fifth embodiment and the same processes as those 
illustrated in FIG. 28 that are referred to in the description 
of the operation according to the seventh embodiment, 
processes performed at the same steps are assigned reference 
numerals with the same last numbers and descriptions of 
Such processes in detail are omitted. Specifically, the pro 
cesses performed at Steps S111 to S116, S119, and S1110 
illustrated in FIG. 30 correspond to the processes performed 
at Steps S121 to S126, S129, and S1210 illustrated in FIG. 
31, respectively. Furthermore, the processes performed at 
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Steps S117 and S118 illustrated in FIG.30 correspond to the 
processes performed at Steps S99 and S910 illustrated in 
FIG. 28. 
As described above, the method used in the eighth 

embodiment is a combination of the method used in the 5 
second and the seventh embodiments. With this method, the 
apparatus 80 can also be controlled. Namely, the macro base 
station 30 that has requested the femto base station 20 to 
control the apparatus releases the channel that is set with the 
femto base station 20 and also instructs the upper-layer 10 
apparatus to release the channel. Accordingly, the wireless 
communication system 3 can turn off the power Supply of 
the apparatus 80 whose operation is not needed any more 
due to the separation of the mobile station 10 and allocate 
the femto base station 20 to the other mobile station by 15 
promptly and reliably releasing the channel. Consequently, 
the system resources can be efficiently used. 

Eleventh Modification 
The wireless communication system 3 may also use a 

method in which the operation control technology described 20 
in the fourth embodiment is combined with that described in 
the eighth embodiment. Namely, in accordance with the 
request from the mobile station 10, by using the channel 
between the macro base station 30 and the femto base station 
20, the wireless communication system 3 according to an 25 
eleventh modification controls the behavior of the apparatus 
80 that is connected to the femto base station 20. Then, the 
wireless communication system 3 may also change the 
operation mode of the femto base station 20 from the normal 
operation mode into the electrical power saving mode and, 30 
furthermore, may also release the channel described above. 
FIG. 31 is a flowchart illustrating an example of the flow of 
the operation of the wireless communication system 3 
according to the eleventh modification of the eighth embodi 
ment. Because FIG. 31 illustrates the same processes as 35 
those illustrated in FIG. 30 that are referred to in the 
description of the operation according to the eighth embodi 
ment and the same processes as those illustrated in FIG. 29 
that are referred to in the description of the operation 
according to the ninth modification in the seventh embodi- 40 
ment, processes performed at the same steps are assigned 
reference numerals with the same last numbers and descrip 
tions of such processes in detail are omitted. Specifically, the 
processes performed at Steps S121 to S128, S1211, and 
S1212 illustrated in FIG. 31 correspond to the processes 45 
performed at Steps S111 to S118, S119, and S1110 illustrated 
in FIG. 30, respectively. Furthermore, the processes per 
formed at Steps S129 and S1210 illustrated in FIG. 31 
correspond to the processes performed at Steps S109 and 
S1010 illustrated in FIG. 29, respectively. 50 

i Ninth Embodiment 

In the following, a ninth embodiment will be described. 
The configuration of a wireless communication system 55 
according to the ninth embodiment is the same as that of the 
wireless communication system according to the seventh 
embodiment illustrated in FIG. 24. Furthermore, the con 
figuration of each of a mobile station, a femto base station, 
and a macro base station according to the ninth embodiment 60 
is the same as that of the mobile station 10, the femto base 
station 20, and the macro base station 30, respectively, 
according to the seventh embodiment. Accordingly, in the 
ninth embodiment, components having the same configura 
tion as those in the seventh embodiment are assigned the 65 
same reference numerals and descriptions of Such compo 
nents in detail are omitted. The ninth embodiment differs 

28 
from the seventh embodiment in that the femto base station 
20 variably selects (or decides), in accordance with the 
mobile stations, whether to permit the operation control with 
respect to the own station. 

FIG. 32 is a schematic diagram illustrating an example of 
the functional configuration of the mobile station 10 accord 
ing to the ninth embodiment. As illustrated in FIG. 32, the 
mobile station 10 may also have the configuration in which 
the mobile station according to the sixth embodiment (see 
FIG. 21) is combined with the mobile station according to 
the seventh embodiment (see FIG. 25). In FIG. 32, compo 
nents having the same configuration as those in the sixth and 
the seventh embodiments are assigned the same reference 
numerals and descriptions of Such components in detail are 
omitted. In particular, the control permission information 
storing unit 19 stores therein an identification code for 
allowing the operation control with respect to the femto base 
station 20 or a command for receiving permission to perform 
the operation control as control permission information. The 
control permission request generating unit 110 generates 
information for requesting permission to perform the opera 
tion control with respect to the femto base station 20. The 
apparatus control information storing unit 111 stores therein 
information (for example, an identifier of an apparatus, 
control content, and a control command) that is used to 
control the apparatus 80 as apparatus control information. 
The apparatus control unit 112 determines, based on the 
comparison result input from the distance determining unit 
14, whether the control with respect to the apparatus 80 is 
needed. If it is determined that the control is needed, the 
apparatus control unit 112 generates an apparatus control 
signal. An apparatus information storing unit 113 stores 
therein information (for example, identification information 
on the apparatus 80) that is used to specify the apparatus 
targeted for the control. 

FIG.33 is a schematic diagram illustrating an example of 
the functional configuration of the femto base station 20 
according to the ninth embodiment. As illustrated in FIG.33, 
the femto base station 20 may also have the configuration in 
which the femto base station according to the sixth embodi 
ment (see FIG. 22) is combined with the femto base station 
according to the seventh embodiment (see FIG. 26). In FIG. 
33, components having the same configuration as those in 
the sixth and the seventh embodiments are assigned the 
same reference numerals and descriptions of Such compo 
nents in detail are omitted. In particular, the control permis 
sion request extracting unit 27 extracts a control permission 
request from the information received from the mobile 
station 10 or the macro base station 30. The control permis 
sion determining unit 28 determines, in accordance with the 
control permission request, whether the operation control 
with respect to the femto base station 20 is permitted and 
outputs the determination result thereof to the operation 
control unit 26 that is arranged downstream. 

FIG. 34 is a schematic diagram illustrating an example of 
the functional configuration of the macro base station 30 
according to the ninth embodiment. As illustrated in FIG. 34. 
the macro base station 30 may also have the configuration in 
which the macro base station according to the sixth embodi 
ment (see FIG. 23) is combined with the macro base station 
according to the seventh embodiment (see FIG. 27). In FIG. 
34, components having the same configuration as those in 
the sixth and the seventh embodiments are assigned the 
same reference numerals and descriptions of Such compo 
nents in detail are omitted. In particular, the control permis 
sion request extracting unit 39 extracts the control permis 
sion request described above from the information that has 
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been received from the mobile station 10. The control 
permission determining unit 310 determines, in accordance 
with the control permission request, whether the operation 
control with respect to the femto base station 20 is permitted 
and then outputs the determination result thereof to the 
control permission information generating unit 312 that is 
arranged downstream. The control permission information 
storing unit 311 stores therein an identification code for 
allowing the operation control with respect to the femto base 
station 20 or a command for receiving permission to perform 
the operation control as control permission information. The 
control permission information generating unit 312 gener 
ates the control permission information described above. 
The generated information is associated with the identifica 
tion information on the mobile station that is the request 
Source of the control permission and is then sent to the femto 
base station 20 by the sending unit 33. The apparatus control 
information storing unit 313 stores therein apparatus control 
information, such as, an identifier for an apparatus, control 
content, and a control command, that has previously been 
acquired from the mobile station 10 or the femto base station 
20. In accordance with the control request for an apparatus 
from the mobile station 10, the apparatus control unit 314 
generates an apparatus control signal that is used to control 
the apparatus 80 and also instructs the sending unit 33 to 
send the apparatus control signal to the femto base station 
20. 

Twelfth Modification 
The wireless communication system 3 may also combine 

the distance determining process according to the third 
embodiment with the ninth embodiment described above. 
Namely, for the operation control with respect to the femto 
base station 20, instead of performing the operation control 
in accordance with the request from the mobile station 10, 
the macro base station 30 may also determine, by itself, 
whether the operation control is needed based on the dis 
tance acquired from the mobile station 10. Furthermore, by 
using the location information on the mobile station 10 and 
the location information on the femto base station 20, the 
macro base station 30 may also calculate the distance by 
itself. In Such a case, the location information on the femto 
base station 20 may also be acquired from the femto base 
station 20 or may also be acquired via the mobile station 10. 
With this method, it is possible to obtain the same effect as 
that performed in the first to the ninth embodiments, i.e., a 
reduction in time needed for a handover can Suppress a 
reduction in the transmission speed, and thus the quality of 
transmission can be improved. 
As described above, each of the wireless communication 

systems 1 to 3 includes the mobile station 10, the femto base 
station 20 that can be communicate with the mobile station 
10, and the macro base station 30 that can be communicate 
with the mobile station 10. The mobile station 10 includes 
the location measuring unit 11, the distance calculating unit 
13, and the sending unit 16. The location measuring unit 11 
measures the location of the mobile station 10. The distance 
calculating unit 13 calculates the distance between the 
mobile station 10 and the femto base station 20 by using the 
location described above measured by the location measur 
ing unit 11 and by using the location of the femto base 
station 20. If the distance calculated by the distance calcu 
lating unit 13 becomes equal to or less than a predetermined 
first threshold, the sending unit 16 sends a request signal to 
the macro base station 30 that is used to request the setting 
of the channel between the macro base station 30 and the 
femto base station 20. The macro base station 30 includes 
the receiving unit 31, the channel control unit 32, and the 
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30 
sending unit 33. The receiving unit 31 receives the request 
signal described above that has been sent by the sending unit 
16. If the request signal is received by the receiving unit 31, 
the channel control unit 32 sets a channel passing from the 
macro base station 30 to the femto base station 20. By using 
the channel that has been set by the channel control unit 32. 
the sending unit 33 sends a notification signal to the femto 
base station 20 indicating that the channel has been set. The 
femto base station 20 includes the receiving unit 23 and the 
channel control unit 24. The receiving unit 23 receives the 
notification signal described above that has been sent from 
the sending unit 33. If the notification signal described above 
has been received by the receiving unit 23, the channel 
control unit 24 sets the channel passing from the femto base 
station 20 to the macro base station 30. 

Furthermore, preferably, in the wireless communication 
systems 1 to 3, if the distance calculated by the distance 
calculating unit 13 exceeds a predetermined second thresh 
old, the sending unit 16 in the mobile station 10 sends, to the 
macro base station 30, a request signal for requesting the 
release of the channel between the macro base station 30 and 
the femto base station 20. If the request signal described 
above has been received by the receiving unit 31, the 
channel control unit 32 in the macro base station 30 may also 
release the channel passing from the macro base station 30 
to the femto base station 20. At this time, the first threshold 
is, for example, about 30 to 100 m and the second threshold 
is, for example, about 10 to 50 m; however these thresholds 
do not always need to be the same. 
More preferably, in the wireless communication systems 

1 to 3, the mobile station 10 further includes the channel 
control unit 15 that decides to request the setting of a 
channel by using a different threshold in accordance with 
whether the network to which the femto base station 20 is 
connected is a public network or a dedicated network. In 
other words, in accordance with the type of networks, the 
channel control unit 15 changes the threshold to be used. 
Then, if the channel control unit 15 decides (selects) that the 
setting of a channel, the sending unit 16 in the mobile station 
10 sends the request signal described above to the macro 
base station 30. Specifically, if the network to which the 
femto base station 20 is connected is a public network, it is 
assumed that the time needed to perform a handover is long. 
Because of this, by using the threshold greater than that used 
when a dedicated network is used for the femto base station 
20, the mobile station 10 requests the setting of the channel 
at an earlier timing. 

Similarly, in the wireless communication systems 1 to 3. 
the mobile station 10 further includes the channel control 
unit 15 that decides to request the setting of the channel 
described above by using a different threshold in accordance 
with whether the IP address of the femto base station 20 is 
a global address or a local address (a private address). In 
other words, in accordance with the type of addresses, the 
channel control unit 15 changes the threshold to be used. 
Then, if the channel control unit 15 decides to request the 
setting of the channel, the sending unit 16 in the mobile 
station 10 sends the request signal to the macro base station 
30. Specifically, if the IP address of the femto base station 20 
is a global address, it is assumed that the time needed to 
perform a handover is further long. Because of this, by using 
the threshold greater than that used when the IP address of 
the femto base station 20 is a local address, the mobile 
station 10 requests the setting of the channel at an earlier 
timing. 

Furthermore, in the wireless communication systems 1 to 
3, the mobile station 10 further includes the channel control 
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unit 15 that decides to request the setting of the channel by 
using a different threshold in accordance with whether the IP 
address (for example, a local address) of the femto base 
station 20 is the IP address of the communication network 
that is different from the communication network to which 
the macro base station 30 belongs. In other words, in 
accordance with whether the femto base station 20 belongs 
to the same network as the network to which the macro base 
station 30 belongs, the channel control unit 15 changes the 
threshold to be used. Then, if the channel control unit 15 
decides to request the setting of the channel, the sending unit 
16 in the mobile station 10 sends the request signal to the 
macro base station 30. Specifically, if the IP address (for 
example, a local address) of the femto base station 20 and 
the IP address (for example, a local address) of the macro 
base station 30 are addresses in different mobile communi 
cation networks, it is assumed that longer time is needed to 
perform a handover. Accordingly, by using the threshold 
greater than that is used when the femto base station 20 and 
the macro base station 30 are present in the same network, 
the mobile station 10 requests the setting of the channel at 
an earlier timing. 
As described above, in order to reduce the time needed to 

perform a handover from the macro base station 30 to the 
femto base station 20, the mobile station 10 sends a control 
request signal to the macro base station 30 when the power 
that is received from the macro base station 30 and that is 
measured and calculated in the mobile station 10 is higher 
than the power received from the femto base station 20. The 
macro base station 30 sets, in accordance with the request 
signal, the channel for the mobile station 10 between the 
femto base station 20 and the mobile station 10. Accord 
ingly, the mobile station 10 approaches the femto base 
station 20, thereby the power received from the femto base 
station 20 exceeds the power received from the macro base 
station 30 and, when a handover can be performed, the 
channel has already been established. Consequently, by 
receiving a signal to the own station or sending and receiv 
ing data from and to the own station by using the set channel, 
the mobile station 10 can smoothly perform the handover 
from the macro base station 30 to the femto base station 20. 
Furthermore, in the description above, the power received 
from the macro base station 30 is simply compared with the 
power received from the femto base station 20. However, by 
adding an offset to the power received from the femto base 
station 20, the possibility of the handover to the femto base 
station 20 is made high. In this way, by previously setting an 
offset, a process of increasing the possibility of the handover 
to the macro base station 30 or to the femto base station 20 
may also be performed. 

Furthermore, in accordance with the result of determina 
tion whether the mobile station 10 approaches or moves 
away from the femto base station 20, if the mobile station 10 
approaches the femto base station 20, the operation mode of 
the femto base station 20 is changed from the electrical 
power saving mode into the normal operation mode. In 
contrast, if the mobile station 10 moves away from the femto 
base station 20, the operation mode of the femto base station 
20 is changed from the normal operation mode into the 
electrical power saving mode. Furthermore, by previously 
notifying only the specific mobile stations of a command for 
receiving permission, the femto base station 20 can limit the 
number of mobile stations that can connect to the femto base 
station 20. Similarly, the femto base station 20 can also limit 
the number of mobile stations so that the femto base station 
20 can control the own operation. Furthermore, the infor 
mation for allowing the operation control with respect to the 
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femto base station 20 is notified to the mobile station 10 
when, for example, a channel with the macro base station 30 
that is currently being connected is set. Similarly to the 
channel control, when the operation control is performed, 
the wireless communication system 1 can also reduce the 
time needed for a handover. Furthermore, it is possible to 
improve a reduction in the transmission speed due to dis 
connection of the channel due to a handover. 

Furthermore, before the connection between the mobile 
station 10 and the femto base station 20, the wireless 
communication systems 1 to 3 previously set a channel. 
However, data transmission using the set channel is not 
performed until the mobile station 10 is completely handed 
over from the macro base station 30 to the femto base station 
20. Consequently, even if the mobile station 10 continues the 
communication with the macro base station 30 without 
actually performing a handover, the data addressed to the 
mobile station 10 remains in the macro base station 30 that 
is the base station before the handover is performed. Accord 
ingly, even if the channel control according to each of the 
embodiments and modifications is performed, the occur 
rence of a data loss, such as a packet loss, can be suppressed. 
Consequently, the continuity or the reliability of communi 
cation can be ensured. 

Furthermore, although not illustrated in the drawing, the 
embodiments and the modifications described above may 
also use the following method described below. For 
example, for sending and receiving information between the 
mobile station 10 and the femto base station 20, the mobile 
station 10 may also send a notification about the information 
(for example, the identification information, the IP address, 
telecommunications carriers, or the like) on the mobile 
station 10 or may also receive connection permission infor 
mation by using either of the methods, i.e., a wired or 
wireless connection. Furthermore, it is assumed a method in 
which the femto base station 20 selects, from among the 
mobile stations that can be connected to the femto base 
station 20, a mobile station that is permitted, with priority, 
to connect; stores the information (hereinafter, referred to as 
“priority connection permission information') that is used to 
notify the mobile station of the selection; and provides the 
information. With this method, the sending and receiving of 
the priority connection permission information between the 
femto base station 20 and the mobile station 10 may also be 
performed by using a wired channel regardless of whether 
the wireless channel is used. For the mobile station that 
holds the priority connection permission information, the 
femto base station 20 permits the control of the connection 
to the own station, a channel, an operation, and an apparatus 
by giving priority higher than the other mobile stations. 

Similarly, sending location information from the femto 
base station 20 to the mobile station 10 or providing control 
permission may also be performed by using either of the 
methods, i.e., a wired or wireless connection. Furthermore, 
although not illustrated in the drawings, the mobile station 
10 may also convert an apparatus control signal in accor 
dance with a predetermined protocol. With this method, the 
mobile station 10 includes at least an apparatus control 
signal generating unit that generates an apparatus control 
signal in accordance with the wireless communication pro 
tocol of the control signal addressed to the macro base 
station 30 and includes an apparatus control signal convert 
ing unit that converts the apparatus control signal to a signal 
that can be transmitted in the wireless communication 
systems 1 to 3. 

Furthermore, in each of the embodiments and the modi 
fications, it is assumed that, when, as a trigger, the mobile 
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station 10 enters the area within a predetermined distance 
(for example, the distance threshold L.) from the femto 
base station 20, each of the wireless communication systems 
1 to 3 immediately starts the channel control, the operation 
control, and the apparatus control. However, a user of the 
mobile station 10 does not always stay in the area in which 
the user once enters. Accordingly, the channel control, the 
operation control, and the apparatus control may also be 
performed only after the mobile station 10 continuously 
stays in the area for a predetermined time (for example, 
about one to ten minutes). Consequently, it is possible to 
avoid an unwanted control process due to a temporary stay 
of the user and thus a load applied to the system can be 
reduced. As a further modification method, each of the 
wireless communication systems 1 to 3 may also perform 
the process of the channel control, the operation control, the 
apparatus control, or the like only after it is detected that the 
mobile station 10 continuously approaches the macro base 
station 30 for the predetermined time (for example, about 
one to ten minutes). With this method, it is also possible to 
prevent a process due to the starting and the stopping of the 
control from frequently occurring and thus a load applied to 
the system can be reduced. 

Furthermore, each of the embodiments and the modifica 
tions, each of the components in the mobile station 10, the 
femto base station 20, and the macro base station 30 is not 
always physically configured as illustrated in the drawings. 
In other words, the specific shape of a separate or integrated 
device is not limited to the drawings. Specifically, all or part 
of the device can be configured by functionally or physically 
separating or integrating any of the units depending on 
various loads or use conditions. For example, the distance 
calculating unit 13 and the distance determining unit 14, or 
the sending unit 16 and the receiving unit 17 in the mobile 
station 10 may also be integrated as a single unit. In contrast, 
the channel control unit 15 may also be separated by 
dividing it into a unit that decides (or selects) the control 
target and the content of the control and a unit that actually 
performs the control (a function of generating a control 
signal and sending the signal). Furthermore, for the femto 
base station 20 and the macro base station 30, the commu 
nication function may also be integrated or the channel 
control function may also be separated. Furthermore, the 
memories 10d and 20d may also be used as an external 
device of the mobile station 10, the femto base station 20, 
and the macro base station 30 and be connected via a 
network or by a cable. 

Furthermore, in the above description, the configuration 
and the operation have been described for each embodiment. 
However, the wireless communication systems 1 to 3 
according to each embodiment may also have a component 
specific to the other embodiments or the modifications. 
Furthermore, the combination for each of the embodiments 
and the modifications is not limited two. Any combination, 
Such as three or more, may also be used. For example, a 
method of changing the distance threshold may also be used 
in the embodiments or the modification other than the first 
and the third embodiments depending on the type of net 
works to which the mobile station 10 is connected or the 
type of IP addresses of the mobile station 10. The function 
of providing, by the femto base station 20, of the priority 
connection permission information described above to the 
mobile station 10 may also be used in the embodiments and 
the modifications other than the sixth embodiment and the 
eighth modification. Similarly, the function of the mobile 
station 10 generating and converting an apparatus control 
signal in accordance with the protocol may also be used in 
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the embodiments and the modifications other than the sev 
enth embodiment and the ninth and the tenth modifications. 
Furthermore, a single wireless communication system may 
also have all of the components described in the first to the 
ninth embodiments and in the first to the twelfth modifica 
tions as long as combinations can be possible. 

In the embodiments, the descriptions have been given 
with the assumption that the mobile station is a Smartphone; 
however, the present invention is not limited thereto. Various 
communication devices, such as a mobile phone, a personal 
digital assistant (PDA), or the like, that can be handed over 
from the macro base station to the femto base station may 
also be used. Furthermore, the descriptions have been given 
with the assumption that femto base station is a small size 
base station; however, the present invention is not limited 
thereto. A base station that forms a micro cell or a pico cell 
may also be used. Alternatively, access points of a wireless 
LAN may also be used. 
The distance threshold L-L described above is 

selected (or decided) by using, for example, the time needed 
for a handover of the mobile station 10 and the moving 
speed of the mobile station 10 as the parameters. Accord 
ingly, the distance threshold is set to an appropriate value in 
accordance with the type of networks that is the move source 
and the move destination of a handover; the type of IP 
addresses, such as a global address, a local address, or the 
like, of the mobile station 10; or a moving method of a user. 
For example, if networks used for the move source and the 
move destination of the mobile station 10 differ and tele 
communications carriers used also differ, each of the wire 
less communication systems 1 to 3 preferably sets the 
distance threshold to a higher value, for example, about 300 
m to 1 km, so as to ensure that the time needed for the 
channel control is long. Furthermore, each of the wireless 
communication systems 1 to 3 may also properly use the 
distance threshold depending on an environment or a state, 
such as, if a user of the mobile station 10 moves on foot, the 
value between 20 to 100 m is set as the distance threshold 
L whereas, if a user moves by car, the value between 500 
m to 1 km is set as the distance threshold L. 

Furthermore, in each of the embodiments and the modi 
fications, mainly, the description has been given with the 
assumption that a handover is performed from the base 
station (the macro base station 30), which is connected to an 
intranet, to the base station (the femto base station 20), 
which is connected to a different intranet or connected to the 
Internet. However, the type of networks corresponding to the 
connection destination before a handover and the type of 
networks corresponding to the new connection destination 
due to the handover are not limited to the case described 
above. For example, each of the wireless communication 
systems 1 to 3 may also be used for a handover that is 
performed from a public network, such as the Internet or the 
like, to a dedicated network, such as an intranet, an ATM, or 
the like. 

Furthermore, in each of the embodiments and the modi 
fications, the femto base station 20 limits, from among the 
mobile stations that can be connected to the femto base 
station 20, the mobile stations that can request apparatus 
control in accordance with whether permission is received 
from the femto base station 20. Such a control permission/ 
rejection control function is not limited to the control with 
respect to an apparatus. The function may also be similarly 
used for the control with respect to a channel or behavior. 
Consequently, it is possible to reliably prevent a case in 
which an unwanted channel is set or a channel is erroneously 
deleted because an unexpected user enters a mobile station, 
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or a case in which the femto base station 20 changes into the 
normal operation mode and thus the electrical power con 
Sumption is increased even though a user of the mobile 
station 10 does not return home yet. 

According to an aspect of an embodiment of a wireless 
communication system disclosed in the present invention, an 
advantage is provided in that the time needed for a handover 
between base stations can be reduced. 

All examples and conditional language recited herein are 
intended for pedagogical purposes of aiding the reader in 
understanding the invention and the concepts contributed by 
the inventor to further the art, and are not to be construed as 
limitations to such specifically recited examples and condi 
tions, nor does the organization of Such examples in the 
specification relate to a showing of the Superiority and 
inferiority of the invention. Although the embodiments of 
the present invention have been described in detail, it should 
be understood that the various changes, Substitutions, and 
alterations could be made hereto without departing from the 
spirit and scope of the invention. 

What is claimed is: 
1. A wireless communication system comprising: 
a mobile station; 
a first base station that communicates with the mobile 

station; and 
a second base station that communicates with the mobile 

station, wherein the mobile station includes 
a measuring unit that measures a location of the mobile 

station, 
a calculating unit that calculates, by using location 

information measured by the measuring unit and 
location information on the first base station, a 
distance between the mobile station and the first base 
station, and 

a first sending unit that sends, to the second base station 
based on the distance calculated by the calculating 
unit and a predetermined first threshold, a request 
signal that is used to request setting of a channel 
between the second base station and the first base 
station, and 

the second base station includes 
a first receiving unit that receives the request signal sent 
by the first sending unit, 

a first control unit that sets, when the request signal is 
received by the first receiving unit, the channel 
between the second base station and the first base 
station, and 

a second sending unit that sends, to the first base station 
by using the channel set by the first control unit, a 
notification signal that indicates notification of the 
setting of the channel, and 

the first base station includes 
a second receiving unit that receives the notification 

signal sent by the second sending unit, and 
a second control unit that sets, when the notification 

signal is received by the second receiving unit, the 
channel between the first base station and the second 
base station, wherein 

the second control unit establishes a wired communi 
cation path for the mobile station, on a network side. 

2. The wireless communication system according to claim 
1, wherein 
when the distance calculated by the calculating unit 

exceeds a predetermined second threshold, the first 
sending unit in the mobile station sends a request signal 
that is used to request the release of the channel 
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between the second base station and the first base 
station to the second base station, and 

when the request signal that is used to request the release 
of the channel is received by the first receiving unit, the 
first control unit in the second base station releases the 
channel between the second base station and the first 
base station. 

3. The wireless communication system according to claim 
1, wherein 

the mobile station further includes a deciding unit that 
decides, in accordance with whether a network to 
which the first base station is connected is a public 
network, to request the setting of the channel by using 
a different threshold, and 

when the deciding unit decides to request the setting of the 
channel, the first sending unit sends the request signal 
to the second base station. 

4. The wireless communication system according to claim 
1, wherein 

the mobile station further includes a deciding unit that 
decides, in accordance with whether an IP address of 
the first base station is a global address, to request the 
setting of the channel by using a different threshold, 
and 

when the deciding unit decides to request the setting of the 
channel, the first sending unit sends the request signal 
to the second base station. 

5. The wireless communication system according to claim 
1, wherein 

the mobile station further includes a deciding unit that 
decides, in accordance with whether an IP address of 
the first base station is an IP address of a communica 
tion network that is different from a communication 
network to which the second base station belongs, to 
request the setting of the channel by using a different 
threshold, and 

when the deciding unit decides to request the setting of the 
channel, the first sending unit sends the request signal 
to the second base station. 

6. A mobile station that communicates with a first base 
station and a second base station, the mobile station com 
prising: 

a measuring unit that measures a location of the mobile 
station; 

a calculating unit that calculates, by using location infor 
mation measured by the measuring unit and location 
information on the first base station, a distance between 
the mobile station and the first base station; and 

a sending unit that sends, to the second base station based 
on the distance calculated by the calculating unit and a 
predetermined threshold, a request signal that is used to 
request setting of a channel between the second base 
station and the first base station, wherein 

the first base station establishes a wired communication 
path for the mobile station, on a network side. 

7. A base station that communicates with a mobile station, 
the base station comprising: 

a receiving unit that receives, based on a distance between 
the mobile station and another base station that is other 
than the base station and based on a predetermined 
threshold, a request signal that is sent from the mobile 
station and that is used to request setting of a channel 
between the base station and the other base station; 

a control unit that sets, when the request signal is received 
by the receiving unit, the channel between the base 
station and the other base station; and 
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a sending unit that sends, to the other base station by using 
the channel set by the control unit, a notification signal 
that indicates notification of the setting of the channel, 
wherein 

the other base station establishes a wired communication 
path for the mobile station, on a network side. 

8. A wireless communication method used in a wireless 
communication system that includes a mobile station, a first 
base station that communicates with the mobile station, and 
a second base station that communicates with the mobile 
station, the wireless communication method comprising: 

measuring, performed by the mobile station, a location of 
the mobile station; 

calculating, performed by the mobile station by using 
measured location information and location informa 
tion on the first base station, a distance between the 
mobile station and the first base station; 

sending, to the second base station performed by the 
mobile station based on the calculated distance and a 
predetermined threshold, a request signal that is used to 
request setting of a channel between the second base 
station and the first base station; 

receiving, performed by the second base station, the 
request signal sent from the mobile station; 

setting, performed by the second base station, when the 
request signal is received, the channel between the 
second base station and the first base station; 

sending, to the first base station performed by the second 
base station by using the set channel, a notification 
signal that indicates notification of the setting of the 
channel; 

receiving, performed by the first base station, the notifi 
cation signal sent from the second base station; 

setting, performed by the first base station, when the 
notification signal is received, the channel between the 
first base station and the second base station; and 
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establishing, performed by the first base station, a wired 

communication path for the mobile station, on a net 
work side. 

9. A wireless communication method comprising: 
measuring, performed by a mobile station that commu 

nicates with a first base station and a second base 
station, a location of the mobile station; 

calculating, performed by the mobile station, by using 
measured location information and location informa 
tion on the first base station, a distance between the 
mobile station and the first base station; 

sending, to the second base station performed by the 
mobile station, based on the calculated distance and a 
predetermined threshold, a request signal that is used to 
request setting of a channel between the second base 
station and the first base station and 

establishing, performed by the first base station, a wired 
communication path for the mobile station, on a net 
work side. 

10. A wireless communication method comprising: 
receiving, performed by a base station that communicates 

with a mobile station, based on a predetermined thresh 
old and a distance between the mobile station and 
another base station that is other than the base station, 
a request signal that is sent from the mobile station and 
that is used to request setting of a channel between the 
base station and the other base station; 

setting, performed by the base station, when the request 
signal is received, the channel between the base station 
and the other base station; 

sending, to the other base station performed by the base 
station by using the set channel, a notification signal 
that indicates notification of the setting of the channel; 
and 

establishing, performed by the other base station, a wired 
communication path for the mobile station, on a net 
work side. 


