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(57) ABSTRACT 

Disclosed are a mobile communication device and mobile 
communication method which make it possible to reduce the 
amount of the data transfer during heterogeneous network 
handover processing in the hard handover processing in a 
mobile network. The mobile communication device which is 
equipped with a plurality of kinds of radio communication 
interfaces, receives a request to perform the handover 
between heterogeneous networks, which requests Switching 
from a radio communication interface in use to another radio 
communication interface from the mobile communication 
network, and performs the handover between the heteroge 
neous networks comprises a measurement processing section 
(106) for measuring the connection quality of the plurality of 
kinds of radio communication interfaces, a handover execu 
tion predicting section (107); for predicting whether or not 
the handover between the heterogeneous networks is per 
formed on the basis of the connection quality, and a TCP 
window control unit (113) for setting a window size to a 
smaller window size than the window size in use if the han 
dover execution predicting section (107) predicts that the 
handover between the heterogeneous networks is performed. 
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MOBILE COMMUNICATION DEVICE AND 
MOBILE COMMUNICATION METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a mobile communi 
cation apparatus and mobile communication method using a 
plurality of different types of radio communication inter 
faces. More particularly, the present invention relates to a 
mobile communication apparatus and mobile communica 
tion method that controls the amount of communication flow 
upon Switching between different types of radio communica 
tion interfaces during communication. 

BACKGROUND ART 

0002. In 3GPP (3rd Generation Partnership Project) that 
standardizes mobile communication systems, 3GPP-LTE/ 
SAE (Long Term Evolution/System Architecture Evolution) 
is being standardized as the next mobile communication sys 
tem. 

0003) 3GPP-LTE/SAE standards have proposed radio 
access technologies (hereinafter “RATs) each standardized 
in 3GPP in the past. 3GPP-LTE/SAE standards disclose the 
steps of inter-RAT handover, which is used by switching 
between the communication interface for the mobile commu 
nication system for the second generation (GS: Global Sys 
tem for Mobile Communication or GPRS: General Packet 
Radio Service) or the third generation (UMTS: Universal 
Mobile Telecommunication System) and the communication 
interface for 3GPP LTE. 
0004 Inter-RAT handover is so called “vertical handover 
and refers to handover between different systems (or net 
works). 
0005. With inter-RAT handover in systems defined in 
3GPP, whether to execute handover is decided on the mobile 
communication network side. 
0006 When the conditions for executing inter-RAT han 
dover are fulfilled, a data transfer communication path from 
an access network that the communication interface which a 
mobile communication apparatus is currently connected 
with, utilizes to the access network that the communication 
interface utilizes after the switch, is secured in the access 
network. Then, a handover execution command message (a 
handover command) is transmitted to the mobile communi 
cation apparatus and makes the mobile communication appa 
ratus execute inter-RAT handover processing. 
0007. Upon receiving the handover command, the mobile 
communication apparatus disconnects the connection with 
the communication interface currently in use, performs con 
nection processing of the communication interface desig 
nated in the handover command, and Switches the communi 
cation interface to utilize. 
0008 Communication data delivered to the access net 
work before the switch during inter-RAT handover is trans 
ferred to the access network to be used by the communication 
interface after the switch through the data transfer communi 
cation path secured as described above, or is subject to bi-cast 
(e.g. Non-Patent Document 1). 
0009 Further, the TCP protocol is mainly used as a data 
communication method on the Internet or in mobile commu 
nication systems. With the TCP protocol, the actual amount of 
consecutive data transmission is determined from an adver 
tised window and a congestion window (e.g. Non-Patent 
Document 2). The advertised window shows the amount of 
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data which a TCP data segment receiving apparatus is then 
able to receive, to the access network. Also, the congestion 
window shows the amount of consecutive data which a TCP 
data transmitting apparatus estimates not to cause network 
congestion even if the TCP data transmitting apparatus con 
tinuously performs transmission, to the access network. 
0010. A mobile communication apparatus having a com 
munication interface for a mobile communication network 
and a communication interface for a wireless LAN is a con 
ventional mobile communication apparatus having different 
communication interfaces. A window control technique is 
known as a technique of Smoothly performing communica 
tion upon Switching a communication interface in this mobile 
communication apparatus. With this window control tech 
nique, the initial TCP window size for each communication 
interface is set in advance. Then, upon Switching from a low 
speed communication interface to a high speed communica 
tion interface, a mobile communication apparatus transmits a 
TCP-ACK packet set in the window size for the switch des 
tination communication interface (hereinafter ACK packet’) 
before the communication interface switches. 
0011. With this technique, a mobile communication appa 
ratus is configured to start handover processing. Then, with 
this technique, the link is Switched according to the received 
signal strength from a base station, the IPlayer is switched by 
mobile IP protocol processing, and the TCP window is set. 
0012. Accordingly, data is transferred after the IPlayer has 
been switched, and therefore, to transmit the advertised win 
dow size to the communicating party after handover starts and 
before handover ends, it is necessary to access the communi 
cation interface after the switch meanwhile perform soft han 
dover to maintain the connection with the communication 
interface before the switch (e.g. Patent Document 1). 

Patent Document 1: Japanese Patent Application Laid-Open 
No. 2004-153321 

0013 Non-Patent Document 1: 3GPP TS23.401 V1.2.1 
online searched on Jan. 23, 2008, the Internet <URL:http:// 
www.3gpp.org/ftp/Specs/html-info/23401.htm> 
Non-Patent Document 2: RFC 2581 TCP online searched 
on Jan. 23, 2008, the Internet <URL:http://www.ietforg/rfc/ 
rfc2581.txt?number=2581-> 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 
0014. However, with inter-RAT handover processing in 
3GPP systems such as GPS, GPRS, UMTS and LTE, the 
mobile communication network side decides to execute han 
dover and secures resources for data transfer processing 
between mobile networks before transmitting a handover 
command to a mobile communication apparatus. In this way, 
conventionally, the mobile communication network side 
decides to execute handover, and therefore, there has been a 
problem that whether or not to execute handover cannot be 
decided based only on the received signal strength from a 
base station. 
0015. Further, in handover processing on the mobile com 
munication apparatus side, hard handover processing is 
executed, whereby the connection of the communication 
interface before the Switch is disconnected and connection of 
the communication interface after the Switch is connected. 
Accordingly, there has been a problem that a new advertised 
window size cannot be notified to the communicating party 
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during handover processing and the amount of data transfer 
during handover processing cannot be reduced. 
0016. It is therefore an object of the present invention to 
provide a mobile communication apparatus and mobile com 
munication method to reduce the amount of data transfer 
during vertical handover processing in hard handover pro 
cessing on a mobile network. 

Means for Solving the Problem 

0017. The mobile communication apparatus of the present 
invention provides a mobile communication apparatus that 
has a plurality of types of radio communication interfaces and 
receives, from a mobile communication network, a vertical 
handover execution request that requests to Switch a radio 
communication interface in use to another radio communica 
tion interface, to execute vertical handover and adopts a con 
figuration including: a measurement processing section that 
measures connection quality of each of the plurality of types 
of radio communication interfaces; a handover execution pre 
diction section that predicts whether or not to execute the 
Vertical handover, based on the connection quality; and a 
transmission control protocol control section that sets a win 
dow size in use to a smaller window size than the window size 
in use when the handover execution prediction section pre 
dicts that the vertical handover is executed. 
0018. The mobile communication method of the present 
invention provides a mobile communication method of a 
mobile communication apparatus that has a plurality of types 
of radio communication interfaces and receives, from a 
mobile communication network, a vertical handover execu 
tion request that requests to Switch a radio communication 
interface in use to another radio communication interface, to 
execute vertical handover and includes: measuring connec 
tion quality of each of the plurality of types of radio commu 
nication interfaces; predicting whether or not to execute the 
Vertical handover, based on the connection quality; and a 
transmission control protocol control step of setting a window 
size in use to a smaller window size than the window size in 
use when the predicting step predicts that the vertical han 
dover is executed. 

ADVANTAGEOUSEFFECTS OF INVENTION 

0019. According to the present invention, it is possible to 
reduce the amount of data transfer during vertical handover 
processing in hard handover processing on a mobile network. 

BRIEF DESCRIPTION OF DRAWINGS 

0020 FIG. 1 is a block diagram showing a configuration of 
a mobile communication apparatus according to an embodi 
ment of the present invention; 
0021 FIG. 2 shows a measurement result table in a mea 
Surement processing section according to the present embodi 
ment, 
0022 FIG. 3 shows an example of handover execution 
condition tables in a handover condition storing section 
according to the present embodiment; 
0023 FIG. 4 shows an example of handover inexecution 
condition tables in the handover condition storing section 
according to the present embodiment; 
0024 FIG. 5 shows an example of a window size table in 
a congestion window control section according to the present 
embodiment; 
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0025 FIG. 6 shows an example of a window size table in 
an advertised window control section according to the present 
embodiment; 
0026 FIG. 7 shows an example of a window control timer 
table in a window control timer management section; 
0027 FIG. 8 is a flowchart of window control according to 
the present embodiment; and 
(0028 FIG. 9 is a flowchart of inter-RAT handover predic 
tion decision processing according to the present embodi 
ment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0029 Now, an embodiment of the present invention will 
be described in detail with reference to the accompanying 
drawings. 

Embodiment 1 

0030 Now, an embodiment of the present invention will 
be described with reference to the accompanying drawings. 
0031 FIGS. 1 to 9 show an example of the communication 
apparatus and the mobile communication method according 
to an embodiment of the present invention. 
0032 FIG. 1 is a block diagram showing a configuration of 
the mobile communication apparatus according to the present 
embodiment. In FIG. 1, a mobile communication apparatus 
has LTE communication interface 101, UMTS communica 
tion interface 102, communication interface control section 
103, IP processing section 109, TCP control section 111 and 
terminal control section 110. 
0033 Although not shown, the mobile communication 
apparatus also has functions of a key, a display, a codec, a 
microphone, a speaker, a camera, a vibrator, a memory for 
storing and executing programs and so on, which are user 
interfaces to allow the user of the mobile communication 
apparatus to execute and select the operation of the mobile 
communication apparatus. 
0034 LTE communication interface 101 transmits and 
receives data using a 3GPP-LTE communication scheme. 
Further, UMTS communication interface 102 transmits and 
receives data using a W-CDMA (Wideband Code Division 
Multiple Access) communication scheme. Vertical handover 
is performed by switching between LTE communication 
interface 101 and UMTS communication interface 102. 
0035 Communication interface control section 103 has 
transmitting/receiving frame processing section 104, han 
dover command processing section 105, measurement pro 
cessing section 106, handover execution prediction section 
107 and handover condition storing section 108. 
0036 Communication interface control section 103 man 
ages the communication interface in use, and performs 
Switching processing (handover processing) between LTE 
communication interface 101 and UMTS communication 
interface 102 and radio processing including media access 
control processing (MAC: Media Access Control), radio link 
control processing (RLC: Radio Link Control) and radio 
resource control processing (RRC: Radio Resource Control). 
0037 Transmitting/receiving frame processing section 
104 analyzes a frame of the signal received in LTE commu 
nication interface 101 and UMTS communication interface 
102. When a received signal includes higher layer data, trans 
mitting/receiving frame processing section 104 separates the 
frame header and the trailer, and outputs the packet part to IP 
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processing section 109. Further, transmitting/receiving frame 
processing section 104 adds a frame header and a trailer to a 
packet received from IP processing section 109 (i.e. create a 
frame), and passes the frame to the communication interface 
in use. 
0038. When a received signal is a handover command 
(handover execution request), transmitting/receiving frame 
processing section 104 passes the handover command to han 
dover command processing section 105. Further, transmit 
ting/receiving frame processing section 104 receives a 
response to the received handover command from handover 
command processing section 105, creates a frame, and passes 
the created frame to the communication interface in use. 
Further, transmitting/receiving frame processing section 104 
passes a measurement report message generated in measure 
ment processing section 106 to the communication interface 
in use. 
0039 Handover command processing section 105 
receives from transmitting/receiving frame processing sec 
tion 104 a handover command received via the communica 
tion interface in use, and commands measurement processing 
section 106 to pass the measurement result immediately 
before receiving the handover command, to handover condi 
tion storing section 108. Further, handover command pro 
cessing section 105 requests window control timer manage 
ment section 116 to stop window control timer 117 upon 
receiving a handover command, executes handover based on 
the handover command to Switch the communication inter 
face, and so on. 
0040. Measurement processing section 106 measures the 
connection quality of each communication interface at the 
time measurement is performed. Measurement processing 
section 106 stores a measurement result in a measurement 
result table provided in a storing field of measurement pro 
cessing section 106. Measurement processing section 106 
generates a measurement report message storing a measure 
ment result and passes the measurement report message to 
transmitting/receiving frame processing section 104. Further, 
measurement processing section 106 passes measurement 
start time information to window control timer management 
section 116, passes measurement result information to han 
dover condition storing section 108 upon receiving a han 
dover command in the mobile communication apparatus. 
0041 FIG. 2 shows an example of a measurement result 
table stored in measurement processing section 106. The 
measurement result table shows that the received signal 
strength in LTE communication interface 101 at measure 
ment time T1 is -11 dBm and the received signal strength in 
UMTS communication interface 102 at measurement time T2 
is 2 dBm. Other than these, the measurement result table may 
include position information upon measurement. 
0.042 Based on a measurement result stored in measure 
ment processing section 106, handover execution prediction 
section 107 predicts execution of inter-RAT handover. Fur 
ther, handover execution prediction section 107 commands 
window control timer management section 116 to activate 
window control timer 117 when predicting the execution of 
inter-RAT handover. 
0043 Handover condition storing section 108 having a 
handover execution condition table and a handover inexecu 
tion condition table, stores information applicable to each 
table. 

0044. The handover execution condition table is a table for 
storing a measurement result managed in measurement pro 
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cessing section 106 when handover is executed, together with 
the time and position information upon the measurement. 
Meanwhile, the handover inexecution condition table is a 
table for storing a measurement result managed in measure 
ment processing section 106 when window control timer 117 
has expired, together with the time and position information 
upon the measurement. 
0045 FIG.3 shows an example of the handover execution 
condition tables. In this example, one handover execution 
condition table shows a measurement result when the com 
munication interface after the Switch is UMTS communica 
tion interface 102, and shows entries of the measurement 
time-T1, the position coordinates=P1, the received signal 
strength in UMTS communication interface 102–2 dBm and 
received signal strength in LTE communication interface 
101=-11 dBm. Another handover execution condition table 
shows a measurement result when the communication inter 
face after the switch is LTE communication interface 101, and 
shows entries of the measurement time-T3, the position 
coordinates=P3, the received signal strength in UMTS com 
munication interface 102=-20 dBm and received signal 
strength in LTE communication interface 101=5 dBm. These 
entries are added and stored each time inter-RAT handover is 
executed. 
0046 FIG. 4 shows an example of the handover inexecu 
tion condition tables. In this example, one handover execu 
tion condition table shows a measurement result when the 
communication interface in use is LTE communication inter 
face 101, and shows entries of the measurement time-T2, the 
position coordinates-P2, the received signal strength in 
UMTS communication interface 102-7 dBm and received 
signal strength in LTE communication interface 101=1 dBm. 
Another handover execution condition table shows a mea 
Surement result when the communication interface in use is 
UMTS communication interface 102, and shows entries of 
the measurement time–T4, the position coordinates=P4, the 
received signal strength in UMTS communication interface 
102=-5 dBm and received signal strength in LTE communi 
cation interface 101=3 dBm. These entries are added and 
stored each time the window control timer expires. Further, 
these entries may be processed and stored as statistical infor 
mation. 
0047 IP processing section 109 performs overall process 
ing for the IP protocol, including receiving processing of an 
IP packet received from communication interface control 
section 103, and passing the IP packet to TCP control section 
111 as required, receiving a TCP segment from TCP control 
section 111 and performing transmitting processing of the IP 
packet, and passing the IP packet after transmitting process 
ing to communication interface control section 103. 
0048 Terminal control section 110 manages systems in 
the mobile communication apparatus, performs application 
processing and so on. 
0049 TCP control section 111 has TCP protocol process 
ing section 112, TCP window control section 113, window 
control timer management section 116 and window control 
timer 117. 
0050. Then, TCP control section 111 performs overall 
processing for the TCP protocol, changes the values of the 
congestion window size and advertised window size by a 
command of window control timer management section 116 
upon inter-RAT handover, and so on. 
0051 TCP protocol processing section 112 performs pro 
cessing for a TCP data segment received from IP processing 
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section 109 to pass the TCP data segment to higher applica 
tions and performs TCP segmentation on data received from 
higher applications to pass the data to IP processing section 
109. Further, TCP protocol processing section 112 performs 
overall processing for the TCP protocol including TCP-ACK 
processing for delivery confirmation on a received TCP seg 
ment and session management Such as establishing and 
receiving a TCP session. 
0052 TCP protocol processing section 112 sets the con 
gestion window size, which shows the amount of continuous 
transmission of various types of TCP segments, to whichever 
is Smaller between the value managed in congestion window 
control section 114 and the value of the advertised window 
size, which shows the amount of continuous reception stored 
in the TCP segment, transmitted from the communicating 
party. Based on the value managed in advertised window 
control section 115, TCP protocol processing section 112 
then sets the congestion window size notifying to the com 
municating party the amount that can be continuously 
received in the mobile communication apparatus. 
0053. Further, when the advertised window in a period 
during which inter-RAT handover execution is predicted, is 
set to Zero, TCP protocol processing section 112 generates a 
TCP-ACK in the reset advertised window size according to a 
TCP-ACK transmission request from window control timer 
management section 116 after handover is executed, or after 
count time in window control timer 117 has expired, and 
passes the generated TCP-ACK to IP processing section 109. 
0054 TCP window control section 113 has congestion 
window control section 114 and advertised window control 
section 115, and manages a TCP window. 
0055 Congestion window control section 114 has a win 
dow size table to manage the congestion window size in order 
to perform congestion control as processing on the transmit 
ting side. Then, based on the information of this table, TCP 
protocol processing section 112 sets the amount of TCP data 
segments that can be transmitted continuously. 
0056. The window size table manages the initial value, the 
setting value in a predicted handover execution period, which 
shows the value set in the period inter-RAT handover is pre 
dicted to be executed, and the setting value before inter-RAT 
handover is executed, which shows the value of the conges 
tion window size used until just before whether inter-RAT 
handover execution is predicted is decided. When inter-RAT 
handover is predicted to be executed, TCP window control 
section 113 sets the setting value in the predicted handover 
execution period at “0” sets a smaller window size than the 
window size normally used or sets a Smaller window size than 
the window size in use. 
0057 FIG. 5 shows an example of a window size table 
managed in congestion window control section 114. With this 
example, the window size table shows that the initial value of 
the congestion window size upon using LTE communication 
interface 101 is 128 KB, the setting value in the predicted 
handover execution period is 16 KB and the setting value 
before executing handover is 96 KB. With this example, the 
window size table shows the initial value of the congestion 
window size upon using UMTS communication interface 102 
is 32 KB, the setting value in the predicted handover execu 
tion period is 16 KB and the setting value before executing 
handover is 32 KB. 

0.058 Advertised window control section 115 has a win 
dow size table to manage advertised window sizes stored in 
TCP segments in order to notify to the communicating party 

Jan. 13, 2011 

how much the mobile communication apparatus can pres 
ently perform receiving processing. Based on the information 
of this table, advertised window control section 115 stores the 
advertised window size in a TCP segment and passes the TCP 
segment to IP processing section 109. The window size table 
manages the initial value, the setting value in a predicted 
handover execution period, which shows the value set in the 
period inter-RAT handover is predicted to be executed, and 
the setting value before inter-RAT handover is executed, 
which shows the value of the advertised window size used 
until just before whether inter-RAT handover execution is 
predicted is decided. TCP protocol control section 112 sets 
the setting value in a predicted handover execution period at 
“0” sets a smaller window size than the window size nor 
mally used or sets a smaller window size than the window size 
1. SC. 

0059 FIG. 6 shows an example of a window size table 
managed inadvertised window control section 115. With this 
example, the window size table shows that the initial value of 
the congestion window size upon using LTE communication 
interface 101 is 128 KB, the setting value in a predicted 
handover execution period is 16 KB and the setting value 
before executing handover is 96 KB. With this example, the 
window size table shows that the initial value of the conges 
tion window size upon using UMTS communication inter 
face 102 is 32 KB, the setting value in the predicted handover 
execution period is 16 KB and the setting value before execut 
ing handover is 32 KB. 
0060. When vertical handover is predicted to be executed, 
window control timer management section 116 determines 
the predicted handover execution period during which data is 
transmitted and received in the small window size. Further, 
window control timer management section 116 starts count 
ing time in window control timer 117 according to a request 
from handover execution prediction section 107, and stops 
window control timer 117 by a handover command reception 
notification from handover command processing section 105. 
0061 Further, while window control timer 117 is counting 
time, window control timer management section 116 respec 
tively notifies congestion window control section 114 and 
advertised window control section 115 of the congestion win 
dow size and the advertised window size such that TCP pro 
tocol processing section 112 uses values set based on setting 
values in a predicted handover execution period. 
0062. Further, window control timer management section 
116 respectively notifies congestion window control section 
114 and advertised window control section 115 of the con 
gestion window size and the advertised window size such that 
TCP protocol processing section 112 uses values calculated 
based on setting values before executing handover managed 
in congestion window control section 114 and advertised 
window control section 115. 
0063. Further, based on the values obtained in the past 
period from the time when measurement is executed till the 
time when a handover command is received, window control 
timer management section 116 sets the expiration time of 
window control timer 117 and decides whether window con 
trol timer 117 has expired. In other words, window control 
timer management section 116 decides whether or not a pre 
dicted handover execution period has elapsed. 
0064. When count time in window control timer 117 has 
expired, window control timer management section 116 
respectively notifies congestion window control section 114 
and advertised window control section 115 of the congestion 
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window size and the advertised window size such that TCP 
protocol processing section 112 uses values set based on the 
setting values before executing handover for the congestion 
window size and the advertised window size. By resetting the 
window size values to window size values before change by 
handover prediction, it is possible to stop reducing the 
amount of data transfer in a case where a vertical handover 
execution request is not received after vertical handover is 
predicted, so that it is possible to prevent communication 
from continuously executing in low throughput. 
0065 FIG. 7 shows an example of a window control timer 
table managed in window control timer management section 
116. The window control timer table has entries of the initial 
value, the latest value and the setting value for each Switching 
direction, that is, each of inter-RAT handover from LTE com 
munication interface 101 to UMTS communication interface 
102 and inter-RAT handover from UMTS communication 
interface 102 to LTE communication interface 101. Here, the 
initial value shows the default value for deciding whether the 
window control timer has expired with regards to the corre 
sponding inter-RAT handover. Further, the latest value shows 
the time period from the time when measurement is executed 
till the time when a handover command is received, in inter 
RAT handover executed previously, in each switching direc 
tion. Further, the setting value is determined based on the 
value tallied by managing a history of the latest Values in 
inter-RAT handover per switching direction executed in the 
past, as a latest value entry group. 
0066. In FIG.7, when inter-RAT handover from LTE com 
munication interface 101 to UMTS communication interface 
102 is predicted, the values in the window control timer table 
are shown as follows. The expiration value of window control 
timer 117 is 2 see at the initial value, 50 ms at the latest value, 
and 1 sec at the setting value. Further, when inter-RAT han 
dover from UMTS communication interface 102 to LTE com 
munication interface 101 is predicted, the values in the win 
dow control timer table are shown as follows. The expiration 
value of window control timer 117 is 5 see at the initial value, 
70 ms at the latest value, and 1 sec at the setting value. The 
expiration value of window control timer 117 corresponding 
to the predicted handover execution period is set to 1 see upon 
the switch to each direction. 

0067. Here, “the setting value determined based on the 
value tallied by managing a history of the latest Values in 
inter-RAT handover per switching direction executed in the 
past, as a latest value entry group' will be explained. The 
latest value entry is updated upon executing inter-RAT han 
dover, and the values before the update are stored as histories, 
which are the latest value entry groups. The mobile commu 
nication apparatus according to the present invention defines 
a method of determining a setting value in window control 
timer management section 116, and determines the setting 
value, for example, to be an average value, expected value or 
latest value. With regards to the setting value, the value in the 
latest value entry group is tallied based on the defined method. 
0068. Further, another method of defining a setting value 
includes listing the latest values upon receiving a handover 
command together with position information at the time, and 
setting the setting value at the value of the entry designating 
the closest position to the current position. Alternately, other 
methods include setting the setting value at the maximum 
value in the latest value entry group upon executing inter 
RAT handover within a 1-km radius from the current position. 
When the LTE communication interface is switched to the 
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UMTS communication interface in this example, assume that 
the setting value is defined such that whichever is greater 
between twice the expected value and the maximum value of 
the expected value acquired from the latest value entry group, 
is the expiration value of window control timer 117. If the 
expected value and the maximum value obtained by tallying 
latest value entry group data are 500 ms and 800 ms, 1 sec of 
the greater value between twice 500 ins and 800 ms is set to 
the setting value. 
0069. Next, the operation of the radio communication 
apparatus configured as above will be explained. 
0070 FIG. 8 is a flowchart where a mobile communication 
apparatus executes inter-RAT handover. 
0071. In step S 201, a mobile communication apparatus is 
configured to measure the connection quality of specific com 
munication interfaces at regular intervals from a mobile com 
munication network and transmit the measurement result to 
the mobile communication network predetermined times 
after measurement. Then, the mobile communication appa 
ratus measures the received signal strength and so on in each 
communication interface at regular intervals, transmits the 
measurement result as a measurement report message to the 
mobile communication network and holds the measurement 
result in a measurement result table in measurement process 
ing section 106. Further, the mobile communication appara 
tus stores a measurement start time in the storage area in 
window control timer management section 116. 
0072. In step S 202, the mobile communication apparatus 
holds the measurement result in the measurement result table 
in measurement processing section 106, and decides whether 
to predict inter-RAT handover shown in FIG. 9 based on the 
measurement result. FIG. 9 will be described later. 
(0073. In step S 203, whether or not to fulfill the inter-RAT 
handover are fulfilled is decided. 
0074. In step S 204, if decision is made that the inter-RAT 
handover execution conditions are fulfilled based on the mea 
surement result obtained in step S 202 (S 203: “YES”), han 
dover execution prediction section 107 commands window 
control timer management section 116 to activate window 
control timer 117, which defines the period to control the TCP 
window. Then, window control timer management section 
116 sets the timer expiration value to the setting value corre 
sponding to the communication interface in use stored in 
window control timer management section 116. Window 
control timer 117 then starts counting time. 
(0075. In step S 203, if the inter-RAT handover execution 
conditions are not fulfilled (S 203: “NO”) is decided, the 
processing of step S 201 is executed at the next measurement 
time. 
(0076. In step S 204, window control timer 117 is activated 
and starts counting time. 
0077. In step S 205, window control timer management 
section 116 stores the window sizes in use managed in con 
gestion window control section 114 and advertised window 
control section 115 in separate window size tables in conges 
tion window control section 114 and advertised window con 
trol section 115. Further, window control timer management 
section 116 commands TCP protocol processing section 112 
to set the window sizes in congestion window control section 
114 and advertised window control section 115 to the setting 
values in the predicted handover execution periods stored in 
the window size tables. 
0078. By this means, the congestion window upon trans 
mitting TCP-DATA and the advertised window upon trans 
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mitting TCP-ACK are transmitted using the setting values in 
the predicted handover execution periods. 
0079. In step S 206, upon receiving the received frame 
transmitted by the mobile communication network via either 
LTE communication interface 101 or UMTS communication 
interface 102 while window control timer 117 is counting 
time, the mobile communication apparatus analyzes the 
received frame in transmitting/receiving frame processing 
section 104, to decide whether or not the received signal is a 
handover command. 

0080. In step S207, ifa handover command is received (S 
206: “YES), the mobile communication apparatus passes 
the handover command to handover command processing 
section 105, and passes the measurement result stored in 
measurement processing section 106 to handover condition 
storing section 108. Handover condition storing section 108 
stores the measurement result together with the measurement 
time information in the handover execution condition table in 
handover condition storing section 108. In this case, the posi 
tion information of the mobile communication apparatus, the 
base station load information acquired from the mobile com 
munication network and so on may be stored in the handover 
execution condition table. 

0081. In step S 208, handover command processing sec 
tion 105 reports, to window control timer management sec 
tion 116, the reception of the handover command, informa 
tion showing which interface is switched to which interface 
and the handover command reception time. Then, upon 
receiving this report, window control timer management sec 
tion 116 stops counting time in window control timer 117 and 
calculate the period from the time when the measurement is 
started till the time when the handover command is received, 
based on the reported information, and stores entries of the 
latest value in the window control timer table. Further, win 
dow control timer management section 116 holds the latest 
value entries in the past in a list structure in each time the 
interface is switched as described above, and determines and 
updates the expiration value of window control timer 117 
based on the latest value entry group of the applicable inter 
face. The expiration value is determined, for example, using a 
method of determining from the latest value, the expiration 
value or the maximum value in the latest value entry group. 
Further, other methods include listing the latest values upon 
receiving a handover command together with position infor 
mation at that time, and setting the setting value at the value of 
the entry designating the closest position to the current posi 
tion. 

0082 In step S 209, window control timer management 
section 116 instructs congestion window control section 114 
and advertised window control section 115 to reset the win 
dow sizes, and each window size is reset to a value corre 
sponding to either LTE communication interface 101 or 
UMTS communication interface 102 that uses the window 
sizes. Here, the resetting value may be set to the initial value 
corresponding to the communication interface after the 
switch in the window size table, and set to a value obtained 
from the window size value used before executing handoverx 
communication capacity in the interface after the Switch 
(Mbps)/communication capacity in the interface before the 
switch (Mbps), and so on. 
0083. In step S 210, window control timer management 
section 116 decides whether or not the advertised window 
size setting value during handover is Zero. 

Jan. 13, 2011 

I0084. In step S 211, if the advertised window size setting 
value during handover is zero (S 210: “YES), TCP commu 
nication is temporarily stopped on the TCP server side due to 
TCP protocol rules, and therefore the mobile communication 
apparatus sets the advertised window size value to the reset 
value and transmits a TCP-ACK. 
I0085. In this case, the reset value corresponds to the value 
reset in step S 209 in a case where a handover command is 
received, and corresponds to the value reset in step S 214 
(described later) in a ease where the window control timer has 
expired. 
I0086 On the other hand, in step S 213, if step S 206 
decides that a handover command is not received and if step 
S 212 decides that window control timer 117 has expired, that 
is, if the window control timer has expired before a handover 
command is received (S 212: “YES), window control timer 
management section 116 notifies handover condition storing 
section 108 to acquire the measurement result from measure 
ment processing section 106. Handover condition storing 
section 108 stores the measurement result in the handover 
inexecution condition table as a condition in which handover 
is not actually executed despite handover prediction is 
executed. In this case, the position information of the mobile 
communication apparatus, the base station load information 
acquired from the mobile communication network and so on 
may be stored in handover inexecution condition table. If it is 
decided that window control timer 117 has not yet expired (S 
212: “NO”), the step returns to step S 206. 
I0087 Next, in step S 214, window control timer manage 
ment section 116 notifies congestion window control section 
114 and advertised window control section 115 that the win 
dow control timer has expired. Congestion window control 
section 114 and advertised window control section 115 then 
reset each window size to the window size value before 
change by handover prediction, and the step moves to S 210. 
I0088. By resetting the window size values to window size 
values before change by handover prediction, it is possible to 
stop reducing the amount of data transfer in a case where a 
vertical handover execution request is not received after ver 
tical handover is predicted, so that it is possible to prevent 
communication from continuously executing in low through 
put. 
0089 FIG.9 shows a flowchart of the inter-RAT handover 
prediction decision processing (S 202) shown in FIG. 8. 
(0090. In step S 301, in inter-RAT handover prediction 
processing, handover execution prediction section 107 
decides whether or not there is information similar to the 
present conditions, with reference to the handover inexecu 
tion condition table stored in handover condition storing sec 
tion 108. Here, whether to decide similar conditions includes 
in cases as an example where the entries of the use interfaces 
for use are the same and the difference from the position 
information entry is a 1-km radius or less, where the entries of 
the interfaces for use are the same and the difference from the 
received signal strength of an interface shown in the available 
interface is 1 dBm or less. 

0091) If similar conditions are present in the handover 
inexecution condition table (S 301: “YES”), it is predicted 
that inter-RAT handover does not occur, and therefore the 
handover prediction decision processing in step S 202 is 
finished. 
0092. In step S302, if similar conditions are not present in 
the handover inexecution condition table (S 301: “NO”), han 
dover execution prediction section 107 decides whether or 
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not there is information similar to the present conditions, with 
reference to the handover execution condition table stored in 
handover condition storing section 108. Here, whether to 
decide similar conditions includes cases as an example where 
the entries of the interfaces for use are the same and the 
difference from the position information entry is a-1 km 
radius or less, where the entries of the interfaces for use are 
the same and the difference from the received signal strength 
of an interface shown in the available interface is 1 dBm or 
less. 
0093. In step S308, if similar conditions are present in the 
handover execution condition table (S 302: “YES), it is 
predicted inter-RAT handover occurs, and therefore the han 
dover prediction decision processing (S 202) is finished. 
0094. In step S303, if similar conditions are not present in 
the handover execution condition table (S 302: “NO”), it is 
decided whether the communication interface in use is 
UMTS communication interface 102 or LTE communication 
interface 101. 
0095. In step S304, if decision is made that UMTS inter 
face 102 is in use (S 303: “YES”), handover execution pre 
diction section 107 decides whether or not LTE received 
quality using LTE communication interface is good, with 
reference to the measurement result stored in measurement 
processing section 106. 
0096. If it is decided that the LTE received quality is not 
good (S304: “NO”), handover is not executed for LTE com 
munication interface 101, and therefore the inter-RAT han 
dover prediction processing is finished. Here, with regards to 
whether or not LTE received quality is good, LTE received 
quality can be decided to be good in a case, for example, 
where the received signal strength in LTE communication 
interface 101 exceeds a given threshold value in the result 
measured immediately before, or where LTE communication 
interface 101 has a greater received signal strength than that 
of UMTS communication interface 102. 
0097. In step S305, if it is decided that the LTE received 
quality is good (S 304: “YES), the mobile communication 
apparatus decides whether or not the mobile communication 
apparatus is moving at high speed. Here, whether or not the 
mobile communication apparatus is moving at high speed is 
determined, for example, using the method of predicting 
mobility area update intervals, which are calculated from 
position information and time ranges of the position informa 
tion measurement measured by GPS and so on, and using the 
method of making the decision from the size of differences 
from the previous measurement value at each time measure 
ment is performed. 
0098. If it is decided that the mobile communication appa 
ratus is moving at high speed (S 305: “YES), handover for 
LTE communication interface 101 where service areas are 
developed in individual spots is not executed, and therefore 
the inter-RAT handover prediction processing is finished. 
0099. In step S 307, if it is decided that the mobile com 
munication apparatus is not moving at high speed (S 305: 
“NO”), handover execution prediction section 107 predicts 
that inter-RAT handover occurs, and finishes the inter-RAT 
handover prediction processing. 
0100 Instep S306, ifLTE communication interface 101 is 
in use (S 303: “NO”), handover execution prediction section 
107 decides whether or not LTE received quality using LTE 
communication interface 101 is good. 
0101 If it is decided that the LTE received quality is good 
(S 306: “YES), handover for UMTS communication is not 
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executed, and therefore handover execution prediction sec 
tion 107 finishes the inter-RAT handover prediction process 
1ng. 
0102) In step S 307, if it is decided that LTE received 
quality is not good (S 306: “NO”), handover execution pre 
diction section 107 decides that handover for UMTS commu 
nication interface 102 occurs, and therefore finishes the inter 
RAT handover prediction processing. 
0103 Although a case has been explained with the present 
embodiment where handover prediction is executed in the 
inter-RAT handover prediction processing assuming that ser 
Vice areas of LTE communication are developed on a spot 
basis and service areas of UMTS communication are devel 
oped on an area basis, the decision as to whether or not a 
mobile communication apparatus is moving at a high speed (S 
305) may not be needed when service areas of LTE commu 
nication are developed in planes. 
0104. Although a case has been explained with the present 
embodiment where inter-RAT handover is predicted accord 
ing to received signal strength in the inter-RAT handover 
prediction processing, inter-RAT handover may be predicted 
based on information obtained by measuring in a mobile 
communication apparatus the number of mobile communica 
tion apparatuses connected with the same base station via 
radio and the amount of communication conducted in mobile 
communication apparatuses connected with the same base 
station via radio. Further, information including the number 
of mobile communication apparatuses connected with the 
same base station via radio and the amount of communication 
conducted in mobile communication apparatuses connected 
with the same base station via radio may be notified from a 
mobile communication network to the mobile communica 
tion apparatus, and the mobile communication apparatus may 
predict inter-RAT handover based on these information. In 
this ease, if the total amount of data transmission by another 
mobile communication apparatus significantly increases in 
the communication interface in use, it is possible to decide 
that inter-RAT handover occurs. 
0105. Further, although the inter-RAT handover is pre 
dicted according to received signal strength in the inter-RAT 
handover prediction processing of the present embodiment, 
prediction may be performed only using position informa 
tion. That is, in neighboring locations (for example, within a 
1-km radius) from the place where inter-RAT handover 
occurs, it is equally possible to decide that inter-RAT han 
dover occurs. 
0106 Although a case has been explained as an example 
where the communication interfaces are the LTE communi 
cation interface and the UMT communication interface, com 
munication interfaces such as a GSM scheme, GPRS scheme, 
IEEE 802.11 scheme (a, b, g and n scheme) and IEEE 802.15 
scheme may be applicable. 
0107. In this way, according to the present embodiment, 
when inter-RAT handover is executed, the TCP window size 
can be smaller in the inter-RAT handover preparatory stages 
in a mobile communication network, so that it is possible to 
reduce the amount of data communication during handover 
and the load of data transfer processing between mobile com 
munication networks. 
0.108 Further, upon transfer from a high speed communi 
cation network to a low speed communication network, it is 
equally possible to reduce, between mobile communication 
networks, the transfer of data that has been transferred with a 
large amount in a high speed communication network, and 
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prevent data loss due to data delay in a base station in a 
low-speed communication network. By this means, it is pos 
sible to prevent network congestion even when the difference 
between radio link performances is significant before and 
after handover. 
0109 Communication interface control section 103 
(transmitting/receiving frame processing section 104, han 
dover command processing section 105, measurement pro 
cessing section 106, handover execution prediction section 
107 and handover condition storing section 108) and TCP 
control section 111 (TCP protocol processing section 112, 
congestion window control section 114, advertised window 
control section 115, window control timer management sec 
tion 116 and window control timer 117) may typically be 
implemented as an LSI constituted by an integrated circuit. 
These may be individual chips or partially or totally contained 
on a single chip. 
0110 "LSI is adopted here but this may also be referred 
to as “IC,” “system LSI,” “super LSI,” or “ultra LSI depend 
ing on differing extents of integration. 
0111. Further, the method of circuit integration is not lim 
ited to LSIs, and implementation using dedicated circuitry or 
general purpose processors is also possible. After LSI manu 
facture, utilization of a programmable FPGA (Field Program 
mable Gate Array) or a reconfigurable processor where con 
nections and settings of circuit cells within an LSI can be 
reconfigured is also possible. 
0112 Further, if integrated circuit technology comes out 
to replace LSI's as a result of the advancement of semicon 
ductor technology or a derivative other technology, it is natu 
rally also possible to carry out function block integration 
using this technology. Application of biotechnology is also 
possible. 
0113. The disclosure of Japanese Patent Application No. 
2008-025623, filed on Feb. 5, 2008, including the specifica 
tion, drawings and abstract, is incorporated herein by refer 
ence in its entirety. 

INDUSTRIAL APPLICABILITY 

0114. The mobile communication apparatus and the 
mobile communication method of present invention are Suit 
able for use in an apparatus and a method that allow the 
amount of data transfer to be reduced during vertical han 
dover in hard handover processing on a mobile network. 
0115 That is, the mobile communication apparatus and 
the mobile communication method of present invention can 
reduce network processing from vertical handover prepara 
tory stages between communication networks having differ 
ent characteristics, and reduce data loss during handover, and 
are suitable for use in, for example, mobile phones adopting 
both LTE communication and UMTS communication includ 
ing W-CDMA. Further, the mobile communication apparatus 
and the mobile communication method of present invention 
are applicable for use in, for example, an information com 
munication terminal having a plurality of types of communi 
cation interfaces, a sensor network terminal and a vehicle 
communication apparatus. 

1. A mobile communication apparatus that has a plurality 
of types of radio communication interfaces and receives, from 
a mobile communication network, a vertical handover execu 
tion request that requests to Switch a radio communication 
interface in use to another radio communication interface, to 
execute vertical handover, the mobile communication appa 
ratus comprising: 
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a measurement processing section that measures connec 
tion quality of each of the plurality of types of radio 
communication interfaces: 

a handover execution prediction section that predicts 
whether or not to execute the vertical handover, based on 
the connection quality; and 

a transmission control protocol control section that sets a 
window size in use to a smaller window size than the 
window size in use when the handover execution pre 
diction section predicts that the vertical handover is 
executed. 

2. The mobile communication apparatus according to 
claim 1, further comprising: 

a window control timer that counts time; and 
a window control timer management section that, when the 

handover execution prediction section predicts that the 
vertical handover is executed, determines a predicted 
handover execution period during which data is trans 
mitted and received in the smaller window size and 
manages the window control timer to count the predicted 
handover execution period, 

wherein, when the window control timer is stopped accord 
ing to reception of the vertical handover execution 
request or a predicted handover execution period has 
expired, the transmission control protocol control Sec 
tion performs transmission control protocol window set 
ting for optimizing the window size. 

3. The mobile communication apparatus according to 
claim 1, further comprising a handover condition storing 
section that stores connection quality and position informa 
tion of each of types of radio communication interfaces when 
the vertical handover is executed, and stores connection qual 
ity and position information of each of types of radio com 
munication interfaces when the vertical handover is not 
executed during the predicted handover execution period, 

wherein the handover execution prediction section refers to 
connection quality and position information of each of 
types of radio communication interfaces and the connec 
tion quality and the position information of each of types 
of radio communication interfaces stored in the han 
dover condition storing section, to predict vertical han 
dover execution. 

4. The mobile communication apparatus according to 
claim 1, whereina predicted handover execution period deter 
mined by the window control timer management section is 
determined based on time data tallied in a past period from a 
time when connection quality of each of types of radio com 
munication interfaces is measured until a time when a vertical 
handover execution request is received. 

5. The mobile communication apparatus according to 
claim 1, wherein, when predicted vertical handover execution 
period has expired without receiving the vertical handover 
execution request from the mobile communication network 
during the predicted vertical handover execution period, the 
transmission control protocol control section sets the Smaller 
window size to a window size before the predicted vertical 
handover execution period. 

6. The mobile communication apparatus according to 
claim 1, wherein, when the vertical handover execution 
request is received from the mobile communication network 
after the predicted vertical handover execution period, the 
transmission control protocol control section sets a window 
size based on a window size before the predicted vertical 
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handover execution period and capacity of a radio communi 
cation interface used after executing the vertical handover. 

7. A mobile communication method of a mobile commu 
nication apparatus that has a plurality of types of radio com 
munication interfaces and receives, from a mobile communi 
cation network, a vertical handover execution request that 
requests to Switch a radio communication interface in use to 
another radio communication interface, to execute vertical 
handover, the method comprising: 

a measurement step of measuring connection quality of 
each of the plurality of types of radio communication 
interfaces: 

a handover execution prediction step of predicting whether 
or not to execute the vertical handover, based on the 
connection quality; and 

a transmission control protocol control step of setting a 
window size in use to a smaller window size than the 
window size in use when the handover execution pre 
diction step predicts that the vertical handover is 
executed. 

8. The mobile communication method according to claim 
7, further comprising: 

a step of counting time in a window control timer; and 
when the handover execution prediction step predicts that 

the vertical handover is executed, a window control 
timer management step of determining a predicted han 
dover execution period during which data is transmitted 
and received in the Smaller window size and managing 
the window control timer to count the predicted han 
dover execution period, 

wherein, when the window control timer is stopped accord 
ing to reception of the vertical handover execution 
request or a predicted handover execution period has 
expired, the transmission control protocol control step 
performs transmission control protocol window setting 
for optimizing the window size. 

9. The mobile communication method according to claim 
7, further comprising the step of storing connection quality 
and position information of each of types of radio communi 
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cation interfaces when the Vertical handover is executed, and 
storing connection quality and position information of each 
of types of radio communication interfaces when the Vertical 
handover is not executed during the predicted handover 
execution period, 

wherein the handover execution prediction step refers to 
connection quality and position information of each of 
types of radio communication interfaces and the connec 
tion quality and the position information of each of types 
of radio communication interfaces stored in the han 
dover condition storing section, to predict vertical han 
dover execution. 

10. The mobile communication method according to claim 
7, wherein a predicted handover execution period determined 
by the window control timer management step is determined 
based on time data tallied in a past from a time when connec 
tion quality of each of types of radio communication inter 
faces is measured until a time when a vertical handover 
execution request is received. 

11. The mobile communication method according to claim 
7, wherein when predicted vertical handover execution period 
has expired without receiving the vertical handover execution 
request from the mobile communication network during the 
predicted vertical handover execution period, the transmis 
sion control protocol control step sets the Smaller window 
size to a window size before the predicted vertical handover 
execution period. 

12. The mobile communication method according to claim 
7, wherein, when the vertical handover execution request is 
received from the mobile communication network after the 
predicted vertical handover execution period, the transmis 
sion control protocol control step sets a window size based on 
a window size before the predicted vertical handover execu 
tion period and capacity of a radio communication interface 
used after executing the vertical handover. 

c c c c c 


