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1
INTERMITTENT COMMUNICATION
SYSTEM, BASE STATION APPARATUS AND
MOBILE STATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior PCT Application No. PCT/JP2007/
050878, filed on Jan. 22, 2007, the entire contents of which
are incorporated herein by reference.

FIELD

The present invention relates to a handover technique in a
mobile communication system where an intermittent com-
munication can be made.

BACKGROUND

In mobile communication systems such as a cellular phone,
etc., third-generation CDMA (Code Division Multiple
Access) systems are currently providing various types of
services. Mobile communication systems of the next genera-
tion or later, which enable a faster communication, are cur-
rently under study. LTE (Long Term Evolution) is currently
under study in 3GPP (3rd Generation Partnership Project).
For example, in LTE, a method by which a mobile station
applies intermittent reception (DRX: discontinuous recep-
tion) during not only a standby state but also a communication
state. This aims at reducing power consumed by the mobile
station because power increases with a speedup of a commu-
nication.

FIG. 1 is a schematic diagram illustrating the timings of
intermittent transmission and reception of a mobile station.
An upper portion illustrates the timing of a transmission from
a base station to the mobile station, whereas a lower portion
illustrates the timing of a transmission from the mobile sta-
tion to the base station. As illustrated in FIG. 1, the mobile
station periodically verifies whether or not a data transmis-
sion to the mobile station itself is made while applying the
intermittent reception. Also for an upstream transmission, the
mobile station periodically makes an intermittent transmis-
sion (DTX: discontinuous transmission) in order to maintain
the synchronization of an intermittent communication.

In the meantime, in conventional technology, if it becomes
necessary to switch a base station at a connection destination
by performing a handover due to a move of the mobile station
during the intermittent communication, the mobile station
initially needs to change the communication state from the
intermittent communication state to an active state before
executing the handover process. If the mobile station deter-
mines to require a handover, it transmits a state transition
request to change the communication state to the active state
to the base station at the next intermittent transmission tim-
ing.

FIG. 2 illustrates data transmission/reception timings on
the side of the mobile station when a handover is performed
during an intermittent communication in the conventional
technology. If the mobile station determines to require a han-
dover on the basis of measurement results by periodically
measuring a reception level such as a reception signal inten-
sity, etc., it transmits the state transition request to the base
station at the next transmission timing. The base station that
receives the state transition request changes the communica-
tion state of the device, namely, the base station itself from the
intermittent communication state to the active state, and
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transmits a message to instruct the mobile station to change
from the intermittent communication state to the active state
at the transmission timing of the base station. Upon comple-
tion of transition from the intermittent communication state
to the active state in both of the base station and the mobile
station, a handover is performed thereafter.

FIG. 3 is an operational sequence when a handover is
performed at the time of an intermittent communication in the
conventional technology. With the conventional technology,
the state transition request to change to the active state needs
to be transmitted at intermittent transmission timing. Also a
state transition instruction from the base station that receives
the state transition request needs to be transmitted to the
mobile station at the intermittent transmission timing.
Accordingly, a handover during an intermittent transmission/
reception period has a problem of a longer delay time than
that of the normal communication (active) state as illustrated
in FIG. 3. Additionally, there is a problem such that the
handover is not properly performed because it is not complete
within a predetermined duration due to a prolonged time
required until the transmission of the state transition request.

Other handover techniques include a technique (for
example, Patent Document 1) for changing to a wireless
communication establishment state on the basis of an RRC
connection request if it becomes necessary to perform a han-
dover at the time of an intermittent communication, a tech-
nique (for example, Patent Document 2) by which a terminal
making an intermittent communication forms a paging group
and a soft handover is taken into account in a series of
sequence, a technique (for example, Patent Document 3) for
performing a handover by using a paging channel in an asyn-
chronous system, and a technique (for example, Patent Docu-
ment 4) for performing a handover under the initiative of a
base station.

An object of the present invention is to provide a technique
for changing from an intermittent communication state to a
normal communication state earlier in a mobile station and a
base station, which need to perform a handover, etc.

Patent Document 1: Japanese Laid-open Patent Publication

No. 2005-286807
Patent Document 2: Japanese Laid-open Patent Publication

No. 2004-194015
Patent Document 3: Japanese Laid-open Patent Publication

No. 2004-504783
Patent Document 4: Japanese Laid-open Patent Publication

No. 2000-69523

SUMMARY

To overcome the above described problems, an intermittent
communication system according to the present invention is
an intermittent communication system where an intermittent
communication can be made between a base station apparatus
and a mobile station apparatus. The mobile station apparatus
includes a transmitting unit configured to transmit a request to
start a normal communication after stopping an intermittent
communication at timing different from the intermittent com-
munication if a handover is determined to be required, a
transiting unit configured to transit from the intermittent com-
munication to the normal communication after the transmit-
ting unit transmits the request, and a handover performing
unit configured to perform a handover upon completion of
transiting to the normal communication by the transiting unit.

The mobile station apparatus in the intermittent communi-
cation state immediately transmits to the base station appa-
ratus the request to change the communication to the normal
communication state without waiting for the next intermittent
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transmission timing if it determines a handover to be
required. Moreover, the mobile station apparatus transmits
the request, and at the same time, it transits from the inter-
mittent communication to the normal communication. Upon
completion of transiting to the normal communication, a
handover is started. Since the request is transmitted to the
base station apparatus regardless of intermittent transmission
timing, the amount of time required for the handover process
can be reduced.

The request may be configured with a handover request
including base station apparatus identification information
for identifying a base station apparatus at a handover desti-
nation, and the transiting unit may start to transit from the
intermittent communication to the normal communication
when the handover request is recognized. The communica-
tion state is transited on the basis of the handover request
received during the intermittent communication, and the han-
dover process is executed upon completion of changing the
state, whereby the handover process can be started earlier.

The request is transmitted from the mobile station appara-
tus to the base station apparatus by using a common channel.
Additionally, the request may be generated as information of
L1 (Layer 1: physical layer) and transmitted by the transmit-
ting unit if the period of making an intermittent communica-
tion is larger than a predetermined threshold value, or the
request may be generated as information of L.3 (Layer 3:
network layer) and transmitted at the transmission timing of
the intermittent communication if the period is equal to or
smaller than the predetermined threshold value.

The present invention is not limited to the above described
intermittent communication system. The present invention
also covers a base station apparatus and a mobile station
apparatus, which apply the above described intermittent com-
munication method, a program for causing a computer to
execute a method thereof, and the like.

According to the present invention, a request for the base
station apparatus to transit the state regardless of intermittent
transmission timing is transmitted by using a common chan-
nel even if a handover becomes necessary during an intermit-
tent communication. Since the request is transmitted without
waiting for the next intermittent transmission timing, the
amount of time required to transit from the intermittent com-
munication state to the normal communication state is
reduced. As a result, the amount of time required until the
completion of a handover can be shortened. Accordingly,
problems such as communication quality degradation, a fail-
ure of the handover process, etc., which occur with a pro-
longed handover process, can be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates the intermittent transmission and recep-
tion timings of a mobile station;

FIG. 2 illustrates data transmission/reception timings on
the side of the mobile station when a handover is performed
during an intermittent communication in conventional tech-
nology;

FIG. 3 is an operational sequence when a handover is
performed at the time of an intermittent communication in the
conventional technology;

FIG. 4 illustrates a configuration of a mobile station
according to a first embodiment;

FIG. 5 illustrates a configuration of a base station accord-
ing to the first embodiment;

FIG. 6 is an explanatory view of the transmission/reception
timings of data in the mobile station according to the first
embodiment;
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FIG. 7 is a sequence of a process for performing a handover
during an intermittent communication in a wireless commu-
nication system according to the first embodiment;

FIG. 8 is an example format of a state transition request in
the first embodiment;

FIG. 9 is a flowchart illustrating a process executed on the
side of the mobile station according to the first embodiment;

FIG. 10 is a flowchart illustrating a process executed on the
side of the base station according to the first embodiment;

FIG. 11 illustrates a configuration of a mobile station
according to a second embodiment;

FIG. 12 illustrates a configuration of a base station accord-
ing to the second embodiment;

FIG. 13 is a sequence of a process for performing a han-
dover during an intermittent communication in a wireless
communication system according to the second embodiment;

FIG. 14 is an example format of a handover request in the
second embodiment;

FIG. 15 is a flowchart illustrating a process executed on the
side of the mobile station according to the second embodi-
ment;

FIG. 16 is a flowchart illustrating a process executed on the
side of the base station according to the second embodiment;

FIG. 17 illustrates a configuration of a mobile station
according to a third embodiment; and

FIG. 18 is a flowchart illustrating a process executed on the
side of the mobile station according to the third embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments according to the present invention are
described in detail below with reference to the drawings. A
wireless communication system 1 described below is config-
ured by including a mobile station 2 and a base station 3. A
plurality of base stations 3 exist in the periphery of the mobile
station 2. The mobile station 2 measures a reception level
such as a reception signal intensity, etc. from each of the base
stations, and decides a base station 3 at a connection destina-
tion from among the plurality of base stations 3 on the basis of
the measured reception levels.

In the wireless communication system 1 of the next gen-
eration or later such as LTE, etc., both of the mobile station 2
and the base station 3 make an intermittent transmission/
reception (DTX, DRX) even during a communication in
order to save power. However, if a handover is determined to
be required on the basis of a measured reception level, the
communication state is transited to a normal communication
state in order to perform the handover.

First Embodiment

FIG. 4 illustrates a configuration of the mobile station 2
according to the first embodiment. The mobile station 2
includes an antenna 20, a receiver 21, a peripheral level mea-
suring unit 22, a handover determining unit (denoted as an
HO determining unit in FIG. 4) 23, a controlling unit 24, an
intermittent transmission/reception period setting unit (DTX/
DRX period setting unit in FIG. 4: hereinafter referred to as a
period setting unit) 25, a data processing unit 26 and a trans-
mitter 27.

The antenna 20 is used to transmit a signal to the base
station 3, or to receive a signal transmitted from the base
station 3. In FIG. 4, the transmission antenna and the recep-
tion antenna are collectively represented as one antenna.

The receiver 21 performs amplification and demodulation
processes for a signal received via the antenna 20. The recep-
tion level of the demodulated signal is provided to the periph-
eral level measuring unit 22.
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The peripheral level measuring unit 22 respectively mea-
sures the reception levels of the base stations 3 positioned in
the periphery of the mobile station 2.

The handover determining unit 23 determines whether or
not to perform a handover on the basis of results of the
measurement made by the peripheral level measuring unit 22.
If the handover determining unit 23 determines to perform a
handover, it provides the period setting unit 25 with informa-
tion about performing a handover.

Upon receipt of the information about performing a han-
dover from the handover determining unit 23, the period
setting unit 25 resets the period of intermittent transmission/
reception. For example, by setting the value of the period of
intermittent transmission/reception to 0, or by setting the
period to none, the mobile station 2 executes a communica-
tion state transition process from the intermittent communi-
cation state to the normal communication state, namely, the
active state. “The active state” represents a communication
state in contrast to a standby state in the current-generation
communication systems. However, in the next-generation
systems suchas LTE, etc., an intermittent communication can
be made even during a communication. Therefore, a commu-
nication state in contrast to the intermittent communication
state, namely, the state where a non-intermittent communica-
tion is made is defined as “the active state”.

The data processing unit 26 processes information
obtained by demodulating a signal in the receiver 21, and
provides the transmitter 27 with data to be transmitted to the
base station 3. The data that the data processing unit 26
provides to the transmitter 27 includes the state transition
request to request the base station 30 to change the commu-
nication state from the intermittent communication state to
the active state. The transmitter 27 executes a modulation
process for the data. The signal modulated by the transmitter
27 is transmitted to wireless space via the antenna 20.

The controlling unit 24 performs various types of controls
on the basis of input information. If a handover is determined
to be required in the intermittent communication state, the
controlling unit 24 performs a control, for example, to instruct
the period setting unit 25 to reset the period of intermittent
transmission/reception, or to cause the transmitter 27 to
execute a modulation process for transmitting the state tran-
sition request to the base station 3 as [.1 information. In this
embodiment, the controlling unit 24 transmits the above
described state transition request to the base station 3 regard-
less of intermittent transmission timing even in the intermit-
tent communication state.

FIG. 5 illustrates a configuration of the base station 3
according to this embodiment. The base station 3 includes an
antenna 30, a receiver 31, a state transition request determin-
ing unit 32, a state managing unit 33, a scheduler 34 and a
transmitter 35.

The antenna 30 receives a signal from the mobile station 2,
and transmits a signal to the mobile station 2. The transmis-
sion antenna and the reception antenna are collectively
depicted as one antenna in FIG. 5 similar to the antenna 20 of
the mobile station 2 illustrated in FIG. 4.

The receiver 31 executes amplification and demodulation
processes for a signal received via the antenna 30. Control
information and data of information obtained with the
demodulation process are provided to an upper layer, and
information received with L1 is provided to the state transi-
tion request determining unit 32.

The information (state transition request) of L1 within the
information transmitted from the mobile station 2 is provided
to the state transition request determining unit 32, which then
determines the contents of the information. The state transi-
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tion request is a request signal for causing the base station 3 to
change to a state able to perform a handover by switching the
communication state of the base station 3 from the intermit-
tent communication state to the active state, as stated earlier
with reference to FIG. 4.

The state managing unit 33 manages the communication
state on the side of the base station 3 on the basis of results of
the determination made by the state transition request deter-
mining unit 32. Specifically, the state managing unit 32 man-
ages in which of the intermittent communication state and the
active state a communication is made with each mobile sta-
tion 2 subordinate to the base station 3.

The scheduler 34 controls data transmission timing accord-
ing to the management status of the communication state of
each mobile station 2 subordinate to the base station 3 in the
state managing unit 33. Data the transmission timing of which
is controlled by the scheduler 34 includes the state transition
instruction for instructing the mobile station 2 to change the
communication state from the intermittent communication
state to the active state. The state transition instruction signal
is transmitted to the mobile station 2 in accordance with the
state transition request received from the mobile station 2.

The transmitter 35 executes the modulation process for
data or various types of control information. A signal
obtained with the modulation process is transmitted to wire-
less space via the antenna 30. The above described state
transition instruction is transmitted regardless of intermittent
transmission timing even during an intermittent communica-
tion.

FIG. 6 is an explanatory view of data transmission/recep-
tion timings in the mobile station 2 according to this embodi-
ment. The upper portion of FIG. 6 illustrates the timing of
receiving data from the base station 3, whereas the lower
portion of FIG. 6 illustrates the timing of transmitting data to
the base station 3. The horizontal axis represents time t,
whereas the vertical axis represents a duration during which
the level is not zero as a duration capable of transmitting/
receiving data.

When the mobile station 2 detects that the reception level
drops as a result of the measurement during an intermittent
communication, it determines to require a handover. Then,
the mobile station 2 transmits the state transition request to
the base station 3 to request the base station 3 to change from
the intermittent communication state to the active state in
order to perform a handover.

The mobile station 2 according to this embodiment trans-
mits the state transition request at timing different from the
intermittent transmission timing of an intermittent commu-
nication. Namely, if the mobile station 2 determines to require
a handover, it immediately transmits the state transition
request to a base station 3 at a connection destination without
waiting for the next intermittent transmission timing. The
transmission at this time is made by using not an occupied
channel assigned to the normal intermittent transmission tim-
ing but a common channel such as a random access channel,
etc. Such a channel is not suitable for transmitting [.3 infor-
mation such as a measurement report like a normal channel,
but can transmit information such as the state transition
request as L1 information due to its small amount of data.
Accordingly, the random access channel is applicable.

The base station 3 receives the common channel such as the
random access channel, etc. regardless of the intermittent
transmission/reception timing even when the mobile station 2
is in the intermittent transmission/reception state, and can
receive from the mobile station 2 the state transition request
that is transmitted at timing other than the intermittent trans-
mission timing.
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The mobile station 2 requests the base station 3 to change
the communication state by transmitting the state transition
request to the base station 3, and switches the communication
state of the mobile station 2 itself from the intermittent com-
munication state to the active state.

To switch to the active state in the mobile station 2, the
reception timing is initially changed from the intermittent
reception to the active state. By changing the reception state
to the active state in advance, the mobile station 2 can receive
the state transition instruction that is L3 information from the
base station 3.

Upon receipt of the state transition request from the mobile
station 2, the base station 3 transmits the state transition
instruction to the mobile station 2 after changing the commu-
nication state of the base station 3 itself from the intermittent
communication state to the active state. The mobile station 2
that has transited its state from the intermittent reception state
to the active state receives the state transition instruction from
the base station 3. Then, the mobile station 2 transits from the
intermittent transmission to the active state and starts the
handover process upon completion of transition from the
intermittent communication state to the active state. Before
receiving the state transition instruction from the base station
3 (for example, at the timing of transmitting the state transi-
tion request signal), not only the reception state but also the
transmission state can be made active (the transmission/re-
ception state can be changed to non-intermittent transmis-
sion/reception state).

When a handover becomes necessary due to a drop in the
reception level of the mobile station 2 as illustrated in FIG. 6,
the mobile station 2 transmits the state transition request to
the base station 3 with L1 without waiting for the next inter-
mittent transmission timing. Accordingly, the state transition
process can be executed earlier than the case of transmitting
the state transition request at the next intermittent transmis-
sion timing, leading to a reduction in the amount of time
required to transit the state. The amount of time required to
execute the state transition process is reduced, whereby the
handover process can be started earlier. As a result, the
amount of time required until the completion of the handover
process can be decreased.

A method for transmitting the state transition request at
timing different from the intermittent transmission timing is
specifically described next.

FIG. 7 is a sequence of a process for performing a handover
during an intermittent communication in a wireless commu-
nication system 1 according to this embodiment. Assume that
a base station 3 connected before the handover, and a base
station 3 at a connection destination after the handover are
base stations 3A and 3B, respectively.

If the mobile station 2 determines to require a handover as
a result of measuring the reception levels of peripheral base
stations 3, it transmits the state transition request to the base
station 3A. The conventional state transition request is trans-
mitted as [.3 information by using an individual channel. In
contrast, the state transition request is transmitted as [.1 infor-
mation by using a common channel such as a random access
channel, etc. in this embodiment.

The base station 3A that receives the state transition
request changes the communication state of the base station
itself to the active state, and notifies the mobile station 2 of
scheduling information, etc. by transmitting the state transi-
tion instruction to the mobile station 2. The mobile station 2
transmits a measurement report to the base station 3A after
receiving the state transition instruction. In response to the
measurement report from the mobile station 2, the base sta-
tion 3A transmits a handover instruction to the mobile station
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2 after negotiating with the base station 3B at the handover
destination. Upon completion of changing to the active state
in both of the mobile station 2 and the base station 3A, the
handover process is started. A subsequent process, namely,
the process with which synchronization is established and the
mobile station 2 transmits a handover completion notification
to the base station 3B upon completion of the handover is
similar to a conventional process and a known technique.

FIG. 8 illustrates an example format of the state transition
request in this embodiment. The state transition request is
configured by including user identification information (user
ID in FIG. 8), and a state transition request bit.

The user identification information is information for iden-
tifying the mobile station 2. In the wireless communication
system 1 including the base station 3, the mobile station 2 is
uniquely decided on the basis of the user identification infor-
mation. Ifthe state transition request bit is set to, for example,
1, it represents the state transition request. If the state transi-
tion request bit is set to 0, it represents that the state transition
request is not made. In this embodiment, only the notification
for requesting the side of the base station to transit the state is
exemplified as information transmitted to the base station 3.
However, the information transmitted to the base station 3 is
not limited to this one. By respectively presetting values for
various types of requests in accordance with various types of
specifications hereinafter formulated in LTE, various types of
information can be notified to the base station 3 by using the
random access channel.

Here, the random access channel is equivalent to, for
example, a synchronized random access channel in LTE. The
synchronized random access channel is used when an
upstream link between the base station 3 and the mobile
station 2 that is a terminal is temporally synchronized by the
base station 3. The mobile station 2 secures resources for an
upstream data transfer by using this channel. With the proce-
dures for a synchronized random access, latency can be
reduced as a whole.

The mobile station 2 according to this embodiment trans-
mits the state transition request in the format illustrated in
FIG. 8 to the base station 3 as L1 information by using the
random access channel, etc. As a result, necessary informa-
tion can be notified from the mobile station 2 to the base
station 3 without waiting for the intermittent transmission
timing while reducing the amount of data in comparison with
L3 information.

A method for executing the above described handover pro-
cess in each of the sides of the mobile station 2 and the base
station 3 is described with reference to flowcharts.

FIG. 9 is a flowchart illustrating the process executed on
the side of the mobile station 2 according to this embodiment.
The process illustrated in FIG. 9 is executed according to the
measurement period of the reception level from the base
station 3, the request from the base station 3, etc.

Initially, in step S1, 1 is set as the initial value of identifi-
cation information i for respectively identifying a plurality of
base stations 3 positioned in the periphery of the mobile
station 2. Then, in step S2, the reception level of an ith base
station is measured. In step S3, whether or not the value of i is
smaller than the number of base stations (assumed to be N) to
be measured is determined. If i is smaller than the number of
base stations N to be measured, the process goes to step S4, in
which i is incremented by 1. The process then goes back to
step S2. If the value of i that is the identification information
of'the peripheral base station becomes equal to the number of
base stations N to be measured, it is determined that the
reception levels of all of the base stations 3 have been mea-
sured. Then, the process goes to step S5.
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In step S5, whether or not to require a handover is deter-
mined on the basis of the reception levels measured for the N
base stations 3. If the handover is determined not to be
required, the process is terminated. If the handover is deter-
mined to be required, the process goes to step S6.

The mobile station 2 immediately transmits the state tran-
sition request to the base station 3 regardless of the intermit-
tent transmission timing in step S6, changes the communica-
tion state from the intermittent communication state to the
active state in step S7, and terminates the process. As stated
earlier, after the process illustrated in FIG. 9 is terminated, the
mobile station 2 receives the scheduling information included
in the state transition instruction from the base station 3, and
starts the handover process in accordance with the handover
instruction from the base station 3.

FIG. 10 is a flowchart illustrating a process executed on the
side of the base station 3 according to this embodiment. The
process illustrated in FIG. 10 is executed respectively for all
of mobile stations 2 that are in the intermittent communica-
tion state within the area of the base station 3.

Initially, in step S11, whether or not the state transition
request is received from the mobile station 2 is determined. If
the state transition request is not received, the process goes to
step S12, in which the intermittent communication state is
continued without executing a process, and the process is
terminated. If the state transition request is received from the
mobile station 2, the process goes to step S13, in which the
communication state of the base station 3 is changed from the
intermittent communication state to the active state. Here, the
process is terminated.

After being transited to the active state, the base station 3
notifies the mobile station 2 of scheduling information by
transmitting the state transition instruction to the mobile sta-
tion 2 that transmits the state transition request, and issues the
handover instruction to the mobile station 2 in accordance
with the measurement report further transmitted from the
mobile station 2. The mobile station 2 that receives the han-
dover instruction starts the handover.

As described above, with the wireless communication sys-
tem 1 according to this embodiment, the state transition
request is transmitted as [.1 information by using a common
channel, because the amount of data of L1 information is
smaller than that of L3 information. The common channel is
used to transmit the state transition request, whereby the state
transition request can be transmitted to the base station 3 at
timing different from the intermittent transmission timing
when it becomes necessary to perform a handover in the
mobile station 2 that is making an intermittent communica-
tion. Accordingly, the mobile station 2 can immediately trans-
mit the state transition request when determining to require a
handover, and the base station 3 can execute the process for
transiting the communication state to the active state earlier.
By reducing the amount of time required to transit the state,
the handover can be started earlier, and the duration required
until the completion of the handover process can be short-
ened. This contributes to improvements in problems such as
communication quality degradation, a failure of the handover
process, etc., which occur with a prolonged time required for
the handover.

Second Embodiment

A wireless communication system 1 according to the sec-
ond embodiment is characterized in changing from the inter-
mittent communication state to the active state on the basis of
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information when the information about peripheral base sta-
tions is notified as L1 information from the mobile station 2 to
the base station 3.

FIG. 11 illustrates a configuration of the mobile station 2
according to the second embodiment. The mobile station 2
according to this embodiment is different from that according
to the above described first embodiment in the point of further
including a peripheral base station information managing unit
29. Other constituent elements are similar to those of FIG. 4.

The peripheral base station information managing unit 28
holds information about peripheral base stations, which is
received from a base station 3 at a connection destination.
Here, the information about peripheral base stations is iden-
tification information for respectively identifying the periph-
eral base stations within the mobile station 2.

FIG. 12 illustrates a configuration of the base station 3
according to this embodiment. The base station 3 according to
this embodiment is different from that according to the above
described first embodiment in the point of further including a
peripheral base station information managing unit 36. Other
constituent elements are similar to those of FIG. 5.

The peripheral base station managing unit 36 provides a
state managing unit 33 with information about a base station
at a handover destination if a handover is determined to be
required on the basis of information indicating whether or not
to require the handover, which is input from a handover
determining unit 32, and provides an upper layer with the
information as control information. The state managing unit
33 recognizes that the handover is required on the basis of the
information about the base station at the handover destina-
tion, which is received from the peripheral base station infor-
mation managing unit 36, and controls the communication
state on the side of the base station.

FIG. 13 is a sequence of a process for performing a han-
dover during an intermittent communication in a wireless
communication system 1 according to the second embodi-
ment. In a similar manner as in the first embodiment, a base
station 3 to which the mobile station 2 is connected before a
handover, and a base station 3 at a handover destination are
denoted as base stations 3A and 3B, respectively. Differences
from the sequence of the wireless communication system
according to the above described first embodiment illustrated
in FIG. 7 are mainly described.

Initially, the base station 3A transmits the state transition
instruction to the mobile station 2 in order to change the
communication state from the active state to the intermittent
communication state. The state transition instruction trans-
mitted here includes information for identifying peripheral
base stations, which is held in the base station 3A. The mobile
station 2 that receives the state transition instruction from the
base station 3A transits the communication state to the inter-
mittent communication state in accordance with the instruc-
tion, and holds the received information in the peripheral base
station information managing unit 28.

The mobile station 2 that is making an intermittent com-
munication transmits a handover request (HO request in FI1G.
13) to the base station 3A as L1 information by using a
random access channel, etc. if it determines to require a
handover due to a drop in the reception level. Since the
handover request is transmitted as L1 information in this
embodiment, it can be transmitted at timing different from
intermittent transmission timing.

The handover request includes the base station identifica-
tion information for indicating the base station at the han-
dover destination. The mobile station 2 initially transits its
communication state from the intermittent reception state to
the active state after transmitting the handover request, and
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stands by in the state able to receive L3 information from the
base station 3A. The base station 3A determines that the
handover request has been received on the basis of the L1
information, and transmits a handover instruction to the
mobile station 2 after negotiating with the base station 3B at
the handover destination.

Upon receipt of the handover instruction from the base
station 3A, the mobile station 2 changes its communication
state from the intermittent transmission state to the active
state. In the above described first embodiment, the timings of
changing from the intermittent reception/transmission to the
active state in the mobile station 2 are those after the state
transition request is transmitted and after the state transition
instruction is received as illustrated in FIG. 6. In contrast,
these timings are those after the handover request is transmit-
ted and after the handover instruction is received in this
embodiment.

Thereafter, synchronization is established similar to the
sequence in the above described first embodiment illustrated
in FIG. 7, and the handover is performed. Upon completion of
the handover process, a handover completion notification is
transmitted to the base station 3B at the handover destination,
and the process is terminated.

The state transition instruction notified to the mobile sta-
tion 2 in advance is configured by including the base station
identification information (denoted as a base station ID in
FIG. 13). The base station identification information may be
a value simply assigned by the base station 3A. The base
station 3A and the mobile station 2 hold the same value. The
mobile station 2 notifies the base station 3A at the handover
source by including the base station identification informa-
tion in L1 information as described above. Therefore, it is
desirable to reduce the amount of data of the information. For
example, if the number of peripheral base stations is 10, it is
sufficient to secure 4 bits as the amount of data.

FIG. 14 is an example format of the handover request in
this embodiment. The handover request is configured by
including user identification information (user ID in FIG. 14)
and the base station identification information (base station
1D in FIG. 14).

Information notified to the base station 3 with the handover
request is composed of the user identification information for
identifying the mobile station 2, and the base station identi-
fication information indicating a peripheral base station at a
handover destination. Here, an intermittent communication is
being made even during, for example, a communication other
than a standby state in LTE. Therefore, the base station 3 that
receives the handover request illustrated in FIG. 14 recog-
nizes that the transition of the communication state is
required on the basis of reception of the handover request, and
executes the state transition process for the communication
state.

Unlike the above described first embodiment, this embodi-
ment eliminates the need for the process of transmitting/
receiving information about the base station 3 at the handover
destination after changing the communication state on the
side of the base station to the active state on the basis of the
state transition request. As a result, the amount of time
required for the handover process can be further reduced.

FIG. 15 is a flowchart illustrating a process executed on the
side of the mobile station 2 according to the second embodi-
ment. Differences from the process according to the first
embodiment illustrated in FIG. 9 are mainly described.

Steps S21 to S24 respectively correspond to steps S1 to S4
illustrated in FI1G. 9, and similar processes are executed. If it
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is determined in step S23 that all of peripheral base stations 3
to be measured have been measured, the process goes to step
S25.

In step S25, whether or not there is a base station BS, the
reception level of which is higher than that of a base station at
ahandover source BS,, is determined on the basis of measure-
ment results. If there is no base station the reception level of
which is higher than the base station at the handover source,
the process is terminated. If there is a base station the recep-
tion level of which is higher than the base station at the
handover source, the process goes to step S26.

After selecting the base station BS, the reception level of
which is the highest is selected in step S26, the value i of the
base station identification information of the selected base
station BS, is stored in the handover request, which is then
transmitted to the base station at the handover source. Then,
the communication state is transited to the active state in step
S28, and the process is terminated. Subsequent processes are
similar to those of the above described embodiment.

FIG. 16 is a flowchart illustrating a process executed on the
side of the base station 3 according to the second embodi-
ment. Similar to the base station according to the first embodi-
ment, this process is executed respectively for all of mobile
stations 2 that are in the intermittent communication state
within the area of the base station 3.

Processes in steps S31 to S32, namely, the processes
executed when the handover request is not received from the
base station 2 among the processes illustrated in FIG. 16 are
similar to those of steps S11 to S12 illustrated in FIG. 10.

If it is determined in step S31 that the handover request is
received from the mobile station 2, the process goes to step
S33. After changing to the active state in step S33, the han-
dover instruction is transmitted to the mobile station 2 in step
S34.

In a wireless communication system 1 according to this
embodiment, the base station identification information indi-
cating a base station at a handover destination is included in
the handover request, which is transmitted as [.1 information.
As a result, the base station 3 can change its communication
state to the active state in accordance with the identification
information about the base station at the handover destina-
tion, which is included in the handover request, and can
transmit the handover instruction to the mobile station 2. In
the above described first embodiment, various types of pro-
cesses for transiting the communication state to the active
state after initially recognizing the reception of the state tran-
sition request to transit the communication state, and for
starting the handover process upon recognition of the recep-
tion of the handover request are executed. In contrast, the
amount of time required for the handover process can be
reduced in the second embodiment.

As described above, with the wireless communication sys-
tem 1 according to the second embodiment, the mobile station
2 transmits the handover request to the base station 3 by using
a common channel such as a random access channel, etc. if a
handover becomes necessary during an intermittent commu-
nication. Upon receipt of the handover request during the
intermittent communication, the base station 3 at the han-
dover source transits the communication state of the base
station 3 itself to the active state in order to cause the mobile
station 2, which is the transmission source of the handover
request, to perform a handover. After the communication state
of the base station 3 is changed to the active state, the han-
dover instruction is transmitted on the basis of the base station
identification information indicating the base station at the
handover destination, which is included in the handover
request.
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The handover request is just transmitted from the mobile
station 2 that requires a handover to the base station 3, and
information about a base station at a handover destination is
included in the handover request and notified, whereby the
communication states of both of the mobile station 2 and the
base station 3 can be transited. As a result, the amount of time
required for the handover process can be further reduced in
comparison with the method for transmitting the request to
transit the communication state and the handover request
separately from the mobile station 2 to the base station 3. This
contributes to improvements in problems such as communi-
cation quality degradation, a failure of the handover process,
etc., which occur with a prolonged time required for the
handover process.

Third Embodiment

A wireless communication system 1 according to the third
embodiment is characterized in performing a handover by
setting a method for transmitting to the base station 3 a
request to transit a communication state to the active state in
accordance with the period of intermittent transmission/re-
ception.

FIG. 17 illustrates a configuration of the mobile station 2
according to this embodiment. The mobile station 2 accord-
ing to this embodiment is different from that according to the
above described first embodiment in the point that the period
setting unit 25 provides the handover determining unit 23
with information about the period of intermittent transmis-
sion/reception. Other constituent elements are similar to
those of FIG. 4.

The handover determining unit 23 decides a method for
performing a handover, specifically, a method for transmit-
ting the request to transit the communication state to the base
station 3 on the basis of the information about the period of
intermittent transmission/reception, which is provided from
the period setting unit 25. Contents decided by the handover
determining unit 23 are provided to the period setting unit 25,
which then decides the timing of transmitting the request to
the base station 3 on the basis of the input information and
provides the transmitter 27 with the timing, and resets the
period of intermittent transmission/reception of the mobile
station 2 to transit to the active state.

A configuration of the base station 3 according to this
embodiment is similar to that of the base station 3 according
to the first embodiment illustrated in FIG. 5. Therefore, its
description is omitted here.

FIG. 18 is a flowchart illustrating a process executed on the
side of the mobile station 2 according to the third embodi-
ment. A process executed on the side of the base station 3 is
similar to that of the base station 3 according to the first
embodiment illustrated in FIG. 10. Here, different processes
from the process of the mobile station 2 according to the first
embodiment illustrated in FIG. 9 are mainly described.

Processes from an initialization process in step S41 to the
determination of whether or not to require a handover in step
S45 respectively correspond to steps S1 to S5 of FIG. 9, and
similar processes are executed. If the handover is determined
not to be required in step S45, the process is terminated. If the
handover is determined to be required in step S45, the process
goes to step S46.

In step S46, whether or not the period of intermittent trans-
mission/reception is equal to or smaller than a predetermined
threshold value is determined. If the period of intermittent
transmission/reception is larger than the predetermined
threshold value, the process goes to step S47, in which the
mobile station 2 immediately transmits the state transition
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request to the base station 3 without waiting for the next
intermittent transmission timing. If the period of intermittent
transmission/reception is equal to or smaller than the prede-
termined threshold value in step S46, the process goes to step
S48, in which the state transition request is transmitted to the
base station 3 at the next intermittent transmission timing.
After transmitting the state transition request, the process
goes to step S49, in which the communication state of the
mobile station 2 is transited to the active state. Here, the
process is terminated.

Ifthe period of intermittent transmission/reception is rela-
tively long, a delay in the handover process increases when
the transmission of the state transition request is waited until
the next intermittent transmission/reception timing. There-
fore, it is effective to transmit the state transition request
regardless of the intermittent transmission/reception timing
by using a common channel such as a random access channel,
etc. However, using the random access channel can possibly
cause a collision between state transition requests if a plural-
ity of mobile stations 2 transmit the state transition requests to
one base station 3.

Considering the above described point, in this embodi-
ment, the effect of reducing a delay in the handover process is
recognized to be high and a handover is performed by trans-
mitting the state transition request regardless of the intermit-
tent transmission timing by using a common channel such as
a random access channel, etc. if the period of intermittent
transmission/reception is larger than a predetermined thresh-
old value, or the effect of reducing a delay in the handover
process is recognized not to be so high and a handover is
performed with precedence given to the prevention of a col-
lision by transmitting the state transition request at the inter-
mittent transmission timing if the period of intermittent trans-
mission/reception is equal to or smaller than the
predetermined threshold value.

In steps S47 and S48 of FIG. 18, the state transition request
is transmitted from the mobile station 2 to the base station 3.
However, this process is not limited to this implementation.
For example, the handover request in the second embodiment
may be transmitted. To implement such a handover process-
ing method, the configuration of the mobile station 2 illus-
trated in FIG. 11 is implemented as a configuration for pro-
viding information about the period of intermittent
transmission/reception from the period setting unit 25 to the
handover determining unit 23. With this configuration, the
handover determining unit 23 determines, on the basis of the
information about the period of intermittent transmission/
reception, whether the handover request is transmitted either
as L1 information or as L.3 information as in the conventional
technology, whereby a similar effect can be produced.

As described above, in the state where a transmission and
areception between the base station apparatus and the mobile
station apparatus are made at a predetermined intermittent
period, the base station apparatus executes the signal recep-
tion process also at timing other than the predetermined peri-
odical transmission timing of the mobile station apparatus,
and allows a second signal to be transmitted to the mobile
station apparatus at a period other than a predetermined
period in the case of receiving the first signal from the mobile
station apparatus with the reception process at timing other
than the transmission timing, whereas the mobile station
apparatus receives the second signal by executing the signal
reception process also at timing other than predetermined
periodical reception timing in the case of transmitting the first
signal at timing other than the transmission timing.

Samsung Ex. 1010, Page 27 of 29



US 8,170,029 B2

15

What is claimed is:

1. An intermittent communication system where an inter-
mittent communication can be made between a base station
apparatus and a mobile station apparatus, wherein

the mobile station apparatus comprises
a transmitting unit configured to transmit a request to

start a normal communication after stopping an inter-
mittent communication at timing different from the
intermittent communication if a handover is deter-
mined to be required,

a transiting unit configured to transit from the intermit-
tent communication to the normal communication
after the transmitting unit transmits the request, and

a handover performing unit configured to perform a
handover upon completion of transiting to the normal
communication by the transiting unit, wherein

the request is transmitted from the mobile station apparatus
to the base station apparatus by using a common chan-
nel, and

wherein

the request is generated as information of a physical layer
and transmitted by the transmitting unit if a period of
making the intermittent communication is larger than a
threshold value, or the request is generated as informa-
tion of a network layer and transmitted at transmission
timing of the intermittent communication if the period is
equal to or smaller than the threshold value.

2. The intermittent communication system according to

claim 1, wherein:

the request is configured with a handover request including
base station apparatus identification information for
identifying a base station apparatus at a handover desti-
nation; and

the transiting unit starts to transit from the intermittent
communication to the normal communication if the han-
dover request is recognized.

3. A base station apparatus making an intermittent commu-

nication with a mobile station apparatus, comprising:

a receiving unit configured to receive a request that is
transmitted by the mobile station apparatus by using a
common channel and intended to start a normal commu-
nication after stopping the intermittent communication;

atransiting unit configured to change from the intermittent
communication to the normal communication upon
receipt of the request; and

an instructing unit configured to instruct the mobile station
apparatus to execute a handover process when the
mobile station apparatus starts the normal communica-
tion,

wherein

the request is transmitted from the mobile station apparatus
to the base station apparatus by using a common chan-
nel, and

wherein

the request is generated as information of a physical layer
and transmitted by the transmitting unit if a period of
making the intermittent communication is larger than a
threshold value, or the request is generated as informa-
tion of a network layer and transmitted at transmission
timing of the intermittent communication if the period is
equal to or smaller than the threshold value.

4. The base station apparatus according to claim 3,

wherein:

the request includes base station apparatus identification
information about a base station apparatus at a handover
destination among base station apparatus identification
information for identifying peripheral base station appa-
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ratuses, which is notified to the mobile station apparatus
in advance when the normal communication is transited
to the intermittent communication; and

the instructing unit instructs the base station apparatus at
the connection destination of the mobile station appara-
tus to be switched in accordance with the base station
apparatus identification information included in the
request.

5. A mobile station apparatus making an intermittent com-

munication with a base station apparatus, comprising:

a transmitting unit configured to transmit a request to start
a normal communication after stopping an intermittent
communication at timing different from the intermittent
communication if a handover is determined to be
required;

a transiting unit configured to transit from the intermittent
communication to the normal communication after the
request is transmitted; and

a handover performing unit configured to perform a han-
dover in accordance with an instruction issued from the
base station apparatus upon completion of changing to
the normal communication by the transiting unit,

wherein

the request is transmitted from the mobile station apparatus
to the base station apparatus by using a common chan-
nel, and

wherein

the request is generated as information of a physical layer
and transmitted by the transmitting unit if a period of
making the intermittent communication is larger than a
threshold value, or the request is generated as informa-
tion of a network layer and transmitted at transmission
timing of'the intermittent communication if the period is
equal to or smaller than the threshold value.

6. The mobile station apparatus according to claim 5,

wherein:

the request includes base station apparatus identification
information about a base station apparatus at a handover
destination among base station apparatus identification
information for identifying peripheral base station appa-
ratuses, which is notified from the base station apparatus
in advance when the normal communication is transited
to the intermittent communication; and

the handover performing unit switches a connection desti-
nation to a base station apparatus indicated by the base
station apparatus identification information included in
the request in accordance with an instruction issued
from the base station apparatus.

7. A method for transiting a state where a transmission and

a reception between a base station apparatus and a mobile
station are made at a predetermined intermittent period,
wherein:

the base station apparatus executes a signal reception pro-
cess also at timing other than predetermined periodical
transmission timing of the mobile station apparatus;

the base station apparatus allows a second signal to the
mobile station apparatus to be transmitted at a period
other than a predetermined period if a first signal is
received from the mobile station apparatus at timing
other than the transmission timing with the reception
process; and

the mobile station apparatus receives the second signal by
executing a signal reception process also at timing other
than predetermined periodical reception timing if trans-
mitting the first signal at timing other than the transmis-
sion timing,
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wherein 9. The method for an intermittent communication system
the first signal is a state transition request signal or a han- according to claim 8, further comprising:

dover request signal, and the second signal is a response
signal to the first signal, and
wherein
the first signal is generated as information of a physical
layer and transmitted by the transmitting unit if a period
of' making the intermittent communication is larger than
athreshold value, or the first signal is generated as infor- 10. The method for an intermittent communication system
mation of a network layer and transmitted at transmis- 10 according to claim 8, further comprising:
sion timing of the intermittent communication if the
period is equal to or smaller than the threshold value.
8. A method for an intermittent communication system A . . e :
where an intermittent communication can be made between a timing in the intermittent communication and in a first

base station apparatus and a mobile station apparatus, com- 15 tuming before. a transmission timing in a next intermit-
prising: tent communication.

transmitting the information based on a measuring result
by using the random access channel after a reception
timing in the intermittent communication without wait-
ing for a transmission timing in a next intermittent com-
munication.

transmitting the information based on a measuring result
by using the random access channel after a reception

the mobile station apparatus’s transmitting information
based on a result of measuring a reception signal
received in the intermittent communication by using a
random access channel. ¥k k% %
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