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A mobile terminal judges whether or not the mobile terminal
is able to make a transition to a DTX period during Active,
and, when judging that the mobile terminal is able to make a
transition to a DTX period during Active, notifies a base
station to that effect. If the base station judges that the mobile
terminal is able to make a transition to a DRX period during
Active when triggered by the notification from the mobile
terminal, the base station temporarily stops supply of electric
power to the data transmission processing units and the data
reception processing units of the mobile terminal.
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FIG.9

Bit 1 Bit2
Sleep Request
Signal
0 (without Request) Mapping of a Happy Bit
. Mapping of the Priority of
1 (with Request) Low Power Consumption

FIG.12

Indicat Percentage of the Battery Residue to
ndicator the Capacity of the Battery

1 Equal to or Greater Than 75% to 100%
or During Charged

10 Equal to or Greater Than 50% to Less
Than 75%

o1 Equal to or Greater Than 25% to Less
Than 50%

00 Equal to or Greater Than 0% to Less
Than 25%
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FIG.13

State 2: Active (Broad Sense)

State 2-B:
DRX/DTX Operation
Period during Active

State 2-A:
Active (Narrow Sense)

State 1: Idle
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FIG.15

: DRX Operation Period .
E Active During a DRX E
» Operation Period :
; DRX Period (Period) .
' / / DRX Interval (Interval) :
Reception By 54__>E<__)E 3!
Mobile Terminal | : B : ' B !

On '

Off — , !
< P >
™ -

/ A A
DRX Cycle (Cycle)
, DTX Operation Period \
* Active During the DTX i
' Operation Period . i i
' DTX Period (Period)
5 / / DTX Interval (Interval) |
Transmission By :( ,:( ):. :( ,:
Mobile Terminal | ' D 3 ' D '

On ' ' ' '

Off .
le »ie >l

DTX Cycle (Cycle)
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Mobile Terminal
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Can the Mobile Terminal No Does the Base Station \ yes
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During Active? Non-Request Signal?
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Yes v S?S
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ST1603 Perform a DTX Operation? /o
Y ¢
. - Yes ST6
Transmit a Sleep Y . ¢
Non-Request Signal Make a Transition to
a DRX/DTX Operation
Period during Active
ST7
Y ]
Notify Transition to a DRX
< Operation Period during
Active
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Does the Mobile Terminal
Receive a Notification Yes
of Transition to a DRX
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No Y
Make a Transition to a DRX/DTX
Operation Period during Active
ST12
¢ Y
Perform a DRX Operation
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FIG.17

Start Point Implementation of

Transmitting Operation
l . Implementation of

Receiving Operation

7

Transmitting
Pattern 4 Process

\
\\\

%,

In a Case in Which Only the Start Points
of the DTX Cycle and the DRX Cycle Are
Timed to Coincide with Each Other in
Step ST31

DTX Cycle

Receiving
Process

_
_

A
Y

DRX Cycle
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FIG.26

(A) In a Case in Which Downlink Data Are Completed Previously

L1/L2 Control Signal
Including Downlink Ack to Uplink Last
(Retransmission) Ack/Nack (Retransmission) Data

A

e M 1
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\
n

S
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A
( L.1/L.2 Control Signal ;
Including Uplink
(Retransmission)
Data, Ack/Nack, etc.

~ (B) In a Case in Which Uplink Data Are Completed Previously

) Downlink Last
L1/L2 Control Signal  (Retransmission) Data
Including Downlink X
(Retransmission) First L1/L2 Control
( Data, Ack/Nack, etc. Signal after Uplink Ack
K 7
Downlink %
‘ '<-——-—>'
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- -
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Including Uplink
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MOBILE COMMUNICATION SYSTEM AND
MOBILE TERMINAL

FIELD OF THE INVENTION

[0001] The present invention relates to a mobile communi-
cations system in which a base station carries out radio com-
munications with a plurality of mobile terminals by control-
ling the transmission rates, the transmission powers (the
permitted transmission powers and maximum permitted
transmission powers), the transmission timings, the available
frequencies, and so on of the plurality of mobile terminals, by
using a scheduler, and a mobile terminal which constructs the
system.

BACKGROUND OF THE INVENTION

[0002] Inrecent years, the mainstream of a data communi-
cation method which a mobile communications system uses
has been changing from a circuit switching method to a
packet communication method.

[0003] While, in general, the packet communication
method is based on a continuous connection, there is a limit to
the available capacity of a battery which a mobile terminal in
a mobile communications system can carry.

[0004] Therefore, in a case in which the mobile communi-
cations system employs a packet communication method (a
continuous connection), it is necessary to achieve low power
consumption in a mobile terminal.

[0005] As a standardization organization of mobile com-
munications systems, the 3GPP (3rd Generation Partnership
Project) exists.

[0006] Currently, in the 3GPP, a UTRAN system (Re-
lease7) and an Evolved RAN system (E-UTRAN, LTE: Long
Term Evolution) which are mobile communications systems
of the next version have been under debate, and reduction in
the power consumption in the packet communication method
has also been under debate on the spot.

[0007] Ithasbeen determined in the debate that because, in
a mobile terminal using the packet communication method, a
case in which there exist no transmission data and no received
data can occur even if a wireless section is being connected, a
newly provision of a state of supporting low power consump-
tion in a mobile terminal and an operation of supporting low
power consumption in a mobile terminal has been deter-
mined.

[0008] For an LTE system, a state 1 “Idle” in which a
mobile terminal is during inactivity at an RRC level, and a
state 2 “Active (in a broad sense)” in which a mobile terminal
is during active are defined. Nonpatent reference 1 shown
hereafter discloses introduction of a new state 2-A “Active (in
anarrow sense)” and a state 2-B “DRX/DTX operation period
during Active” into during “Active (in a broad sense)”, as
shown in FIG. 13. Furthermore, nonpatent reference 2 shown
hereafter describes that it is possible to dispose a DRX/DTX
period (DRX/DTX period) in RRC_Connected (correspond-
ing to the state 2 of FIG. 13) in order to achieve low power
consumption in a mobile terminal.

[0009] The state 1 of FIG. 13 is called “Idle”, “LTE_Idle”,
“RRC_Idle”, “NAS_Idle”, or the like, and a mobile terminal
placed in the state 1 of FIG. 13 performs a receiving operation
inaDRX cycle which is set up by NAS (Non-Access Stratum)
(i.e., in a cycle different from the DRX cycle of a DRX/DTX
operation period during Active (the state 2-B of FIG. 13)).
More specifically, the mobile terminal performs a Paging
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operation. The state 2 of FIG. 13 is called “Active”, “LTE_
Active”, “RRC_Active”, “RRC_Connected”, “Connected”,
“NAS_Active”, or the like.

[0010] The state 2-A of FIG. 13 is called “Active”, “MAC_
Active”, or the like.

[0011] The state 2-B of FIG. 13 is called “Dormant”,
“MAC_Dormant”, “DRX/DTX period (DRX/DTX period)”,
“DRX/DTX period during Active”, “DRX/DTX period dur-
ing Connected”, or the like, and, in this state, an operation for
achieving low power consumption in a mobile terminal dur-
ing Active is carried out (for example, a stop of transmission
or reception of data (user data and control data) is performed
temporarily).

[0012] Nonpatent reference 3 shown hereafter discloses a
technology of, during a DRX/DTX operation period during
Active (the state 2-B of FIG. 13), carrying out a process of
signaling both a period during which a DRX operation is
performed and a period during which a DTX operation is
performed by using MAC (Medium Access Control) by a
base station.

[0013] Patentreferences 1 shown hereafter discloses a tech-
nology of switching a cycle in which a mobile terminal trans-
mits a CQI (Channel Quality Indicator) to a base station
between a high-speed one and a low-speed one according to
whether or not transmission of downlink data has been per-
formed, though the cycle differs from the DTX cycle in a
DRX/DTX operation period during Active (the state 2-B of
FIG. 13). Thereby, effective use of the uplink radio resources
is achieved.

[0014] Nonpatent reference 4 shown hereafter discloses a
technology of making a mobile terminal check to see whether
there exist data destined for the mobile terminal itself in a
DRX cycle during Active (the state 2 of FIG. 13) by using a
downlink scheduling channel.

[0015] Nonpatent reference 6 shown hereafter describes a
notification method of notifying a DRX period.

[0016] The notification method of notifying a DRX period
will be explained with reference to FIG. 14.

[0017] Information indicating a DRX period is included in
control data (e.g., an [L1/L.2 control signal) which associates
first-time transmission data (user data) from a base station.
[0018] When the mobile terminal fails in reception of the
first-time transmission data transmitted from the base station,
the mobile terminal transmits a HARQ-compliant Nack sig-
nal (negative response signal) to the base station.

[0019] When receiving the Nack signal transmitted from
the mobile terminal, the base station retransmits the same data
as the first-time transmission data to the mobile terminal. The
information indicating a DRX period is not included in the
control data which associates this retransmission.

[0020] When succeeding in the reception of the retransmis-
sion data transmitted from the base station, the mobile termi-
nal starts a timer A while transmitting a HARQ-compliant
Ack signal (ACK signal) to the base station.

[0021] When receiving the Ack signal transmitted from the
mobile terminal, the base station starts a timer A.

[0022] After the timers A are expired, the mobile terminal
and the base station start their DRX operations.

[0023] Nonpatent reference 8 shown hereafter discloses a
DRX operation in a case in which two DRX cycles are set up.
[0024] Nonpatent reference 5 shown hereafter discloses a
technology of judging whether to carry out an operation with
low power consumption according to mobile terminal capa-
bility information (UE Capabilities) showing the capabilities
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of' a mobile terminal, though the purpose of the technology
differs from those disclosed in the above-mentioned non-
patent references 1 to 4 and the patent reference 1.

[0025] Control signals which are used to enable communi-
cations between a mobile terminal and a base station via a
radio link include an upper layer signal, such as an “L3
control signal” (a Layer 3 control signaling or an 1.3 mes-
sage), and a signal which is called an “L.1/1.2 control signal”
(a Layerl/Layer2 control signaling).

[0026] An L3 control signal is typically notified from an
upper layer, such as an RRC layer, at a time of initial trans-
mission including a time of occurrence of a call connection
(RRC Connect), and is used to perform a setup of uplink or
downlink channels via the downlink or allocation of radio
resources via the downlink.

[0027] In contrast, an [.1/L.2 control signal is frequently
exchanged between a mobile terminal and a base station via
both the uplink and the downlink, and includes an uplink
scheduling request signal which a mobile terminal outputs to
make a request of a base station for allocation of the radio
resources via the uplink. Also at a time when the radio
resources are irregularly changed in response to a request to
change the data size or a request for the quality of the com-
munication path, the time including a time of occurrence of a
call connection and a time of continuation, an L.1/L.2 control
signal is used.

[0028] An L1/L2 control signal includes an Ack signal/
Nack signal which either a base station or a mobile terminal
sends back to the party on the other end of the connection
when receiving data via uplink or downlink to answer
whether either the base station or the mobile terminal has
received the data correctly, and a quality information CQI
(Channel Quality Indicator) showing the quality of the
received data or the quality of the communication path.
[0029] Nonpatent reference 7 shown hereafter shows that,
in an uplink reference signal (Reference Signal), two types of
signals including a reference signal used for demodulation
(Demoduration) and synchronous detection (Detection), and
areference signal (Sounding Reference Signal) used for mea-
surement of the quality of an uplink channel exist. The Sound-
ing Reference Signal (Sounding RS) is transmitted from a
mobile terminal (UE) to a base station (eNB) in order for the
base station to measure the communication quality of the
uplink.

[0030] The following nonpatent reference 9 discloses that
only time division multiplexing (Time Division Multiplex-
ing: TDM) is used as a method of transmitting data for a
E-MBMS (Evolved Multimedia Broadcast Multicast Ser-
vice) and services other than the E-MBMS (non-MBMS and
non-EMBMS). Units in which the time division is carried out
is set to be subframes (Subframes).

[0031] The E-MBMS is a multicast and broadcast type
multimedia service.

In this service, a large-volume broadcast content, such as a
news content, a weather forecast content, or a mobile broad-
cast content, is transmitted to a plurality of mobile terminals.
[0032] A base station maps E-MBMS data onto either a
DL-SCH (Downlink Shared Channel) or an MCH (Multicast
Channel), and then transmits the E-MBMS data to mobile
terminals.

[0033] Furthermore, LTE not only provides a broadcast
type communication service (except the E-MBMS (non-
MBMS)), but also provides a communication service to an
individual mobile terminal among a plurality of mobile ter-

Jul. 16, 2009

minals. A communication service provided to an individual
mobile terminal is called a Unicast service.

[0034] Nonpatent reference 10 shown hereafter discloses
that either only one leading symbol or only two leading sym-
bols included in a subframe which is allocated to the
E-MBMS through time division multiplexing is used by a
Unicast service.

[0035] However, the nonpatent references 1 to 3 and the
patent reference 1 do not disclose any concrete method of
effectively achieving low power consumption in a mobile
terminal in a DRX/DTX operation period during Active (a
state 2-B as shown in FIG. 13).

[0036] More specifically, the nonpatent references 1 and 2
disclose newly establishment of a state (the state 2-B shown in
FIG. 13) for supporting low power consumption in a mobile
terminal, but does not disclose any method of efficiently
achieving low power consumption in a mobile terminal in a
DRX/DTX operation period during Active (the state 2-B
shown in FIG. 13) which is newly established.

[0037] Furthermore, the nonpatent reference 3 discloses
the technology of signaling information indicating a period
during which a DRX operation is performed and a period
during which a DTX operation is performed in a DRX/DTX
operation period during Active (the state 2-B shown in FIG.
13) by using the MAC of a base station, as mentioned above,
but does not disclose any method of setting up DRX/DTX
cycles in order to efficiently achieve low power consumption
in a mobile terminal.

[0038] In addition, the notification method of notifying a
DRX period disclosed by the nonpatent reference 6 differs
from a notification method of notifying a DRX period which
will be disclosed by the present invention.

[0039] Furthermore, a problem with the method disclosed
by the nonpatent reference 6 is that a base station has to carry
out scheduling in order to determine a timing (i.e., a DRX
period end timing) at which the base station starts a DRX
operation every time when the base station receives a Nack
signal from a mobile terminal (“a time (i), “a time (ii)”, and
“atime (iii)” shown in FIG. 14), and therefore the load of the
scheduling becomes heavy. Thus, the nonpatent reference 6 is
not aimed at notifying the information indicating a DRX
period while reducing the scheduling load of the base station,
and does not offer any suggestion about this purpose.

[0040] Ina DRX operation in the case in which two DRX
cycles are set up, which is disclosed by the nonpatent refer-
ence 8, any application of HARQ is not taken into consider-
ation at all.

[0041] Therefore, a problem with the method of notifying
the DRX cycle information by using an [.1/1.2 control signal
together with the first-time transmission data, notifying the
DRX cycle information at a time of a setup of a radio bearer,
or determining the DRX cycle information in advance, in a
conventional way is that when retransmission based on
HARQ exceeds this DRX cycle, it becomes impossible to
make a transition to a DRX operation.

[0042] The nonpatent reference 9 and 10 describe nothing
about a DRX operation (a DRX operation during Active).
[0043] Furthermore, these references also disclose nothing
about what kind of information is notified using a symbol
available for a Unicast service in a subframe allocated to the
E-MBMS.

[0044] The patent reference 1 discloses the technology of
switching a cycle in which a mobile terminal transmits a CQI
to a base station between a high-speed one and a low-speed
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one according to whether or not transmission of downlink
data has been performed, but discloses nothing about a sig-
naling between the mobile terminal and the base station for
the switching of the cycle between a high-speed one and a
low-speed one. The technology disclosed by the patent refer-
ence 1 is the one in which no operation with low power
consumption is introduced into the operation of a mobile
terminal during Active (the state 2 as shown in FIG. 13).
[0045] Next, the nonpatent reference 4 discloses the tech-
nology of making a mobile terminal check to see whether
there exist data destined for the mobile terminal itself in a
DRX cycle during Active (the state 2 as shown in FIG. 13) by
using a downlink scheduling channel, as mentioned above. In
other words, in a mobile terminal during a DRX/DTX opera-
tion period during Active (the state 2-B as shown in FIG. 13),
aperiod during which the mobile terminal is unable to receive
any downlink data from a base station exists.

[0046] Therefore, even when a base station desires to trans-
mit downlink data to a mobile terminal during a DRX/DTX
operation period during Active (the state 2-B as shown in FIG.
13), the base station cannot transmit any data to the mobile
terminal until a preset cycle has elapsed.

[0047] Therefore, the throughput of the mobile terminal
decreases, and, even ifit is preferable to give a higher priority
to the throughput of the mobile terminal than to achievement
of low power consumption in the mobile terminal, any
improvement in the throughput cannot be achieved.

[0048] Nonpatent reference 5 shown hereafter discloses a
technology of judging whether a mobile terminal should
carry out an operation with low power consumption accord-
ing to the mobile terminal capability information (UE Capa-
bilities) in order to enable application to a case in which a
higher priority should be given to the throughput of the
mobile terminal.

[0049] However, in the current technology, the mobile ter-
minal capability information (UE Capabilities) is a value
specific to each mobile terminal.

[0050] The mobile terminal capability information (UE
Capabilities) is notified from the mobile terminal to the net-
work at a time of an RRC (Radio Resource Control) connec-
tion (e.g., at atime of attach, at a time of calling, and at a time
of location registration).

[0051] Therefore, in accordance with the current technol-
ogy, because a parameter showing which achievement of low
power consumption in a mobile terminal or an improvement
in the throughput of the mobile terminal should be given a
higher priority is specific to each mobile terminal, and the
timing at which a notification of the parameter can be made is
restricted, it is difficult to eftectively achieve low power con-
sumption in the mobile terminal during a DRX/DTX opera-
tion period during Active (a state 2-B as shown in FIG. 13).
[0052] [Nonpatent reference 1] 3GPP technical specifica-
tions TR25.913V7.2.0

[0053] [Nonpatent reference 2] 3GPP technical specifica-
tions TR25.813 V0.9.0

[0054] [Nonpatent reference 3] 3GPP contributions
R2-060888

[0055] [Nonpatent reference 4] 3GPP contributions
R2-060591

[0056] [Nonpatent reference 5] 3GPP contributions
R2-060846

[0057] [Nonpatent reference 6] 3GPP contributions
R2-070279
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[0058] [Nonpatent reference 7] 3GPP technical specifica-
tions TR25.814 V7.0.0

[0059] [Nonpatent reference 8] 3GPP contributions
R2-070265

[0060] [Nonpatent reference 9] 3GPP contributions
R1-071245

[0061] [Nonpatent reference 10] 3GPP contributions
R2-070701

[0062] [Patent reference 1] JP,2003-204298,A

[0063] Because conventional mobile communications sys-

tems are constructed as mentioned above, they make it pos-
sible to introduce the state 2-B, i.e., a “DRX/DTX operation
period during Active” into the state 2, in which the system is
operating at an RRC level, i.e., an “Active (in a broad sense).”
A problem is, however, that neither a method of efficiently
achieving low power consumption in a mobile terminal nor a
method of setting up DRX/DTX cycles is defined, and there-
fore low power consumption cannot be necessarily achieved
efficiently in a mobile terminal.

[0064] The present invention is made in order to solve the
above-mentioned problems, and it is therefore an object of the
present invention to provide a mobile communications sys-
tem which can achieve low power consumption in a mobile
terminal efficiently, and a mobile terminal which can achieve
low power consumption.

DISCLOSURE OF THE INVENTION

[0065] In accordance with the present invention, there is
provided a mobile communications system in which a mobile
terminal judges whether or not the mobile terminal is able to
make a transition to a temporary data transmission stop period
during which the mobile terminal temporarily stops transmis-
sion of data, and, when the mobile terminal is able to make a
transition to the temporary transmission stop period, the
mobile terminal temporarily stops supply of electric power to
data transmission processing units and data reception pro-
cessing units of the mobile terminal if the base station judges
that the mobile terminal is able to make a transition to a
temporary reception stop period during which the mobile
terminal temporarily stops reception of data.

[0066] As a result, there is provided an advantage of being
able to efficiently achieve low power consumption in the
mobile terminal.

BRIEF DESCRIPTION OF THE FIGURES

[0067] FIG. 1 is a block diagram showing a mobile com-
munications system in accordance with Embodiment 1 of'the
present invention;

[0068] FIG. 2 isablock diagram showing a mobile terminal
of the mobile communications system in accordance with
Embodiment 1 of the present invention;

[0069] FIG. 3 is a block diagram showing a base station of
the mobile communications system in accordance with
Embodiment 1 of the present invention;

[0070] FIG. 4 is a sequence diagram showing the descrip-
tion of processing carried out by the mobile communications
system in accordance with Embodiment 1 of the present
invention;

[0071] FIG. 5 is a flow chart showing the description of a
process of step ST5 which is carried out by a protocol pro-
cessing unit 33;
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[0072] FIG. 6 is a sequence diagram showing the descrip-
tion of processing carried out by a mobile communications
system in accordance with Embodiment 2 of the present
invention;

[0073] FIG.7is an explanatory drawing showing a example
of determination of a DRX cycle and a DTX cycle;

[0074] FIG. 8 is a sequence diagram showing the descrip-
tion of processing carried out by the mobile communications
system in accordance with Embodiment 3 of the present
invention;

[0075] FIG.9is an explanatory drawing showing a example
of mapping of a physical channel;

[0076] FIG.10is asequence diagram showing the descrip-
tion of processing carried out by a mobile communications
system in accordance with Embodiment 5 of the present
invention;

[0077] FIG.11 is a sequence diagram showing the descrip-
tion of the processing carried out by the mobile communica-
tions system in accordance with Embodiment 5 of the present
invention;

[0078] FIG. 12 is an explanatory drawing showing an
example of an indicator;

[0079] FIG. 13 is an explanatory drawing showing a state
transition of the mobile communications system;

[0080] FIG. 14 is an explanatory drawing of a method of a
base station notifying a DRX period to a mobile terminal,
which is shown in the nonpatent reference 6;

[0081] FIG. 15 is an explanatory drawing of terms which
are uses in the present invention;

[0082] FIG.16 is a sequence diagram showing the descrip-
tion of the processing carried out by the mobile communica-
tions system in accordance with Embodiment 1 of the present
invention;

[0083] FIG. 17 is an explanatory drawing showing an
example of determination of a DRX cycle and a DTX cycle;
[0084] FIG. 18 is a sequence diagram showing the descrip-
tion of the processing carried out by the mobile communica-
tions system in accordance with Embodiment 2 of the present
invention;

[0085] FIG. 19 is an explanatory drawing showing an
example of a method of notifying a DRX cycle from a base
station to a mobile terminal;

[0086] FIG. 20 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station;

[0087] FIG. 21 is an explanatory drawing showing an
example of the method of notifying a DRX cycle from the
base station to the mobile terminal in a case in which a DTX
cycle and the DRX cycle are set up in such a way that they are
equal to each other;

[0088] FIG. 22 is an explanatory drawing showing an
example of a timing at which DRX cycles corresponding to a
plurality of radio bearers are set up in parallel for downlink;
[0089] FIG. 23 is an explanatory drawing showing an
example of the method of notifying the DTX cycle from the
base station to the mobile terminal in a case in which there
exist uplink data;

[0090] FIG. 24 is an explanatory drawing showing an
example in a case in which a sounding signal is transmitted as
anuplink transmission signal in a case in which there exist no
uplink data;
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[0091] FIG. 25 is an explanatory drawing showing a param-
eter indicating a time which elapses from the receiving timing
of a received signal to a transmission timing after a DTX
operation;

[0092] FIG. 26 is an explanatory drawing showing an
example of the method of notifying a DRX cycle and a DTX
cycle from the base station to the mobile terminal in a case in
which there occur data transmissions for downlink and
uplink, respectively, and the DTX cycle and the DRX cycle
are set up in such a way that they are equal to each other;
[0093] FIG. 27 is a sequence diagram showing a flow of
DRX control carried out by a mobile communications system
in accordance with Embodiment 8 of the present invention;
[0094] FIG. 28 is a sequence diagram showing a flow of
DTX control carried out by the mobile communications sys-
tem in accordance with Embodiment 8 of the present inven-
tion;

[0095] FIG. 29 is a flow chart showing a process flow of a
DRX/DTX cycle setting method for use in the DTX control
and the DRX control carried out by the mobile communica-
tions system in accordance with Embodiment 8 of the present
invention;

[0096] FIG. 30 is an explanatory drawing showing an
example of an actual operation in the DRX control for down-
link data transmission in a HARQ mode in the mobile com-
munications system in accordance with Embodiment 8 of'the
present invention;

[0097] FIG. 31 is an explanatory drawing showing an
example of an actual operation in the DTX control for uplink
data transmission in the HARQ mode in the mobile commu-
nications system in accordance with Embodiment 8 of the
present invention;

[0098] FIG. 32 is an explanatory drawing showing an
example of, in a case in which two types of data and a control
signal having different DTX cycles occur, an actual operation
in the DTX control for uplink data transmission in the HARQ
mode in the mobile communications system in accordance
with Embodiment 8 of the present invention;

[0099] FIG. 33 is an explanatory drawing showing an
example of, in a case in which data having different DRX
cycles occur while sleeping during a DRX period, an actual
operation in the DRX control for downlink data transmission
in the HARQ mode in the mobile communications system in
accordance with Embodiment 8 of the present invention;
[0100] FIG. 34is an explanatory drawing showing a case in
which two DRX cycles are set up, which is shown in the
nonpatent reference 8;

[0101] FIG. 35is an explanatory drawing showing a case in
which two DRX cycles are set up, and a method disclosed in
Embodiment 7 is applied to a setup of a DRX cycle [2] and a
method disclosed in Embodiment 8 is applied to a setup of a
DRX cycle [1];

[0102] FIG. 36 is a sequence diagram of a mobile terminal
and a base station which employ a method which is a combi-
nation of the method disclosed in Embodiment 7 and a con-
ventional method, for selecting one of them according to a
large and small relation between a required time correspond-
ing to a maximum (MAX) number of retransmissions with
HARQ, and a DRX cycle;

[0103] FIG. 37 is an explanatory drawing showing an
example in a case in which the timing of transmission of an
uplink Ack signal/Nack signal coincides with that of trans-
mission of a CQI;
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[0104] FIG. 38 is an explanatory drawing showing an
example in the case in which the timing of transmission of an
uplink Ack signal/Nack signal coincides with that of trans-
mission of a CQI;

[0105] FIG. 39 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system in accordance with Embodiment 12 of the
present invention;

[0106] FIG. 40 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with Embodiment 12
of the present invention;

[0107] FIG. 41 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system in accordance with a variant 1 of Embodiment
12 of the present invention;

[0108] FIG. 42 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with the variant 1 of
Embodiment 12 of the present invention;

[0109] FIG. 43 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system in accordance with a variant 2 of Embodiment
12 of the present invention;

[0110] FIG. 44 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with the variant 2 of
Embodiment 12 of the present invention;

[0111] FIG. 45 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system in accordance with a variant 3 of Embodiment
12 of the present invention;

[0112] FIG. 46 is an explanatory drawing showing an
example of a relation between the QoS of a service and an
initial DRX cycle;

[0113] FIG. 47 is an explanatory drawing showing an
example of allocation of radio resources to a E-MBMS and
allocation of radio resources to services other than the
E-MBMS;

[0114] FIG. 48 is an explanatory drawing showing an
example of allocation of radio resources allocated to the
E-MBMS in a subframe;

[0115] FIG. 49 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system for explaining a problem shown in Embodi-
ment 13 of the present invention;

[0116] FIG. 50 is an explanatory drawing showing an
example of an operation of E-MBMS and the DRX operation
method in the mobile communications system in accordance
with Embodiment 13 of the present invention.

[0117] FIG. 51 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with Embodiment 13
of the present invention;

[0118] FIG. 52 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with a variant 1 of
Embodiment 13 of the present invention;

[0119] FIG. 53 is an explanatory drawing showing an
example of a DRX operation method in a mobile communi-
cations system for explaining a problem shown in Embodi-
ment 14 of the present invention;
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[0120] FIG. 54 is an explanatory drawing showing an
example of the DRX operation method in the mobile com-
munications system in accordance with Embodiment 14 of
the present invention; and

[0121] FIG. 55 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with Embodiment 14
of the present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0122] Hereafter, in order to explain this invention in
greater detail, the preferred embodiments of the present
invention will be described with reference to the accompany-
ing drawings.

[0123] An LTE system will be explained hereafter. The
present invention can be applied to a mobile communications
system (e.g., a UTRAN system) in which uplink and down-
link schedulers control and specify a transmission rate, trans-
mission power (permitted transmission power and maximum
permitted transmission power), a transmission timing, an
available frequency, the width of the available frequency, and
so on for each mobile terminal.

Embodiment 1

[0124] FIG. 1 is a block diagram showing a mobile com-
munications system in accordance with Embodiment 1 of'the
present invention.

[0125] The mobile communications system of FIG. 1 is an
LTE system, and an uplink scheduler and a downlink sched-
uler of a base station controls the transmission rate, the trans-
mission power (the permitted transmission power and the
maximum permitted transmission power), the transmission
timing, the available frequency, the width of the available
frequency, and so on of each of a plurality of mobile termi-
nals.

[0126] Transport channels (Transport Channels) via which
a mobile terminal and a base station communicate with each
other in the mobile communications system of FIG. 1 will be
further explained. Although it can be considered that the
names and definitions of the transport channels will be
changed from now on because the transport channels have
been under debate, it cannot be overemphasized that the
present invention can be applied to even a case in which the
names and definitions of the transport channels are changed.
[0127] Inaccordance with the present invention, a state 2-B
of FIG. 13 is referred to as “DRX/DTX operation period
during Active”, though a time period during which a DRX
operation period during Active and a DTX operation period
during Active overlap each other will be explained as a DRX/
DTX operation period during Active (the state 2-B of FIG.
13).

[0128] Furthermore, the DRX operation period during
Active will be explained as a time period during which a
receiving operation during a certain time period and an opera-
tion of not carrying out any reception during a certain time
period are repeated in a DRX cycle during Active (refer to
FIG. 15). There also exists a DRX operation period during
Active whose number of repetitions in the DRX cycle is only
one.

[0129] A time period during which no reception is carried
out, the time period falling within the DRX operation period
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during Active, will be explained as a DRX period (DRX
Period) or a DRX interval (DRX Interval) (refer to FIG. 15).
[0130] Furthermore, a portion which falls within the DRX
operation period during Active, but excludes the DRX period
will be explained as Active within the DRX operation period
(refer to FIG. 15).

[0131] As examples of the receiving operation which the
mobile terminal 3 carries out in the DRX cycle during Active
within the DRX operation period, the following receiving
operations (1) to (8) can be considered.

[0132] (1) The mobile terminal 3’s data receiving operation
of checking to see whether there exist data addressed thereto
by using a downlink scheduling channel;

[0133] (2) A monitor operation of monitoring a downlink
L1/L.2 control signal;

[0134] (3) A measurement operation (measurement of
neighboring cells, measurement of a self-cell, etc.)

[0135] (4) A receiving operation of receiving user data
(Traffic data);
[0136] (5) A receiving operation of receiving uplink timing

information (Timing information and Timing Advance (TA));
[0137] (6) A receiving operation of receiving a downlink
reference signal;
[0138] (7) A receiving operation of receiving a HARQ-
compliant Ack signal/Nack signal which is a response to
uplink data; and

[0139] (8) A combination of the above-mentioned opera-
tions (1) to (7).
[0140] In (8), the combination of the operations (1) to (7)

can be continuous or discontinuous with respect to time.
[0141] Hereafter, HARQ (Hybrid Automatic Repeat
Request) will be explained.

[0142] A case in which HARQ is applied to transmission
data from a base station to a mobile terminal will be
explained.

[0143] When receiving data from a base station, a mobile
terminal performs an error detection process on the data.
When not detecting any error through the above-mentioned
error detection process, the mobile terminal transmits an Ack
signal, as a response signal, to the base station, whereas when
detecting an error through the above-mentioned error detec-
tion process, the mobile terminal transmits a Nack signal, as
a response signal, to the base station.

[0144] When receiving the Ack signal from the mobile
terminal, the base station transmits new data to the mobile
terminal, whereas when receiving the Nack signal from the
mobile terminal, the base station retransmits the same data to
the mobile terminal.

[0145] It is possible to apply HARQ to a case of transmis-
sion data from a mobile terminal to a base station, like in the
above-mentioned case.

[0146] Furthermore, a DTX operation period during Active
will be explained as a time period during which a transmitting
operation during a certain time period and an operation of not
carrying out any transmission during a certain time period are
repeated in a DTX cycle during Active (refer to FIG. 15).
There also exists a DTX operation period during Active
whose number of repetitions in the DTX cycle is only one.
A time period during which no transmission is carried out, the
time period falling within the DTX operation period during
Active, will be explained as a DTX period (DTX Period) or a
DTX interval (DTX Interval) (refer to FIG. 15).
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[0147] Furthermore, a portion which falls within the DTX
operation period during Active, but excludes the DTX period
will be explained as Active within the DTX operation period
(refer to FIG. 15).

[0148] Asexamples of the transmitting operation which the
mobile terminal 3 carries out in the DTX cycle during Active
within the DTX operation period, the following transmitting
operations (1) to (9) can be considered.

[0149] (1) A transmitting operation of transmitting infor-
mation which is used for downlink scheduling (for example,
CQI);

[0150] (2) A transmitting operation of transmitting a refer-
ence signal which is used for demodulation (Demoduration)
and synchronous detection (Detection);

[0151] (3) A transmitting operation of transmitting a refer-
ence signal (Sounding Reference Signal) intended for mea-
surement of uplink channel quality;

[0152] (4) A transmitting operation of transmitting an
uplink scheduling request;

[0153] (5) A transmitting operation of transmitting user
data (Traffic data);

[0154] (6)A transmitting operation intended for uplink tim-
ing measurement by a base station (for example, transmission
of'a Soundingu Reference Signal, CQI, RACH, or the like can
be considered);

[0155] (7) A transmitting operation of transmitting a
HARQ-compliant Ack signal/Nack signal which is a
response to downlink data;

[0156] (8) A transmitting operation of transmitting an
L1/L.2 control signal; and

[0157] (9) A combination of the above-mentioned opera-
tions (1) to (8).
[0158] In (9), the combination of the operations (1) to (8)

can be continuous or discontinuous with respect to time.
[0159] Thepresent invention can also be appliedto a casein
which the definitions of the terms previously explained are
changed.

[0160] For example, it can be considered that (3) when a
reference signal (Sounding Reference Signal) intended for
measurement of uplink channel quality is transmitted or (6)
when a Sounding Reference Signal is transmitted as a trans-
mitting operation for enabling uplink timing measurement by
a base station, as the mobile terminal 3’s transmitting opera-
tion of carrying out transmission in the DTX cycle, the nam-
ing is changed from the DTX cycle to a Sounding Reference
Signaru transmission cycle. The present invention can also be
applied to such a case.

[0161] Furthermore, for example, it can be considered that
(1) when information (e.g., CQI) which is used for downlink
scheduling is transmitted or (6) when CQI is transmitted as a
transmitting operation for enabling uplink timing measure-
ment by a base station, as the mobile terminal 3’s transmitting
operation of carrying out transmission in the DTX cycle, the
naming is changed from the DTX cycle to a CQI transmission
cycle. The present invention can also be applied to such a
case.

[0162] Furthermore, the present invention can also be
applied to a case in which the DRX operation period during
Active, the DTX operation period during Active, or a period
during which either the DRX operation period during Active
or the DTX operation period is the state 2-B of FIG. 13.
[0163] Although the number of states and the definition of
each of'the states can be changed according to future debate,
it cannot be overemphasized that the present invention can
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also be applied to a case in which the number of states and the
definition of each of the states are changed.

[0164] In FIG. 1, a base station control apparatus 1 has a
plurality of base stations 2 which belong thereto, and trans-
mits and receives control data and user data to and from the
plurality of base stations 2 which belong thereto. The base
station control apparatus 1 is called aGW, RNC, or the like.

[0165] Each of the base stations 2 has a plurality of mobile
terminals 3 which belong thereto, and carries out radio com-
munications with the plurality of mobile terminals 3 which
belong thereto. More specifically, each of the base stations 2
has uplink and downlink schedulers, and the schedulers
enable transmission and reception of data between the base
station 2 and a mobile terminal 3 and carries out scheduling
for improvements in the throughput of an individual mobile
terminal 3 and that of the whole of the mobile communica-
tions system. The scheduling means that the uplink and down-
link schedulers control the transmission rate, the transmission
power (the permitted transmission power and the maximum
permitted transmission power), the transmission timing, the
available frequency, the width of the available frequency, and
so on of each of the plurality of mobile terminals, or specity
and notify them to each of the plurality of mobile terminals.
[0166] The base stations also carry out control of retrans-
mission of data (control data and user data) using HARQ
(Hybrid Automatic Repeat Request) technique. Each base
station 2 is called NodeB, E-UTRAN NodeB (E-NodeB,
eNB), or the like.

[0167] Each mobile terminal 3 carries out radio communi-
cations with a base station 2. Each mobile terminal 3 is called
amobile station, UE (User Equipment), MS (Mobile Station),
or the like.

[0168] Hereafter, a transport channel via which a base sta-
tion 2 and a mobile terminal 3 communicate with each other
will be explained.

[0169] A BCH (Broadcast Channel) is a channel via which
a base station 2 transmits broadcast information to a mobile
terminal 3 which belongs thereto.

[0170] A DL-SCH (Downlink Shared Channel) is a shared
channel (Shared Channel) via which a base station 2 transmits
control data and user data to a mobile terminal 3 which
belongs thereto.

[0171] A PCH (Paging Channel) is a channel via which a
base station 2 supports discontinuous reception (intermittent
reception) which a mobile terminal 3 performs in a DRX
cycle (i.e., a cycle different from the DRX cycle of the DRX/
DTX operation period during Active (the state 2-B of FIG.
13)) of the mobile terminal 3 which is set up via a network.

[0172] A UL-SCH (Uplink Shared Channel) is a shared
channel via which a mobile terminal 3 transmits control data
and user data to a base station 2.

[0173] ARACH (Random Access Channel) is achannel via
which a mobile terminal 3 transmits to a base station 2 at
random.

[0174] Ithas been examined that a plurality of base stations
2 communicate data with one another.

[0175] FIG.2is ablock diagram showing a mobile terminal
in the mobile communications system in accordance with
Embodiment 1 of the present invention.

[0176] A protocol processing unit 11 outputs control data
destined for either a base station 2 or a base station control
apparatus 1 to a transmission data buffer unit 13, and also
acquires control data transmitted from a base station 2 and
performs a protocol process and so on using the control data.
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[0177] Anapplication unit 12 outputs user data to the trans-
mission data buffer unit 13, and also acquires user data trans-
mitted from a base station 2 and performs a process of con-
verting the user data into data in the form which the user uses.
[0178] The transmission data buffer unit 13 is a memory or
the like which temporarily stores the control data outputted
from the protocol processing unit 11, and the user data out-
putted from the application unit 12, and which also tempo-
rarily stores, as control data, a Sleep request signal generated
by a Sleep request signal generating unit 20.

[0179] An encoder unit 14 carries out an encoding process,
such as an error correction process of making an error cor-
rection to the control data and the user data which are stored
in the transmission data buffer unit 13.

[0180] The encoder unit 14 can alternatively output the
control data and the user data which are stored in the trans-
mission data buffer unit 13 to a modulating unit 15 without
performing the encoding process on the control data and the
user data.

[0181] The modulating unit 15 modulates the control data
and the user data which are outputted thereto from the
encoder unit 14, and carries out a process of outputting the
modulated control data and the modulated user data to an
antenna 16.

[0182] The antenna 16 transmits, as a radio signal, the
signal which is modulated using the data by the modulating
unit 15 to a base station 2, and receives a radio signal trans-
mitted from a base station 2 and then outputs the radio signal
to a demodulating unit 17.

[0183] The demodulating unit 17 carries out a demodula-
tion process of demodulating the radio signal outputted
thereto from the antenna 16, and then carries out a process of
outputting the control data and the user data which the
demodulating unit obtains by demodulating the radio signal
to a decoder unit 18.

[0184] The decoder unit 18 carries out a decoding process,
such as an error correction to the control data and the user data
which the demodulating unit 17 has obtained by demodulat-
ing the radio signal, outputs the decoded control data to a
protocol processing unit 11, a DTX cycle storage unit 21, and
a DRX cycle storage unit 22, and carries out a process of
outputting the decoded user data to the application unit 12.
[0185] More specifically, the decoder unit 18 outputs a
judgment result included in the control data and obtained by
the base station 2, the judgment result indicating whether or
not the mobile terminal is able to make a transition to a DRX
operation period during Active which is a temporary stop
period during which reception of data is temporarily stopped
to the protocol processing unit 11, outputs DTX cycle infor-
mation (supply stop cycle information) indicating the DTX
cycle which is set up by the base station 2 to the DTX cycle
storage unit 21, and outputs DRX cycle information (supply
stop cycle information) indicating the DRX cycle which is set
up by the base station 2 to the DRX cycle storage unit 22.
[0186] The decoder unit 18 can alternatively output the
control data and the user data to the protocol processing unit
11, the application unit 12, and soon without carrying out the
decoding process of decoding the control data and the user
data which the demodulating unit 17 has obtained by
demodulating the radio signal.

[0187] A judgment result receiving means of the base sta-
tion 2 is comprised of the antenna 16, the demodulating unit
17, the decoder unit 18, and the protocol processing unit 11.
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[0188] A DTX judging unit 19 checks to see, for example,
whether or not data to be transmitted to a base station 2 are
stored in the transmission data buffer unit 13, and, when no
data to be transmitted to a base station 2 are stored, judges
whether or not the mobile terminal is able to make a transition
to aDTX operation period during Active which is a temporary
transmission stop period during which transmission of data is
temporarily stopped. The DTX judging unit 19 constructs a
transition judging means.

[0189] When the judgment result of the DTX judging unit
19 shows that the mobile terminal is able to make a transition
to a DTX operation period during Active, the Sleep request
signal generating unit 20 carries out a process of generating a
Sleep request signal according to an instruction from the
protocol processing unit 11, and outputting, as control data,
the Sleep request signal to the transmission data buffer unit
13.

[0190] The DTX cycle storage unit 21 is a memory or the
like which stores, among the control data decoded by the
decoder unit 18, the DTX cycle information (supply stop
cycle information) indicating the DTX cycle which is set up
by the base station 2.

[0191] The DRX cycle storage unit 22 is a memory or the
like which stores, among the control data decoded by the
decoder unit 18, the DRX cycle information (supply stop
cycle information) indicating the DRX cycle which is set up
by the base station 2.

[0192] The DTX judging unit 19 can be included in the
transmission data buffer unit 13. Each of the DTX judging
unit 19, the Sleep request signal generating unit 20, the DTX
cycle storage unit 21, and the DRX cycle storage unit 22 can
be included in the protocol processing unit 11.

[0193] A control unit 23 controls all the processing units
which construct the mobile terminal 3. For example, when the
judgment result of the DTX judging unit 19 shows that the
mobile terminal is able to make a transition to a DTX opera-
tion period during Active, and the protocol processing unit 11
acquires the judgment result of the base station 2 showing that
the mobile terminal is able to make a transition to a DRX
operation period during Active, the control unit 23 carries out
aprocess of temporarily stopping the supply of electric power
to data transmission processing units (e.g., the encoder unit
14 and the modulating unit 15) and data receiving processing
units (e.g., the demodulating unit 17 and the decoder unit 18)
according to both the DTX cycle information stored in the
DTX cycle storage unit 21 and the DRX cycle information
stored in the DRX cycle storage unit 22.

[0194] An electrical power supply stopping means is com-
prised of the DTX cycle storage unit 21, the DRX cycle
storage unit 22, and the control unit 23.

[0195] In this embodiment, the example in which the con-
trol unit 23 temporarily stops the supply of the electric power
to the transmission processing units and the receiving pro-
cessing units is shown, though, instead of the control unit, the
protocol processing unit 11 can stop the supply of the electric
power to the transmission processing units and the receiving
processing units temporarily.

[0196] In this Embodiment 1, although the example in
which the control unit 23 temporarily stops the supply of the
electric power to the encoder unit 14, the modulating unit 15,
the demodulating unit 17, and the decoder unit 18 is
explained, the targets for which the supply of the electric
power is stopped are only an example. For example, the
supply of the electric power to the protocol processing unit
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11, the application unit 12, the transmission data buffer unit
13, the DTX judging unit 19, the Sleep request signal gener-
ating unit 20, the DTX cycle storage unit 21, the DRX cycle
storage unit 22, and so on can be stopped temporarily.

[0197] FIG. 3 is a block diagram showing a base station of
the mobile communications system in accordance with
Embodiment 1 of the present invention.

[0198] An aGW communication unit 31 carries out trans-
mission and reception of data to and from a base station
control apparatus 1, and also carries out a process of output-
ting user data and control data which are transmitted thereto
from the base station control apparatus 1 to a transmission
data buffer unit 34.

[0199] An other base station communication unit 32 carry
out transmission and reception of data to and from another
base station 2, and also carries out a process of outputting user
data and control data which are transmitted thereto from the
other base station 2 to the transmission data buffer unit 34.

[0200] A protocol processing unit 33 performs delivery of
information to the aGW communication unit 31 and the other
base station communication unit 32, further outputs control
data destined for a mobile terminal 3 to the transmission data
buffer unit 34, and also acquires control data transmitted
thereto from a mobile terminal 3 and carries out a protocol
process and so on by using the control data.

[0201] Thetransmission data buffer units 34 is a memory or
the like which temporarily stores the control data outputted
from the protocol processing unit 33, and the user data out-
putted from the aGW communication unit 31 and the other
base station communication unit 32.

[0202] An encoder unit 35 carries out an encoding process,
such as an error correction process of making an error cor-
rection to the control data and the user data which are stored
in the transmission data buffer unit 34.

[0203] The encoder unit 35 can alternatively output the
control data and the user data to a modulating unit 36 without
carrying out the encoding process of encoding the control
data and the user data which are stored in the transmission
data buffer unit 34.

[0204] The modulating unit 36 modulates the control data
and the user data which are outputted thereto from the
encoder unit 35, and carries out a process of outputting the
modulated control data and the modulated user data to an
antenna 37.

[0205] The antenna 37 transmits, as a radio signal, the data
modulated by the modulating unit 36 to a mobile terminal 3,
and receives a radio signal transmitted from a mobile station
3 and then outputs the radio signal to a demodulating unit 38.

[0206] The demodulating unit 38 carries out a demodula-
tion process of demodulating the radio signal outputted
thereto from the antenna 37, and then carries out a process of
outputting the control data and the user data which the
demodulating unit obtains by demodulating the radio signal
to a decoder unit 39.

[0207] The decoder unit 39 carries out a decoding process,
such as an error correction to the control data and the user data
which the demodulating unit 38 has obtained by demodulat-
ing the radio signal, and carries out a process of outputting the
decoded control data to the aGW communication unit 31, the
other base station communication unit 32, the protocol pro-
cessing unit 33, the Sleep request signal judging unit 40, a
downlink scheduler unit 42, and an uplink scheduler unit 43,
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and outputting the decoded user data to the aGW communi-
cation unit 31 and the other base station communication unit
32.

[0208] The decoder unit 39 can alternatively output the
control data and the user data to the protocol processing unit
33, the aGW communication unit 31, and so on without
carrying out the decoding process of decoding the control
data and the user data which the demodulating unit 38 has
obtained by demodulating the radio signal.

[0209] The sleep request signal judging unit 40 judges
whether or not a Sleep request signal is included in the control
data outputted thereto from the decoder unit 39, and outputs
the result of the judgment to the protocol processing unit 33.
[0210] When the judgment result of the Sleep request sig-
nal judging unit 40 shows that a Sleep request signal is
included in the control data, the protocol processing unit 33
checks to see, for example, whether or not data to be trans-
mitted to a mobile terminal 3 are stored in the transmission
data buffer unit 34, and, when no data to be transmitted to a
mobile terminal 3 are stored, judges whether or not the mobile
terminal 3 is able to make a transition to a DRX operation
period during Active which is a temporary data reception stop
period during which the mobile terminal 3 stops reception of
any data temporarily.

[0211] Inthis embodiment, the protocol processing unit 33
judges whether or not a mobile terminal 3 is able to make a
transition to a DRX operation period during Active, and this
judgment is equivalent to judgment of whether or not the base
station 2 is able to make a transition to a DTX operation
period during Active.

[0212] After judging that a mobile terminal 3 is able to
make a transition to a DRX operation period during Active,
the protocol processing unit 33 outputs, as control data, the
result of the judgment to the transmission data buffer unit 34.
[0213] A QoS storage unit 41 is a memory or the like which
store QoS which is quality information about the quality of a
service which the base station 2 and a mobile terminal 3
which belongs to the base station transmit and receive,
respectively.

[0214] The downlink scheduler unit 42 performs downlink
scheduling on a mobile terminal 3 which belongs to the base
station 2 according to an instruction from the protocol pro-
cessing unit 33.

[0215] Theuplink scheduler unit 43 performs uplink sched-
uling on a mobile terminal 3 which belongs to the base station
2 according to an instruction from the protocol processing
unit 33.

[0216] A control unit 44 controls all the processing units
which construct the base station 2.

[0217] FIG. 4 is a sequence diagram showing the descrip-
tion of processing carried out by the mobile communications
system in accordance with Embodiment 1 of the present
invention.

[0218] Next, the operation of the mobile communications
system will be explained.

[0219] When a mobile terminal 3 is placed in the state 2
“Active (in a broad sense)” of FIG. 13, the DTX judging unit
19 of the mobile terminal 3 judges whether or not the mobile
station is able to make a transition to a DTX operation period
during Active (step ST1).

[0220] More specifically, the DTX judging unit 19 judges
whether or not the mobile terminal 3 is able to perform a DTX
operation during Active.
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[0221] As an example of the DTX operation, there can be
provided an operation of not transmitting (DTX: Discontinu-
ous Transmission) information (e.g., CQI) which the mobile
terminal 3 uses for uplink user data or downlink scheduling,
a pilot signal (a signal which is used for synchronous detec-
tion compensation of uplink data, phase compensation of
uplink data, etc.), and a reference signal (Sounding Reference
Signal) intended for measurement of uplink channel quality.
[0222] As an alternative, the DTX operation can be an
operation associated with one of the following periods (1) to
(8):

[0223] (1) a period during which no information used for
downlink scheduling (e.g., CQI) is transmitted;

[0224] (2)a period during which no pilot signal is transmit-
ted;
[0225] (3) a period during which no reference signal

(Sounding Reference Signal) intended for measurement of
uplink channel quality is transmitted;

[0226] (4) a period during which no uplink scheduling
request is transmitted;

[0227] (5) a period during which no uplink user data are
transmitted;
[0228] (6) a period during which no transmission for

enabling measurement of an uplink timing by a base station is
carried out;

[0229] (7) a period during which no HARQ-compliant Ack
signal/Nack signal for downlink data is transmitted; and
[0230] (8) a period during which no [.1/L.2 control signal is
transmitted, or can be an operation associated with a combi-
nation of these periods.

[0231] The DTX judging unit 19 carries out the judgment
of whether or not the mobile terminal is able to perform a
DTX operation by, for example, checking to see whether
there exist data in the transmission data buffer unit 13.
[0232] Concretely, when no data exist in the transmission
data buffer unit 13, the DTX judging unit 19 determines that
the mobile terminal can perform the DTX operation, whereas
when data exist in the transmission data buffer unit 13, the
DTX judging unit 19 determines that the mobile terminal
cannot perform the DTX operation.

[0233] The DTX judging unit 19 outputs the result of the
determination of whether the mobile terminal can perform the
DTX operation to the protocol processing unit 11.

[0234] When the judgment result of the DTX judging unit
19 shows that the mobile terminal can perform a DTX opera-
tion, i.e., when the judgment result shows that the mobile
terminal can make a transition to a DTX operation period
during Active, the Sleep request signal generating unit 20 of
the mobile terminal 3 generates a Sleep request signal accord-
ing to an instruction from the protocol processing unit 11, and
outputs, as control data, the Sleep request signal to the trans-
mission data buffer unit 13.

[0235] In this case, the Sleep request signal is a signal
having all of the following meanings (1) to (5):

[0236] (1) the mobile terminal 3 starts a DTX operation
period during Active;

[0237] (2) there exist no data to be transmitted in the trans-
mission data buffer unit 13 of the mobile terminal 3 or there
exist no data to be transmitted immediately;

[0238] (3) the mobile terminal makes a request of the base
station 2 to synchronize the DRX cycle and the DTX cycle in
the state 2 “Active (in a broad sense)” of FIG. 13;
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[0239] (4) the mobile terminal makes a request to make a
transition to a DRX/DTX operation period during Active (the
state 2-B of FIG. 13); and

[0240] (5) the mobile terminal makes a request to start a
DRX operation period during Active, one of the meanings (1)
to (5), or a combination of some of the meanings.

[0241] As an alternative, the Sleep request signal can be a
signal which is notified and transmitted to the base station 2,
the signal having all of the above-mentioned (1) to (5), a
combination of some of the meanings, or either one of the
meanings (1) to (5).

[0242] When the Sleep request signal generating unit 20
stores the control data (the Sleep request signal) in the trans-
mission data buffer unit 13, the encoder unit 14 of the mobile
terminal 3 carries out an encoding process of encoding the
control data (the Sleep request signal) stored in the transmis-
sion data buffer unit 13.

[0243] After the encoder unit 14 carries out the encoding
process, the modulating unit 15 of the mobile terminal 3
modulates the control data (the Sleep request signal) on
which the encoding process has been performed, and then
outputs the modulated control data (the Sleep request signal)
to the antenna 16.

[0244] The antenna 16 of the mobile terminal 3 transmits,
as a radio signal, the signal which the modulating unit 15 has
modulated with the control data (the Sleep request signal) to
the base station 2 (step ST2).

[0245] The example in which the mobile terminal 3 trans-
mits, as a radio signal, the control data (the Sleep request
signal) to the base station 2 is shown, though the mobile
terminal can alternatively use, as the method of notifying the
Sleep request signal, a method of mapping the Sleep request
signal onto a physical channel, a method of mapping the
Sleep request signal onto a MAC header or the like as a MAC
signaling, or the like.

[0246] When receiving the radio signal transmitted thereto
from the mobile terminal 3, the antenna 37 of the base station
2 outputs the radio signal to the demodulating unit 38 (step
ST3).

[0247] When receiving the radio signal from the antenna
37, the demodulating unit 38 of the base station 2 performs a
demodulation process on the radio signal and then outputs the
demodulated control data (the Sleep request signal) to the
decoder unit 39.

[0248] The decoder unit 39 of the base station 2 performs a
decoding process on the control data (the Sleep request sig-
nal) which are demodulated by the demodulating unit 38, and
outputs the decoded control data (the Sleep request signal) to
both the protocol processing unit 33 and the Sleep request
signal judging unit 40.

[0249] When receiving the control data from the decoder
unit 39, the Sleep request signal judging unit 40 of the base
station 2 judges whether or not a Sleep request signal is
included in the control data and then outputs the result of the
judgment to the protocol processing unit 33.

[0250] Whenreceiving the judgment result indicating that a
Sleep request signal is included in the control data from the
Sleep request signal judging unit 40, the protocol processing
unit 33 of the base station 2 judges whether or not the mobile
terminal 3 is performing a DRX operation currently (step
ST4), and, when the mobile terminal 3 is performing a DRX
operation currently, shifts to a process of step ST6. As an
alternative, the protocol processing unit 33, in step ST4, can
judge whether or not the mobile terminal 3 is staying during
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a DRX operation period. The process of step ST4 is optional
and is not an indispensable process.

[0251] When the mobile terminal 3 is not performing a
DRX operation currently, the protocol processing unit 33 of
the base station 2 judges whether or not the mobile terminal 3
is able to perform a DRX operation during Active (in a broad
sense) (step ST5). In this example, the protocol processing
unit 33 performs the judging process. As an alternative, either
the downlink scheduler unit 42 or the uplink scheduler unit 43
can perform the judging process. The protocol processing
unit33, in step ST5, can alternatively judge whether or not the
mobile terminal 3 is able to make a transition to a DRX
operation period.

[0252] A DRX operation during Active (in a broad sense)
means that the mobile terminal 3 does not perform any recep-
tion of control data and user data during a certain time period.
[0253] More particularly, a DRX operation during Active
means that the mobile terminal receives a monitor signal
which is specified by a specified DRX cycle, and performs a
receiving operation succeedingly when there exist data des-
tined for the mobile station itself, whereas when there exist no
data destined for the mobile station itself, the mobile terminal
stops the reception of the specified monitor signal.

[0254] Itcanalsobe considered that using a specified timer,
the mobile terminal restores from an operation during a DRX
operation period during Active (in a broad sense) to a general
receiving operation.

[0255] The details of the description of the process of step
ST5 by the protocol processing unit 33 will be mentioned
below with reference to a flow chart of FIG. 5.

[0256] When the protocol processing unit 33, in this step
ST5, judges that the mobile terminal cannot perform a DRX
operation, the protocol processing unit 33 can repeat the
judgment of step ST5 at certain time intervals by using a timer
or the like.

[0257] When judging that the mobile terminal 3 can per-
form a DRX operation during Active (in a broad sense), the
protocol processing unit 33 of the base station 2 changes the
state of the base station 2 to a DRX/DTX operation period
during Active (the state 2-B of FIG. 13) (step ST6).

[0258] When the protocol processing unit 33 judges
whether or not the mobile terminal 3 can perform the DRX
operation during Active (broad sense) in the above-men-
tioned way, i.e., when the protocol processing unit 33 judges
whether or not the mobile terminal is able to make a transition
to a DRX operation period during Active, the protocol pro-
cessing unit 33 outputs, as control data, the result of the
judgment to the transmission data buffer unit 34.

[0259] When the protocol processing unit 33 stores the
control data (the judgment result) in the transmission data
buffer unit 34, the encoder unit 35 of the base station 2 carries
out an encoding process of encoding the control data (the
judgment result) stored in the transmission data buffer unit
34.

[0260] After the encoder unit 35 performs the encoding
process, the modulating unit 36 of the base station 2 modu-
lates the control data (the judgment result) on which the
encoding process has been performed, and outputs the modu-
lated control data (the judgment result) to the antenna 37.
[0261] The antenna 37 of the base station 2 transmits, as a
radio signal (a judgment result signal (information), a transi-
tion notification signal (information), or a shift notification
signal (information)), the signal which the modulating unit 36
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has modulated with the control data (the judgment result) to
the mobile terminal 3 (step ST7).

[0262] In this example, after processing step ST6, the base
station processes step ST7, as previously mentioned, though
the base station can alternatively process step ST7 at the same
time when the base station processes step ST6, or can process
step ST7 before processing step ST6.

[0263] Furthermore, in this example, the base station 2
transmits the control data (the judgment result), as a radio
signal, to the mobile terminal 3, as previously mentioned,
though the base station can alternatively use, as the method of
notifying the judgment result, a method of mapping the judg-
ment result onto a physical channel, a method of mapping the
judgment result onto a MAC header or the like as a MAC
signaling, or the like.

[0264] In the process of step ST2, when the Sleep request
signal is transmitted by using a channel (a transport channel
or a physical channel) in which a response signal (an ACK
signal/NACK signal) from the base station 2 to the mobile
terminal 3 exists, i.e., when the Sleep request signal is trans-
mitted from the mobile terminal 3 to the base station 2 by
using a channel (a transport channel or a physical channel)
which is supported by high-speed retransmission control with
HARQ technique, the response signal (the ACK signal/
NACK signal) can be transmitted together with the control
data (the judgment result).

[0265] This case has an advantage of eliminating the neces-
sity to perform further downlink scheduling and being able to
notify the control data (the judgment result) with a shorter
delay (Delay) as compared with the case in which the control
data (the judgment result) are transmitted by using another
channel (e.g., a DL-SCH).

[0266] When receiving the radio signal transmitted thereto
from the base station 2, the antenna 16 of the mobile terminal
3 outputs the radio signal to the demodulating unit 17 (step
STS).

[0267] When receiving the radio signal from the antenna
16, the demodulating unit 17 of the mobile terminal 3 per-
forms a demodulation process on the radio signal, and then
outputs the control data (the judgment result) which the
demodulating unit has obtained by demodulating the radio
signal to the decoder unit 18.

[0268] The decoder unit 18 of the mobile terminal 3 per-
forms a decoding process on the control data (the judgment
result) which the demodulating unit 17 has obtained by
demodulating the radio signal, and outputs the decoded con-
trol data (the judgment result) to the protocol processing unit
11.

[0269] The control unit 23 of the mobile terminal 3 judges
whether to cause the state of the mobile terminal 3 to make a
transition to a DRX/DTX operation period during Active (the
state 2-B of FIG. 13) (step ST9).

[0270] When, in the process of step ST1, the judgment
result of the DTX judging unit 19 shows that the mobile
terminal can make a transition to a DTX operation period
during Active, and the protocol processing unit 11 acquires
the control data (the judgment result) of the base station 2
indicating that the mobile terminal can make a transitionto a
DRX operation period during Active, the control unit 23 of
the mobile terminal 3 determines to cause the state of the
mobile terminal 3 to make a transition to a DRX/DTX opera-
tion period during Active (the state 2-B of FIG. 13), and then
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causes the state of the mobile terminal 3 to make a transition
to a DRX/DTX operation period during Active (the state 2-B
of FIG. 13) (step ST10).

[0271] After the control unit 23 of the mobile terminal 3
causes the state of the mobile terminal 3 to make a transition
to a DRX/DTX operation period during Active (the state 2-B
of FIG. 13), the control unit 23 causes the mobile terminal to
perform a DRX operation and a DTX operation (step ST11).

[0272] More specifically, the control unit 23 temporarily
stops the supply of the electric power to the data transmission
processing units (e.g., the encoder unit 14 and the modulating
unit 15) in the cycle indicated by the DTX cycle information
stored in the DTX cycle storage unit 21.

[0273] Furthermore, the control unit 23 temporarily stops
the supply of'the electric power to the data reception process-
ing units (e.g., the demodulating unit 17 and the decoder unit
18) in the cycle indicated by the DRX cycle information
stored in the DRX cycle storage unit 22.

[0274] As an alternative, during a period during which the
period during which the supply of the electric power can be
stopped temporarily according to the DTX cycle information
and the period during which the supply of the electric power
can be stopped temporarily according to the DRX cycle infor-
mation overlap each other, the control unit temporarily stops
the supply of the electric power to the data transmission
processing units and the data reception processing units.

[0275] Inthis embodiment, although the example in which
the control unit 23 temporarily stops the supply of the electric
power to the encoder unit 14, the modulating unit 15, the
demodulating unit 17, and the decoder unit 18 is explained,
the targets for which the supply of the electric power is
stopped are only an example. For example, the supply of the
electric power to the protocol processing unit 11, the appli-
cation unit 12, the transmission data buffer unit 13, the DTX
judging unit 19, the Sleep request signal generating unit 20,
the DTX cycle storage unit 21, the DRX cycle storage unit 22,
and so on can be stopped temporarily.

[0276] If, in the process of step ST1, the protocol process-
ing unit 11 acquires the control data (the judgment result) of
the base station 2 indicating that the mobile terminal cannot
make atransition to a DRX operation period during Active (or
the protocol processing unit does not acquire the judgment
result indicating that the mobile terminal can make a transi-
tion to a DRX operation period during Active) even if the
judgment result of the DTX judging unit 19 shows that the
mobile terminal can make a transition to a DTX operation
period during Active, the control unit 23 of the mobile termi-
nal 3 performs only a DTX operation without causing the
state of the mobile terminal 3 to make a transition to a DRX/
DTX operation period during Active (the state 2-B of FIG. 13)
(step ST12).

[0277] More specifically, the control unit 23 does not stop
the supply of'the electric power to the data reception process-
ing units (e.g., the demodulating unit 17 and the decoder unit
18), but temporarily stops the supply of electric power to the
data transmission processing units (e.g., the encoder unit 14
and the modulating unit 15) in the cycle indicated by the DTX
cycle information stored in the DTX cycle storage unit 21.
[0278] Asan alternative, because the control unit 23 cannot
temporarily stop the supply of the electric power to the recep-
tion processing units, the control unit 23 does not have to
perform the process of temporarily stopping the supply of the
electric power to the transmission processing units.
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[0279] Hereafter, the description of the process of step STS
carried out by the protocol processing unit 33 will be
explained in detail.

[0280] FIG.5 is a flow chart showing the description of the
process of step ST5 carried out by the protocol processing
unit 33.

[0281] The protocol processing unit 33 of the base station 2
checks to see whether or not waiting data to be transmitted to
a mobile terminal 3 which belongs thereto are stored in the
transmission data buffer unit 34 (step ST21).

[0282] In this example, the protocol processing unit 33
checks to see whether there exist data to be transmitted, as
mentioned above, though the downlink scheduler unit 42 or
the uplink scheduler unit 43 can alternatively check to see
whether there exist data to be transmitted via the protocol
processing unit 33, or can directly check to see whether there
exist data to be transmitted in the transmission data buffer unit
34.

[0283] The protocol processing unit 33 of the base station 2
also checks the QoS ofa service stored in the QoS storage unit
41, i.e., the QoS of the service which a mobile terminal 3
which has transmitted a “Sleep request signal” to the base
station 2 receives and which the base station 2 transmits (step
ST22).

[0284] In this example, the protocol processing unit 33
checks the QoS of the service, as previously mentioned,
though the downlink scheduler unit 42 or the uplink scheduler
unit 43 can alternatively check the QoS of the service via the
protocol processing unit 33, or can directly check the QoS of
the service stored in the QoS storage unit 41.

[0285] The protocol processing unit 33 of the base station 2
further checks the information (e.g., CQI) which is used for
the downlink scheduling of the mobile terminal 3 which
belongs thereto which the downlink scheduler unit 42 grasps
(step ST23).

[0286] In this example, the protocol processing unit 33
checks the information which is used for the downlink sched-
uling of the mobile terminal 3, as previously mentioned,
though the uplink scheduler unit 43 can alternatively check
the information which is used for the downlink scheduling via
the protocol processing unit 33, or can directly check the
information which is used for the downlink scheduling which
the downlink scheduler unit 42 grasps.

[0287] The protocol processing unit 33 of the base station 2
also checks the load of the scheduling on the downlink sched-
uler unit 42 (step ST24).

[0288] In this example, the protocol processing unit 33
checks the load on the downlink scheduler unit 42, as previ-
ously mentioned, though the uplink scheduler unit 43 can
alternatively check the load on the downlink scheduler unit 42
via the protocol processing unit 33, or can directly check the
load on the downlink scheduler unit 42.

[0289] The processes of steps ST21 to ST24 can be per-
formed simultaneously, or can be performed in an arbitrary
order. Furthermore, all the processes do not have to be per-
formed.

[0290] The protocol processing unit 33 of the base station 2
judges whether or not the mobile terminal 3 in question is able
to perform a DRX operation during Active (in a broad sense)
on the basis of the pieces of information checked in steps
ST21 to ST24 (step ST25).

[0291] Hereafter, an example of the judging process of step
ST25 performed by the protocol processing unit 33 will be
explained.
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[0292] When, in step ST21, determining that waiting data
to be transmitted to a mobile terminal 3 which has transmitted
a “Sleep request signal” to the base station are stored in the
transmission data buffer unit 34, the protocol processing unit
33 determines that the mobile terminal cannot carry out a
DRX operation during Active (in a broad sense).

[0293] This is because if the protocol processing unit 33
determines that the mobile terminal 3 can carry out a DRX
operation during Active when waiting data to be transmitted
to the mobile terminal 3 which has transmitted a “Sleep
request signal” to the base station are stored in the transmis-
sion data buffer unit 34, the mobile terminal 3 in question is
unable to perform an operation of receiving the data stored in
the transmission data buffer unit 34 during a DRX operation
period.

[0294] Furthermore, when the QoS of the service stored in
the QoS storage unit 41, which is checked in step ST22, i.e.,
the QoS of the service which the mobile terminal 3 which has
transmitted a “Sleep request signal” to the base station
receives and which the base station 2 transmits requires a high
degree of real time nature, the protocol processing unit 33
determines that the mobile terminal cannot carry out a DRX
operation during Active (in a broad sense).

[0295] This is because if the protocol processing unit 33
determines that the mobile terminal can carry out a DRX
operation during Active (in a broad sense) when the QoS of
the service requires a high degree of real time nature, even
when, during a DRX operation period, for example, user data
which require a high degree of real time nature are transmitted
from a base station control apparatus, the base station cannot
transmit the user data to the mobile terminal 3 and therefore
cannot satisfy the QoS which is requested.

[0296] Furthermore, when the information used for the
downlink scheduling (e.g., CQI) of the mobile terminal 3
which belongs thereto, which was checked in step ST23,
shows bad quality, the protocol processing unit 33 determines
that the mobile terminal 3 in question can carry out a DRX
operation during Active (in a broad sense) even if there exist
waiting data to be transmitted to the mobile terminal 3 in
question in the transmission data buffer unit 34.

[0297] This is because there is a high possibility that when
the CQI value shows bad quality, a receiving error occurs
even though data are transmitted to the mobile terminal 3 in
question at a high speed, it is preferable to achieve low power
consumption in the mobile terminal 3 in question and to
allocate the radio resources to another mobile terminal 3
having a good CQI value rather than to transmit data to the
mobile terminal 3 in question, and therefore the throughput of
the whole mobile communications system can be improved.
[0298] Furthermore, when the load on the downlink sched-
uling which the protocol processing unit 33 checked in step
ST24 is high, the protocol processing unit 33 judges that the
mobile terminal 3 which has transmitted a “Sleep request
signal” to the base station cannot carry out a DRX operation
during Active (in a broad sense).

[0299] Causing the mobile terminal 3 to implement a DRX
operation during Active (in a broad sense), the load becomes
high as compared with the general receiving operation for the
following reasons: the downlink scheduler unit 42 has to
ensure a resource for every DRX cycle of the monitor signal
with which the mobile terminal 3 in question checks to see
whether there exist data destined for the mobile terminal
itself; it is impossible to transmit data to the mobile terminal
3 which is performing a DRX operation during Active (in a
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broad sense); and it is necessary to judge whether or not the
mobile terminal is able to make a transition to a DRX opera-
tion period during Active (in a broad sense). Therefore, the
reason why when the load on the downlink scheduling is high,
the protocol processing unit 33 judges that the mobile termi-
nal which has transmitted a “Sleep request signal” to the base
station cannot carry out a DRX operation during Active is
because there is a case in which the downlink scheduler unit
42 cannot support a DRX operation during Active (in a broad
sense) from the viewpoint of the scheduling load.

[0300] In this example, the protocol processing unit 33
judges whether the mobile station can carry out the DRX
operation during Active (in a broad sense), as previously
mentioned, though instead of the protocol processing unit 33,
either the downlink scheduler unit 42 or the uplink scheduler
unit 43 can carry out the judgment, or the downlink scheduler
unit 42 and the uplink scheduler unit 43 can carry out the
judgment in cooperation with each other.

[0301] The information used for the judgment can be other
than the pieces of information which are checked in steps
ST21 to ST24, or all the pieces of information which are
checked in steps ST21 to ST24 do not have to be used.
[0302] As canbe seen from the above description, in accor-
dance with this Embodiment 1, when judging whether or not
a mobile terminal 3 is able to make a transition to a DTX
operation period during Active, and then judging that the
mobile station 3 is able to make a transition to a DTX opera-
tion period during Active, if the base station 2 judges that the
mobile station is able to make a transition to a DRX operation
period during Active, the mobile terminal 3 temporarily stops
the supply of the electric power to the data transmission
processing units and the data reception processing units of the
mobile terminal 3. Therefore, this Embodiment offers an
advantage of being able to achieve low power consumption in
the mobile terminal 3 efficiently.

[0303] More specifically, because, when the mobile termi-
nal 3 is not performing a DTX operation during Active (in a
broad sense) (when the mobile terminal is performing a trans-
mitting operation), the electric power source of the transmis-
sion processing units (a portion used for only radio commu-
nications) of the mobile terminal 3 is turned on, effective low
power consumption cannot be achieved even if the mobile
terminal performs a DRX operation.

[0304] However, by notifying a “Sleep request signal”
which the mobile terminal 3 generates on the basis of the
information which only the mobile terminal 3 can know (e.g.,
information indicating whether there exist data in the trans-
mission data buffer unit 13 of the mobile terminal 3) to the
base station 2, the base station 2 can perform a DRX operation
more positively and simultaneously in synchronization with a
DTX operation.

[0305] Thereby, low power consumption can be achieved
more effectively in the mobile terminal 3. As a result, the
standby time and the duration of call, and so on of the mobile
terminal 3 can be lengthened.

[0306] In this Embodiment 1, the example in which the
mobile terminal 3 transmits a “Sleep request signal” to the
base station 2 is shown. As an alternative, in a case in which
the mobile terminal 3 does not make any Sleep request, the
mobile terminal 3 can transmit a “Sleep non-request signal”
to the base station 2.

[0307] Hereafter, an example of the operation at the time of
using a “Sleep non-request signal” will be explained with
reference to FIG. 16.
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[0308] In the steps designated by the same reference char-
acters as those shown in FIG. 4, the same processes as those
explained with reference to FIG. 4 are carried out and the
explanation of these processes will be omitted hereafter.
[0309] Hereafter, a case in which the mobile terminal and
the base station are placed in a state 2-A “Active (in a narrow
sense)” of FIG. 13 will be considered (step ST1601).

[0310] When the mobile terminal 3 is placed in a state 2
“Active (in a narrow sense)” of FIG. 13, the DTX judging unit
19 of the mobile terminal 3 judges whether or not the mobile
terminal is able to make a transition to a DTX operation
period during Active (step ST1602).

[0311] More specifically, the DTX judging unit 19 judges
whether or not the mobile terminal 3 is able to perform a DTX
operation during Active.

[0312] Hereafter, as examples of a DTX operation, an
operation of not transmitting (DTX: Discontinuous Trans-
mission) information which the mobile terminal 3 uses for
uplink user data or downlink scheduling (for example, CQI),
a pilot signal (a signal which is used for synchronous detec-
tion compensation of uplink data, phase compensation of
uplink data, and so on), and a reference signal (Sounding
Reference Signal) intended for measurement of the uplink
channel quality will be explained.

[0313] The DTX judging unit 19 carries out the judgment
of whether or not the mobile terminal is able to perform a
DTX operation by, for example, checking to see whether
there exist data in the transmission data buffer unit 13.
[0314] Concretely, when there exist no data in the transmis-
sion data buffer unit 13, the DTX judging unit 19 judges that
the mobile terminal can perform a DTX operation, whereas
when there exist data in the transmission data buffer unit 13,
the DTX judging unit 19 judges that the mobile terminal
cannot perform a DTX operation.

[0315] The DTX judging unit 19 outputs the result of the
judgment of whether or not the mobile terminal is able to
perform a DTX operation to the protocol processing unit 11.
[0316] When the judgment result of the DTX judging unit
19 shows that the mobile terminal cannot perform a DTX
operation, i.e., when the judgment result shows that the
mobile terminal cannot make a transition to a DTX operation
period during Active, the Sleep request signal generating unit
20 of the mobile terminal 3 generates a Sleep non-request
signal according to an instruction from the protocol process-
ing unit 11, and outputs, as control data, the Sleep non-request
signal to the transmission data buffer unit 13.

[0317] Inthis case, the Sleep non-request signal is a signal
having all of the following meanings (1) to (6):

[0318] (1) the mobile terminal 3 ends a DTX operation
period during Active;

[0319] (2)there exist data to be transmitted in the transmis-
sion data buffer unit 13 of the mobile terminal 3 or there exist
data to be transmitted immediately;

[0320] (3)the mobile terminal notifies the amount of data in
the transmission data buffer unit 13;

[0321] (4) the mobile terminal makes a request for alloca-
tion of uplink resources (scheduling);

[0322] (5) the mobile terminal makes a request to continue
staying in the Active state; and

[0323] (6) the mobile terminal makes a request to end a
DRX operation period during Active, either one of the mean-
ings (1) to (6), or a combination of some of the meanings.
[0324] As an alternative, the Sleep non-request signal can
be asignal which is notified and transmitted to the base station
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2, the signal having all of the above-mentioned (1) to (6), a
combination of some of the meanings, or either one of the
meanings (1) to (6).

[0325] When the Sleep request signal generating unit 20
stores the control data (the Sleep non-request signal) in the
transmission data buffer unit 13, the encoder unit 14 of the
mobile terminal 3 carries out an encoding process of encod-
ing the control data (the Sleep non-request signal) stored in
the transmission data buffer unit 13.

[0326] After the encoder unit 14 carries out the encoding
process, the modulating unit 15 of the mobile terminal 3
modulates the control data (the Sleep non-request signal) on
which the encoding process has been performed, and then
outputs the modulated control data (the Sleep request signal)
to the antenna 16.

[0327] The antenna 16 of the mobile terminal 3 transmits,
as a radio signal, the control data which the modulating unit
15 has modulated (the Sleep non-request signal) to the base
station 2 (step ST1603).

[0328] The example in which the mobile terminal 3 trans-
mits, as a radio signal, the control data (the Sleep non-request
signal) to the base station 2 is shown, though as the method of
notifying the Sleep non-request signal, there can be provided,
in addition to a method of mapping the signal onto a physical
channel, a method of mapping the signal onto a MAC header
or the like as a MAC signaling, and the like.

[0329] When receiving the radio signal transmitted thereto
from the mobile terminal 3, the antenna 37 of the base station
2 outputs the radio signal to the demodulating unit 38.
[0330] When receiving the radio signal from the antenna
37, the demodulating unit 38 of the base station 2 performs a
demodulation process on the radio signal and then outputs the
control data (the Sleep non-request signal) which the
demodulating unit has obtained by demodulating the radio
signal to the decoder unit 39.

[0331] The decoder unit 39 of the base station 2 performs a
decoding process on the control data (the Sleep non-request
signal) which the demodulating unit 38 has obtained by
demodulating the radio signal, and outputs the decoded con-
trol data (the Sleep non-request signal) to both the protocol
processing unit 33 and the Sleep request signal judging unit
40.

[0332] When receiving the control data from the decoder
unit 39, the Sleep request signal judging unit 40 of the base
station 2 judges whether or not the Sleep non-request signal is
included in the control data and then outputs the result of the
judgment to the protocol processing unit 33 (step ST1604).
[0333] When receiving the judgment result indicating that
the Sleep non-request signal is included in the control data
from the Sleep request signal judging unit 40, the protocol
processing unit 33 of the base station 2 judges that the mobile
terminal 3 cannot start a DRX operation and then returns to
the process of the step 1601.

[0334] In contrast, when not receiving the judgment result
showing that the Sleep non-request signal is included in the
control data from the Sleep request signal judging unit 40, the
protocol processing unit 33 of the base station 2 judges
whether or not the mobile terminal 3 is able to perform a DRX
operation during Active (in a broad sense) (step ST5).
[0335] When, in this step ST5, judging that the mobile
terminal is unable to perform a DRX operation, the protocol
processing unit 33 can carry out the judgment of step ST1604
and that of step ST5 repeatedly at certain intervals by using a
timer or the like.
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[0336] In this case, the protocol processing unit 33 can
carry out the judgment of step ST1604 and that of step ST5 in
an arbitrary order.

[0337] In contrast, when, in step ST5, judging that the
mobile terminal is able to perform a DRX operation, the
protocol processing unit 33 performs the processes of steps
ST6 and ST7.

[0338] When receiving the radio signal from the antenna
16, the demodulating unit 17 of the mobile terminal 3 per-
forms a demodulation process on the radio signal and then
outputs the control data (the judgment result) which the
demodulating unit has obtained by demodulating the radio
signal to the decoder unit 18.

[0339] The decoder unit 18 of the mobile terminal 3 per-
forms a decoding process on the control data (the judgment
result) which the demodulating unit 17 has obtained by
demodulating the radio signal, and then outputs the decoded
control data (the judgment result) to the protocol processing
unit 11.

[0340] The control unit 23 of the mobile terminal 3 judges
whether the mobile terminal has received a notification indi-
cating switching of the state of the mobile terminal 3 to a
DRX/DTX operation period during Active (the state 2-B of
FIG. 13) (step ST1605).

[0341] When the control unit 23, in step ST1605, judges
that the mobile terminal has received a notification indicating
switching to a DRX/DTX operation period during Active, the
control unit performs the processes of steps ST10 and ST11.
[0342] In contrast, when, in step ST1605, the control unit
23 does not judge that the mobile terminal has received a
notification indicating switching to a DRX/DTX operation
period during Active, the control unit performs the process of
step ST12.

[0343] In this Embodiment 1, the example in which a base
station 2 transmits a judgment result indicating whether or not
a mobile terminal 3 is able to make a transition to a DRX
operation period during Active to the mobile terminal 3 is
shown. As an alternative, when the base station 2 judges that
the mobile terminal can make a transition to a DRX operation
period during Active, the base station can transmit a transition
instruction for making a transition to a DRX/DTX operation
period during Active (the state 2-B of FIG. 13) to the mobile
terminal 3 so as to cause the mobile terminal 3 to make a
transition to a DRX/DTX operation period during Active (the
state 2-B of FIG. 13) according to the transition instruction
from the base station 2.

Embodiment 2

[0344] FIG. 6 is a sequence diagram showing the descrip-
tion of processing carried out by a mobile communications
system in accordance with Embodiment 2 of the present
invention. Hereafter, the description of the processing carried
out by the mobile communications system will be explained.
[0345] When judging that a mobile terminal 3 is able to
perform a DRX operation during Active (in a broad sense) in
the same way as that mentioned in Embodiment 1, a protocol
processing unit 33 of a base station 2, when performing a
DRX operation during Active (in a broad sense), determines
both a DRX cycle used for the DRX operation during Active
(in a broad sense) and a DTX cycle used for the DTX opera-
tion during Active (in broad sense) which are most suitable
for reduction in the power consumption of the mobile termi-
nal 3 (step ST31).
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[0346] In this case, the most suitable DRX cycle and DTX
cycle are the ones which lengthen a time period during which
the electric power supply of the transmission processing units
and the reception processing units of the mobile terminal 3 (a
portion used for only radio communications) can be turned
off as much as possible (i.e., which lengthen the time period
within the limits of an optimal time period).

[0347] As concrete examples, a case in which the most
suitable DRX cycle and DTX cycle are determined in such a
way that they are equal to each other, a case in which the most
suitable DRX cycle and DTX cycle are determined in such a
way that one of them is an integer multiple of the other one
and the DRX cycle and the DTX cycle are harmonic to each
other, and so on can be considered. Furthermore, as other
concrete examples, a case in which the DRX period and the
DTX period are determined in such a way that they are equal
to each other, a case in which the DRX period and the DTX
period are determined in such a way that one of them is an
integer multiple of the other one and the DRX period and the
DTX period are harmonic to each other, and so on can be
considered.

[0348] Hereafter, the case in which the DRX cycle and the
DTX cycle are determined in such a way that they are equal to
each other, and so on will be explained in detail, though using
the same method, the DRX period and the DTX period can be
determined in such a way that, for example, they are equal to
each other.

[0349] Hereafter, a concrete example of the method of
lengthening the time period during which the electric power
supply of the portion used for only radio communications of
the mobile terminal 3 can be turned off as much as possible
will be explained with reference to FIG. 7.

[0350] InFIG. 7, aportion in which a period during which
no transmitting operation is carried out and a period during
which no receiving operation is carried out overlap each other
is the time period during which the electric power supply of
the portion used for only radio communications of the mobile
terminal 3 can be turned off.

[0351] A pattern 1 of FIG. 7 shows an example (corre-
sponding to Embodiment 1) in which the base station does not
determine the DTX cycle and the DRX cycle in step ST31 of
FIG. 6.

[0352] A pattern 2 of FIG. 7 shows an example of the case
in which the base station, in step ST31 of FIG. 6, determines
the DTX cycle and the DRX cycle in order to lengthen the
time period during which the electric power supply of the
portion used for only radio communications of the mobile
terminal 3 can be turned off as much as possible.

[0353] As the DTX cycle and the DRX cycle which are
determined for the pattern 2, there can be provided the fol-
lowing examples (1) to (3):

[0354] (1) the DTX cycle and the DRX cycle which are
made to be equal to each other;

[0355] (2) the DTX cycle which is made to be an integer
multiple ofthe DRX cycle (the DRX cycle and the DTX cycle
are determined in such a way that one of them is an integer
multiple of the other one); and

[0356] (3) the DTX cycle which is made to be an integer
divisor of the DRX cycle (the DRX cycle and the DTX cycle
are determined in such a way that one of them is an integer
multiple of the other one).

[0357] A pattern 3 of FIG. 7 shows an example of the case
in which the base station, in step ST31 of FIG. 6, determines
the DTX cycle and the DRX cycle and also determines the
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starting point (Starting Point) of the DTX cycle and that of the
DRX cycle simultaneously in order to lengthen the time
period during which the electric power supply of the portion
used for only radio communications of the mobile terminal 3
can be turned off as much as possible. It is considered that
making the DRX cycle and the DTX cycle be harmonic to
each other includes the adjustment of the above-mentioned
starting points.

[0358] At this time, the synchronization between the start-
ing point of the DTX cycle and that of the DRX cycle is not
limited to only a case in which they are made to completely
coincide with each other, and a certain fixed offset can exist
between them.

[0359] As the offset, there can be an offset between the
uplink and downlink timings. Furthermore, it can be consid-
ered an offset which occurs when a time required for an
Active period during a DRX operation period differs from a
time required for an Active period during a DTX operation
period.

[0360] In the case of the pattern 3, the time period during
which the electric power supply of the portion used for only
radio communications of the mobile terminal 3 can be turned
off can be lengthened as compared with the case of the pattern
2

[0361] A pattern 4 of FIG. 17 shows an example of the case
in which the base station, in step ST31 of FIG. 6, achieves the
synchronization between the starting point (Starting Point) of
the DTX cycle and that of the DRX cycle in order to lengthen
the time period during which the electric power supply of the
portion used for only radio communications of the mobile
terminal 3 can be turned oft as much as possible. It is consid-
ered that making the DRX cycle and the DTX cycle be har-
monic to each other includes the adjustment of the above-
mentioned starting points.

[0362] Inacaseinwhich, forexample, the DTX cycle orthe
DRX cycle is repeated only once, because even if the DTX
cycle and the DRX cycle are determined, the determination of
the DTX cycle and the DRX cycle is used only once, it is
almost meaningless.

[0363] In a case in which by using the pattern 4, for
example, the starting point of the DTX cycle and that of the
DRX cycle are synchronized or either the DTX cycle or the
DRX cycle is repeated only once, the time period during
which the electric power supply of the portion used for only
radio communications of the mobile terminal 3 can be turned
off can be lengthened.

[0364] At this time, the synchronization between the start-
ing point of the DTX cycle and that of the DRX cycle is not
limited to only a case in which they are made to completely
coincide with each other, and a certain fixed offset can exist
between them.

[0365] As the offset, there can be an offset between the
uplink and downlink timings. Furthermore, it can be consid-
ered an offset which occurs when a time required for an
Active period during a DRX operation period differs from a
time required for an Active period during a DTX operation
period.

[0366] When determining the DTX cycle and the DRX
cycle, the protocol processing unit 33 of the base station 2 can
determine them in consideration of the pieces of information
checked in steps ST21 to ST24 of FIG. 5 including “whether
there exist waiting data to be transmitted to a mobile terminal
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3 which belongs thereto”, “QoS of service”, “information
which the downlink scheduler uses”, and “the load of the
downlink scheduler”.

[0367] Furthermore, when determining the DTX cycle and
the DRX cycle, the protocol processing unit 33 of the base
station 2 can determine the DTX cycle which is used during
Active (in a broad sense) to be infinite.

[0368] When the protocol processing unit determines the
DTX cycle to be infinite, the mobile terminal 3 does not
transmit any information used for downlink scheduling (e.g.,
CQI) during a DRX/DTX operation period during Active (in
a broad sense).

[0369] Either the downlink scheduler unit 42 or the uplink
scheduler unit 43 can perform the process of determining the
DTX cycle and the DRX cycle, instead of protocol processing
unit 33. As an alternative, the downlink scheduler unit 42 and
the uplink scheduler unit 43 can perform the process of deter-
mining the DTX cycle and the DRX cycle in cooperation with
each other.

[0370] In this example, before processing step ST6, the
base station performs the process of step ST31, as previously
mentioned, though the base station can alternatively perform
the process of step ST31 at the same time when the base
station performs the process of step ST6.

[0371] When determining the DTX cycle and the DRX
cycle, the protocol processing unit 33 of the base station 2
causes the state of the base station 2 to make a transition to a
DRX/DTX operation period during Active (the state 2-B of
FIG. 13) (step ST6), like in the case of above-mentioned
Embodiment 1.

[0372] Next, the protocol processing unit 33 of the base
station 2 outputs, as control data, the judgment result showing
whether or not the mobile terminal 3 is able to perform a DRX
operation during Active (in a broad sense), i.e., the judgment
result showing whether or not the mobile terminal 3 is able to
make a transition to a DRX operation period during Active to
the transmission data buffer unit 34. The protocol processing
unit 33 also outputs, as control data, the result (DTX cycle
information and DRX cycle information) of the determina-
tion of the DTX cycle and the DRX cycle to the transmission
data buffer unit 34.

[0373] It is assumed that the DTX cycle information
includes an indicator indicating the DTX cycle, and so on. It
is further assumed that the DRX cycle information includes
an indicator indicating the DRX cycle, and so on.

[0374] When the protocol processing unit 33 stores the
control data (the judgment result and the determination
result) in the transmission data buffer unit 34, the encoder unit
35 of the base station 2 performs an encoding process on the
control data (the judgment result and the determination
result) stored in the transmission data buffer unit 34.

[0375] When the encoder unit 35 performs the encoding
process, the modulating unit 36 of the base station 2 modu-
lates the control data (the judgment result and the determina-
tion result) on which the encoding process has been per-
formed, and then outputs the control data modulated by the
modulating unit (the judgment result and the determination
result) to the antenna 37.

[0376] The antenna 37 of the base station 2 transmits, as a
radio signal, the signal which the modulating unit 36 has
modulated with the control data (the judgment result and the
determination result) to the mobile terminal 3 (step ST32).
[0377] The example in which the base station 2 transmits,
as a radio signal, the signal which is modulated with the
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control data (the judgment result and the determination
result) to the mobile terminal 3 is shown, though as the
method of notifying the judgment result and the determina-
tion result, there can be provided, in addition to a method of
mapping the control data onto a physical channel, a method of
mapping the control data onto a MAC header or the like as a
MAC signaling, and the like.

[0378] The notification of the DTX cycle and the DRX
cycle can be carried out only when they are changed, or the
notification of the DTX cycle and the DRX cycle can be
carried out regularly regardless of whether or not they are
changed.

[0379] As an alternative, the starting points (Starting
Points) of the DTX cycle and the DRX cycle can be notified.
Their starting points are notified with their slot numbers,
frame numbers, symbol numbers, or the like.

[0380] The notification of the starting points of the DTX
cycle and the DRX cycle can be carried out only when they
are changed, or the notification of the starting points of the
DTX cycle and the DRX cycle can be carried out regularly
regardless of whether or not they are changed.

[0381] Likein thecase of above-mentioned Embodiment 1,
in the process of step ST2, when a Sleep request signal is
transmitted by using a channel (a transport channel or a physi-
cal channel) in which a response signal (an ACK signal/
NACK signal) from the base station 2 to the mobile terminal
3 exists, i.e., when the Sleep request signal is transmitted from
the mobile terminal 3 to the base station 2 by using a channel
(a transport channel and a physical channel) which is sup-
ported by high-speed retransmission control with HARQ, the
response signal (the ACK signal/NACK signal) can be trans-
mitted together with the control data (the judgment result and
the determination result).

[0382] This case has an advantage of eliminating the neces-
sity to perform further downlink scheduling and being able to
notify the control data (the judgment result and the determi-
nation result) with a shorter delay (Delay) as compared with
the case in which the control data (the judgment result and the
determination result) are transmitted by using another chan-
nel (e.g., a DL-SCH).

[0383] When receiving the radio signal transmitted thereto
from the base station 2, the antenna 16 of the mobile terminal
3 outputs the radio signal to the demodulating unit 17 (step
ST33).

[0384] When receiving the radio signal from the antenna
16, the demodulating unit 17 of the mobile terminal 3 per-
forms a demodulation process on the radio signal, and then
outputs the control data (the judgment result and the determi-
nation result) which the demodulating unit has obtained by
demodulating the radio signal to the decoder unit 18.

[0385] The decoder unit 18 of the mobile terminal 3 per-
forms a decoding process to the control data (the judgment
result and the determination result) which the demodulating
unit 17 has obtained by demodulating the radio signal, and
outputs the decoded control data (the decoded judgment
result) to the protocol processing unit 11. The decoder unit
also outputs the decoded control data (the decoded determi-
nation result) to both the DTX cycle storage unit 21 and the
DRX cycle storage unit 22.

[0386] The control unit 23 of the mobile terminal 3 judges
whether to cause the state of the mobile terminal 3 to make a
transition to a DRX/DTX operation period during Active (the
state 2-B of FIG. 13) (step ST9).
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[0387] When, in the process of step ST1, the judgment
result of the DTX judging unit 19 shows that the mobile
terminal can make a transition to a DTX operation period
during Active, and the protocol processing unit 11 acquires
the control data (the judgment result) of the base station 2
indicating that the mobile terminal can make a transitionto a
DRX operation period during Active, the control unit 23 of
the mobile terminal 3 judges to cause the state of the mobile
terminal 3 to make a transition to a DRX/DTX operation
period during Active (the state 2-B of FIG. 13).

[0388] When receiving the decoded control data (the
decoded DTX cycle information) from the decoder unit 18,
i.e., when receiving the DTX cycle information transmitted
from the base station 2, the DTX cycle storage unit 21 of the
mobile terminal 3 stores the DTX cycle information (steps
ST34 and ST35).

[0389] When receiving the decoded control data (the
decoded DRX cycle information) from the decoder unit 18,
i.e., when receiving the DRX cycle information transmitted
from the base station 2, the DRX cycle storage unit 22 of the
mobile terminal 3 stores the DRX cycle information (steps
ST34 and ST35).

[0390] The DTX cycle storage unit 21 and the DRX cycle
storage unit 22 overwrite the DTX cycle information and the
DRX cycle information which are already stored therein with
the DTX cycle information and the DRX cycle information
which are outputted from the decoder unit 18 to store them,
respectively. As an alternative, the DTX cycle storage unit 21
and the DRX cycle storage unit 22 store the DTX cycle
information and the DRX cycle information which are out-
putted from the decoder unit separately from the DTX cycle
information and the DRX cycle information which are
already stored therein, respectively.

[0391] Furthermore, when receiving pieces of information
showing the starting points of the DTX cycle and the DRX
cycle from the decoder unit 18, the DTX cycle storage unit
and the DRX cycle storage unit also store them.

[0392] When the control unit 23 of the mobile terminal 3
judges to cause the state of the mobile terminal 3 to make a
transition to a DRX/DTX operation period during Active (the
state 2-B of FIG. 13), the control unit 23 causes the state of the
mobile terminal 3 to make a transition to a DRX/DTX opera-
tion period during Active (the state 2-B of FIG. 13) in the
same way that that in accordance with above-mentioned
Embodiment 1 does (step ST10).

[0393] After the control unit 23 of the mobile terminal 3
causes the state of the mobile terminal 3 to make a transition
to a DRX/DTX operation period during Active (the state 2-B
of FIG. 13), the control unit 23 causes the mobile terminal to
perform a DRX operation and a DTX operation in the same
way that that of above-mentioned Embodiment 1 does (step
ST11).

[0394] More specifically, the control unit 23 temporarily
stops the supply of the electric power to the data transmission
processing units (e.g., the encoder unit 14 and the modulating
unit 15) in the cycle indicated by the DTX cycle information
stored in the DTX cycle storage unit 21.

[0395] Furthermore, the control unit 23 temporarily stops
the supply of the electric power to the data reception process-
ing units (e.g., the demodulating unit 17 and the decoder unit
18) in the cycle indicated by the DRX cycle information
stored in the DRX cycle storage unit 22.

[0396] As an alternative, during a period during which the
period during which the supply of the electric power can be
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stopped temporarily according to the DTX cycle information
and the period during which the supply of the electric power
can be stopped temporarily according to the DRX cycle infor-
mation overlap each other, the control unit 23 can temporarily
stop the supply of the electric power to the data transmission
processing units and the data reception processing units.
[0397] Inthis embodiment, although the example in which
the control unit 23 temporarily stops the supply of the electric
power to the encoder unit 14, the modulating unit 15, the
demodulating unit 17, and the decoder unit 18 is explained,
the targets for which the supply of the electric power is
stopped are only an example. For example, the supply of the
electric power to the protocol processing unit 11, the appli-
cation unit 12, the transmission data buffer unit 13, the DTX
judging unit 19, the Sleep request signal generating unit 20,
the DTX cycle storage unit 21, the DRX cycle storage unit 22,
and so on can be stopped temporarily.

[0398] When, in the process of step ST1, the protocol pro-
cessing unit 11 acquires the control data (the judgment result)
of the base station 2 indicating that the mobile terminal is
unable to make a transition to a DRX operation period during
Active even if the judgment result of the DTX judging unit 19
shows that the mobile terminal is able to make a transition to
a DTX operation period during Active, the control unit 23 of
the mobile terminal 3 performs only a DTX operation without
causing the state of the mobile terminal 3 to make a transition
to a DRX/DTX operation period during Active (the state 2-B
of FIG. 13) (step ST12).

[0399] More specifically, the control unit 23 does not stop
the supply of'the electric power to the data reception process-
ing units (e.g., the demodulating unit 17 and the decoder unit
18), but temporarily stops the supply of the electric power to
the data transmission processing units (e.g., the encoder unit
14 and the modulating unit 15) during only the period indi-
cated by the DTX cycle information stored in the DTX cycle
storage unit 21.

[0400] As an alternative, because the control unit cannot
temporarily stop the supply of the electric power to the recep-
tion processing units, the control unit does not have to per-
form the process of temporarily stopping the supply of the
electric power to the transmission processing units.

[0401] As canbe seen from the above description, in accor-
dance with this embodiment 2, a mobile station 3 is con-
structed in such a way as to, when receiving DTX cycle
information and DRX cycle information from a base station
2, stop the supply of the electric power to the transmission
processing units and the reception processing units thereof
according to the DTX cycle information and the DRX cycle
information. Therefore, the present embodiment offers an
advantage of being able to stop the supply of the electric
power to the transmission processing units and the reception
processing units during only an optimal time period which is
determined in consideration of the status of the mobile termi-
nal 3 and the status of the whole mobile communications
system, thereby achieving low power consumption in the
mobile terminal 3 more efficiently.

[0402] More specifically, in addition to the advantages pro-
vided by above-mentioned Embodiment 1, this Embodiment
2 can offer the following advantages.

[0403] This embodiment is advantageous in that, every
time when a base station judges whether or not a mobile
terminal is able to make a transition to a DRX/DTX operation
period during Active (in a broad sense), the base station can
determine a most suitable DTX cycle and a most suitable
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DRX cycle in consideration of the status of the mobile termi-
nal 3 at that time and the status of the whole mobile commu-
nications system.

[0404] In addition, the mobile terminal can carry out a
transmitting operation and a receiving operation simulta-
neously by synchronizing the starting point of the DTX cycle
and that of the DRX cycle. As a result, the time period during
which the electric power supply of the portion used for only
radio communications of the mobile terminal 3 can be turned
off can be further lengthened.

[0405] Thereby, low power consumption can be achieved
more effectively in the mobile terminal 3. As a result, the
standby time and the duration of call, and so on of the mobile
terminal 3 can be lengthened.

[0406] Furthermore, a case in which the DTX cycle and the
DRX cycle are determined, in step ST31, by using the pattern
2 in such a way that they are equal to each other.

[0407] An example of a method of, in this case, notifying
the DRX cycle and the DTX cycle from the base station to the
mobile terminal and a method of applying the DRX cycle and
the DTX cycle in the mobile terminal will be explained here-
after.

[0408] Inthatcase, instep ST32,only the DTX cycle (or the
DRX cycle) can be notified from the base station to the mobile
terminal.

[0409] The mobile terminal which has received only the
DTX cycle stores the received DTX cycle in both the DTX
cycle storage unit 21 and the DRX cycle storage unit 22 (step
ST35). As an alternative, the mobile terminal which has
received only the DRX cycle stores the received DRX cyclein
boththe DTX cycle storage unit 21 and the DRX cycle storage
unit 22. After that, the mobile terminal performs a DRX
operation and a DTX operation in the stored equal cycles,
respectively.

[0410] Thereby, the amount of the information (the cycles)
which is notified from the base station to the mobile terminal
can be reduced. In the viewpoint of effective use of the radio
resources, this method is useful.

[0411] Furthermore, in the case in which the DRX cycle
and the DTX cycle are equal to each other, the DTX cycle
storage unit 21 and the DRX cycle storage unit 22 can be
integrated into one storage unit. As a result, this embodiment
can provide an advantage of reducing the hardware of the
mobile terminal.

[0412] Furthermore, a case in which the DTX cycle and the
DRX cycle are determined in step ST31 by using the pattern
2 in such a way that they are harmonic to each other (they have
a fixed relationship, such as an integer multiple relationship
or an integer divisor relationship in the above-mentioned
pattern 2, or they have the pattern 3, the pattern 4, or the like)
will be considered.

[0413] An example of a method of, in this case, notifying
the DRX cycle and the DTX cycle from the base station to the
mobile terminal and a method of applying the DRX cycle and
the DTX cycle in the mobile terminal will be explained here-
after.

[0414] Inthiscase,instep ST32, only the DTX cycle (or the
DRX cycle) and the harmonic relationship can be notified
from the base station to the mobile terminal.

[0415] The mobile terminal which has received only the
DTX cycle and the harmonic relationship stores the received
DTX cycle in the DTX cycle storage unit 21, and also stores
the result which it has calculated based on the DTX cycle and
the harmonic relationship in the DRX cycle storage unit 22
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(step ST35). As an alternative, the mobile terminal which has
received only the DRX cycle and the harmonic relationship
stores the result which it has calculated based on the DRX
cycle and the harmonic relationship in the DTX cycle storage
unit 21 and also stores the received DRX cycle in the DRX
cycle storage unit 22. After that, the mobile terminal performs
a DRX operation and a DTX operation in the stored equal
cycles, respectively.

[0416] As a result, the amount of the information (the
cycles) which is notified from the base station to the mobile
terminal can be reduced. In the viewpoint of effective use of
the radio resources, this method is useful.

[0417] When the harmonic relationship (an integer mul-
tiple relationship, an integer divisor relationship, or a fixed
relationship) has a value (static: Static) which has been agreed
between the mobile terminal and the base station in advance,
it is not necessary to, in step ST32, notify the harmonic
relationship from the base station to the mobile terminal. As a
result, the amount of the information (the harmonic relation-
ship) which is notified from the base station to the mobile
terminal can be further reduced. In the viewpoint of effective
use of the radio resources, this method is useful.

[0418] Also inthe case of the pattern 3 and the pattern 4, the
above-mentioned reduction in the amount of information can
be achieved, and an advantage of making effective use of the
radio resources can be provided similarly.

[0419] Hereafter, a variant 1 will be explained.

[0420] The base station can change the method of deter-
mining the DRX cycle and the DTX cycle according to a
condition. As examples of the method, there can be provided
(1) a method of, only when the condition is satisfied, carrying
out step ST31 to, for example, make the DRX cycle and the
DTX cycle be equal to each other or make them be harmonic
to each other, whereas when the condition is not satisfied, not
carrying out step ST31; and

[0421] (2) a method of, when the condition is satisfied,
carrying out step ST31 to, for example, make the DRX cycle
and the DTX cycle be harmonic to each other, whereas also
when the condition is not satisfied, carrying out step ST31 to,
for example, make the DRX cycle and the DTX cycle be
harmonic to each other in such a way that they have a har-
monic relationship different from the relationship which is
established when the condition is satisfied.

[0422] Examples of the condition include “whether to
maintain the uplink synchronization”, “whether or not the
DRX cycle (or the DTX cycle) is equal to or longer than a
threshold”, and “whether or not the time which has elapsed
after receiving TA finally is equal to or longer than a thresh-

old”.

[0423] As an example of the variant 1, a case in which the
transmitting operation which the mobile terminal 3 performs
in the DTX cycle is the one which the mobile terminal per-
forms to allow the base station to carry out measurement of
the uplink timing will be considered.

[0424] When maintaining the uplink synchronization in a
DRX/DTX operation period during Active, the base station
has to determine the DTX cycle which satisfies the condition
that the uplink synchronization is maintained.

[0425] In contrast, when not maintaining the uplink syn-
chronization, the base station does not have to determine the
DTX cycle which satisfies the condition that the uplink syn-
chronization is maintained. Therefore, there is a merit of
making the method of determining the DRX cycle and the
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method of determining the DTX cycle differ from each other
according to whether or not the condition is satisfied.

[0426] Concretely, when maintaining the uplink synchro-
nization in the DRX/DTX operation period during Active, the
base station carries out step ST31, whereas when not main-
taining the uplink synchronization in the DRX/DTX opera-
tion period during Active, the base station does not carry out
step ST31. Of course, there can be a case in which, when
maintaining the uplink synchronization in the DRX/DTX
operation period during Active, the base station does not carry
out step ST31, whereas when not maintaining the uplink
synchronization in the DRX/DTX operation period during
Active, the base station carries out step ST31.

[0427] As a result, when, for example, the uplink synchro-
nization is maintained, the DRX cycle and the DTX cycle can
be made to be equal to each other and their starting points are
synchronized (the pattern 3), whereas when the uplink syn-
chronization is not maintained, the DRX cycle and the DTX
cycle can be made to, for example, differ from each other.
[0428] Furthermore, a case in which, in step ST32, for
example, only the DRX cycle and its starting point are noti-
fied from the base station to the mobile terminal will be
considered.

[0429] In this case, when maintaining the uplink synchro-
nization, the mobile terminal stores the DRX cycle and its
starting point which are notified thereto in step ST33 in the
DTX cycle storage unit 21 and the DRX cycle storage unit 22,
and applies them also to a DTX operation.

[0430] In contrast, when not maintaining the uplink syn-
chronization, the mobile terminal stores the DRX cycle and
its starting point which are notified thereto in step ST33 only
in the DRX cycle storage unit 22, but does not apply them to
a DTX operation without storing them in the DTX cycle
storage unit 21. At that time, the DTX operation can be made
to follow the previous contents of the DTX cycle storage unit
21.

[0431] Inthis way, while the amount of the information (the
cycles) notified from the base station to the mobile terminal
can be reduced, the determining method of determining the
DRX cycle and the determining method of determining the
DTX cycle can be made to differ from each other according to
whether or not the condition is satisfied.

[0432] In the viewpoint of effective use of the radio
resources, it is useful to reduce the amount of the information
notified from the base station to the mobile terminal. In this
case, a notification of information indicating whether to
maintain the uplink synchronization from the base station to
the mobile terminal can be made independently of the notifi-
cation of the cycles. Also in this case, because the amount of
information of the parameter showing whether to maintain
the uplink synchronization becomes small as compared with
the amount of information used for notifying the DTX cycle,
this variant is useful in the viewpoint of effective use of the
radio resource.

[0433] In this Embodiment 2 and the variant 1, the case in
which the DRX cycle is transmitted from the base station to
the mobile terminal is mentioned, though there can be a case
in which the DRX cycle (or the DTX cycle) is determined
beforehand. The above-mentioned example can be applied to
even such a case.

[0434] Concretely, when, in step ST32, the judgment result
indicating whether or not the mobile terminal is able to per-
form a DRX operation is notified, the mobile terminal stores
the DRX cycle which is determined beforehand in the DTX
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cycle storage unit 21 (step ST35). After that, the mobile
terminal performs a DRX operation and a DTX operation in
the stored equal cycles, respectively.

[0435] The DRX cycle (or the DTX cycle) which is deter-
mined beforehand can be a value which is statically deter-
mined as a value of the mobile communications system, or
can be notified semi-statically by using an [.3 message or the
like which is transmitted from the base station to the mobile
terminal when a session of a radio bearer is started.

[0436] Inthis Embodiment 2 and the variant 1, the example
in which the mobile terminal 3 transmits a “Sleep request
signal” to the base station 2 is shown. As an alternative, when
the mobile terminal 3 does not make any Sleep request, the
mobile terminal 3 can transmit a “Sleep non-request signal”
to the base station 2.

[0437] FIG. 18 is a sequence diagram showing the descrip-
tion of processing which is carried out by the mobile com-
munications system in the case in which a “Sleep non-request
signal” in accordance with Embodiment 2 of the present
invention is used. Because the detailed explanation of FIG. 18
is the same as the explanation of FIG. 6, the detailed expla-
nation of FIG. 18 will be omitted.

[0438] Furthermore, in this Embodiment 2, the example in
which the base station 2 transmits the judgment result show-
ing whether or not the mobile terminal 3 is able to make a
transition to a DRX operation period during Active to the
mobile terminal 3 is shown. As an alternative, when deter-
mining that the mobile terminal is able to make a transition to
a DRX operation period during Active, the base station 2 can
transmit a transition instruction for making a transition to a
DRX/DTX operation period during Active (the state 2-B of
FIG. 13) to the mobile terminal 3 so as to cause the mobile
terminal 3 to make a transition a DRX/DTX operation period
during Active (the state 2-B of FIG. 13) according to the
transition instruction from the base station 2.

Embodiment 3

[0439] FIG. 8 is a sequence diagram showing the descrip-
tion of processing carried out by a mobile communications
system in accordance with Embodiment 3 of the present
invention.

[0440] In above-mentioned Embodiments 1 and 2, the
example in which a base station 2 determines whether or not
a mobile terminal 3 is able to make a transition to a DTX
operation period during Active, and, when the mobile termi-
nal is able to make a transition to a DTX operation period
during Active, the mobile terminal temporarily stops the sup-
ply of the electric power to the data transmission processing
units and the data reception processing units thereof if the
base station 2 determines that the mobile terminal 3 is able to
make a transition to a DTX operation period during Active is
shown. The protocol processing unit 11 of the mobile termi-
nal 3 can determine whether to give a higher priority to low
power consumption (or can determine whether to give a
higher priority to throughput), and can transmit a parameter
showing the result of the determination to the base station 2.
[0441] In this case, the protocol processing unit 11 con-
structs a priority determining means, and the transmission
data buffer unit 13, the encoder unit 14, the modulating unit
15, and the antenna 16 construct a parameter transmitting
means.

[0442] More specifically, in accordance with this Embodi-
ment 3, the parameter showing whether the mobile terminal 3
gives a higher priority to low power consumption is disposed
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in mobile terminal capability information (UE Capabilities)
showing the capabilities of the mobile terminal 3. In this
Embodiment 3, an example in which the parameter showing
whether the mobile terminal 3 gives a higher priority to low
power consumption is disposed will be explained, though a
parameter showing whether the mobile terminal 3 gives a
higher priority to throughput can be alternatively disposed.
[0443] This parameter is not a value specific to the mobile
terminal 3, and can be varied according to various factors
including the state of the mobile terminal 3 and the user’s
intention.

[0444] As an alternative, the entire mobile terminal capa-
bility information (UE Capabilities) including the parameter
showing whether the mobile terminal gives a higher priority
to low power consumption can be varied.

[0445] In accordance with this Embodiment 3, the mobile
terminal capability information (UE Capabilities) including
the above-mentioned parameter can be notified from the
mobile terminal 3 to the network at a time other than a time of
RRC (Radio Resource Control) connection (such as a time of
attach, a time of calling, or a time of location registration).
[0446] More specifically, the mobile terminal 3 notifies the
mobile terminal capability information (UE Capabilities)
indicating the capabilities of the mobile terminal 3 when the
mobile terminal capability information is changed. As an
alternative, even when the mobile terminal capability infor-
mation (UE Capabilities) is not changed, the mobile terminal
can notify the mobile terminal capability information at pre-
determined intervals.

[0447] Inthe case in which the mobile terminal notifies the
mobile terminal capability information (UE Capabilities)
when the mobile terminal capability information is changed,
the mobile terminal can notify only a changed parameter or
can notify the entire mobile terminal capability information
(UE Capabilities).

[0448] Hereafter, the description of the processing carried
out by the mobile communications system will be explained
concretely.

[0449] Every time when the mobile terminal capability
information (UE Capabilities) is changed or at predetermined
intervals, the protocol processing unit 11 of the mobile ter-
minal 3 outputs, as control data, the mobile terminal capabil-
ity information (UE Capabilities) including the parameter
indicating whether the mobile terminal gives a higher priority
to low power consumption to the transmission data buffer unit
13.

[0450] The encoder unit 14 of the mobile terminal 3 per-
forms an encoding process on the mobile terminal capability
information (UE Capabilities) which is the control data stored
in the transmission data buffer unit 13.

[0451] The modulating unit 15 of the mobile terminal 3
modulates the mobile terminal capability information (UE
Capabilities) which is the control data on which the encoding
process has been performed by the encoder unit 14, and the
antenna 16 transmits, as a radio signal, the control data modu-
lated by the modulating unit 15 to the base station 2 (step
ST41).

[0452] In this embodiment, the example in which the
mobile terminal 3 transmits, as the control data, the mobile
terminal capability information (UE Capabilities) including
the parameter to the base station 2 is shown. As an alternative,
the mobile terminal 3 can transmit only the parameter to the
base station 2.
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[0453] Hereafter, an example of the mobile terminal capa-
bility information (UE Capabilities) will be explained.
[0454] For example, in a case in which the mobile terminal
3 is used in a mode in which it is inserted into a card slot of a
notebook personal computer, the mobile terminal 3 enters
either a state of “the priority of low power consumption: low”
or a state of “the priority of throughput: high”.

[0455] Incontrast, in a case in which the mobile terminal 3
is used in a mode of a mobile phone, the mobile terminal 3
enters either a state of “the priority of low power consump-
tion: high” or a state of “the priority of throughput: low”.
[0456] This is because, in these cases, the capacity of the
battery of the notebook personal computer is large as com-
pared with the capacity of the battery of the mobile phone.
[0457] In this Embodiment 3, the example in which the
mobile terminal 3 transmits, as the control data, the mobile
terminal capability information (UE Capabilities) including
the parameter to the base station 2 is shown. Concrete meth-
ods of notifying the mobile terminal capability information
(UE Capabilities) include a method of mapping the mobile
terminal capability information onto a layer 3 message
according to a protocol called RRC (Radio Resource Con-
trol), a method of mapping the mobile terminal capability
information onto a physical channel, and a method of map-
ping the mobile terminal capability information onto a MAC
header or the like as a MAC signaling.

[0458] In this case, if the mobile terminal capability infor-
mation is notified at the same time when a “Sleep request
signal” as shown in above-mentioned Embodiment 1 is trans-
mitted, the mobile terminal capability information directly
shows the priority of the request which the mobile terminal 3
has made to make a transition to a DRX/DTX operation
period during Active (the state 2-B of FIG. 13) by using the
“Sleep request signal” and is effective.

[0459] Especially, a mapping method effective for a case of
mapping and notifying both the “Sleep request signal” and
“the priority of low power consumption (or the priority of
throughput)” onto a physical channel will be disclosed.
[0460] Conventionally (refer to the 3GPP Release6 stan-
dard TS25.309), there exists an L1 signaling (a physical chan-
nel mapping signal) which is called a “Happy Bit” mapped
onto a physical channel.

[0461] The “Happy Bit” is an uplink indicator which is used
to notify the base station 2 about whether or not the mobile
terminal 3 is satisfied with the current “Serving Grant value”
which is provided from the uplink scheduler unit 43 of the
base station 2 to the mobile terminal 3 to enable uplink data
transmission.

[0462] That is, the “Happy Bit” is an indicator which is
effective only at the time of uplink data transmission. In other
words, because the case in which the mobile terminal 3 has
made a request with the “Sleep request signal” means that the
mobile terminal 3 has determined to start a DTX operation
period during Active, there is no point in transmitting the
“Happy Bit”, but there is a point in transmitting “the priority
of'low power consumption (or the priority of throughput)”.

[0463] On the contrary, in a case in which the mobile ter-
minal 3 has not made any request with the “Sleep request
signal”, because the mobile terminal 3 has not determined to
start a DTX operation period during Active, there is a point in
transmitting “Happy Bit”, but there is no point in transmitting
“the priority of low power consumption (or the priority of
throughput)”.
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[0464] In a case in which the “Happy Bit”, the “Sleep
request signal”, and “the priority of low power consumption
(the priority of throughput)” are mapped, as an L1 signaling,
onto a physical channel without devising any method, they
need three bits.

[0465] For example, when they are mapped onto a physical
channel as shown in FIG. 9, the same amount of information
can be notified from the mobile terminal 3 to the base station
2 by using 2 bits, and therefore it becomes possible to reduce
the amount of mapping onto the physical channel by 1 bit.
This is effective from the viewpoint of effective use of the
radio resources.

[0466] FIG. 9 simply shows an example, and it can be
assumed that any other mapping method is equivalent to the
technology disclosed in this embodiment as long as the other
mapping method includes the step of changing information
shown by another bit between the “Happy Bit” and “the
priority of low power consumption (or the priority of through-
put)” according to whether or not a request with the “Sleep
request signal” has been made.

[0467] When the antenna 37 receives the radio signal trans-
mitted thereto from the mobile terminal 3, the demodulating
unit 38 of the base station 2 demodulates the radio signal (step
ST42).

[0468] The decoder unit 39 of the base station 2 performs a
decoding process on the mobile terminal capability informa-
tion (UE Capabilities) which is the control data which the
demodulating unit 38 has obtained by demodulating the radio
signal, and stores the decoded mobile terminal capability
information (UE Capabilities) in the protocol processing unit
33 (step ST43).

[0469] The protocol processing unit 33 of base station 2
checks to see whether the mobile terminal 3 gives a higher
priority to low power consumption (or whether the mobile
terminal 3 gives a higher priority to the throughput) with
reference to the parameter included in the mobile terminal
capability information (UE Capabilities) (step ST44).
[0470] When the mobile terminal 3 gives a higher priority
to low power consumption, the protocol processing unit 33 of
the base station 2 performs an operation of enabling the
mobile terminal to make a transition to a DRX/DTX opera-
tion period during Active (the state 2-B of FIG. 13) in order to
achieve low power consumption during Active (in a broad
sense) (the state 2 of FIG. 13) (step ST45).

[0471] For example, the protocol processing unit enables
the sequence in FIG. 4 to allow the base station 2 to receive the
Sleep request signal transmitted from the mobile terminal 3,
and to judge whether or not the mobile terminal is able to
make a transition to a DRX operation period during Active.
[0472] When the mobile terminal 3 does not give a higher
priority to low power consumption (i.e., when the mobile
terminal 3 gives a higher priority to the throughput), the
protocol processing unit 33 of the base station 2 performs an
operation of disabling the mobile terminal to make a transi-
tion to a DRX/DTX operation period during Active (the state
2-B of FIG. 13) without achieving low power consumption
during Active (in a broad sense) (the state 2 of F1G. 13) (step
ST46).

[0473] For example, the protocol processing unit does not
judge whether or not the mobile terminal is able to make a
transition to a DRX operation period during Active.

[0474] As can be seen from the above description, the sys-
tem in accordance with this embodiment 3 is constructed in
such a way as to determine whether a mobile terminal gives a
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higher priority to low power consumption, and transmits a
parameter showing the result of the determination to a base
station 2. Therefore, the present embodiment offers an advan-
tage of providing further efficient achievement of low power
consumption during Active (in a broad sense) (the state 2 of
FIG. 13), and providing an optimal reduction in the power
consumption of the mobile terminal 3.

[0475] Furthermore, this Embodiment 3 can offer the fol-
lowing advantages.

[0476] By notifying the parameter when the mobile termi-
nal capability information (UE Capabilities) showing the
capabilities of the mobile terminal 3 is changed, or by noti-
fying the parameter in a predetermined cycle even when the
mobile terminal capability information (UE Capabilities) is
not changed, it is possible to notify the mobile terminal capa-
bility information (UE Capabilities) from the mobile terminal
3 to the base station 2 even if the mobile terminal 3 is during
Active (the state 2 of FIG. 13). This advantage becomes more
remarkable in a case of a packet communication system
which is based on a continuous connection. This is because
the number of RRC connections decreases due to a continu-
ous connection, and therefore the number of timings at which
the mobile terminal capability information (UE Capabilities)
can be notified is few as long as a conventional technology is
simply used.

[0477] Thereby, it becomes possible to notify a change in
the parameter showing which achievement of low power con-
sumption or improvement in the throughput the mobile ter-
minal gives a higher priority from the mobile terminal 3 to the
base station 2 even if the mobile terminal 3 is during Active
(the state 2 of FIG. 13), and low power consumption during
Active (the state 2 of FIG. 13) can be achieved more effec-
tively. As a result, a more optimal reduction in the power
consumption of the mobile terminal 3 can be achieved.
[0478] In a variant 1, the base station, in step ST44, can
check to see whether the mobile terminal 3 gives a higher
priority to low power consumption (or whether the mobile
terminal 3 gives a higher priority to the throughput), and,
when determining that the mobile terminal 3 gives a higher
priority to low power consumption, in step ST45, can set the
DRX cycle and the DTX cycle to be equal to or longer than a
threshold X.

[0479] Incontrast, when, in step ST44, determining that the
mobile terminal 3 does not give a higher priority to low power
consumption, the base station, in step ST46, can set the DRX
cycle and the DTX cycle to be shorter than the threshold X.
[0480] The lengths of the DRX cycle and the DTX cycle
affect low power consumption in the mobile terminal, and,
because the period during which the electric power supply of
the mobile terminal is turned off can be lengthened if the
cycles are long, it becomes easy to achieve low power con-
sumption. Therefore, this variant offers an advantage of being
able to provide further efficient achievement of low power
consumption during Active (in a broad sense) according to the
state of the mobile terminal (the state 2 of FIG. 13), and an
optimal reduction in the power consumption of the mobile
terminal 3.

[0481] Thevariant 1 canalso be implemented by separately
notifying both the parameter indicating “whether the mobile
terminal gives a higher priority to low power consumption”,
and a parameter indicating “whether the mobile terminal
gives a higher priority to the DRX cycle’s becoming long
(whether the mobile terminal allows the DRX cycle to
become long)” or “whether the mobile terminal gives a higher
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priority to the DTX cycle’s becoming long (whether the
mobile terminal allows the DTX cycle to become long)” from
the mobile terminal to the base station.

[0482] In a variant 2, the base station, in step ST44, can
check to see whether the mobile terminal 3 gives a higher
priority to the throughput (or the mobile terminal 3 gives a
higher priority to low power consumption), and, when deter-
mining that the mobile terminal 3 does not give a higher
priority to the throughput, in step ST45, can allow the mobile
terminal not to maintain the uplink synchronization during a
DRX/DTX operation period during uplink Active.

[0483] Incontrast, when, in step ST44, determining that the
mobile terminal 3 gives a higher priority to the throughput,
the base station can disallow the mobile terminal not to main-
tain the uplink synchronization during a DRX/DTX operation
period during Active.

[0484] In a case in which the uplink synchronization is not
maintained, when data (control data or user data) are trans-
mitted from the mobile terminal to the base station, a proce-
dure for establishing uplink synchronization is needed before
the data transmission.

[0485] In contrast, when the uplink synchronization is
maintained, such a procedure is not needed. Therefore,
whether or not the uplink synchronization is maintained
affects the throughput. Therefore, this variant offers an
advantage of being able to provide further efficient achieve-
ment of low power consumption during Active (in a broad
sense) (the state 2 of FIG. 13) according to the state of the
mobile terminal, and an optimal reduction in the power con-
sumption of the mobile terminal 3.

[0486] The variant 2 can also be implemented by separately
notifying both the parameter indicating “whether the mobile
terminal gives a higher priority to the throughput (or whether
the mobile terminal gives a higher priority to low power
consumption)” and a parameter indicating “whether the
mobile terminal maintains the uplink synchronization” from
the mobile terminal to the base station.

Embodiment 4

[0487] Inabove-mentioned Embodiment 3, the example in
which a parameter showing the result of determination of
whether a mobile terminal 3 gives a higher priority to low
power consumption is included in the mobile terminal capa-
bility information (UE Capabilities), and the mobile terminal
capability information (UE Capabilities) is transmitted to a
base station 2 is shown. As an alternative, the above-men-
tioned parameter can be transmitted to the base station 2
separately from the mobile terminal capability information
(UE Capabilities) without the above-mentioned parameter
being included in the mobile terminal capability information
(UE Capabilities).

[0488] Every time when the above-mentioned parameter is
changed or in a predetermined cycle even when the above-
mentioned parameter is not changed, the mobile terminal 3
transmits the above-mentioned parameter to the base station
2.

[0489] This Embodiment 4 offers an advantage of being
able to notify the above-mentioned parameter without chang-
ing the functionality of the mobile terminal capability infor-
mation (UE Capabilities).
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[0490] The variants 1 and 2 of above-mentioned Embodi-
ment 3 can also be applied to this Embodiment 4.

Embodiment 5

[0491] FIG. 10 is a sequence diagram showing the descrip-
tion of processing carried out by a mobile communications
system in accordance with Embodiment 5 of the present
invention.

[0492] Inabove-mentioned Embodiment 3, the example in
which the protocol processing unit 11 of a mobile terminal 3
determines whether the mobile terminal gives a higher prior-
ity to low power consumption, a parameter showing the result
of the determination is included in the mobile terminal capa-
bility information (UE Capabilities), and the mobile terminal
capability information (UE Capabilities) is then transmitted
to a base station 2 is shown. The protocol processing unit 11
of the mobile terminal 3 can determine whether the mobile
terminal gives a higher priority to low power consumption
with reference to the residue of a battery thereof.

[0493] Concretely, this process is carried out as follows.
[0494] First, the protocol processing unit 11 (or a control
unit 23) of the mobile terminal 3 checks the battery residue
(step ST51).

[0495] The protocol processing unit 11 (or the control unit
23) ofthe mobile terminal 3 compares the battery residue with
apredetermined threshold (a lower limit of the battery residue
at which the mobile terminal has to give a higher priority to
low power consumption), and, when the battery residue is
equal to or shorter than the predetermined threshold, deter-
mines that the mobile terminal gives a higher priority to low
power consumption (i.e., determines that the mobile terminal
does not give a higher priority to the throughput). In contrast,
when the battery residue is greater than the predetermined
threshold, the mobile terminal determines that the mobile
terminal does not give a higher priority to low power con-
sumption (i.e., determines that the mobile terminal gives a
higher priority to the throughput) (step ST52).

[0496] The protocol processing unit 11 (or the control unit
23) of the mobile terminal 3 can alternatively determine
whether the mobile terminal gives a higher priority to low
power consumption in consideration of whether or not the
battery is under charge. This is because the mobile terminal
can perform the operation of giving a higher priority to the
throughput without caring about the battery residue when the
battery is under charge.

[0497] The predetermined threshold can be a specified
value which is set up beforehand, or can be a value which is
determined by a notification or calculation by an upper layer.
[0498] Because the description of the processes of steps
ST41 to ST46 is the same as those of above-mentioned
Embodiment 3, the explanation of the description will be
omitted.

[0499] Likein the case of above-mentioned Embodiment 4,
the parameter showing the result of the determination of
whether the mobile terminal gives a higher priority to low
power consumption can be transmitted to the base station 2
separately from the mobile terminal capability information
(UE Capabilities) without the above-mentioned parameter
being included in the mobile terminal capability information
(UE Capabilities).

[0500] In this Embodiment 5, the example in which the
mobile terminal 3 transmits the parameter showing the result
of the determination of whether the mobile terminal gives a
higher priority to low power consumption to the base station
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2 is shown. As an alternative, the mobile terminal 3 can
transmit the battery residue to the base station 2, and the base
station 2 can determine whether the mobile terminal gives a
higher priority to low power consumption with reference to
the battery residue.

[0501] FIG.11 is a sequence diagram showing the descrip-
tion of the processing carried out by the mobile communica-
tions system in accordance with Embodiment 5 of the present
invention.

[0502] The protocol processing unit 11 (or the control unit
23) of the mobile terminal 3 checks the battery residue (step
ST51).

[0503] After checking the battery residue, the protocol pro-
cessing unit 11 (or the control unit 23) of the mobile terminal
3 transmits the battery residue to the base station 2 (step
ST61).

[0504] As a concrete method of notifying the battery resi-
due, there is, for example, a method of notifying the battery
residue to the base station 2 by using a layer 3 message
according to a protocol called RRC (Radio Resource Con-
trol). Furthermore, there are a method of mapping the battery
residue onto a physical channel, a method of mapping the
battery residue onto a MAC header as a MAC signaling, and
the like.

[0505] When checking the battery residue, the protocol
processing unit 11 (or the control unit 23) of the mobile
terminal 3 checks to see whether or not the battery is being
charged, and, when the battery is being charged, can notify
the battery residue to the base station 2 after assuming the
battery residue to be a maximum (or to be infinite). As an
alternative, the mobile terminal can transmit a parameter
indicating whether or not the battery is being charged to the
base station 2 separately from the battery residue. As an
alternative, the mobile terminal can transmit a parameter
indicating whether or not the battery is being charged to the
base station 2 without transmitting the battery residue.
[0506] As the information which is transmitted to the base
station 2, one of the following pieces of information (1) to (3)
can be considered.

[0507] (1) Anabsolute value of the battery residue is trans-
mitted.
[0508] (2) The ratio of the battery residue to the capacity of

the battery is transmitted.
[0509] (3) An indicator is transmitted.

[0510] In a case in which the indicator is transmitted, it is
possible to reduce the amount of transmitted information as
compared with a case in which either the absolute value of the
battery residue or the ratio of the battery residue to the capac-
ity of the battery is transmitted. Therefore, this is advanta-
geous from the viewpoint of being able to use the radio
resources effectively. FIG. 12 is an explanatory drawing
showing an example of the indicator.

[0511] When receiving the battery residue from the mobile
terminal 3 (step ST62), the protocol processing unit 11 (or the
control unit 23) of the mobile terminal 3 compares the battery
residue with a predetermined threshold (a lower limit of the
battery residue at which the mobile terminal has to give a
higher priority to low power consumption) (step ST63).
[0512] When the battery residue is equal to or shorter than
the predetermined threshold, the protocol processing unit 33
(or the control unit 44) of the base station 2 performs an
operation of enabling a transition to a DRX/DTX operation
period during Active (the state 2-B of FIG. 13) (step ST45).
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[0513] In contrast, when the battery residue exceeds the
predetermined threshold, the protocol processing unit per-
forms an operation of disabling a transition to a DRX/DTX
operation period during Active (the state 2-B of FIG. 13) (step
ST46).

[0514] Also in the case of this Embodiment 5, while the
system runs so as to make the mobile terminal 3 give a higher
priority to the throughput when there is much battery residue
in the mobile terminal 3, the system runs so as to make the
mobile terminal 3 give a higher priority to low power con-
sumption when there is little battery residue in the mobile
terminal 3, like in the case of above-mentioned Embodiments
3 and 4. As a result, low power consumption during Active (in
a broad sense) (the state 2 of FIG. 13) can be achieved effi-
ciently.

[0515] The variants 1 and 2 of above-mentioned Embodi-
ment 3 can also be applied to this Embodiment 5.

Embodiment 6

[0516] Inabove-mentioned Embodiment 5, the example in
which a mobile terminal determines whether to give a higher
priority to low power consumption by using the battery resi-
due of the mobile terminal as a criterion of the determination
is shown. As an alternative, the user can input his or her (an
intention showing whether the mobile terminal 3 gives a
higher priority to low power consumption) to the mobile
terminal 3, and the mobile terminal 3 can determine whether
to give a higher priority to low power consumption by using
the user’s intention as a criterion of the determination.
[0517] The mobile terminal 3 can alternatively transmit
information showing the user’s intention to the base station 2,
and the base station 2 can determine whether to give a higher
priority to low power consumption by using the user’s inten-
tion as a criterion of the determination.

[0518] Inthe case of this Embodiment 6, the system makes
it possible for a mobile terminal to run according to the user’s
intention showing whether the mobile terminal gives a higher
priority to low power consumption (or whether the mobile
terminal gives a higher priority to the throughput), and, as a
result, to achieve low power consumption during Active (in a
broad sense) (the state 2 of FIG. 13) efficiently according to
the user’s intention.

[0519] The variants 1 and 2 of above-mentioned Embodi-
ment 3 can also be applied to this Embodiment 6.

Embodiment 7

[0520] In nonpatent reference 6, it is shown that a DRX
cycle, as well as first-time transmission data, is transmitted
from a base station to a mobile terminal. Generally, the DRX
cycle, as well as the first-time transmission data, is notified by
using an L.1/L.2 control signal.

[0521] In contrast, in an LTE system, it is examined in
downlink data transmission and in uplink data transmission
that HARQ is applied. When HARQ (Hybrid ARQ) is
applied, for example, a base station transmits data to a mobile
terminal via a downlink, and the mobile terminal transmits an
Ack signal/Nack signal to the base station according to the
status of reception of the data. When succeeding in the recep-
tion of the data, the mobile terminal transmits the Ack signal
to the base station, whereas when failing in the reception of
the data, the mobile terminal transmits the Nack signal to the
base station.
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[0522] When receiving the Ack signal from the mobile
terminal, the base station transmits new data, whereas when
receiving the Nack signal from the mobile terminal, the base
station retransmits the data. That is, the base station retrans-
mits the data until receiving the Ack signal showing the suc-
cess of the reception of the data from the mobile terminal.
[0523] In accordance with nonpatent reference 6, after the
Ack signal has been received, DRX cycles are counted after
the expiration of a predetermined timer time interval.

[0524] However, when HARQ is applied and retransmis-
sion occurs, a problem arises if the base station transmits
information indicating the DRX cycle as well as the first-time
transmission data.

[0525] The base station has to determine a time to allocate
resources to the mobile terminal next time when notifying the
DRX cycle to the mobile terminal. However, when the base
station transmits the DRX cycle as well as the first-time
transmission data, if the Nack signal is sent back thereto from
the mobile terminal and retransmission is needed, the base
station must delay the time at which the base station allocates
resources for the first-time transmission data to the mobile
terminal by a time required for the retransmission. That is, the
base station must change the time at which the base station
allocates resources to the mobile terminal every time when
the base station retransmits data to the mobile terminal.
[0526] Thus, there arises a problem that the scheduling load
on the base station increases because of the retransmission of
data.

[0527] In accordance with this Embodiment 7, in order to
solve the above-mentioned problems, a method of; in the case
of'the downlink, a base station notifying DRX cycle informa-
tion to a mobile terminal using a control signal is disclosed.
[0528] FIG. 19 is an explanatory drawing showing an
example of the method of notifying the DRX cycle informa-
tion from a base station to a mobile terminal.

[0529] Inthe figure, in the case of the downlink, each open
box shows data, each horizontally shaded box shows an
L.1/1.2 control signal including no DRX cycle (DRX interval)
information, and each diagonally shaded box shows an .1/1.2
control signal including the DRX cycle. In the case of the
uplink, an Ack signal or a Nack signal is transmitted from the
mobile terminal to the base station.

[0530] As shown in FIG. 19, instead of transmitting the
DRX cycle information, as well as the first-time transmission
data, in a conventional way, the base station uses a first L1/1.2
control signal which is not accompanied by any data so as to
transmit the DRX cycle information after receiving the Ack
signal transmitted from the mobile terminal via the uplink.
[0531] When receiving the Ack signal from the mobile
terminal after transmitting, via the downlink, first-time trans-
mission data, the base station transmits DRX cycle (A) infor-
mation at the timing at which the base station transmits an
L.1/1.2 control signal next time (refer to (1) in the figure) and
then makes a transition to a DRX operation.

[0532] After making a transition to a DRX operation, when
there exist no downlink data to be transmitted to the mobile
terminal, the base station transmits only an L.1/[.2 control
signal to the mobile terminal. The DRX, cycle information
can be included in this [.1/[.2 control signal (refer to (2) in the
figure).

[0533] In the case in which the DRX cycle information is
included in the LL1/L.2 control signal, a DRX cycle (B) is
updated and the mobile terminal makes a transition to a DRX
operation. In contrast, in a case in which the DRX cycle
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information is not included in the 1.1/1.2 control signal, it can
be decided beforehand that an immediately preceding DRX
cycle is applied.

[0534] Next, after making a transition to a DRX operation,
when downlink data which the base station has to transmit to
the mobile terminal occur, the base station transmits the
downlink data to the mobile terminal. The base station does
not transmit the DRX cycle information together with the
downlink data.

[0535] Similarly, after making a transition to a DRX opera-
tion, when the mobile terminal receives the downlink data
from the base station, but fails in the reception of the down-
link data, the mobile terminal transmits the Nack signal to the
base station.

[0536] The base station which has received the Nack signal
from the mobile terminal transmits downlink retransmission
data to the mobile terminal. The base station does not transmit
the DRX cycle information together with the downlink
retransmission data.

[0537] In contrast, when the mobile terminal receives the
downlink data from the base station and succeeds in the
reception of the downlink data, the mobile terminal transmits
the Ack signal to the base station. The base station which has
received the Ack signal from the mobile terminal transmits an
L.1/1.2 control signal including the DRX cycle information
(refer to B in the figure) at the timing which the base station
transmits an [.1/1.2 control signal to the mobile terminal next
time.

[0538] In FIG. 19, the L1/L.2 control signal including the
DRX cycle (B) information is transmitted at the time of (3)
even though the DRX cycle (B) information transmitted at the
time of (2) is not changed, though when there is no change in
the DRX cycle, the LL1/1.2 control signal does not have to
include the DRX cycle (B) information and information (a
trigger) notifying a transition to a DRX operation can be
transmitted instead.

[0539] Ina case in which there exist downlink data, what is
necessary is just to make the start timing (the starting point) of
the DRX cycle be the transmission timing of either the DRX
cycle information which the base station has transmitted to
the mobile terminal after receiving the Ack signal from the
mobile terminal or an [L1/[.2 control signal including the
DRX transition information.

[0540] In contrast, in a case in which there exist no down-
link data, what is necessary is just to make the start timing of
the DRX cycle be the transmission timing of either the DRX
cycle information which the base station has transmitted to
the mobile terminal or an [.1/L.2 control signal including the
DRX transition information.

[0541] FIG. 20 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station.

[0542] The base station judges whether or not downlink
data destined for the mobile terminal occur (step ST3201),
and, when downlink data occur, transmits an 1.1/L.2 control
signal not including the DRX cycle, as well as downlink
first-time transmission data, to the mobile terminal (step
ST3202).

[0543] The mobile terminal receives the downlink data
(step ST3203), and judges the state of the reception of the data
(step ST3204).

[0544] When the result of the reception shows a success
(step ST3205), the mobile terminal transmits the Ack signal
to the base station, whereas when the result of the reception
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shows a failure, the mobile terminal transmits the Nack signal
to the base station (step ST3206).

[0545] The base station receives the reception result (the
Ack signal/the Nack signal) from the mobile terminal (step
ST3208), and judges whether the reception result is the Ack
signal or the Nack signal (step ST3209).

[0546] When the judgment result is the Nack signal, the
base station transmits downlink retransmission data (step
ST3210). However, the base station does not send the DRX
cycle information together with the retransmission data.
[0547] After transmitting the Nack signal, the mobile ter-
minal receives the downlink retransmission data (step
ST3207), and judges the state of the reception of the downlink
data again and then transmits the Ack signal/the Nack signal
to the base station according to the judgment result.

[0548] The base station repeatedly transmits the downlink
retransmission data until receiving the reception judgment
result which is the Ack signal from the mobile terminal.
[0549] When the result of the judgment of the reception
state of the downlink retransmission data shows a success, the
mobile terminal transmits the Ack signal to the base station.
[0550] When the reception judgment result from the mobile
terminal is the Ack signal, after transmitting an [.1/1.2 control
signal including the DRX cycle (step ST3211), the base sta-
tion makes a transition to a DRX operation (step ST3213).
[0551] After receiving the [L1/1.2 control signal including
the DRX cycle (step ST3212), the mobile terminal makes a
transition to a DRX operation (step ST3215).

[0552] After the DRX cycle, the base station enters a state
in which the base station can perform scheduling on the
mobile terminal in question and then makes a transition to
active (step ST3214). The mobile terminal becomes active
after the DRX cycle, too (step ST3216).

[0553] When no downlink data destined for the mobile
terminal occur in the base station, the base station transmits
an L1/L.2 control signal including the DRX cycle (step
ST3211), and then makes a transition to a DRX operation.
[0554] When receiving the [1/1.2 control signal including
the DRX cycle (step ST3212), the mobile terminal makes a
transition to a DRX operation in the DRX cycle included in
the L.1/1.2 control signal (step ST3215).

[0555] After the DRX cycle, the base station then enters a
state in which the base station can perform scheduling on the
mobile terminal in question and then makes a transition to
active (step ST3214). The mobile terminal becomes active
after the DRX cycle, too (step ST3216).

[0556] Forexample, in a case in which there exist downlink
data, the transmission timing of an L.1/L.2 control signal
including the DRX cycle information, which the base station
has transmitted to the mobile terminal after receiving the Ack
signal from the mobile terminal, is defined as the start timing
of'the DRX cycle. In contrast, in a case in which there exist no
downlink data, the transmission timing of an [.1/[.2 control
signal including the DRX cycle information, which the base
station has transmitted to the mobile terminal, is defined as
the start timing of the DRX cycle. As a result, the timing at
which the base station becomes active after performing a
DRX operation becomes the same as the timing at which the
mobile terminal becomes active after performing a DRX
operation, and it is therefore possible for them to transmit and
receive next data, an [.1/L.2 control signal or the like.

[0557] In the above-mentioned example, the case in which
the information which the base station transmits to the mobile
terminal is the DRX cycle information is described. As an
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alternative, when there is no change in the DRX cycle, the
DRX transition information can be transmitted instead.
[0558] As disclosed above, by transmitting either the DRX
cycle information or the DRX transition information to the
mobile terminal using an L1/1.2 control signal or the like
which is not accompanied by any data after receiving the Ack
signal from the mobile terminal, the base station can make a
transition to a DRX operation without causing any problem
also when retransmission occurs in the system to which
HARQ is applied.

[0559] Furthermore, this embodiment offers an advantage
of'being able to reduce the load of the scheduling on the base
station because the base station does not have to change the
time to allocate resources to the mobile terminal every time
when the base station carries out retransmission.

[0560] Inaddition, because the base station transmits either
the DRX cycle information or the DRX transition informa-
tion to the mobile terminal using an [.1/[.2 control signal or
the like which is not accompanied by any data after receiving
the Ack signal from the mobile terminal, there can be pro-
vided an advantage of being able to eliminate the necessity to
set the DRX cycle to be equal to or longer than a required time
corresponding to a maximum of the number of times that
HARQ is retransmitted, and to set up the DRX cycle arbi-
trarily without being dependent on the maximum of the num-
ber of times that HARQ is retransmitted.

[0561] Furthermore, even when the mobile terminal is not
able to receive the DRX cycle or the DRX transition infor-
mation, the occurrence of receiving errors after the DRX
cycle can be prevented because the mobile terminal performs
a receiving operation without starting a DRX operation, and
then receives data at a timing which is notified thereto from
the base station after the DRX cycle.

[0562] Thus, the present embodiment offers an advantage
of being able to prevent the occurrence of receiving errors
also when the mobile terminal cannot receive either the DRX
cycle or the DRX transition information and a state transition
error OCCurs.

[0563] The present embodiment offers a further advantage
of being able to cause state transition errors to be hard to
produce because neither the base station nor the mobile ter-
minal starts a DRX operation also when the base station
carries out reception of the Ack signal from the mobile ter-
minal with an error.

[0564] In addition, because state transition errors are hard
to produce, there is provided another advantage of being able
to eliminate the timer.

[0565] Furthermore, in the above-mentioned embodiment,
the transmission timing of the DRX cycle from the base
station is the timing at which the base station transmits the
first L.1/L.2 control signal after receiving the Ack signal,
though in order to ensure that the base station and the mobile
terminal make a transition to DRX operations, the transmis-
sion timing of the DRX cycle from the base station can be the
transmission timing of an L.1/L.2 control signal at the expira-
tion of nxTTI (n is large from 1) after the reception of the Ack
signal.

[0566] As aresult, the present embodiment offers an advan-
tage of making it possible for the scheduler of the base station
to adjust the timing at which the scheduler sets up the DRX
cycle according to the scheduling load thereon after the recep-
tion of the Ack signal.

[0567] As an alternative, the above-mentioned n can be
determined beforehand or can be notified from the base sta-
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tion to the mobile terminal before the retransmission is started
(for example, it can be considered that when a session of a
radio bearer is set up, a notification of the above-mentioned n
is made by using an [.3 message transmitted from the base
station to the mobile terminal, an [.1/1.2 control signal which
is transmitted together with the first-time transmission data,
or the like).

[0568] As a result, the mobile terminal does not have to
carry out continuous reception of an L.1/L.2 control signal
which succeeds the transmission of the Ack signal until after
the expiration of nTTI, and this translates into low power
consumption.

[0569] Furthermore, in the above-mentioned embodiment,
although the transmission timing of the DRX cycle informa-
tion or DRX transition information from the base station is the
transmission timing of the first [L1/L.2 control signal which
succeeds the reception of the Ack signal, the base station can
transmit the DRX transition information at the same time
when the base station transmits the DRX cycle information or
at a subsequent timing, and, when transmitting the DRX
transition information, can make a transition to a DRX opera-
tion.

[0570] By doing in this way, the scheduler load on the base
station increases during an interval between the transmission
timing of the DRX cycle information and the transmission
timing of the DRX transition information, though, as shown
in the nonpatent reference 6, there is provided an advantage of
being able to reduce the scheduler load on the base station as
compared with a case in which the DRX cycle information is
transmitted together with the first-time transmission data.
[0571] Furthermore, as disclosed in above-mentioned
Embodiment 2, it is also possible to employ the method of
making the DTX cycle and the DRX cycle be equal or har-
monic to each other.

[0572] FIG. 21 is an explanatory drawing showing an
example of a method of notifying the DRX cycle from the
base station to the mobile terminal in a case in which the DTX
cycle and the DRX cycle are made to be equal to each other.

[0573] In FIG. 21, in the case of the downlink, each open
box shows data, each horizontally shaded box shows an
L.1/1.2 control signal including no DRX cycle (DRX interval)
information, and each diagonally shaded box shows an .1/1.2
control signal including the DRX cycle. In the case of the
uplink, an Ack signal, a Nack signal, and a sounding signal
which is used for uplink channel quality evaluation and for
uplink synchronization are transmitted from the mobile ter-
minal to the base station.

[0574] As shown in FIG. 21, the base station transmits the
DRX cycle information by using an L1/1.2 control signal
which the base station transmits for the first time after receiv-
ing the Ack signal transmitted from the mobile terminal via
the uplink, instead of transmitting the DRX cycle information
together with the first-time transmission data in a conven-
tional way.

[0575] When receiving the Ack signal from the mobile
terminal after transmitting the first-time transmission data via
the downlink, the base station transmits DRX cycle (A) infor-
mation at the transmission timing of the next [.1/[.2 control
signal (refer to (1) in the figure), and then makes a transition
to a DRX operation.

[0576] When receiving the [1/1.2 control signal including
the DRX cycle (A) information, the mobile terminal sets the
DTX cycle to the DRX cycle (A).
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[0577] The mobile terminal transmits a sounding signal to
the base station at a timing after performing a DTX operation
in the DTX cycle (A) (refer to (4) in the figure).

[0578] When there exist no downlink data to be transmitted
to the mobile terminal after the DRX cycle (A), the base
station transmits only an 1.1/L.2 control signal to the mobile
terminal. The DRX cycle information can be included in this
L1/L.2 control signal (in the figure, refer to (2)).

[0579] In the case in which the DRX cycle information is
included in the L.1/L.2 control signal, a DRX cycle (B) is
updated and the base station makes a transition to a DRX
operation. In contrast, in a case in which the DRX cycle
information is not included in the [.1/L.2 control signal, an
immediately preceding DRX cycle can be applied as previ-
ously determined.

[0580] When receiving the L1/1.2 control signal including
the DRX cycle (B) information, the mobile terminal sets the
DTX cycle to the DRX cycle (B).

[0581] The mobile terminal transmits a sounding signal to
the base station at a timing after performing a DTX operation
in the DTX cycle (B) (refer to (5) in the figure).

[0582] When downlink data to be transmitted to the mobile
terminal occur after the DRX cycle (B), the base station
transmits the downlink data to the mobile terminal. However,
the base station does not transmit the DRX cycle information
together with the downlink data.

[0583] When receiving the downlink data from the base
station and getting a reception result indicating a failure of the
reception, the mobile terminal transmits the Nack signal to
the base station.

[0584] The base station which has received the Nack signal
from the mobile terminal transmits downlink retransmission
data. However, the base station does not transmit the DRX
cycle information together with the downlink retransmission
data.

[0585] In contrast, when receiving the downlink data from
the base station and getting a reception result indicating a
success of the reception, the mobile terminal transmits the
Ack signal to the base station.

[0586] The base station which has received the Ack signal
from the mobile terminal, at the timing which the base station
transmits the next 1.1/L.2 control signal, transmits the next
L.1/L.2 control signal including the DRX cycle (B) informa-
tion (refer to (3) in the figure).

[0587] When receiving the L1/1.2 control signal including
the DRX cycle (B) information, the mobile terminal sets the
DTX cycle to the DRX cycle (B).

[0588] The mobile terminal then transmits a sounding sig-
nal to the base station at a timing after performing a DTX
operation in the DTX cycle (B) (refer to (6) in the figure).
[0589] Inthe series of operations of the mobile terminal and
the base station, when, in step ST3212 in the sequence of FI1G.
20, receiving the DRX cycle information transmitted from the
base station, the mobile terminal has only to set the DRX
cycle information to indicate the DTX cycle and make a
transition to a DTX operation in the DTX cycle.

[0590] When there exist downlink data, whatis necessary is
just to make the start timing of the DRX cycle be the trans-
mission timing of an [.1/1.2 control signal including either the
DRX cycle information or the DRX transition information
which the base station has transmitted to the mobile terminal
after receiving the Ack signal from the mobile terminal.
[0591] Incontrast, when there exist no downlink data, what
is necessary is just to make the start timing of the DRX cycle
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be the transmission timing of an .1/1.2 control signal includ-
ing either the DRX cycle information or the DRX transition
information which the base station has transmitted to the
mobile terminal.

[0592] Whenthere existdownlink data, whatis necessary is
just to make the start timing of the DTX cycle be the trans-
mission timing of an Ack signal which is transmitted from the
mobile terminal to the base station immediately before an
L1/L.2 control signal including either the DRX cycle infor-
mation or the DRX transition information which the base
station has transmitted to the mobile terminal.

[0593] Incontrast, when there exist no downlink data, what
is necessary is just to make the start timing of the DTX cycle
be the transmission timing of a sounding signal which is
transmitted immediately before an [.1/L2 control signal
including either the DRX cycle information or the DRX tran-
sition information which the base station has transmitted to
the mobile terminal.

[0594] As an alternative, when there exist downlink data, it
is preferable to make the start timing of the DTX cycle be the
reception timing of an [.1/L.2 control signal including either
the DRX cycle information or the DRX transition informa-
tion which the base station has transmitted to the mobile
terminal.

[0595] In contrast, when there exist no downlink data, it is
preferable to make the start timing of the DTX cycle be the
reception timing of an [.1/L.2 control signal including either
the DRX cycle information or the DRX transition informa-
tion which the base station has transmitted to the mobile
terminal.

[0596] In the above-mentioned example, the mobile termi-
nal sets the DTX cycle thereof to the DRX cycle notified
thereto from the base station. As an alternative, the mobile
terminal can set the DTX cycle thereof to the DRX cycle as
shown in above-mentioned Embodiment 2. Furthermore, the
notification method of notifying the DTX cycle and the appli-
cation method of applying the DTX cycle as shown in above-
mentioned Embodiment 2 can be applied to this embodiment.
[0597] By making the base station transmit either the DRX
cycle information or the DRX transition information to the
mobile terminal by using an [.1/L.2 control signal or the like
which is not accompanied by any data after the base station
receives an Ack signal so as to make the DTX cycle and the
DRX cycle be equal to each other, as disclosed above, in
addition to the advantages described in this Embodiment 7,
the advantages described in above-mentioned Embodiment 2
are provided also in the system to which HARQ is applied.
[0598] Furthermore, in this Embodiment 7, the case in
which the DRX cycle information is transmitted from the
base station to the mobile terminal by using an [.1/1.2 control
signal or the like is described, though there can be a case in
which the DRX cycle information is determined beforehand
and the base station allocates resources to the mobile terminal
atatiming of the DRX cycle which is determined beforehand.
The present invention can also be applied to such a case.
[0599] The DRX cycle information which is determined
beforehand is notified by using an .3 message or the like
which is transmitted from the base station to the mobile
terminal when a session of a radio bearer is started.

[0600] In a case in which the DRX cycle which is notified
by using an .3 message is, for example, time intervals, the
invention disclosed by this Embodiment 7 can be applied. In
this case, when the DRX cycle can be changed, what is
necessary is just to transmit either the DRX cycle information
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or the DRX operation transition information by using an
L.1/1.2 control signal which is transmitted from the base sta-
tion to the mobile terminal, whereas when the DRX cycle
cannot be changed, the DRX cycle information cannot be
transmitted and what is necessary is just to transmit informa-
tion about a transition to a DRX operation.

[0601] Each ofthe base station and the mobile terminal has
only to make a transition to a DRX operation on the basis of
either the DRX cycle information or the information about a
transition to a DRX operation which is transmitted by using
an [L1/1.2 control signal.

[0602] In acase in which the DRX cycle notified by using
an .3 message is specified by, for example, an absolute time,
there arises a problem that a time which is allocated before-
hand is changed due to the retransmission.

[0603] For example, it can be considered that, in order to
specify the absolute time, on a time axis, 512 radio frames (10
ms) are numbered (0 to 511) and 10 radio frames are further
numbered (0 to 9) for every TTI, and these numberings are
repeated.

[0604] By using an .3 message, to which time the DRX
cycle is allocated is specified. For example, TTI number 5 in
the radio frame number (n=0, 1, 2, . .., 511) nis specified by
the message.

[0605] Inthis case, the DRX cycle is started at the timing of
TTI number 5 for every radio frame. There arises a problem
that HARQ causes retransmission of the downlink first-time
transmission data which have occurred at a timing of TTI
number 5 of a certain radio frame and therefore the current
time passes the timing of the TTI number 5 of the next radio
frame.

[0606] In order to solve the above-mentioned problem, in
the case in which the DRX cycle which is notified by using an
L3 message is specified with, for example, an absolute time,
the base station has only to notify information about a change
in the absolute time specifying the DRX cycle using an .1/1.2
control signal which is transmitted to the mobile terminal.

[0607] As a parameter which is notified to the mobile ter-
minal in order to change the absolute time, there can be, for
example, a radio frame number, a TTI number, a TTI number
shift amount, or the like. For example, TTI number 9 is
notified to the mobile terminal, or TTI number shift amount 6
(the TTI number is set to 1) is notified to the mobile terminal.
As an alternative, a radio frame number can be similarly
notified to the mobile terminal.

[0608] Each ofthe base station and the mobile terminal has
only to make a transition to a DRX operation on the basis of
the information about a change in the absolute time specify-
ing the DRX cycle which is transmitted by using an L.1/[.2
control signal.

[0609] By using the method disclosed above, even in a case
in which the DRX cycle is beforehand determined by using an
L3 message or the like which is transmitted from the base
station to the mobile terminal when a session of a radio bearer
is started, it is possible to solve the problem that HARQ
causes retransmission of data and therefore the current time
passes the next allocated timing, and, as a result, the base
station cannot transmit downlink data which will occur next
time.

[0610] Next, a case in which DRX cycles corresponding to
a plurality of signals or a plurality of radio bearers are set up
in parallel will be explained.
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[0611] FIG. 22 is an explanatory drawing showing a case in
which DRX cycles corresponding to a plurality of radio bear-
ers are set up in parallel for downlink.

[0612] In FIG. 22, radio bearers (RB) #1 and #3 show
allocation of flexible (Flexible) DRX cycles, and a radio
bearer RB #2 shows allocation of a fixed (Fixed) DRX cycle.
[0613] The flexible allocation is also called dynamic allo-
cation, and the DRX cycle is notified from the base station to
the mobile terminal by using an [.1/1.2 control signal which is
transmitted together with the first-time transmission data.
[0614] The fixed allocation is a case in which the base
station allocates resources to the mobile terminal at a timing
of the DRX cycle which is determined beforehand, and the
DRX cycle information which is determined beforehand is
notified by using an [.3 message or the like which is trans-
mitted from the base station to the mobile terminal before a
session of a radio bearer is started.

[0615] In a case in which a plurality of RB(s) are running
simultaneously, the DRX cycle is determined by using one of
the following two types of methods:

[0616] (1) a method of making the mobile terminal calcu-
late the DRX cycle from the one of each RB notified from the
base station; and

[0617] (2)amethod of making the base station calculate the
DRX cycle from the one of each RB, and notifying the cal-
culated DRX cycle to the mobile terminal.

[0618] In the case of using the method (1), the DRX cycle
is not notified from the base station to the mobile terminal by
using an [.1/L.2 control signal which is transmitted together
with the first-time transmission data, but the method, as dis-
closed in this Embodiment 7, of notifying either the DRX
cycle information or the information about a transition to a
DRX operation by using the first L1/L.2 control signal after
the base station receives an Ack signal can be employed.
However, for the fixed allocation, in order to make the base
station and the mobile terminal share timing information
about the time at which they enter DRX operations, a notifi-
cation of the information about a transition to a DRX opera-
tion is needed, as mentioned above.

[0619] Inthe case of using the method (2), because the base
station adjusts the DRX cycle and then notifies this DRX
cycle, as one DRX cycle, to the mobile terminal, this method
is flexible allocation if even single flexible allocation has been
made. A case in which only fixed allocation is made is fixed
allocation. Therefore, the method disclosed in this Embodi-
ment 7 can also be applied to this case.

[0620] In a case in which DRX cycles corresponding to a
plurality of radio bearers are set up in parallel in this way, it is
possible to solve the problems which arise because of HARQ
by using the method disclosed in this Embodiment 7.

[0621] Next, a variant 1 will be explained.

[0622] In the above-mentioned example, the method of
notifying the DRX cycle information to the mobile terminal
by using an [L1/L.2 control signal or the like which is not
accompanied by any data after the base station receives an
Ack signal in a case in which there exist downlink data is
explained. Hereafter, a method of notifying the DTX cycle
information to the mobile terminal by using an [.1/1.2 control
signal or the like after the base station transmits an Ack signal
in a case in which there exist uplink data will be explained.
[0623] FIG. 23 is an explanatory drawing showing an
example of the method of notifying the DTX cycle from the
base station to the mobile terminal in a case in which there
exist uplink data.
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[0624] In FIG. 23, in the case of the downlink, each hori-
zontally shaded box shows an [.1/1.2 control signal including
no DRX cycle (DRX interval) information, and each diago-
nally shaded box shows an [.1/1.2 control signal including the
DRX cycle. An Ack signal or a Nack signal for uplink data is
transmitted from the base station to the mobile terminal. In
the case of the uplink, each open box shows data and data are
transmitted from the mobile terminal to the base station.
[0625] Asshown in FIG. 23, when succeeding in reception
of data transmitted from the mobile terminal via the uplink,
the base station transmits DTX cycle (A) information, as well
as the Ack signal, to the mobile terminal by using an L.1/L.2
control signal (refer to (1) in the figure).

[0626] When receiving the DTX cycle (A) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (A) from a transmission
timing at which the mobile terminal carries out transmission
immediately before receiving the DTX cycle (A) informa-
tion.

[0627] Next, after the DTX cycle (A), when there exist
uplink data, the mobile terminal transmits the first-time trans-
mission data to the base station.

[0628] In contrast, when failing in the reception of the data
transmitted from the mobile terminal via the uplink, the base
station transmits information about allocation of uplink
resources for retransmission by using an [.1/[.2 control sig-
nal, as well as the Nack signal.

[0629] The mobile terminal which has received the Nack
signal transmits retransmission data to the base station.
[0630] In contrast, when succeeding in the reception of the
retransmission data transmitted from the mobile terminal via
the uplink, the base station transmits DTX cycle (B) informa-
tion by using an LL1/L.2 control signal, as well as the Ack
signal (refer to (2) in the figure).

[0631] When receiving the DTX cycle (B) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (B) from a transmission
timing at which the mobile terminal carries out transmission
immediately before receiving the DTX cycle (B) information.
[0632] In this example, because the Ack signal transmitted
from the base station to the mobile terminal does not accom-
pany any information about allocation of uplink resources
when the DTX cycle information transmitted at the time of (1)
is not changed at the time of (2) of FIG. 23, the Ack signal
does not have to include the DTX cycle information. In this
case, what is necessary is just to determine beforehand that
the DTX cycle is reset to a DTX cycle which is notified
immediately before the expiration of the DTX cycle.

[0633] Although the DTX cycle information is described
above as the information which the base station transmits to
the mobile terminal, the information which the base station
transmits to the mobile terminal can be the DTX transition
information when there is no change in the DTX cycle, like in
the case of DRX.

[0634] What is necessary is just to make the start timing of
the DTX cycle be the transmission timing at which the mobile
terminal carries out transmission immediately before the
mobile terminal receives the DTX cycle information from the
base station. The mobile terminal makes a transitionto a DTX
operation in the DTX cycle from the transmission timing.
[0635] In a case in which there is no change in the DTX
cycle, when the DRX cycle information is not sent to the
mobile terminal from the base station, what is necessary is
just to make the start timing of the DTX cycle be the trans-
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mission timing at which the mobile terminal carries out trans-
mission immediately before the mobile terminal receives an
Ack signal from the base station.

[0636] As an alternative, the start timing of the DTX cycle
can be the receiving timing at which the mobile terminal
receives the DTX cycle information from the base station.
The mobile terminal makes a transition to a DTX operation in
the DTX cycle from the receiving timing.

[0637] In a case in which there is no change in the DTX
cycle, when the DRX cycle information is not sent to the
mobile terminal from the base station, what is necessary is
justto make the start timing of the DTX cycle be the receiving
timing at which the mobile terminal receives an Ack signal
from the base station.

[0638] FIG. 23 shows, as an example, a case in which no
allocation of resources for uplink data is determined before-
hand. In this case, before the mobile terminal transmits uplink
data, the mobile terminal receives an [.1/L.2 control signal
including uplink resource allocation information transmitted
from the base station. What is necessary is just for the mobile
terminal to transmit uplink data at a timing after performing a
DTX operation using resources based on this uplink resource
allocation information.

[0639] Ina casein which allocation of resources for uplink
data is determined beforehand, the mobile terminal does not
have to receive the uplink resource allocation information
transmitted from the base station before transmitting uplink
data, and has only to transmit the uplink data using the pre-
determined resources at a timing after performing a DTX
operation.

[0640] Next, an example in which there coexist a case in
which there exist uplink data and a case in which there exist
no uplink data will be explained.

[0641] An explanationwill be made as to a method of, in the
case in which there exist uplink data, transmitting a DTX
cycle signal, as well as an Ack signal which is transmitted
from the base station to the mobile terminal, whereas, in the
case in which there exist no uplink data, transmitting the DTX
cycle by using an [.1/1.2 control signal which is transmitted
from the base station to the mobile terminal after transmitting
an uplink transmission signal.

[0642] FIG. 24 is an explanatory drawing showing an
example in which the uplink transmission signal in the case in
which there exist no uplink data is a sounding signal.

[0643] In FIG. 24, in the case of the downlink, each hori-
zontally shaded box shows an [.1/1.2 control signal including
no DRX cycle (DRX interval) information, and each diago-
nally shaded box shows an [.1/1.2 control signal including the
DRX cycle. Either an Ack signal or a Nack signal to uplink
data is transmitted from the base station to the mobile termi-
nal. In the case of the uplink, each open box shows data and
each solid filled box shows a sounding signal, and they are
transmitted from the mobile terminal to the base station.
[0644] As shown in FIG. 24, the mobile terminal transmits
uplink data, as well as a sounding signal, to the base station.
[0645] When succeeding in reception of the data transmit-
ted from the mobile terminal, the base station transmits DTX
cycle (A) information using an [.1/1.2 control signal, as well
as an Ack signal and an uplink timing adjustment signal (TA)
(refer to (1) in the figure), to the mobile terminal.

[0646] When receiving the DTX cycle (A) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (A) from the transmis-
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sion timing at which the mobile terminal carries out transmis-
sion immediately before receiving the DTX cycle (A) infor-
mation.

[0647] Next, after the DTX cycle (A), the mobile terminal
transmits a sounding signal to the base station when there
exist no uplink data therein.

[0648] Whenreceiving the sounding signal, the base station
transmits DTX cycle (B) information using an [.1/.2 control
signal, as well as a timing adjustment signal (TA), to the
mobile terminal (refer to (2) in the figure).

[0649] When receiving the DTX cycle (B) information
from the base station, the mobile terminal make a transition to
a DTX operation in the DTX cycle (B) from the transmission
timing at which the mobile terminal carries out transmission
(transmission of a sounding signal) immediately before
receiving the DTX cycle (B) information.

[0650] Next, after the DTX cycle (B), the mobile terminal
transmits first-time transmission data, as well as a sounding
signal, to the base station when there exist uplink data therein.
[0651] When failing in the reception of the data transmitted
from the mobile terminal via the uplink, the base station
transmits information about allocation of uplink resources for
retransmission by using an [.1/1.2 control signal, as well as a
Nack signal and a timing adjustment signal, to the mobile
terminal. However, no information indicating the DTX cycle
is included in the Nack signal.

[0652] When receiving the Nack signal from the base sta-
tion, the mobile terminal transmits retransmission data to the
base station.

[0653] When succeeding in the reception of the retransmis-
sion data transmitted from the mobile terminal via the uplink,
the base station transmits DTX cycle (C) information by
using an [.1/1.2 control signal, as well as an Ack signal, to the
mobile terminal (refer to (3) in the figure).

[0654] When receiving the DTX cycle (C) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (C) from the transmis-
sion timing at which the mobile terminal carries out transmis-
sion immediately before receiving the DTX cycle (C) infor-
mation.

[0655] Next, after the DTX cycle (C), the mobile terminal
transmits a sounding signal to the base station when there
exist no uplink data therein.

[0656] Whenreceiving the sounding signal, the base station
transmits DTX cycle (D) information by using an 1.1/1.2
control signal, as well as a timing adjustment signal (TA), to
the mobile terminal (refer to (4) in the figure).

[0657] When receiving the DTX cycle (D) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (D) from the transmis-
sion timing at which the mobile terminal carries out transmis-
sion (transmission of a sounding signal) immediately before
receiving the DTX cycle (D) information.

[0658] Next, after the DTX cycle (D), the mobile terminal
transmits a sounding signal to the base station when there
exist no uplink data therein.

[0659] Whenreceiving the sounding signal, the base station
transmits DTX cycle (E) information by using an 1.1/1.2
control signal, as well as a timing adjustment signal (TA), to
the mobile terminal (refer to (5) in the figure).

[0660] When receiving the DTX cycle (E) information
from the base station, the mobile terminal makes a transition
to a DTX operation in the DTX cycle (E) from the transmis-
sion timing at which the mobile terminal carries out transmis-
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sion (transmission of a sounding signal) immediately before
receiving the DTX cycle (E) information.

[0661] Also in this case, when there is no change in the
DRX cycle, the Ack signal which is transmitted from the base
station to the mobile terminal does not have to accompany
with the DRX cycle information. In this case, what is neces-
sary is just to predetermine that, for example, the DTX cycle
is set to be the same as the immediately preceding DTX cycle.

[0662] What is necessary is just to the start timing of the
DTX cycle be the transmission timing at which the mobile
terminal carries out transmission immediately before receiv-
ing the DTX cycle information from the base station. The
mobile terminal makes a transition to a DTX operation in the
DTX cycle from the transmission timing.

[0663] In a case in which there is no change in the DTX
cycle, when the DRX cycle information is not sent to the
mobile terminal from the base station, what is necessary is
just to make the start timing of the DTX cycle be the trans-
mission timing at which the mobile terminal carries out trans-
mission immediately before the mobile terminal receives
either an Ack signal or a timing adjustment signal from the
base station.

[0664] As an alternative, the start timing of the DTX cycle
can be the receiving timing at which the mobile terminal
receives the DTX cycle information from the base station.
The mobile terminal makes a transition to a DTX operation in
the DTX cycle from the receiving timing.

[0665] In a case in which there is no change in the DTX
cycle, when the DRX cycle information is not sent to the
mobile terminal from the base station, what is necessary is
justto make the start timing of the DTX cycle be the receiving
timing at which the mobile terminal receives either an Ack
signal or a timing adjustment signal from the base station.

[0666] In FIG. 24, the case in which a sounding signal is
used as an uplink transmission signal in the case in which
there exist no uplink data is shown, though the uplink trans-
mission signal is not limited to a sounding signal, and another
signal, such as a CQI signal, can be used as long as the other
signal is an uplink transmission signal in the case in which
there exist no uplink data.

[0667] In the above-mentioned example, the case in which
the DTX cycle information is transmitted from the base sta-
tion to the mobile terminal by using an [.1/1.2 control signal is
described. The present invention disclosed in this embodi-
ment can also be applied to a case in which the DTX cycle
information is predetermined and the base station allocates
resources to the mobile terminal at a timing of the predeter-
mined DTX cycle.

[0668] The predetermined DTX cycle information is noti-
fied by using an [.3 message or the like which is transmitted
from the base station to the mobile terminal when a session of
aradio bearer is started. Therefore, evenin a case in which, for
example, the predetermined DTX cycle is time intervals or
specified by absolute times, the present invention disclosed in
this embodiment can also be applied by using the same
method as that used in the case of downlink.

[0669] Furthermore, by using the same method as that dis-
closed previously in the case of downlink, the present inven-
tion disclosed in this embodiment can also be applied to a case
in which DTX cycles corresponding to a plurality of signals
or a plurality of radio bearers are set up in parallel.
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[0670] In addition, as disclosed in above-mentioned
Embodiment 2, it is also possible to employ the method of
making the DTX cycle and the DRX cycle be equal or har-
monic to each other.

[0671] However, in a case in which the mobile terminal has
to receive a certain signal related to uplink transmission from
the base station, it is preferable for the mobile terminal to set
up, as a parameter, a time which elapses from the receiving
timing of this received signal to a transmission timing after
performing a DTX operation.

[0672] FIG. 25 is an explanatory drawing showing the
parameter which is the time which elapses from the receiving
timing of'the received signal to a transmission timing after the
mobile terminal performs a DTX operation.

[0673] FIG. 25(A) shows a case in which there exist uplink
data.
[0674] The base station transmits DTX cycle (A) informa-

tion, as well an Ack signal which is a response to uplink data,
to the mobile terminal (refer to (1) in the figure).

[0675] When receiving the DTX cycle (A) information
from the base station, the mobile terminal makes a transition
to a DTX operation, and also makes the DRX cycle equal to
the DTX cycle and then makes a transition to a DRX opera-
tion.

[0676] However, in order to make provision for transmis-
sion of uplink data after the DTX cycle (A), the mobile
terminal receives information about allocation of uplink
resources at an earlier time before the DTX cycle (A) by a
parameter (tp).

[0677] Because the base station knows the DTX cycle (A)
and the parameter (tp) which the base station has transmitted
to the mobile terminal, the base station can calculate the
timing at which the base station transmits the information
about allocation of uplink resources to the mobile terminal.

[0678] FIG. 25(B) shows a case in which an uplink CQI is
transmitted.
[0679] After transmitting a CQI to the mobile terminal, the

base station transmits DTX cycle (B) information to the
mobile terminal (refer to (2) in the figure).

[0680] When receiving the DTX cycle (B) information
from the base station, the mobile terminal makes a transition
to a DTX operation, and also makes the DRX cycle equal to
the DTX cycle and then makes a transition to a DRX opera-
tion.

[0681] However, in order to make provision for transmis-
sion of a CQI after the DTX cycle (B), the mobile terminal
receives a downlink reference signal at an earlier time before
the DTX cycle (B) by a parameter (tp).

[0682] Because the base station knows the DTX cycle (B)
and the parameter (tp) which the base station has transmitted
to the mobile terminal, the base station can calculate the
timing at which the base station transmits the downlink ref-
erence signal to the mobile terminal.

[0683] Theparameter (tp) can be either a positive value (the
mobile terminal receives the signal at an earlier time before
the transmission timing by tp) or a negative value the mobile
terminal receives the signal at a later time after the transmis-
sion timing by tp).

[0684] The parameter (tp) can be set up in advance and can
be shared between the base station and the mobile terminal,
can be notified from the base station to the mobile terminal
when a session of a radio bearer is started, or can be notified
from the base station to the mobile terminal together with the
DTX cycle.
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[0685] By using one of these methods disclosed in this
embodiment, the DRX cycle and the DTX cycle are made to
be equal to each other formally, and the advantages described
in above-mentioned Embodiment 2 can be provided.

[0686] Next, a variant 2 will be explained.

[0687] Hereafter, a method of making the base station
notify the DTX cycle information and the DRX cycle infor-
mation to the mobile terminal in a case in which data trans-
missions are carried out via the downlink and the uplink,
respectively.

[0688] Inacasein which data transmissions are carried out
via the downlink and the uplink, respectively, when HARQ is
applied, even if transmission of uplink data has been com-
pleted previously and there exist only downlink data, an
uplink Ack signal/Nack signal which is a response to the
downlink data is needed.

[0689] Furthermore, even if transmission of uplink data has
been completed previously and there exist only uplink data, a
downlink Ack signal/Nack signal which is a response to the
uplink data is needed.

[0690] Therefore, evenifthe DRX cycleandthe DTX cycle
are set to be different values, the mobile terminal cannot make
a transition to either a DRX operation or a DTX operation
until both the transmission of data via the uplink and the
transmission of data via the downlink are completed. There-
fore, it is useless to set the DRX cycle and the DTX cycle to
have different values.

[0691] Furthermore, the base station notifies both the DRX
cycle and the DTX cycle to the mobile terminal, and, when the
start timing of a DRX operation and the start timing ofa DTX
operation work individually, the mobile terminal makes a
transition to either a DRX operation or a DTX operation even
though transmission of an Ack signal/Nack signal is carried
out via the downlink or the uplink. A problem is therefore that
a receiving error occurs in either the uplink or the downlink.
[0692] Therefore, it is preferable to make the DRX cycle
and the DTX cycle be equal to each other in the case in which
data transmissions are carried out via the downlink and the
uplink, respectively.

[0693] In the variant 2, in the case in which data transmis-
sions are carried out via the downlink and the uplink, respec-
tively, the method for uplink data transmission disclosed in
above-mentioned Embodiment 7 is applied to a case in which
the DRX cycle and the DTX cycle are made to be equal to
each other and the transmission of downlink data has been
completed previously, while a method to which the method
for downlink data transmission disclosed in above-mentioned
Embodiment 7 is applied is applied to a case in which the
DRX cycle and the DTX cycle are made to be equal to each
other and the transmission of uplink data has been completed
previously.

[0694] FIG. 26 is an explanatory drawing showing an
example of the method of notifying both the DRX cycle and
the DTX cycle from the base station to the mobile terminal in
the case in which data transmissions are carried out via the
downlink and the uplink, respectively, and the DRX cycle and
the DTX cycle are made to be equal to each other.

[0695] This case is divided into the following two states:
[0696] (1) a case in which the transmission of downlink
data has been completed previously; and

[0697] (2) a case in which the transmission of uplink data
has been completed previously.

[0698] FIG. 26(A) shows the case in which the transmis-
sion of downlink data has been completed previously, and
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FIG. 26(B) shows the case in which the transmission of uplink
data has been completed previously.

[0699] In the case in which the transmission of downlink
datahas been completed previously, the base station transmits
DTX cycle (A) information by using an [.1/1.2 control signal,
as well as an Ack signal which is a response to either uplink
last first-time transmission data or uplink last retransmission
data, to the mobile terminal (refer to (1) in the figure).
[0700] When receiving the DTX cycle (A) information
from the base station, the mobile terminal makes the DRX
cycle be equal to the DTX cycle (A).

[0701] What is necessary is just to make the start timing of
the DRX cycle be the transmission timing of an [.1/1.2 control
signal including the DTX cycle which the base station trans-
mits to the mobile terminal.

[0702] Furthermore, what is necessary is just to make the
start timing of the DTX cycle be the transmission timing of
the uplink last data (retransmission data) which the mobile
terminal transmits to the base station.

[0703] A feature of the method disclosed above is that, as
compared with the case in which above-mentioned Embodi-
ment 7 is applied to downlink data and the variant 1 is applied
to uplink data, the base station does not have to transmit the
DRX cycle information about the DRX cycle at the time of
completing transmission of downlink (retransmission) data to
the mobile terminal. Therefore, there is provided an advan-
tage of being able to reduce the scheduling load on the sched-
uler of the base station.

[0704] In the case in which the transmission of uplink data
has been completed previously, the base station transmits
DRX cycle (B) information to the mobile terminal by using
the first L1/1.2 control signal after receiving an Ack signal
which is a response to either downlink last first-time trans-
mission data or downlink last retransmission data (refer to (2)
in the figure).

[0705] When receiving the DTX cycle (B) information
from the base station, the mobile terminal makes the DTX
cycle be equal to the DRX cycle (B).

[0706] What is necessary is just to make the start timing of
the DRX cycle be the transmission timing of an [.1/1.2 control
signal including the DRX cycle which the base station trans-
mits to the mobile terminal.

[0707] Furthermore, what is necessary is just to make the
start timing of the DTX cycle be the transmission timing at
which the base station transmits an Ack signal which is a
response to the downlink last (retransmission) data which the
mobile terminal transmits to the base station.

[0708] Furthermore, in a case in which the mobile terminal
has to receive a certain signal from the base station prior to
uplink transmission, a time which elapses from this receiving
timing to a transmission timing after performing a DTX
operation can be set up as a parameter.

[0709] As a result, the mobile terminal can calculate the
receiving timing of the certain signal from the base station
which the mobile terminal receives prior to uplink transmis-
sion.

[0710] This parameter can be set up in advance and can be
shared between the base station and the mobile terminal, can
be notified from the base station to the mobile terminal when
a session of a radio bearer is started, or can be notified from
the base station to the mobile terminal together with the DTX
cycle.

[0711] A feature of the method disclosed above is that, as
compared with the case in which above-mentioned Embodi-
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ment 7 is applied to downlink data and the variant 1 is applied
to uplink data, the base station does not have to transmit the
DTX cycle information about the DTX cycle at the time of
completing transmission of downlink (retransmission) datato
the mobile terminal. Therefore, there is provided an advan-
tage of being able to reduce the scheduling load on the sched-
uler of the base station.

[0712] In accordance with the invention disclosed in this
variant 2, in the case in which data transmissions are carried
out via the downlink and the uplink, respectively, the method
for uplink data transmission disclosed in above-mentioned
Embodiment 7 is applied to a case in which the DRX cycle
and the DTX cycle are made to be equal to each other and the
transmission of downlink data has been completed previ-
ously, while the method for downlink data transmission dis-
closed in above-mentioned Embodiment 7 is applied to a case
in which the DRX cycle and the DTX cycle are made to be
equal to each other and the transmission of uplink data has
been completed previously. Therefore, in addition to the
advantages described in above-mentioned Embodiment 2,
this variant offers an advantage of eliminating a useless
operation of setting up the DRX cycle or the DTX cycle, and
being able to prevent occurrence of a receiving error in the
uplink or in the downlink which results from making a tran-
sition to either a DRX operation or a DTX operation even
though transmission of an Ack signal/Nack signal is carried
out via the downlink or the uplink.

Embodiment 8

[0713] In above-mentioned Embodiment 7, the method of,
when, in data transmission with HARQ at a time of a DRX
(DTX) operation, data transmission in a HARQ mode ends in
success (when the mobile terminal transmits the Ack signal in
the case of DRX or when the base station transmits the Ack
signal in the case of DTX), notifying a DRX (DTX) period,
which is effective until the next data transmission, from the
base station to the mobile terminal using an [.1/1.2 control
signal is explained.

[0714] As a result, even in a case in which retransmission
with HARQ continues and the current time exceeds the origi-
nal DRX cycle, because a DRX (DTX) period is notified from
the base station to the mobile terminal after the last transmis-
sion is completed, there is provided an advantage of elimi-
nating the risk of the mobile terminal starting a DRX (DTX)
operation accidentally in the course of the retransmission
with HARQ, and being able to reduce the load of the sched-
uling on the base station. A problem is however that in the
course of the data transmission via the downlink in the HARQ
mode, the mobile terminal has to receive an L1/L2 control
signal once from the base station after transmitting an Ack
signal.

[0715] Furthermore, because the timing at which the next
Active starts during the DRX (DTX) operation period is
dependent upon the timing at which the transmission with
HARQ ends in success, there is a problem that a time interval
which elapses until each first-time transmission is started
differs each time, and the timing at which the next Active
starts during the DRX (DTX) operation period cannot be
predicted until the transmission with HARQ ends in success.
[0716] In accordance with this Embodiment 8, a DRX
(DTX) control method of, even when, in data transmission
with HARQ at a time of a DRX operation, a DRX (DTX)
cycle is set up at a time of first-time transmission and the
current time exceeds a DRX (DTX) period end timing which
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is set up for the first time through retransmission with HARQ,
giving a higher priority to the retransmission without starting
a DRX (DTX) operation, and then delaying the DRX (DTX)
period end timing by the next DRX (DTX) cycle to set up the
DRX (DTX) period end timing again will be explained.

[0717] Furthermore, there can be provided an advantage of,
even when retransmission is repeated in data transmission
using HARQ), and the current time exceeds the DRX (DTX)
period end timing which is assumed first, being able to per-
form DRX/DTX control without paying attention to the num-
ber of times that the retransmission is carried out, and to
reduce the scheduling load on the base station.

[0718] Unlike in the case of above-mentioned Embodiment
7,1t is not necessary to transmit any information from the base
station to the mobile terminal by using an [L1/[.2 control
signal in the course of downlink transmission, and therefore
the mobile terminal can make a transition to a DRX operation
without waiting for an [.1/L.2 control signal from the base
station. Furthermore, there is a possibility that the next Active
(WakeUp) timing changes according to the number of times
that the retransmission with HARQ is carried out, like in the
case of above-mentioned Embodiment 7, though because the
time interval which is delayed with respect to the DRX cycle
which is set up at the time of the first-time transmission is
determined according to a fixed rule, the time interval which
elapses until each first-time transmission is started can be
assumed to some extent. Furthermore, by setting up the DTX
(DRX) cycle according to the fixed rule, there can be provided
an advantage of making it easy to deal with a sudden change
in the traffic.

[0719] FIG. 27 is a sequence diagram showing a flow of
control in a DRX operation of the mobile communications
system in accordance with Embodiment 8 of the present
invention.

[0720] Hereafter, a flow of DRX control of the mobile
communications system in accordance with this Embodiment
8 will be explained.

[0721] When the mobile communications system grasps
that the base station and the mobile terminal are during Active
(in a broad sense), downlink data on which the mobile termi-
nal has to perform a DRX operation occurs.

[0722] At that time, the base station shifts to a setting pro-
cess of setting up the DRX cycle, and then sets up the DRX
cycle which is optimal for reducing the power consumption of
the mobile terminal 3 and which is used for a DRX operation
during Active (in a broad sense) (step ST5101).

[0723] FIG. 29 is a flow chart showing an example of an
operation of setting up the DRX cycle in step ST5101.
[0724] As shown in FIG. 29, this method can be applied to
not only a setup ofthe DTX cycle, but also a setup of the DRX
cycle.

[0725] First, the protocol processing unit 33 of the base
station 2 checks to see whether or not the mobile terminal is
performing a DRX/DTX operation.

[0726] When judging that the mobile terminal is not per-
forming any DRX/DTX operation (step ST5301), the proto-
col processing unit judges whether or not the mobile terminal
3 is able to perform either a DRX operation or a DTX opera-
tion during Active (in a broad sense) in the same way that that
of above-mentioned Embodiment 1 does (step ST5302).
[0727] In a case in which the mobile terminal is able to
perform a DRX/DTX operation, and data or a control signal
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which the base station transmits are only what generates an
Idle period periodically, the base station enters a DRX opera-
tion mode (step ST5303).

[0728] In a case in which there are two or more data or
control signals which require a DRX or DTX operation and
have different DRX/DTX cycles (step ST5304), the base
station calculates the DRX/DTX period end timings in the
DRX/DTX cycles which are the nearest from the current time
and compares them with each other (step ST5305).

[0729] The base station then sets the DRX/DTX period end
timing which is the nearest from the data transmission start
timing as the “next DRX/DTX period end timing”. At that
time, by doing in the same way, the base station sets the
DRX/DTX period end timing which is the nearest from the
next WakeUp timing (if there exist transmission data, the
timing at which data transmission is started next time) as the
“second-next DRX/DTX period end timing” (step ST5306).
[0730] The base station further sets a timing difference
between the next DRX/DTX period end timing and the data
transmission start timing as a “DRX/DTX cycle”. At that
time, by doing in the same way, the base station also calcu-
lates the next DRX/DTX cycle and the second-next DRX/
DTX cycle (step ST5307).

[0731] When setting up the DRX cycle in the above-men-
tioned way (step ST5101), the base station notifies these
pieces of DRX cycle information (including the next DRX
cycle information) using an [.1/L.2 control signal, as well as
data, to the mobile terminal (step ST5102). If, in, in this step,
performing the operation for a second or subsequent time
after entering the DRX operation mode, there exist no data to
be transmitted in the base station when the base station wakes
up after the DRX period is completed (step ST5119), the base
station transmits only an [.1/L.2 control signal including the
DRX cycle information to the mobile terminal.

[0732] The mobile terminal receives both the data and the
L1/L.2 control signal from the base station (step ST5103).
[0733] When the mobile terminal is not placed in the
HARQ mode (step ST5104), the mobile terminal performs a
DRX operation (sleeps) on the basis of the DRX cycle noti-
fied from the base station until the next “DRX period end
timing” (steps ST5118 and ST5120).

[0734] In contrast, when the mobile terminal is placed in
the HARQ mode (step ST5104), the mobile terminal checks
the data received in step ST5103 and, when judging that the
received data have no problem, transmits an Ack signal to the
base station (step ST5108), whereas when the received data
have a problem, the mobile terminal transmits a Nack signal
to the base station (step ST5107).

[0735] Like the mobile terminal, after checking to see
whether or not the base station is placed in the HARQ mode
(step ST5105), the base station stands by until the next “DRX
period end timing” if the base station is not placed in the
HARQ mode.

[0736] In contrast, when the base station is placed in the
HARQ mode, the base station receives the Ack signal/Nack
signal transmitted from the mobile terminal (step ST5109)
and, when receiving the Ack signal, makes a transition to a
process of step ST5113 (step ST5110).

[0737] In contrast, when not receiving the Ack signal, the
base station retransmits only data to the mobile terminal (step
ST5111).

[0738] The base station carries out the processes of steps
ST5109 to ST5111 repeatedly until receiving the Ack signal
from the mobile terminal. Similarly, the mobile terminal also
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receives retransmission data (step ST5112), and carries out
the processes of steps ST5106 to ST5112 repeatedly until
transmitting the Ack signal to the base station (step ST5108)
because the received data have no problem.

[0739] When receiving the Ack signal from the mobile
terminal, the base station checks to see whether the current
timing exceeds the DRX period end timing which is deter-
mined by the DRX cycle setup in step ST5101 (step ST5113).

[0740] When the current timing exceeds the DRX period
end timing, the base station delays the DRX period end timing
by the “next DRX cycle” which is calculated in step ST5101,
and updates the “next DRX period end timing” in such a way
that the “second-next DRX period end timing” is defined as
the “next DRX period end timing” (step ST5115).

[0741] As an alternative, the base station, in step ST5115,
can recalculate the “next DRX cycle” by performing the
DRX/DTX cycles setting processes of steps ST5304 to
ST5307 shown in FIG. 29, and can update the “next DRX
period end timing” in such a way that the DRX period end
timing which is delayed by the recalculated “next DRX
cycle” is defined as the “next DRX period end timing”.

[0742] After that, when the current time exceeds the “next
DRX period end timing (step ST5119), the base station
returns to the process of step ST5101 and then sets up the next
DRX cycle (step ST5101).

[0743]

[0744] More specifically, when the time at which the
mobile terminal advances to step ST5114 exceeds the “DRX
period end timing” which the mobile terminal has acquired
from the DRX cycle information which is included in the
L1/L.2 control signal received from the base station in step
ST5103, the mobile terminal updates the “next DRX period
end timing” in such a way that the “second-next DRX period
end timing” which the mobile terminal has obtained by delay-
ing the “DRX period end timing” by the “next DRX cycle” is
defined as the “next DRX period end timing” (step ST5116).
[0745] After that, the mobile terminal sleeps until the “next
DRX period end timing” (steps ST5118 and ST5120), returns
to the process of ST5103 after performing a DRX operation
(after WakeUp), and waits for reception from the base station.

[0746] The mobile terminal, in step ST5103, can receive
the “next DRX period end timing” in step ST5116 from the
base station. As an alternative, the mobile terminal, in step
ST5103, can receive only the “DRX cycle” and the “next
DRX cycle, and can calculate and set up the “next DRX
period end timing” again on the basis of these cycles.

[0747] As an alternative, when the mobile terminal, in step
ST5103, receives the DRX cycle information about data and
the DRX cycle information about a control signal which
occur in the downlink (when there are two or more pieces of
information to be transmitted, such as data and control signal,
and their DRX cycles differ from one another, all pieces of
DRX cycle information about the different DRX cycles) by
using an [.1/1.2 control signal, and then determines that the
time at which the mobile terminal advances to step ST5114
exceeds the “DRX period end timing” after the retransmis-
sion has ended in success, the mobile terminal, in step
ST5116, can recalculate the “next DRX cycle” on the basis of
those pieces of DRX cycle information by using the method
described in steps ST5304 to ST5307 of FIG. 29, and can
update the “next DRX period end timing” in such a way that
the “DRX period end timing” (=the recalculated “second-

The mobile terminal performs a similar operation.
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next DRX period end timing”) which is delayed by the recal-
culated “next DRX cycle” is defined as the “next DRX period
end timing”.

[0748] As aresult, the present embodiment offers an advan-
tage of being able to reduce the amount of DRX cycle infor-
mation which is notified, in step ST5102, from the base sta-
tion to the mobile terminal by using an [.1/[.2 control signal,
and to make effective use of the radio resources.

[0749] FIG. 30 is a timing chart showing an actual opera-
tion with the DRX motion control sequence explained with
reference to FIG. 27.

[0750] FIG. 30 shows an example of timings in which in
downlink communications, after data retransmission has
occurred in the HARQ mode, the time at which the data
retransmission is completed exceeds the DRX cycle.

[0751] First, an [L1/1.2 control signal including the first data
and DRX cycle information (DRX cycle (A)) is transmitted
from the mobile terminal to the mobile station via the down-
link (this step is equivalent to ST5102 of FIG. 27).

[0752] Because the mobile terminal is placed in the HARQ
mode, the mobile terminal receives the DRX cycle (A) infor-
mation by way of the [L1/L.2 control signal, calculates the
“DRX period end timing” on the basis of this DRX cycle (A),
checks to see whether the received data have any problem,
and, when the received data have a problem, transmits a Nack
signal to the base station via the uplink.

[0753] When receiving the Nack signal, the base station
retransmits the data to the mobile terminal via the downlink.
At that time, no DRX cycle information is not included in the
L1/L.2 control signal.

[0754] When the data which the mobile terminal has
received for the second time do not have any problem, the
mobile terminal transmits an Ack signal to the base station via
the uplink, and, after that, sleeps until the calculated “DRX
period end timing”.

[0755] On the other hand, after the base station similarly
stands by until the “DRX period end timing”, the base station,
in step ST5101, sets up the next DRX cycle (B) and notifies
this next DRX cycle (B) to the mobile terminal by using an
L1/L.2 control signal.

[0756] At that time, because no downlink user data occur,
only the L1/1.2 control signal is transmitted.

[0757] The mobile terminal wakes up after the “DRX
period end timing”, receives the .1/1.2 control signal includ-
ing the information about this DRX cycle (B), calculates the
next “DRX period end timing”, and sleeps until this DRX
period end timing (a timing of A+B).

[0758] After standing by until the timing of “A+B”, the
base station, in step ST5101, sets up anew DRX cycle (A) and
notifies this new DRX cycle (A) to the mobile terminal by
using an [L.1/L.2 control signal.

[0759] At that time, downlink user data occur and the base
station transmit the downlink user data, as well as the L1/L.2
control signal, to the mobile terminal.

[0760] The mobile terminal which has slept until the timing
of “A+B” receives the [.1/1.2 control signal including the new
DRX cycle (A) and user data after waking up.

[0761] At that time, the transmission with HARQ ends in
failure due to degradation in the quality of the radio commu-
nications, and the mobile terminal then succeeds in reception
of the data which have been retransmitted for a third time
(which have been transmitted for a fourth time in total) and
then transmits an Ack signal to the base station via the uplink.
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[0762] At that time, because the current time already
exceeds the “DRX period end timing (the timing of A+B+A in
FIG. 30)” which is calculated from the DRX cycle (A) which
is notified first, the “DRX period end timing” which is
delayed by the DRX cycle (A) is set up again as the “DRX
period end timing (a timing of A+B+2xA)”, and the mobile
terminal and the base station are made to sleep until this
timing.

[0763] As mentioned above, by performing the DRX con-
trol in consideration of the HARQ mode, the mobile commu-
nications system can carry out the DRX control even when
the retransmission with HARQ is prolonged.

[0764] Furthermore, when the retransmission with HARQ
is prolonged, because both the base station and the mobile
terminal can update the next DRX period end timing auto-
matically, the scheduling load of the base station t can be
reduced as compared with conventional examples.

[0765] In addition, like in the case of above-mentioned
Embodiment 7, it is not necessary to transmit any information
from the base station to the mobile terminal by using an [.1/1.2
control signal in the course of downlink transmission, and the
mobile terminal can make a transition to a DRX operation
without waiting for any L1/L.2 control signal from the base
station and therefore further reduction of the power consump-
tion can be accomplished.

[0766] Similarly, the DTX control of the mobile communi-
cations system will be explained hereafter.

[0767] FIG. 28 is a sequence diagram showing a flow of the
DTX control of the mobile communication system.

[0768] Hereafter, the flow of the DTX control of the mobile
communications system will be explained.

[0769] When transmission data occur in the mobile termi-
nal while the mobile terminal does not carry out data com-
munications via the uplink (step ST5201), the mobile termi-
nal transmits a scheduling request (referred to as an SR from
here on) to make a request for resource allocation and sched-
uling for uplink transmission to the base station first (step
ST5202).

[0770] When receiving the SR from the mobile terminal
(step ST5203), the base station allocates resources for the
uplink (step ST5205), sets up the DTX cycle (step ST5206),
and notifies these pieces of information to the mobile terminal
by way of a downlink [.1/[.2 control signal.

[0771] Because a method of setting up the DTX cycle in
step ST5206 is already described in the explanation of the
DRX control, the explanation of the method will be omitted.
[0772] When receiving the resource allocation for the
uplink, the DTX cycle information, and so on from the base
station by way of the L.1/1.2 control signal (step ST5207), the
mobile terminal performs a setup of radio resources for trans-
mission, a setup of the DTX cycle, or a setup of a “DTX
period end timing” on the basis of those pieces of information
(step ST5207), and starts transmission of uplink data (step
ST5208).

[0773] When receiving the uplink data from the mobile
terminal (step ST5209), if the base station is not placed in the
HARQ mode (step ST5211), the base station returns to the
process of step ST5206 in synchronization with the “DTX
period end timing” and then sets up the next DTX cycle.
[0774] In contrast, when the base station is placed in the
HARQ mode (step ST5211), the base station checks the
received data (step ST5212) and, when the received data have
no problem, transmits an Ack signal to the mobile terminal
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(step ST5214), whereas when the received data have a prob-
lem, transmits a Nack signal to the mobile terminal (step
ST5213).

[0775] The mobile terminal receives either the Ack signal
or the Nack signal from the base station (step ST5216), and,
when receiving the Ack signal (step ST5217), shifts to a
process of step ST5220, whereas when receiving the Nack
signal (step ST5217), the mobile terminal retransmits the
uplink data to the base station (step ST5218).

[0776] The mobile terminal repeatedly carries out the pro-
cesses of steps ST5216 to ST5218 until receiving the Ack
signal from the base station. Similarly, the base station also
receives the uplink data which are, in step ST5218, retrans-
mitted thereto (step ST5213), and carries out the processes of
steps ST5212 to ST5215 repeatedly until transmitting the Ack
signal to the mobile terminal because the received data have
no problem.

[0777] When succeeding in the transmission of the data, the
mobile terminal checks to see whether the current timing
exceeds the “next DTX period end timing” which is calcu-
lated in step ST5207 (step ST5220), and, when the current
timing exceeds the next DTX period end timing, the mobile
terminal delays the “next DTX period end timing” by the
“next DTX cycle” and updates the “next DTX period end
timing” in such a way that the “second-next DTX period end
timing” is defined as the “next DTX period end timing” (step
ST5221).

[0778] As an alternative, without, in step ST5204, receiv-
ing the “DTX cycle information”, which is explained above,
from the base station, the mobile terminal can receive the
DTX cycle of data or a control signal which occurs in the
uplink (in a case in which there are two or more cycles, a
plurality of DTX cycles), and, when delaying the “next DTX
period end timing” in step ST5221, in step ST5221, can delay
the “next DTX period end timing” by using the “next DTX
cycle” which is recalculated according to the DTX cycle
setting method described in steps ST5304 to ST5307 of FIG.
29.

[0779] As a result, in the first step ST5206, the mobile
terminal does not have to transmit the information about the
next or subsequent DTX cycle by using an [L1/[.2 control
signal, and can make effective use of the radio resources.

[0780] In contrast, when succeeding in the reception of the
data from the mobile terminal, the base station checks to see
whether the current timing exceeds the “next DTX period end
timing” (step ST5219), and, when the current timing exceeds
the next DTX period end timing, delays the “next DTX period
end timing” by the “next DTX cycle” and updates the “next
DTX period end timing” in such a way that the “second-next
DTX period end timing” is defined as the “next DTX period
end timing” (step ST5222). By this timing, the base station
sets up the next DTX cycle in step ST5206, and transmits
information indicating this DTX cycle to the mobile terminal
by way of an [.1/L.2 control signal.

[0781] Instep ST5222,instead of the DTX cycle calculated
in step ST5206, the base station can use, as the value of the
“DTX cycle” which is used when delaying the “next DTX
period end timing”, the “next DTX cycle” which the base
station recalculates by using the method described in steps
ST5304 to ST5307 of FIG. 29, like the mobile terminal.

[0782] The mobile terminal stands by until the “next DTX
period end timing” after, in step ST5221, updating the “next
DTX period end timing”.
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[0783] While standing by until the “next DTX period end
timing”, the mobile terminal, in by step ST5223, receives the
next DTX cycle from the base station. It is desirable that
during that time (during steps ST5221 to ST5223) and during
steps ST5223 to ST5224, the mobile terminal carries out a
DTX operation (sleeps) in order to reduce the power con-
sumption.

[0784] After completing the DTX operation at the timing of
step ST5224 (after waking up), the mobile terminal repeat-
edly carries out the processes of steps ST5207 to ST5223.
[0785] FIGS. 31 and 32 are timing charts showing an actual
operation with the DTX motion control sequence explained
with reference to FIG. 28.

[0786] FIG. 31 shows an operation timing in a case in which
data transmission occurs in the uplink at a time when the
system is placed in the HARQ mode, and FIG. 32 shows an
operation timing in a case in which data and a control signal
having two different DTX cycles similarly occur in the uplink
at a time when the system is placed in the HARQ mode.
[0787] First, the operation timing in the case in which data
transmission occurs in the uplink in the HARQ mode will be
explained with reference to FIG. 31.

[0788] InFIG.31, when transmission data (1) occur, an SR
is transmitted to the base station via the uplink.

[0789] After receiving the SR, the base station notifies both
uplink resource allocation information for the data (1) and a
DTX cycle (A) for the data (1) to the mobile terminal by way
of'a downlink [.1/L.2 control signal.

[0790] When receiving the uplink resource allocation
information and the DTX cycle (A), the mobile terminal
transmits the data (1) (first-time transmission) by using an
uplink resource allocated thereto.

[0791] However, in the example of FIG. 31, the mobile
terminal fails in the transmission (first-time transmission) of
the data (1), and carries out retransmission of the data three
times (transmits the data four times in total).

[0792] After the mobile terminal carries out the third-time
retransmission of the data (1), the base station succeeds in the
reception ofthe data and transmits an Ack signal to the mobile
terminal, and the mobile terminal receives the Ack signal.
[0793] At that time, because the current time already
exceeds the “next DTX period end timing (the timing at
which a time A has elapsed from the first-time transmission)”
which is calculated from the DTX cycle (A) which is notified
first, the “second-next DTX period end timing (a timing of
A+A)” which is delayed by the next DTX cycle (A) is set up
again as the “next DTX end timing”, and the mobile terminal
is made to sleep until this timing.

[0794] During that time, the base station, in step ST5206,
setsup a DTX cycle (a DTX cycle (B)), and notifies the “next
DTX cycle (B)” to the mobile terminal by way of a downlink
L1/1.2 control signal.

[0795] The mobile terminal receives the “next DTX cycle
(B)” and sets up the “next DTX end timing” again after
waking up, and then transmits data (2) to the base station.
After receiving an Ack signal from the base station, the
mobile terminal sleeps until the “next DTX end timing (=a
timing at the expiration of A+A+B after the first-time trans-
mission of the data (1))”.

[0796] Next, an example of the operation in a case in which
data and a control signal having two different DTX cycles
occur in the uplink at a time when the system is placed in the
HARQ mode will be explained with reference to FIG. 32.
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[0797] When data (1) occur in the uplink, an SR is trans-
mitted from the mobile terminal to the base station, and, in
response to the SR, information about resource allocation and
information abouta DTX cycle (a DTX cycle (A)) are notified
from the base station to the mobile terminal by way of a
downlink [.1/1.2 control signal.

[0798] The DTX cycle (A) notified at that time is deter-
mined according to the same method as that explained for the
case of the DRX cycle setting of step ST5101 with reference
to FIG. 29. More specifically, the “DTX period end timing”
which is the nearest to the current time is selected from the
DTX cycle a of data and the DTX cycle b of a sounding signal
for measurement of an uplink CQI, and the time which
elapses from the first-time transmission to the “DTX period
end timing” is calculated as the DTX cycle.

[0799] For example, in the example of FIG. 32, because a
comparison betweenthe DTX cycle a of the data and the DTX
cycle b of the sounding signal shows that the DTX cycle a of
the data is nearer to the current time, the DTX cycle (A) which
is to be notified to the mobile terminal is the DTX cycle a of
the data.

[0800] The mobile terminal to which this DTX cycle (A) is
notified transmits data (1), as well as a sounding signal, to the
base station by using a resource allocated thereto, but the base
station cannot receive them properly and the mobile terminal
performs retransmission of only the data (1) twice.

[0801] When the base station succeeds in the reception of
the data after the mobile terminal performs the second-time
retransmission of the data, because the timing at which an
Ack signal is sent back to the mobile terminal already exceeds
the “DTX period end timing (the timing at which a time A has
elapsed after the first-time transmission of the data (1))”
which is calculated from the DTX cycle (A) which is notified
first, both the base station and the mobile terminal delay the
“DTX period end timing” by the next DTX cycle (A) (=the
data cycle a), and sets up the timing at which a time 2xA has
elapsed from the first-time transmission of the data (1) again
as the “DTX period end timing”.

[0802] The mobile terminal sleeps until this timing, while
the base station sets up the next DTX cycle (B) in synchro-
nization with the mobile terminal’s waking up, and notifies
the next DTX cycle (B) to the mobile terminal by way of an
L1/L.2 control signal.

[0803] When performing the calculation of this DTX cycle
(B), the base station uses a procedure of comparing the next
DTX period end timing based on the data cycle a (i.e., the
timing at which a time 3xa has elapsed since the first-time
transmission of the data (1)) with the next DTX period end
timing based on the sounding signal cycle b (i.e., the timing at
which a timeb has elapsed since the first-time transmission of
the data (1)), selecting the period end timing based on the
DTX cycle b which is nearer to the current timing, and setting
up, as the DTX cycle (B), a time interval from the timing at
which the mobile terminal is scheduled to wake up to the next
period end timing based on the DTX cycle b.

[0804] Inthis example, the base station calculates the DTX
cycle at the time of the DTX cycle setting (step ST5206), as
previously explained. As an alternative, the mobile terminal
canreceive the DTX cycle of each data and, in step ST5207 or
ST5221, can calculate and set up the DTX cycle.

[0805] Furthermore, in a case in which the system comes
into a DTX operation during a DRX operation period, and
makes the starting point of the DTX cycle be synchronized
with that of the DRX cycle, as described in, for example,
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above-mentioned Embodiment 2, the system can selectively
use either a method of synchronizing the Active start timing
during the DTX operation period with the starting point of the
current DRX cycle or a method of giving a higher priority to
transmission of uplink data and a control signal which occur
currently and then synchronizing the Active start timing dur-
ing the DTX operation period with the starting point of the
DRX cycle from the “next DTX cycle” according to the state
of the uplink, and can support either of the synchronizing
methods by using the DRX/DTX cycle setting and the DRX/
DTX control method described in above-mentioned Embodi-
ment 8. In this case, the DTX cycle can also be synchronized
with the DRX cycle.

[0806] By setting up the next DTX cycle insynchronization
with the mobile terminal’s waking up by using the above-
mentioned method, there can be provided a DTX control
method of being able to reduce the frequency of transmission
of an L.1/1.2 control signal between the base station and the
mobile terminal to a minimum and to also reduce the process-
ing loads on them even in a case in which there exist data and
a control signal having different DTX cycles and even in a
case in which retransmission occurs at a time exceeding the
DTX cycle in the HARQ mode.

[0807] Furthermore, because the system carries out the
DRX/DTX cycle setting and the DRX/DTX control accord-
ing to a fixed rule, even when a sudden change occurs in the
traffic, the system can expect the starting point of the DRX/
DTX cycle to some extent, and therefore, also in a case in
which the system comes into a DTX operation during a DRX
operation period, and the starting point of the DTX cycle and
the DTX cycle are synchronized with the starting point of the
DRX cycle and the DRX cycle, respectively, the system can
carry out the DTX cycle setting according to the priorities of
data and control signals and the state of the uplink without
straining itself.

[0808] Furthermore, as a variant 1 of this Embodiment 8,
there can be a case in which, as shown in FIG. 33, while the
mobile terminal receives data (1) in an immediately preced-
ing DRX cycle, received data (2) having a DRX cycle (B)
occur and the length of this DRX cycle (B) is short enough for
this cycle to occur one or more times during the DRX interval
a of the data (1).

[0809] In such a case, referring to the sequence diagram of
the DRX control explained with reference to FIG. 27, it is
necessary to, in performing the DRX cycle setting in the next
step ST5101 when an immediately preceding DRX operation
is completed (if Yes in step ST5119), set up the “current DRX
cycle” by taking into consideration both the DRX cycle (B) of
the data (2) which occur newly and the DRX cycle (A) of the
data (1) which have already existed. It is necessary to, when
setting up the “current DRX cycle” in step ST5101, set up the
DRX cycle again by using the DRX/DTX cycle setting
method which is explained with reference to FIG. 29.
[0810] In the case of using the DRX cycle setting method
explained until now, what is necessary is just to compare the
DRX period end timings of the two different DRX cycles with
each other and to setup, as the DRX cycle, the time which has
elapsed until one of the period end timings which is nearer to
the starting point of the current DRX cycle.

[0811] However, in the case of this example, because the
DRX cycle (B) is included in the DRX cycle, it is necessary to
set up the DRX cycle in such a way that the mobile terminal
can wake up at the starting point of the new DRX cycle (B).
That is, the DRX cycle mustbe set up in such a way that it falls
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within a time interval C from the starting point of the DRX
cycle (A) to the starting point of the DRX cycle (B).

[0812] After that, what is necessary is just to update the
DRX cycle according to the flow shown in the flow chart of
FIG. 29. The setup of the DRX cycle in accordance with this
variant can also be applied to a case in which a similar status
occurs in the DTX control.

[0813] Furthermore, in a case in which data (1) are being
retransmitted with HARQ when data (2) having a new DRX
cycle occur during a DRX operation period of the data (1),
and, after that, the current time exceeds an immediately pre-
ceding DRX cycle (A) when the retransmission ends in suc-
cess, in step ST5116 of FIG. 27, the “next DRX period end
timing” can be delayed by the immediately preceding DRX
cycle (A) by using the method as explained above, or the DRX
cycle (B) of the downlink data (2) which has occurred newly
can be notified from the base station to the mobile terminal by
way of an [L1/1.2 control signal during the data retransmission
with HARQ, and, in step ST5116 of FIG. 27, the DRX cycle
can be recalculated by using the method explained in steps
ST5304 to ST5307 of FIG. 29 and the “next DRX organiza-
tion end timing” can be delayed by the re-calculated DRX
cycle.

[0814] As mentioned above, by using the DRX/DTX con-
trol method and the DRX/DTX cycle setting method as
explained in this Embodiment 8, there can be provided an
advantage of, even when retransmission is continuously car-
ried out in the HARQ mode, and the current time exceeds the
DRX (DTX) cycle which is set up, being able to perform the
DRX/DTX control without paying attention to the number of
times that the retransmission is carried out in the HARQ
mode, and to reduce the scheduling load on the base station as
compared with the case of using a conventional technique.
[0815] Furthermore, unlike in the case of above-mentioned
Embodiment 7, because the base station does not have to
transmit any [.1/L.2 control signal to the mobile terminal in
the course of downlink transmission in the HARQ mode, the
mobile terminal can make a transition to a DRX operation
without receiving an [.1/L.2 control signal from the base sta-
tion and therefore the power consumption of the mobile ter-
minal can be reduced.

[0816] In addition, because the system performs the DRX/
DTX cycle setting and the DRX/DTX control according to a
fixed rule, the Active timing of DRX/DTX can be expected to
some extent even when a sudden change occurs in the traffic
and both the base station and the mobile terminal can perform
the DRX/DTX control individually. For example, also in a
case in which the DRX control for the downlink and the DTX
control for the uplink are shifted from each other in time and
it is desired to synchronize the starting point of the DTX cycle
in the DTX control with the starting point of the DRX cycle in
the DRX control, from which time the starting point of the
DTX cycle or the DTX cycle itself can be synchronized with
the DRX cycle can be set up flexibly according to the priori-
ties of uplink data and control signals and the retransmission
status in the HARQ mode.

[0817] Furthermore, because the system performs the
DRX/DTX cycle setting and the timing control according to
a fixed rule, the load of these control operations can be dis-
tributed between the base station and the mobile terminal,
and, as a result, the scheduling load on the base station can be
reduced. In addition, also in a case in which data which needs
a new DRX operation occurs, and the DRX/DTX cycle is so
short that the DRX/DTX cycle falls within the DRX/DTX
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cycle of the previously-occurred data, the DRX cycle can be
changed at a timing according to a fixed rule, and both the
base station and the mobile terminal can perform this control
operation individually, like in the case of the variant 1. Thus,
there can be provided an advantage of being able to provide a
high-flexibility DRX/DTX control method which can handle
a combination of a plurality of DRX/DTX cycles and a
change in the DRX/DTX cycle which is caused by occurrence
of new data. In addition, by synchronizing the DTX cycle
with the DRX cycle, there can be provided the same advan-
tages as those offered by above-mentioned Embodiment 2.

Embodiment 9

[0818] In the nonpatent reference 8, a case in which two
DRX cycles are set up is shown. However, the nonpatent
reference 8 does not take into consideration at all a case in
which HARQ is applied. A problem with a conventional
method of notifying DRX cycle information using an 1.1/1.2
control signal, as well as first-time transmission data, a con-
ventional method of notifying DRX cycle information at a
time of a setup of a radio bearer, and a conventional method of
predetermining DRX cycle information is therefore that
when the time of retransmission with HARQ exceeds the
DRX cycle, it becomes impossible to make a DRX operation.
[0819] The nonpatent reference 8 also discloses a method
of notifying a signal indicating a change in the DRX cycle
instead of the DRX cycle information, though the above-
mentioned problem also arises in this method.

[0820] In this Embodiment 9, in order to solve the above-
mentioned problem, a method which is a combination of
above-mentioned Embodiment 7 and above-mentioned
Embodiment 8 will be disclosed.

[0821] FIG. 34 is an explanatory drawing showing a case,
as shown in the nonpatent reference 8, in which two DRX
cycles are set up. In FIG. 34, each open box shows downlink
data and an [.1/1.2 control signal, and each diagonally shaded
box shows an [.1/[.2 control signal.

[0822] A DRX cycle [1] is set up in such a way as to be
longer than a DRX cycle [2], the DRX cycle [1] is predeter-
mined and is shared by the base station and the mobile termi-
nal, and the DRX cycle [2] is transmitted from the base station
to the mobile terminal when a radio bearer is set up.

[0823] The mobile terminal which makes a transition to a
DRX operation in the DRX cycle [1], and performs a receiv-
ing process after the DRX cycle [1], and, when there exist
downlink data, receives the downlink data (refer to (1) in the
figure). When there exist no more downlink data, the mobile
terminal makes a transition to a DRX operation in the DRX
cycle [2]. The mobile terminal performs a receiving process
after the DRX cycle [2], and, when there exist downlink data,
receives the downlink data (refer to (2) in the figure) and
continues receiving the downlink data until after the next
DRX cycle [2] (refer to (2) in the figure).

[0824] The mobile terminal receives an [.1/L.2 control sig-
nal after the next DRX cycle [2], and, when there exist no
downlink data, makes a transition to a DRX operation in the
DRX cycle [2] (refer to (3) in the figure).

[0825] Furthermore, the mobile terminal performs a receiv-
ing process after the DRX cycle [2], and, when there exist no
downlink data, makes a transition to a DRX operation in the
DRX cycle [2] (refer to (4) in the figure).

[0826] The mobile terminal then carries out reception at an
earlier one of a timing after the DRX cycle [1] and a timing
after the DRX cycle [2]. In the example of FIG. 34, because
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the timing after the DRX cycle [1] is earlier than that after the
DRX cycle [2], the mobile terminal carries out downlink
reception at the timing after the DRX cycle [1]. When there
exist no downlink data, the mobile terminal makes a transition
to a DRX operation in the DRX cycle [1] (refer to (5) in the
figure).

[0827] Although the conventional example shown in the
nonpatent reference 8 uses such a method, the conventional
example does not taken into consideration at all any case in
which HARQ is applied. A problem with the method, as
shown in FIG. 34, of notifying the DRX cycle information by
using an [L1/1.2 control signal, as well as final first-time trans-
mission data in (1), is therefore that when the time of retrans-
mission with HARQ exceeds the DRX cycle [2], it becomes
impossible to make a transition to a DRX operation.

[0828] A further problem is that when retransmission with
HARQ occurs immediately before the DRX cycle [1] and the
time of the retransmission exceeds the DRX cycle [1], the
mobile terminal cannot perform reception after the DRX
cycle [1].

[0829] The nonpatent reference 8 also discloses the method
of notifying a signal indicating a change in the DRX cycle
instead of the DRX cycle information, though the above-
mentioned problem also arises in this method.

[0830] In this Embodiment 9, in order to solve the above-
mentioned problem, a method which is a combination of
above-mentioned Embodiment 7 and above-mentioned
Embodiment 8 will be disclosed.

[0831] FIG. 35 is an explanatory drawing showing an
example of the method which is a combination of above-
mentioned Embodiment 7 and above-mentioned Embodi-
ment 8, the method being used for a case in which two DRX
cycles are set up.

[0832] The method disclosed in above-mentioned Embodi-
ment 7 is applied to the setup of the DRX cycle [2], and the
method disclosed in above-mentioned Embodiment 8 is
applied to the setup of the DRX cycle [1].

[0833] In the case of the downlink, each open box shows
downlink first-time transmission data or downlink retrans-
mission data, and an [.1/1.2 control signal, each horizontally
shaded box shows downlink last first-time transmission data
or downlink retransmission data, and each diagonally shaded
box shows an [.1/1.2 control signal including a DRX transi-
tion signal.

[0834] In the case of the uplink, each open box shows an
uplink Ack signal/Nack signal which is a response to either
downlink first-time transmission data or downlink retrans-
mission data, and each diagonally shaded box shows an Ack
signal which is a response to either downlink last first-time
transmission data or downlink retransmission data.

[0835] After the base station transmits downlink data to the
mobile terminal (refer to (1) in the figure) and then transmits
either last first-time transmission data or retransmission data
to the mobile terminal, when receiving an Ack signal from the
mobile terminal, the base station transmits a DRX transition
signal to the mobile terminal by using the first [.1/[.2 control
signal after the reception of the Ack signal (refer to (2) in the
figure).

[0836] When receiving the DRX transition signal from the
base station, the mobile terminal makes a transition to a DRX
operation in the DRX cycle [2].

[0837] The mobile terminal carries out reception of an
L.1/1.2 control signal after the DRX cycle [2], and, when there
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exist data destined for the mobile terminal, receives the down-
link data (refer to (3) in the figure).

[0838] Incontrast, when there exist no data destined for the
mobile terminal after carrying out reception of an 1.1/1.2
control signal after the DRX cycle [2], the mobile terminal
makes a transition to a DRX operation in the DRX cycle [2]
again. By using the above-mentioned method, the system
repeatedly carries out these series of operations.

[0839] Next, the base station transmits downlink data to the
mobile terminal, and, when the time of transmission of either
downlink first-time transmission data or downlink retrans-
mission data exceeds a timing after the DRX cycle [1] due to
retransmission or the like (refer to (4) in the figure), carries
out the transmission of either the downlink first-time trans-
mission data or the downlink retransmission data succeed-
ingly.

[0840] When receiving an Ack signal from the mobile ter-
minal after transmitting either the last first-time transmission
data or the retransmission data to the mobile terminal, the
base station transmits a DRX transition signal to the mobile
terminal by using the first .1/1.2 control signal after receiving
the Ack signal (refer to (5) in the figure).

[0841] When receiving the DRX transition signal, the
mobile terminal makes a transition to a DRX operation in the
DRX cycle [2]. However, because the time of the transmis-
sion of either the downlink first-time transmission data or the
downlink retransmission data exceeds the timing after the
DRX cycle [1] due to the retransmission or the like (refer to
(4) in the figure), the mobile terminal gives a higher priority to
the retransmission or the like and sets up the DRX cycle again
by further delaying the DRX cycle by the DRX cycle [1]
without starting a DRX operation in the DRX cycle [1].
[0842] In this case, what is necessary is just to predeter-
mine, in both the base station and the mobile terminal, that the
DRX cycle [1] is set again. Information indicating that the
DRX cycle [1] is set again can be alternatively notified from
the base station to the mobile terminal.

[0843] Whenthe DRX cycle[1]is set again and there exist
neither downlink first-time transmission data nor downlink
retransmission data from the base station to the mobile ter-
minal at a timing after the next DRX cycle [1], the mobile
terminal makes a transition to a DRX operation in the DRX
cycle [1].

[0844] By using the method disclosed in this Embodiment
9, there can be provided an advantage of being able to solve
the problem that it becomes impossible to make a transition to
a DRX operation after the DRX cycle [2], and it becomes
impossible to carry out reception after the DRX cycle [1] even
in a case in which two DRX cycles are set up.

[0845] Inthis Embodiment 9, the case in which the method
disclosed in above-mentioned Embodiment 7 is applied to the
setup of the DRX cycle [2], and the method disclosed in
above-mentioned Embodiment 8 is applied to the setup of the
DRX cycle [1] is shown. As an alternative, the method dis-
closed in above-mentioned Embodiment 8 canalso be applied
to the setup of the DRX cycle [2].

[0846] In this Embodiment 9, although it is assumed that
the number of DRX cycles which are set up is two, even when
a plurality of DRX cycles are set up, the method disclosed in
above-mentioned Embodiment 7 and the method disclosed in
above-mentioned Embodiment 8 can be combined.

Embodiment 10

[0847] Inabove-mentioned Embodiment 9, the example in
which the method disclosed in above-mentioned Embodi-
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ment 7 and the method disclosed in above-mentioned
Embodiment 8 are combined is shown. In this Embodiment
10, an explanation will be made as to a method which is a
combination of the method disclosed in above-mentioned
Embodiment 7 and a conventional method will be explained,
for selecting one of them according to a large and small
relation between a required time corresponding to a maxi-
mum (MAX) number of retransmissions with HARQ, and the
DRX cycle.

[0848] A base station transmits DRX cycle information
which differs according to conditions as will be shown below
to a mobile terminal.

[0849] The required time corresponding to the maximum
(MAX) number of retransmissions with HARQ is expressed
as Tmax, and the DRX cycle is expressed as TDRX.

[0850] (1) In a case of Tmax>=TDRX, the base station
employs the method in accordance with above-mentioned
Embodiment 7.

[0851] In this case, the base station notifies the DRX cycle
information to the mobile terminal by using an [.1/1.2 control
signal or the like after receiving an Ack signal.

[0852] In this case, the start timing of the DRX cycle is the
timing at which, when there exist downlink data, the base
station transmits an [.1/1.2 control signal including the DRX
cycle information to the mobile terminal after receiving an
Ack signal from the mobile terminal.

[0853] In contrast, when there exist no downlink data, the
start timing of the DRX cycle is the timing at which the base
station transmits an [.1/1.2 control signal including the DRX
cycle information to the mobile terminal.

[0854] When there exist downlink data, the start timing of
the DRX cycle can be alternatively the timing at which the
base station transmits an [.1/[.2 control signal to the mobile
terminal.

[0855] (2) In a case of Tmax<TDRX, the base station
employs the conventional method.

[0856] In this case, the base station notifies the DRX cycle
information by using an L1/[.2 control signal, an inband
signal (the DRX cycle information is mapped onto a MAC
header or the like as a MAC signaling), or the like, as well as
first-time transmission data, to the mobile terminal.

[0857] Inthis case, the start timing of the DRX cycle is the
transmission timing at which the base station transmits either
the L.1/1.2 control signal or the inband-signal to transmit the
DRX cycle information, as well as the first-time transmission
data, regardless of whether or not there exist downlink data.
[0858] Tmax can be predetermined, can be determined
semi-statically, or can be determined dynamically.

[0859] FIG. 36 is a sequence diagram of the mobile termi-
nal and the base station which employ the method which is a
combination of the method disclosed in above-mentioned
Embodiment 7 and a conventional method, for selecting one
of them according to a large and small relation between the
required time corresponding to the maximum (MAX) number
of retransmissions with HARQ, and the DRX cycle.

[0860] When downlink data occurs (step ST8101), the base
station judges whether or not Tmax<TDRX is satisfied (step
ST8102).

[0861] When TDRX is larger than Tmax, the base station
transmits the DRX cycle information, as well as the first-time
transmission data, to the mobile terminal (step ST8103).
[0862] When receiving the first-time transmission data
from the base station (step ST8104), the mobile terminal

Jul. 16, 2009

judges whether or not the DRX cycle information has been
sent thereto together with the first-time transmission data
(step ST8105).

[0863] When the DRX cycle information has been sent
thereto, the mobile terminal sets the DRX cycle start timing as
the timing of reception of the first-time transmission data
(step ST8106), and enters a retransmission state with HARQ
(ST8107).

[0864] When succeeding in the reception of the downlink
data, the mobile terminal transmits an Ack signal to the base
station and then escapes from the retransmission state.
[0865] After transmitting the Ack signal, the mobile termi-
nal makes a transition to a DRX operation (step ST8108).
[0866] After receiving the Ack signal from the mobile ter-
minal, the base station escapes from the retransmission state
and makes a transition to a DRX operation for a mobile
terminal A (step ST8109).

[0867] Each of the mobile terminal and the base station
makes a transition to an active state after the DRX cycle (steps
ST8110 and ST8111).

[0868] When TDRX is equal to or smaller than Tmax, the
base station enters a retransmission state with HARQ without
transmitting the DRX cycle information together with the
first-time transmission data (step ST8112).

[0869] The mobile terminal judges whether or not the DRX
cycle information has been transmitted thereto from the base
station together with the first-time transmission data (step
ST8105).

[0870] When the DRX cycle information has not been
transmitted thereto, the mobile terminal enters a retransmis-
sion state with HARQ, (step ST8112).

[0871] When succeeding in the reception of the downlink
data, the mobile terminal transmits an Ack signal to the base
station and then escapes from the retransmission state.
[0872] After transmitting the Ack signal, the mobile termi-
nal makes a transition to a DRX operation.

[0873] After receiving the Ack signal from the mobile ter-
minal, the base station transmits the DRX cycle information
to the mobile terminal by using the first [.1/1.2 control signal
(step ST8113).

[0874] When receiving the DRX cycle signal from the base
station (step ST8114), the mobile terminal sets up the DRX
cycle start timing as the transmission timing of an Ack signal
(step ST8115), and then makes a transition to a DRX opera-
tion (step ST8116).

[0875] After transmitting the DRX cycle information to the
mobile terminal (step ST8113), the base station makes a
transition to a DRX operation for a mobile terminal A (step
ST8117).

[0876] Each of the mobile terminal and the base station
makes a transition to an active state after the DRX cycle (steps
ST8118 and ST8119).

[0877] As mentioned above, by using the method which is
a combination of the method disclosed in above-mentioned
Embodiment 7 and a conventional method, for selecting one
of them according to a large and small relation between the
required time corresponding to the maximum (MAX) number
of retransmissions with HARQ, and the DRX cycle, in the
case of Tmax<TDRX, the DRX cycle can be transmitted by
using an [L1/L.2 control signal which is the same as that used
when transmitting the first-time transmission data, even if
retransmission occurs after that, the base station does not have
to change the time allocated after the DRX cycle. Therefore,
the scheduler load can be reduced.
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[0878] Furthermore, because the base station recognizes
that downlink data to be transmitted to the mobile terminal
will occur immediately, the base station will have to shorten
the DRX cycle, and, even after the following relation:
Tmax>=TDRX is established, can avoid the problem with the
retransmission by using the method disclosed in above-men-
tioned Embodiment 7.

Embodiment 11

[0879] Itcanbe considered that in a case in which the DTX
cycle is made to be equal to a CQI transmission cycle (i.e., a
cycle in which the result of measurement of the quality of a
downlink communication path is transmitted), the DTX cycle
is predetermined or is set up in such a way as to be equal or
longer than to the DRX cycle.

[0880] Insucha case,thereis a possibility that the timing at
which an uplink Ack signal/Nack signal for downlink data is
transmitted coincides with the transmission timing ofa CQI.
[0881] Because PAPR (Peak to Average Power Ratio)
becomes large when an Ack signal/Nack signal is transmitted
at the same time when a CQI signal is transmitted, there arise
problems, such as increase in the power consumption, reduc-
tion in the transmission power, and increase in the adjacent
channel leakage power.

[0882] This Embodiment 11 discloses the following three
types of methods of solving these problems in the case in
which the timing at which an uplink Ack signal/Nack signal is
transmitted coincides with the transmission timing ofa CQI.
Those methods include:

[0883] (a)a method of delaying the CQI transmission tim-
ing;
[0884] (b) a method of skipping the CQI transmission (at a

timing at which they coincide with each other, no CQI is
transmitted); and

[0885] (c) a method of delaying the transmission timing at
which an Ack signal/Nack signal is transmitted without
changing the CQI transmission timing.

[0886] By using one of these methods, the system makes it
possible to prevent the case in which an Ack signal/Nack
signal is transmitted at the same time when a CQI signal is
transmitted, and also makes it possible for the mobile termi-
nal and the base station to make a transition to a DTX opera-
tion. In this embodiment, there is disclosed the following two
types of methods of setting up the start timing of the DTX
cycle including:

[0887] (A) a method of setting up the start timing of the
DTX cycle in such a way as to be the CQI transmission timing
which is predetermined; and

[0888] (B) a method of setting up the start timing of the
DTX cycle in such a way as to be the delayed CQI transmis-
sion timing.

[0889] As a combination of the CQI transmission timing
and the start timing of the DTX cycle, there is disclosed the
following methods including:

[0890] a method of being able to apply either (A) or (B) to
the method (a);

[0891] a method of being able to apply (A) to the method
(b); and

[0892] a method of being able to apply (A) to the method
(©.

[0893] FIG. 37 is an explanatory drawing showing

examples in which the timing at which an uplink Ack signal/
Nack signal is transmitted coincides with the CQI transmis-
sion timing.
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[0894] FIG. 37(a) shows an example in which the CQI
transmission timing is delayed by only 1 TTI and the start
timing of the DTX cycle is set up in such a way as to be the
predetermined CQI transmission timing, and FIG. 37(b)
shows an example in which the CQI transmission is skipped
and the start timing of the DTX cycle is set up in such a way
as to be the predetermined CQI transmission timing.

[0895] When receiving a downlink reference signal from
the base station, the mobile terminal calculates the quality
CQI of the downlink communication path from the reference
signal and then transmits a CQI signal corresponding to the
quality CQI to the base station. It can be considered that the
transmission cycle (TCQI) of the CQI signal is predeter-
mined, or the transmission cycle is set up in such a way as to
be equal to or longer than the DRX cycle.

[0896] On the other hand, when downlink data are trans-
mitted from the base station via the downlink, the mobile
terminal receives the downlink data and then transmits an Ack
signal/Nack signal to the base station according to the status
of the reception of the downlink data.

[0897] Therefore, when receiving a downlink reference
signal as well as downlink data, from the base station, the
mobile terminal calculates the quality CQI of the downlink
communication path from the downlink reference signal, and,
while transmitting a CQI signal corresponding to the quality
CQI to the base station, transmits an Ack signal/Nack signal
to the base station according to the status of the reception of
the downlink data.

[0898] In this case, the transmission timing of the Ack
signal/Nack signal may coincide with the transmission timing
of'the CQI signal.

[0899] In such a case, as shown in FIG. 37(a), the mobile
terminal delays the CQI transmission timing by one TTI.
Thereby, the Ack signal/Nack signal is transmitted without
the transmission timing of the Ack signal/Nack signal coin-
ciding with the transmission timing of the CQI signal.
[0900] In this case, because the start timing of the DTX
cycle is set up in such a way as to be the predetermined CQI
transmission timing, the mobile terminal which has transmit-
ted the CQI can make a transition to a DTX operation by the
time the next CQI transmission timing comes.

[0901] In the example of FIG. 37(b), the mobile terminal
skips the CQI transmission. Thereby, the Ack signal/Nack
signal is transmitted without the transmission timing of the
Ack signal/Nack signal coinciding with the transmission tim-
ing of the CQI signal.

[0902] In this case, because the start timing of the DTX
cycle is set up in such a way as to be the predetermined CQI
transmission timing, the mobile terminal which has transmit-
ted the Ack signal/Nack signal can make atransition to a DTX
operation by the time the next CQI transmission timing
comes.

[0903] FIG. 38 is an explanatory drawing showing
examples in which the timing at which an uplink Ack signal/
Nack signal is transmitted coincides with the CQI transmis-
sion timing. FIG. 38(a) shows an example in which the CQI
transmission timing is delayed by only one TTI and the start
timing of the DTX cycle is set up in such a way as to be the
delayed CQI transmission timing.

[0904] When receiving a downlink reference signal from
the base station, the mobile terminal calculates the quality
CQI of the downlink communication path from the reference
signal, and then transmits a CQI signal corresponding to the
quality CQI to the base station. It can be considered that the
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transmission cycle (TCQI) of the CQI signal is predeter-
mined, or the transmission cycle is set up in such a way as to
be equal to or longer than the DRX cycle.

[0905] On the other hand, when downlink data are trans-
mitted from the base station via the downlink, the mobile
terminal receives the downlink data and then transmits an Ack
signal/Nack signal to the base station according to the status
of the reception of the downlink data.

[0906] Therefore, when receiving a downlink reference
signal, as well as downlink data, from the base station, the
mobile terminal calculates the quality CQI of the downlink
communication path from the downlink reference signal, and,
while transmitting a CQI signal corresponding to the quality
CQI to the base station, transmits an Ack signal/Nack signal
to the base station according to the status of the reception of
the downlink data.

[0907] In this case, the transmission timing of the Ack
signal/Nack signal may coincide with the transmission timing
of the CQI signal.

[0908] In such a case, the mobile terminal delays the CQI
transmission timing by one TTI. Thereby, the Ack signal/
Nack signal is transmitted without the transmission timing of
the Ack signal/Nack signal coinciding with the transmission
timing of the CQI signal.

[0909] In this case, because the start timing of the DTX
cycle is set up in such a way as to be the delayed CQI
transmission timing, the mobile terminal which has transmit-
ted the CQI can make a transition to a DTX operation by the
time the CQI transmission timing comes after the DTX cycle
TCQL

[0910] Because the mobile communications system makes
it possible to prevent the case in which an Ack signal/Nack
signal is transmitted at the same time when a CQI signal is
transmitted from occurring by using the method disclosed in
this Embodiment 11, the system can prevent the PAPR from
becoming large and can therefore prevent problems, such as
increase in the power consumption, reduction in the transmis-
sion power, and increase in the adjacent channel leakage
power, from arising.

[0911] In addition, by determining the start timing of the
DTX cycle by using the disclosed method, the mobile com-
munications system makes it possible to make a transition to
a DTX operation.

Embodiment 12

[0912] The nonpatent reference 8 shows a case in which
two DRX cycles are set up. However, the DRX operation
method shown in this nonpatent reference 8 has a problem
from the viewpoint of low power consumption in a mobile
terminal.

[0913] The problem with the DRX operation method of the
nonpatent reference 8 will be explained hereafter with refer-
enceto FIG. 34 which is an explanatory drawing shown in the
nonpatent reference 8.

[0914] Because the DRX operation method of the non-
patent reference 8 is already explained in Embodiment 9, the
details of the explanation will be omitted hereafter.

[0915] The problem is that even though a mobile terminal
which is running in a DRX cycle [2] which is set up in such a
way as to be shorter than a DRX cycle [1] do nothave any data
which the mobile terminal receives continuously, the mobile
terminal has to perform an operation of receiving an L.1/1.2
control signal in the DRX cycle [2] until the expiration of the
DRX cycle [1] (refer to (4) in FIG. 34).
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[0916] The above-mentioned problem becomes significant
when achieving low power consumption in the mobile termi-
nal.

[0917] Furthermore, the above-mentioned problem
becomes more remarkable when the difference between the
DRX cycle [1] and the DRX cycle [2] is large.

[0918] Inaccordance with this Embodiment 12, the above-
mentioned problem is solved by using the following method.
[0919] When a mobile terminal receives (monitors) an
L.1/1.2 control signal after the DRX cycle and there exist data
destined for the mobile terminal itself, the mobile terminal
makes a transition to a DRX operation in a “DRX cycle equal
to or shorter than the current DRX cycle”.

[0920] Furthermore, there is disclosed a DRX operation
method of, when the mobile terminal receives (monitors) an
L1/L.2 control signal after the DRX cycle and there exist no
data destined for the mobile terminal itself, making the
mobile terminal make a transition to a DRX operation in a
“DRX cycle equal to or longer than the current DRX cycle”.
[0921] Hereafter, the DRX operation method for use in the
mobile communications system in accordance with the
present Embodiment 1 will be explained.

[0922] FIG. 39 is an explanatory drawing showing an
example of the DRX operation method for use in the mobile
communications system in accordance with Embodiment 12
of the present invention. In FIG. 39, each open box shows
downlink data and each diagonally shaded box shows an
L1/1.2 control signal.

[0923] DRX cycles shown have the following relation in
their lengths: an initial DRX cycle is longer than a DRX cycle
[2], the DRX cycle [2] is longer than a DRX cycle [3], the
DRX cycle [3] is shorter than a DRX cycle [4], and the DRX
cycle [4] is shorter than a DRX cycle [5].

[0924] The mobile terminal which has made a transition to
a DRX operation in the initial DRX cycle performs a process
of receiving an L.1/L.2 control signal after the initial DRX
cycle, and, when there exist downlink data destined for the
mobile terminal itself, receives the downlink data (referto (1)
in FIG. 39).

[0925] The DRX cycle [2] is included, as a “DRX cycle
equal to or shorter than the current DRX cycle”, in this [.1/1.2
control signal.

[0926] The mobile terminal sets up the received DRX cycle
[2] as the DRX cycle thereof.

[0927] The mobile terminal performs the process of receiv-
ing an L.1/1.2 control signal, and, when there exist downlink
data continuously, receives the downlink data (refer to (2) in
FIG. 39).

[0928] After the DRX cycle [2], the mobile terminal per-
forms the process of receiving an [.1/L.2 control signal and
there exist downlink data destined for the mobile terminal
itself, receives the downlink data (refer to (3) in FIG. 39).
[0929] The DRX cycle [3] is included as, a “DRX cycle
equal to or shorter than the current DRX cycle” which is a
further shorter DRX cycle, in this I.1/L.2 control signal.
[0930] The mobile terminal sets up the received DRX cycle
[3] as the DRX cycle thereof.

[0931] The mobile terminal performs the process of receiv-
ing an L.1/1.2 control signal, and, when there exist no down-
link data continuously, performs a DRX operation in the DRX
cycle (i.e., the DRX cycle [3]) (refer to (4) in FIG. 39).
[0932] Inthis example, the start point of the DRX cycle [3]
is the head of a subframe including an [.1/1.2 control signal
with which the DRX cycle [3] is notified to the mobile termi-
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nal (refer to FIG. 39). In another example, the DRX cycle [3]
can be the head of a subframe including an [.1/L.2 control
signal with which the mobile terminal checks that there exist
no downlink data continuously (refer to (4) in FIG. 39).
[0933] After the DRX cycle [3], the mobile terminal per-
forms the process of receiving an [L.1/[.2 control signal and,
when there exist no downlink data destined for the mobile
terminal itself, makes a transition to a DRX operation (refer to
(5) in FIG. 39). The DRX cycle [4] is included, as a “DRX
cycle equal to or longer than the current DRX cycle”, in this
L.1/1.2 control signal. The mobile terminal performs the DRX
operation (S) of FIG. 39 by using this DRX cycle [4].
[0934] After the DRX cycle [4], the mobile terminal per-
forms the process of receiving an [L.1/[.2 control signal and,
when there exist no downlink data destined for the mobile
terminal itself, makes a transition to a DRX operation (refer to
(6) in FIG. 39).

[0935] The DRX cycle [5] is included as, a “DRX cycle
equal to or longer than the current DRX cycle” which is a
further longer DRX cycle, in this [.1/[.2 control signal. The
mobile terminal performs the DRX operation (6) of FIG. 39
by using this DRX cycle [5].

[0936] FIG. 40 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station in accordance with Embodiment
12 of the present invention.

[0937] The base station notifies the initial DRX cycle to the
mobile terminal, and sets up the initial DRX cycle as the DRX
cycle of the mobile terminal (step ST4001).

[0938] The mobile terminal receives the initial DRX cycle
from the base station, and sets up the initial DRX cycle as the
DRX cycle thereof (step ST4002).

[0939] As examples of a method of notifying the initial
DRX cycle from the base station to the mobile terminal, there
can be considered the following methods:

[0940] (1) a method of, when a radio bearer is set up,
notifying the initial DRX cycle by using [.3 signaling from
the base station to the mobile terminal;

[0941] (2)amethod of notifying the initial DRX cycle from
the base station to the mobile terminal at a dynamic timing by
using either an 1.1/1.2 control signal or an inband signaling (a
MAC signaling); and

[0942] (3) a method of setting up the initial DRX cycle in
both the base station and the mobile terminal as a specified
value (Static) of the mobile communications system.

[0943] As an example of the specified value, there can be
considered a maximum (e.g., 5,120 [TTI]) of the DRX cycle
or the like. Because it is not necessary to notify the initial
DRX cycle from the base station to the mobile terminal in the
case in which the initial DRX cycle is set up as a specified
value, there can be provided an advantage of making effective
use of the radio resources. Furthermore, because it is not
necessary to notify a wireless section, no receiving errors
occur in the mobile terminal. Therefore, there can be provided
another advantage of being able to avoid a problem that
different initial DRX cycles are set up in the base station and
the mobile terminal, respectively, due to a receiving error
which occurs in the mobile terminal, and therefore the mobile
terminal cannot receive any downlink data destined for the
mobile terminal itself properly.

[0944] Each of the base station and the mobile terminal
makes a transition to a DRX operation in the above-men-
tioned DRX cycle (steps ST4003 and ST4004).
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[0945] The base station then judges whether downlink data
destined for the mobile terminal have occurred (step
ST4005).

[0946] First, the description of processing which the base
station carries out when downlink data has occurred will be
explained.

[0947] When downlink data occurs, the base station makes
a transition to a process of step ST4006.

[0948] The base station notifies that there exist downlink
data destined for the mobile terminal by using an L1/[.2
control signal after the DRX cycle (step ST4006).

In other words, the base station carries out allocation (Allo-
cation) of the downlink data (refer to (1) in FIG. 39).

[0949] The base station carries out allocation of the down-
link data to the mobile terminal and also notifies a “DRX
cycle equal to or shorter than the current DRX cycle” to the
mobile terminal, and further sets up the “DRX cycle equal to
or shorter than the current DRX cycle” which the base station
has notified to the mobile terminal as the DRX cycle of the
mobile terminal (step ST4008). In this case, the processes in
steps ST4006 and ST4008 can be carried out simultaneously,
or the order in which they are carried out is arbitrary.

[0950] Themobile terminal performs a receiving process of
receiving an [.1/1.2 control signal after the DRX cycle (step
ST4007).

[0951] The mobile terminal receives the “DRX cycle equal
to or shorter than the current DRX cycle” through the receiv-
ing process of receiving an L1/L.2 control signal (step
ST4009).

[0952] The mobile terminal sets up the received “DRX
cycle equal to or shorter than the current DRX cycle” as the
DRX cycle thereof (step ST4010). Refer to (1) in FIG. 39.
[0953] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
[0954] When there exist data destined for the mobile ter-
minal itself, the mobile terminal makes a transition to a pro-
cess of step ST4013. In this case, the processes in steps
ST4007 to ST4011 can be carried out simultaneously, or the
order in which they are carried out is arbitrary.

[0955] The base station transmits downlink data by using
the radio resources, in step ST4006, allocated to the mobile
terminal (step ST4012).

[0956] The mobile terminal receives the downlink data
according to the radio resources, in step ST4007, allocated
thereto by the base station (step ST4013).

[0957] The base station judges whether the next transmis-
sion timing (i.e., the timing of the next resource block (RB))
exceeds the DRX cycle (step ST4014).

[0958] When the next transmission timing does not exceed
the DRX cycle, the base station shifts to a process of step
ST4016.

[0959] The base station judges whether data destined for
the mobile terminal have occurred continuously (step
ST4016). When data have occurred, the base station shifts to
a process of step ST4017.

[0960] The base station allocates the downlink data to the
mobile terminal by using a continuous [.1/L.2 control signal
(step ST4017). Refer to (2) in FIG. 39.

[0961] The base station allocates the downlink data to the
mobile terminal by using the continuous [.1/L.2 control signal
(step ST4017). Refer to (2) in FIG. 39.
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[0962] The base station, in step ST4012, transmits the
downlink data according to the radio resources allocated in
step ST4017.

[0963] The mobile terminal judges whether the next receiv-
ing timing (the timing of the next resource block) exceeds the
DRX cycle (step ST4015).

[0964] When the next receiving timing does not exceed the
DRX cycle, the mobile terminal shifts to a process of step
ST4018.

[0965] The mobile terminal performs the receiving process
of receiving an [.1/L.2 control signal with the continuous
L1/L.2 control signal (step ST4018).

[0966] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4019).
When there exist data destined for the mobile terminal itself,
the mobile terminal shifts to the process of step ST4013.
[0967] The mobile terminal, in step ST4013, receives the
downlink data according to the radio resources, in step
ST4018, allocated thereto by the base station.

[0968] On the other hand, the base station judges whether
the next transmission timing (i.e., the timing of the next
resource block) exceeds the DRX cycle (step ST4014).
[0969] When judging that the next transmission timing
exceeds the DRX cycle, the base station shifts to the process
of step ST4005. Refer to (3) in FIG. 39.

[0970] The mobile terminal judges whether the next receiv-
ing timing (i.e., the timing of the next resource block) exceeds
the DRX cycle (step ST4015).

[0971] When the next receiving timing exceeds the DRX
cycle, the mobile terminal shifts to the process of step
ST4007.

[0972] The base station also judges whether data destined
for the mobile terminal have occurred continuously (step
ST4016). When no data have occurred, the base station shifts
to the process of step ST4003 and performs a DRX operation
in the “DRX cycle” (refer to (4) in FIG. 39).

[0973] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4019).
[0974] When there exist no data destined for the mobile
terminal itself, the mobile terminal shifts to the process of
step ST4004 and performs a DRX operation in the “DRX
cycle”.

[0975] Next, a case in which no downlink data have
occurred will be explained.

[0976] When no downlink data have occurred, the base
station shifts to a process of step ST4020.

[0977] The base station does not notify that there exist
downlink data destined for the mobile terminal by using an
L1/L.2 control signal after the DRX cycle (step ST4020). In
other words, the base station does not carry out allocation
(Allocation) of downlink data (refer to (5) in FIG. 39).
[0978] As an alternative, the base station, in step ST4020,
can notify that there exist no downlink data destined for the
mobile terminal by using an L1/1.2 control signal after the
DRX cycle. In the case in which the base station notifies that
there exist no downlink data destined for the mobile terminal,
there can be provided an advantage of reducing the occur-
rence of receiving errors in the mobile terminal as compared
with the case in which the base station does not notify that
there exist no downlink data destined for the mobile terminal,
because the base station notifies the clear information to the
mobile terminal.
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[0979] Next, the base station notifies a “DRX cycle equal to
or longer than the current DRX cycle” to the mobile terminal
by using an [.1/1.2 control signal after the DRX cycle, and sets
up the “DRX cycle equal to or longer than the current DRX
cycle” which the base station has notified to the mobile ter-
minal as the DRX cycle of the mobile terminal (step ST4021).
[0980] After that, the base station shifts to the process of
step ST4003 and performs a DRX operation in the “DRX
cycle”. In this case, the processes in steps ST4020 and
ST4021 can be carried out simultaneously, or the order in
which they are carried out is arbitrary.

[0981] The mobile terminal performs the receiving process
of receiving the L.1/1.2 control signal after the DRX cycle
(step ST4007).

[0982] The mobile terminal receives the “DRX cycle equal
to or longer than the current DRX cycle” through the receiv-
ing process of receiving the L1/L.2 control signal (step
ST4009).

[0983] The mobile terminal sets up the received “DRX
cycle equal to or longer than the current DRX cycle” as the
DRX cycle thereof (step ST4010). Refer to (5) in FIG. 39.
[0984] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
As an alternative, the mobile terminal judges whether the
mobile terminal has received a notification indicating that
there exist no downlink data.

[0985] When there exist no data destined for the mobile
terminal itself or when receiving a notification indicating that
there exist no downlink data, the mobile terminal shifts to the
process of step ST4004 and performs a DRX operation in the
“DRX cycle”. In this case, the processes in steps ST4007 to
ST4011 can be carried out simultaneously, or the order in
which they are carried out is arbitrary.

[0986] Inthe above-mentioned explanation, the example in
which a “DRX cycle equal to or shorter than the current DRX
cycle” and a “DRX cycle equal to longer than the current
DRX cycle” are notified respectively by using [.1/1.2 control
signals in steps ST4006 and step ST4020 is shown. As an
alternative, they can be notified by using inband signals (a
MAC signaling), instead of L.1/1.2 control signals.

[0987] As an alternative, when a radio bearer is set up, by
using [.3 signaling, a set of DRX cycles can be notified from
the base station to the mobile terminal.

[0988] As anexample ofthe set of DRX cycles, there can be
asetof“a DRX cycle A, a DRX cycle B, a DRX cycle C, and
a DRX cycle D”. Assume that they have the following rela-
tion: “the DRX cycle A>the DRX cycle B>the DRX cycle
C>the DRX cycle D”.

[0989] Inthis case, as a trigger for changing the DRX cycle,
there can be provided an [L.1/1.2 control signal after the DRX
cycle, as shown in each of steps ST4006 and ST4020.
[0990] More specifically, in a case in which the mobile
terminal is notified that there exist downlink data destined for
the mobile terminal by using an [.1/L.2 control signal (step
ST4006), or in a case in which the mobile terminal is notified
that the DRX cycle is changed to a DRX cycle equal to or
shorter than the current DRX cycle, a DRX cycle which is
shorter than the current DRX cycle by one is set up in both the
base station and the mobile terminal. Concretely, in a case in
which the current DRX cycle is the DRX cycle B, the DRX
cycle C is set up as the DRX cycle.

[0991] Incontrast, in a case in which the mobile terminal is
not notified that there exist downlink data destined for the
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mobile terminal by using an L1/L.2 control signal (step
ST4020), in a case in which the mobile terminal is notified
that there exist no downlink data destined for the mobile
terminal, or in a case in which the mobile terminal is notified
that the DRX cycle is changed to a DRX cycle equal to or
longer than the current DRX cycle, a DRX cycle which is
longer than the current DRX cycle by one is set up in both the
base station and the mobile terminal. Concretely, when the
current DRX cycleis the DRX cycle B, the DRX cycle A is set
up as the DRX cycle. Because it becomes unnecessary to
notify the DRX cycle by using an L1/1.2 control signal in
every DRX cycle by notifying a set of DRX cycles when a
radio bearer is set up, there can be provided an advantage of
making effective use of the radio resources.

[0992] Furthermore, in the mobile communications sys-
tem, a set of DRX cycles can be alternatively set up for both
the base station and the mobile terminal as specified values
(Static). A concrete example of the set of DRX cycles is the
same as that in the case in which a set of DRX cycles is
notified at a time of a setup of a radio bearer.

[0993] Furthermore, an example of a trigger for changing
the DRX cycle is the same as that in the case in which a set of
DRX cycles is notified at a time of a setup of a radio bearer.

[0994] Because it is notnecessary to notify any DRX cycles
from the base station to the mobile terminal in the case in
which a set of DRX cycles is set up as specified values, there
can be provided an advantage of making effective use of the
radio resources. Furthermore, because it is not necessary to
notify a wireless section, no receiving errors occur in the
mobile terminal. Therefore, there can be provided another
advantage of being able to avoid a problem that different
DRX cycles are set up in the base station and the mobile
terminal, respectively, due to a receiving error which occurs
in the mobile terminal, and therefore the mobile terminal
cannot receive any downlink data destined for the mobile
terminal itself properly.

[0995] Furthermore, in the above-mentioned explanation,
the example in which a “DRX cycle equal to or shorter than
the current DRX cycle” and a “DRX cycle equal to or longer
than the current DRX cycle” are, in steps ST4006 and
ST4020, notified respectively by using [.1/1.2 control signals
is shown. As an alternative, only a difference (“a DRX cycle
newly set up—the current DRX cycle”) can be notified. As a
result, the amount of information at the time of notifying a
DRX cycle from the base station to the mobile terminal (the
number of bits or the number of symbols) can be reduced, and
therefore there can be provided an advantage of making effec-
tive use of the radio resources. The method using the above-
mentioned difference can be used independently upon any
method of notifying a DRX cycle from the base station to the
mobile terminal (the method of notifying a “DRX cycle equal
to or shorter than the current DRX cycle” and a “DRX cycle
equal to or longer than the current DRX cycle” by using
L.1/1.2 control signals, inband signals, or .3 signaling, and the
method of setting them as specified values in the mobile
communications system).

[0996] Furthermore, when there is no necessity to change
the DRX cycle according to traffic conditions, it is possible
not to notify any DRX cycle. Thereby, there can be provided
an advantage of making further effective use of the radio
resources.

[0997] There can be provided the following advantage by
using the DRX operation method as shown above.
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[0998] Generally, when there exist data destined for the
mobile terminal, the traffic destined for the mobile terminal
becomes high and it is therefore desirable to shorten the time
interval during which the mobile terminal does not carry out
any reception.

[0999] Incontrast, when there exist no data destined for the
mobile terminal, the traffic becomes low and it can be there-
fore considered that the time interval during which the mobile
terminal does not carry out any reception can be lengthened.
[1000] By using the DRX operation method disclosed in
this Embodiment 12, in the mobile communications system,
a mobile terminal can receive (monitor) an [1/[.2 control
signal in the DRX cycle, and, when, as a result, judging that
there exist data destined for the mobile terminal, change the
DRX cycle to a “DRX cycle equal to or shorter than the
current DRX cycle”, whereas when there exist no data des-
tined for the mobile terminal, the mobile terminal can change
the DRX cycle to a “DRX cycle equal to or longer than the
current DRX cycle”.

[1001] Therefore, in accordance with this Embodiment 12,
there can be provided a DRX operation method of being able
to change the DRX cycle according to the status of the traffic.
[1002] As aresult, this embodiment can offer an advantage
of making it possible for a mobile terminal to achieve low
power consumption according to the status of the traffic. As
an example of the achievement of low power consumption in
the mobile terminal, examples 1 and 2 of the power supply of
the receiving system of the mobile terminal of FIG. 39, each
of'the examples having a time interval during which it can be
considered that the mobile terminal is able to turn off the
power supply of the receiving system, are shown.

[1003] Furthermore, the DRX operation method shown in
this Embodiment 12 features the DRX cycle having many
possible values regardless of the method of notifying a DRX
cycle from the base station to the mobile terminal (i.e., the
method of notifying a “DRX cycle equal to or shorter than the
current DRX cycle” and a “DRX cycle equal to or longer than
the current DRX cycle” by using L1/1.2 control signals,
inband signals, or L3 signaling, and the method of setting up
them as specified values of the mobile communications sys-
tem). As aresult, the present embodiment can offer an advan-
tage of being able to flexibly deal with the status of the traffic.
[1004] As especially compared with the DRX operation
method disclosed in the nonpatent reference 8, the present
embodiment can particularly offer the following advantage.

[1005] A problem with the nonpatent reference 8 is that the
mobile terminal has to perform an operation of receiving an
L.1/L.2 control signal in the DRX cycle [ 2] until the DRX cycle
[1] has elapsed even though there exist no data which the
mobile terminal receives continuously (refer to (4) in FIG.
34). In other words, a problem is that the mobile terminal
cannot set up the DRX cycle according to the status of the
traffic quickly. That is, a problem is that even when there exist
no data destined for the mobile terminal, the mobile terminal
cannot change (lengthen) the DRX cycle quickly.

[1006] According to the DRX operation method disclosed
in this Embodiment 12, because the mobile terminal is able to
receive (monitor) an [.1/L.2 control signal in the DRX cycle
and to change the DRX cycle quickly according to the status
of the traffic to the mobile terminal at that time, the problem
with the above-mentioned nonpatent reference 8 can be
solved.

[1007] As a result, because the mobile terminal can set up
the DRX cycle quickly according to the status of the traffic by
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using the DRX operation method disclosed in this Embodi-
ment 12, there can be provided an advantage of being able to
eliminate the necessity to receive any unnecessary [.1/[.2
control signal which occurs because the mobile terminal can-
not change (lengthen) the DRX cycle even though the traffic
becomes low, thereby achieving low power consumption in
the mobile terminal more effectively.

[1008] A variant 1 of Embodiment 12 will be explained.
[1009] In Embodiment 12, any arbitrary values can be set
up as a “DRX cycle equal to or shorter than the current DRX
cycle” and a “DRX cycle equal to or longer than the current
DRX cycle”, respectively. In contrast, in this variant 1, a
method of making a relation between the current DRX cycle
and a DRX cycle which is newly set up according to the status
of the traffic be set will be disclosed.

[1010] An example of the relation between the current
DRX cycle and the DRX cycle which is newly set up will be
shown hereafter.

[1011] (a) A method of defining the difference between
them. An example of a method of acquiring the new DRX
cycle concretely is shown as follows:

[1012] A “DRX cycle equal to or shorter than the current
DRX cycle”=the “current DRX cycle”+N

[1013] A “DRX cycle equal to or longer than the current
DRX cycle”=the “current DRX cycle”-N

[1014] (b) A method of defining a relation of an integer
divisor and a relation of an integer multiple. An example of
the method of acquiring the new DRX cycle concretely is
shown as follows:

[1015] A “DRX cycle equal to or shorter than the current
DRX cycle”=the “current DRX cycle”x1/N

[1016] A “DRX cycle equal to or longer than the current
DRX cycle”=the “current DRX cycle”xN In the following
explanation, the case (b) in which the relation of an integer
divisor and the relation of an integer multiple are defined will
be shown.

[1017] FIG. 41 is an explanatory drawing showing an
example of the DRX operation method for use in the mobile
communications system in accordance with the variant 1. In
FIG. 41, each open box shows downlink data and each diago-
nally shaded box shows an [.1/1.2 control signal.

[1018] A mobile terminal which has made a transition to a
DRX operation in an initial DRX cycle (“x” in FIG. 41)
performs a process of receiving an [.1/1.2 control signal after
the initial DRX cycle, and, when there exist downlink data
destined for the mobile terminal itself, receives the downlink
data (refer to (1) in FIG. 41).

[1019] When there exist data destined for the mobile ter-
minal, because the status of the traffic becomes high, the
mobile terminal sets up the “current DRX cyclex1/N” as a
new DRX cycle in order to shorten the time interval during
which the mobile terminal does not carry out any reception. In
FIG. 41, an example of N=2 is shown. Therefore, the value
which is newly set up as the DRX cycle is “x/2”.

[1020] When the mobile terminal performs a process of
receiving an [L1/1.2 control signal and there exist downlink
data continuously, the mobile terminal receives the downlink
data (refer to (2) in FIG. 41).

[1021] After the DRX cycle (x/2), when the mobile termi-
nal performs the process of receiving an 1.1/1.2 control signal
and there exist downlink data destined for the mobile terminal
itself, the mobile terminal receives the downlink data (refer to
(3) in FIG. 41).
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[1022] The mobile terminal then sets up the “current DRX
cyclex1/N” as the new DRX cycle. In FIG. 41, an example of
N=2 is shown. Therefore, the value which is newly set up as
the DRX cycle is “x/4”.

[1023] When the mobile terminal performs the process of
receiving an [.1/1.2 control signal and there exist no downlink
data continuously, the mobile terminal performs a DRX
operation in the DRX cycle (x/4) (refer to (4) in FIG. 41). In
this example, the start point of the DRX cycle is the head of a
subframe including an [.1/1.2 control signal after the DRX
cycle (refer to the FIG. 41).

[1024] After the DRX cycle (x/4), when the mobile termi-
nal performs the process of receiving an [.1/1.2 control signal
and there exist no downlink data destined for the mobile
terminal itself, the mobile terminal makes a transition to a
DRX operation (refer to (5) in FIG. 41).

[1025] The mobile terminal sets up the DRX cycle which
the mobile terminal uses for this DRX operation as follows.
[1026] When the mobile terminal performs the receiving
process of receiving an [.1/L.2 control signal and there exist
no downlink data, because the status of the traffic becomes
low, the mobile terminal sets up the “current DRX cyclexN”
as the new DRX cycle in order to lengthen the time interval
during which the mobile terminal does not carry out any
reception. In FIG. 41, an example of N=2 is shown. There-
fore, the value which is newly set up as the DRX cycle is
“x/27.

[1027] After the DRX cycle (x/2), when the mobile termi-
nal performs the process of receiving an [.1/1.2 control signal
and there exist no downlink data destined for the mobile
terminal itself, the mobile terminal makes a transition to a
DRX operation (refer to (6) in FIG. 41). The DRX cycle
which the mobile terminal uses for this DRX operation is set
to “x/2x2=x", and is “x”.

[1028] FIG. 42 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station in accordance with the variant 1.
FIG. 42 is similar to FIG. 40 which is the sequence diagram
showing an example of the description of the processing
carried out by the mobile terminal and the base station in
accordance with Embodiment 12. Because the same pro-
cesses are performed in steps designated by the same step
numerals, the explanation of the processes will be omitted
hereafter.

[1029] The base station notifies a maximum DRX cycle, a
minimum DRX cycle, and “N” showing the relation between
the current DRX cycle and the DRX cycle which is newly set
up to the mobile terminal (step ST4201).

[1030] The mobile terminal receives the maximum DRX
cycle, the minimum DRX cycle, and “N” from the base sta-
tion (step ST4202).

[1031] These maximum DRX cycle and minimum DRX
cycle which are notified from the base station to the mobile
terminal are parameters newly required for the variant 1.
[1032] Embodiment 12 shows the example in which the
base station notifies the new DRX cycle to the mobile termi-
nal in every DRX cycle, the DRX cycle set is notified from the
base station to the mobile terminal in advance, or the DRX
cycle set is defined in the mobile communications system.
[1033] In contrast with this, in accordance with the variant
1, the new DRX cycle is not explicitly notified from the base
station to the mobile terminal, but in each of the base station
and the mobile terminal, the “new DRX cycle” is set up on the
basis of the “current DRX cycle” and “N”. By setting up the
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maximum DRX cycle and the minimum DRX cycle as
parameters, there is provided an advantage of being able to
prevent a long DRX cycle which does not fall within a per-
missible range or a short DRX cycle which does not fall
within the permissible range from being set up.

[1034] As an example of the maximum DRX cycle, 5,120
[TTI] can be provided. As an example of the minimum DRX
cycle, 1 [TTI] can be provided.

[1035] As examples of the method of notifying these maxi-
mum and minimum DRX cycles, and “N” from the base
station to the mobile terminal, there can be provided the
following methods:

[1036] (1) a method of, when a radio bearer is set up,
notifying them from the base station to the mobile terminal by
using 13 signaling; and

[1037] (2) a method of setting up them in both the base
station and the mobile terminal as specified values (Static) of
the mobile communications system.

[1038] In the case in which the maximum and minimum
DRX cycles, and “N” are set up as specified values, there can
be provided an advantage of being able to use the radio
resources effectively because it is not necessary to notify the
maximum DRX cycle, the minimum DRX cycle, and “N”
from the base station to the mobile terminal. Furthermore,
because it is not necessary to notify a wireless section, no
receiving errors occur in the mobile terminal. Therefore, there
can be another advantage of being able to avoid a problem that
the maximum DRX cycle, the minimum DRX cycle, and “N”
are set up for the base station and the mobile terminal by a
different base station due to a receiving error which occurs in
the mobile terminal, and therefore the mobile terminal cannot
receive any downlink data destined for the mobile terminal
itself properly.

[1039] The maximum DRX cycle, the minimum DRX
cycle, and “N” can be notified simultaneously, or can be
notified at different times and the order in which they are
notified can be arbitrary.

[1040] Inthe method of notifying a “DRX cycle equal to or
shorter than the current DRX cycle” and a “DRX cycle equal
to or longer than the current DRX cycle”, which is described
in Embodiment 12, in a case in which, when a radio bearer is
set up, the DRX cycle set is notified from the base station to
the mobile terminal or the DRX cycle set is set up in both the
base station and the mobile terminal as specified values of the
mobile communications system, the parameters: the above-
mentioned “maximum DRX cycle” and “minimum DRX
cycle” can be used. As a result, even in a DRX cycle included
in the DRX cycle set, the base station can notify a DRX cycle
which the base station can set up at that time to the mobile
terminal. As a result, there can be provided an advantage of
being able to implement a more optimal DRX operation
method according to a relation with other mobile terminals,
the sum of mobile terminals in the same cell, the status of the
traffic of the mobile terminal, and so on.

[1041] There can be a case in which there arises a necessity
to make the notification method changeable according to the
status of the traffic and so on. Therefore, in addition to the
above-mentioned notification method, there can be provided
a notification method using an L1/L.2 control signal, an
inband signal, or the like in such a way that the notification
from the base station to the mobile terminal can be made more
dynamically.

[1042] First, the description of processing which is per-
formed when downlink data occur will be explained.
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[1043] When downlink data occurs, the base station makes
a transition to a process of step ST4006.

[1044] The base station notifies the mobile terminal that
there exist downlink data therein by using an [.1/[.2 control
signal after the DRX cycle (step ST4006). In other words, the
base station carries out allocation (Allocation) of the down-
link data (refer to (1) in FIG. 41).

[1045] Next, the base station calculates, as a temporary
DRX cycle, a “DRX cycle'(the DRX cycle'=the DRX cyclex
1/N)” in order to set up a new DRX cycle (step ST4203).
[1046] The base station judges whether or not the DRX
cycle' is shorter than the minimum DRX cycle which the base
station, in step ST4201, notified to the mobile terminal (step
ST4204).

[1047] When the DRX cycle' is not shorter than the mini-
mum DRX cycle, the base station shifts to a process of step
ST4205.

[1048] The base station sets up the DRX cycle' as the DRX
cycle (step ST4205).

[1049] In contrast, when the DRX cycle' is shorter than the
minimum DRX cycle, the base station shifts to a process of
step ST4206.

[1050] The base station cancels the DRX cycle' and does
not change the DRX cycle (step ST4206). As an alternative,
the base station can setup, as the DRX cycle, the minimum
DRX cycle which the base station, in step ST4201, notified.
[1051] The mobile terminal performs the receiving process
ofreceiving an [.1/1.2 control signal after the DRX cycle (step
ST4007).

[1052] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
When there exist data destined for the mobile terminal itself,
the mobile terminal shifts to a process of step ST4211.
[1053] The mobile terminal calculates a “DRX cycle' (the
DRX cycle'=the DRX cyclex1/N)” as a temporary DRX cycle
in order to set up a new DRX cycle (step ST4211).

[1054] The mobile terminal judges whether or not the DRX
cycle' is shorter than the minimum DRX cycle which the
mobile terminal received in step ST4202 (step ST4212).
[1055] When the DRX cycle' is not shorter than the mini-
mum DRX cycle, the mobile terminal shifts to a process of
step ST4213.

[1056] The mobile terminal sets up the DRX cycle' as the
DRX cycle (step ST4213).

[1057] Incontrast, when the DRX cycle' is shorter than the
minimum DRX cycle, the mobile terminal shifts to a process
of step ST4214.

[1058] The mobile terminal cancels the DRX cycle' and
does not change the DRX cycle (step ST4214). As an alter-
native, the mobile terminal can set up, as the DRX cycle, the
minimum DRX cycle which the mobile terminal received in
step ST4202.

[1059] The base station transmits downlink data by using
the radio resources which the base station, in step ST4006,
allocated to the mobile terminal (step ST4012).

[1060] The mobile terminal receives the downlink data
according to the radio resources, in step ST4007, allocated
thereto by the base station (step ST4013).

[1061] Next, acase in which no downlink data occur will be
explained.
[1062] When no downlink data occur, the base station shifts

to a process of step ST4020.
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[1063] The base station does not notify the mobile terminal
that there exist downlink data by using an L1/L.2 control
signal after the DRX cycle (step ST4020). In other words, the
base station does not carry out allocation (Allocation) of
downlink data, or notifies the mobile terminal that there exist
no downlink data (refer to (5) in FIG. 41).

[1064] Next, the base station calculates a “DRX cycle' (the
DRX cycle'=the DRX cyclexN)” as a temporary DRX cycle
in order to set up a new DRX cycle (step ST4207).

[1065] The base station judges whether or not the DRX
cycle' is longer than the maximum DRX cycle which the base
station, in step ST4201, notified to the mobile terminal (step
ST4208).

[1066] When the DRX cycle' is not longer than the maxi-
mum DRX cycle, the base station shifts to a process of step
ST4209. The base station sets up the DRX cycle' as the DRX
cycle (step ST4209).

[1067] In contrast, when the DRX cycle' is longer than the
maximum DRX cycle, the base station shifts to a process of
step ST4210. The base station cancels the DRX cycle' and
does not change the DRX cycle (step ST4210). As an alter-
native, the base station can set up, as the DRX cycle, the
maximum DRX cycle which the base station notified in step
ST4201.

[1068] The mobile terminal performs the receiving process
ofreceiving an [.1/1.2 control signal after the DRX cycle (step
ST4007).

[1069] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
[1070] When there exist no data destined for the mobile
terminal itself or when receiving a notification indicating that
there exist no downlink data, the mobile terminal shifts to a
process of step ST4215.

[1071] The mobile terminal calculates a “DRX cycle' (the
DRX cycle'=the DRX cyclexN)” as a temporary DRX cycle
in order to set up a new DRX cycle (step ST4215).

[1072] The mobile terminal judges whether or not the DRX
cycle' is longer than the maximum DRX cycle which the
mobile terminal received in step ST4202 (step ST4216).
[1073] When the DRX cycle' is not longer than the maxi-
mum DRX cycle, the mobile terminal shifts to a process of
step ST4217.

[1074] The mobile terminal sets up the DRX cycle' as the
DRX cycle (step ST4217).

[1075] In contrast, when the DRX cycle' is longer than the
maximum DRX cycle, the mobile terminal shifts to a process
of step ST4218.

[1076] The mobile terminal cancels the DRX cycle' and
does not change the DRX cycle (step ST4218). As an alter-
native, the mobile terminal can set up, as the DRX cycle, the
maximum DRX cycle which the mobile terminal received in
step ST4202.

[1077] In addition to the advantages provided using
Embodiment 12, by using the DRX operation method shown
in the above-mentioned variant 1, the following advantages
can be offered.

[1078] In accordance with Embodiment 12, as a “DRX
cycle equal to or shorter than the current DRX cycle” and a
“DRX cycle equal to or longer than the current DRX cycle”,
arbitrary values are notified from the base station to the
mobile terminal. In contrast, in accordance with the variant 1,
the relation “N” between the current DRX cycle and the DRX
cycle which is newly set up according to the status of the
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traffic is notified from the base station to the mobile terminal.
As a result, the amount of information which is notified from
the base station to the mobile terminal is reduced, and there is
provided an advantage of being able to make effective use of
the radio resources.

[1079] Furthermore, by using the method of defining the
above-mentioned relation of an integer divisor and the above-
mentioned relation of an integer multiple in the relation
between the current DRX cycle and the DRX cycle which is
newly set up, the DRX cycle which is newly set up is the “n-th
power of N”-fold initial DRX cycle, or is the “n-th power of
1/N”-fold initial DRX cycle. As a result, there can be pro-
vided an advantage of being able to predict downlink
resources which are allocated to the mobile terminal by the
base station. Furthermore, by, in a case in which mismatching
of'the DRX cycle (a state transition error) occurs between the
base station and the mobile terminal due to occurrence of an
receiving error or the like when the mobile terminal receives
an [L1/L.2 control signal, making the base station notify an
L.1/1.2 control signal to the mobile terminal in a “longer DRX
cycle” which is longer by one, the mobile terminal can receive
the L1/L.2 control signal, and therefore there is provided an
advantage of being able to make the system recover from the
state transition error.

[1080] As to the DRX operation method which is used
when HARQ is applied and retransmission occurs, there are
disclosed two broad examples in this specification.

[1081] They are the method shown in above-mentioned
Embodiment 7 and the method shown in above-mentioned
Embodiment 8. In order to provide the advantage of being
able to predict the downlink resources which the base station
allocates to the mobile terminal, it is preferable to use the
method shown in above-mentioned Embodiment 8 so as to
increase the compatibility with the DRX operation method
which is used when HARQ is applied and retransmission
occurs.

[1082] As especially compared with the DRX operation
method disclosed in the nonpatent reference 8, the present
embodiment can particularly offer the following advantage.
[1083] By using the method (a) of defining the above-men-
tioned relation of an integer divisor and the above-mentioned
relation of an integer multiple in the relation between the
current DRX cycle and the DRX cycle which is newly set up,
which is shown in the variant 1, like in the case of using the
method disclosed by the nonpatent reference 8, there is pro-
vided an advantage of being able to prevent an [.1/.2 control
signal receiving operation, as shown in (4) of FIG. 34, which
should be avoided from the viewpoint of low power consump-
tion in the mobile terminal, from occurring. As a result, there
can be provided an advantage of being able to construct a
mobile communications system which is more advantageous
to low power consumption in the mobile terminal, as com-
pared with the method disclosed by the nonpatent reference 8.
[1084] A variant 2 of Embodiment 12 will be explained.
[1085] In accordance with Embodiment 12, when the base
station does not allocate downlink data to the mobile terminal
once, the base station sets a “DRX cycle equal to or longer
than the current DRX cycle” to the mobile terminal by using
an [L1/1.2 control signal after the DRX cycle. Also when the
mobile terminal recognizes once that no downlink data are
allocated thereto by using an [.1/L.2 control signal after the
DRX cycle, the mobile terminal sets up the “DRX cycle equal
to or longer than the current DRX cycle” notified thereto from
the base station.
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[1086] In contrast, in accordance with the variant 2, when
the base station judges that the number of consecutive times
that the base station has not carried out any allocation of
downlink data to the mobile terminal reaches M times by
using [.1/1.2 control signals after the DRX cycle, the base
station sets a “DRX cycle equal to or longer than the current
DRX cycle” to the mobile terminal. Also when the mobile
terminal has consecutively recognized M times that no down-
link data have been allocated thereto by using [.1/1.2 control
signals after the DRX cycle, the mobile terminal sets up the
“DRX cycle equal to or longer than the current DRX cycle”
notified thereto from the base station.

[1087] FIG. 43 is an explanatory drawing showing an
example of the DRX operation method in the mobile com-
munications system in accordance with the variant 2. In FIG.
43, each open box shows downlink data and each diagonally
shaded box shows an [.1/L.2 control signal.

[1088] DRX cycles shown have the following relation in
their lengths: an initial DRX cycle is longer than a DRX cycle
[2], the DRX cycle [2] is longer than a DRX cycle [3], the
DRX cycle [3] is shorter than a DRX cycle [4], and the DRX
cycle [4] is shorter than a DRX cycle [5].

[1089] The mobile terminal which has made a transition to
a DRX operation in the initial DRX cycle performs a process
of receiving an L.1/L.2 control signal after the initial DRX
cycle, and, when there exist downlink data destined for the
mobile terminal itself, receives the downlink data (referto (1)
in FIG. 43).

[1090] The DRX cycle [2]is included in this [L1/1.2 control
signal as a “DRX cycle equal to or shorter than the current
DRX cycle”. Together with this DRX cycle, “M (DRX cycle
[2])” corresponding to the DRX cycle [2] is notified from the
base station to the mobile terminal. The mobile terminal sets
up the received DRX cycle [2] as the DRX cycle.

[1091] When the mobile terminal performs the receiving
process of receiving an [.1/[.2 control signal and there exist
downlink data continuously, the mobile terminal receives the
downlink data (refer to (2) in FIG. 43).

[1092] After the DRX cycle [2], when the mobile terminal
performs the receiving process of receiving an [.1/1.2 control
signal and there exist downlink data destined for the mobile
terminal itself, the mobile terminal receives the downlink data
(refer to (3) in FIG. 43).

[1093] The DRX cycle [3]is included in this [L1/1.2 control
signal as a “DRX cycle equal to or shorter than the current
DRX cycle”. Together with this DRX cycle, “M (DRX cycle
[3])” corresponding to the DRX cycle [3] is notified from the
base station to the mobile terminal.

[1094] In FIG. 43, a case of “M (DRX cycle [3])=2" is
explained. The mobile terminal sets up the received DRX
cycle [3] as the DRX cycle.

[1095] When the mobile terminal performs the receiving
process of receiving an [.1/[.2 control signal and there exist
no downlink data continuously, the mobile terminal performs
a DRX operation in the DRX cycle (DRX cycle [3]) (refer to
(4) in FIG. 43).

[1096] Inthis example, the start point of the DRX cycle [3]
is the head of a subframe including an 1.1/L.2 control signal
with which the DRX cycle [3] is notified (refer to FIG. 43).
[1097] After the DRX cycle [3], when the mobile terminal
performs the receiving process of receiving an [.1/1.2 control
signal and there exist no downlink data destined for the
mobile terminal itself, the mobile terminal makes a transition
to a DRX operation (refer to (5) in FIG. 43).
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[1098] The DRX cycle [4] may be included in this [.1/1.2
control signal as a “DRX cycle equal to or longer than the
current DRX cycle”. However, because the mobile terminal
recognizes only once by using the [.1/1.2 control signal after
the DRX cycle [3] that no allocation of downlink data has
been carried out, and “M (DRX cycle [3])=2", the mobile
terminal does not set up the DRX cycle [4] as the DRX cycle
in (S) of FIG. 32. Therefore, the DRX cycle is kept to be the
DRX cycle [3].

[1099] After the DRX cycle [3], when the mobile terminal
performs the receiving process of receiving an [.1/1.2 control
signal and there exist no downlink data destined for the
mobile terminal itself, the mobile terminal makes a transition
to a DRX operation (refer to (6) in FIG. 43). Because the
mobile terminal has consecutively recognized M times (M
(DRX cycle 3)=2) by using L.1/1.2 control signals after the
DRX cycle [3] that no allocation of downlink data has not
been carried out, the mobile terminal sets up the DRX cycle
[4] as the DRX cycle.

[1100] FIG. 44 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station in accordance with the variant 2.
FIG. 44 is similar to FIG. 40 which is the sequence diagram
showing an example of the description of the processing
carried out by the mobile terminal and the base station in
accordance with Embodiment 12 of the present invention.
Because the same processes are performed in steps desig-
nated by the same step numerals, the explanation of the pro-
cesses will be omitted hereafter.

[1101] The description of processing which is carried out
when downlink data occur will be explained.

[1102] When downlink data occurs, the base station shifts
to a process of step ST4006.

[1103] The base station notifies the mobile terminal that
there exist downlink data by using an L1/1.2 control signal
after the DRX cycle (step ST4006). In other words, the base
station carries out allocation (Allocation) of the downlink
data (refer to (1) in FIG. 43).

[1104] While the base station allocates the downlink data to
the mobile terminal, the base station notifies a “DRX cycle
equal to or shorter than the current DRX cycle” to the mobile
terminal and sets up, as the DRX cycle ofthe mobile terminal,
the “DRX cycle equal to or shorter than the current DRX
cycle” which the base station has notified (step ST4008).
[1105] The base station notifies “M” corresponding to the
“DRX cycle equal to or shorter than the current DRX cycle”
which the base station, in step ST4408, notified to the mobile
terminal (step ST4401). In this case, the processes in steps
ST4006, ST4008, and ST4401 can be carried out simulta-
neously, or the order in which they are carried out is arbitrary.
[1106] The parameter “M” is defined as follows.

[1107] In a case in which the status of the traffic becomes
low and the frequency of occurrence of downlink data des-
tined for the mobile terminal drops, the parameter is used for
adjusting the timing at which the current DRX cycle is
changed to a longer DRX cycle.

[1108] As a concrete example of the use of the parameter,
the base station sets a “DRX cycle equal to or longer than the
current DRX cycle” to the mobile terminal when judging that
the number of consecutive times that the base station has not
preformed any allocation of downlink data to the mobile
terminal reaches M times by using [.1/1.2 control signals after
the DRX cycle. When the mobile terminal has consecutively
recognized M times that no downlink data have been allo-
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cated thereto by using [L1/L.2 control signals after the DRX
cycle, the mobile terminal sets the “DRX cycle equal to or
longer than the current DRX cycle” notified thereto from the
base station as the DRX cycle.

[1109] The mobile terminal performs the receiving process
ofreceiving an [.1/1.2 control signal after the DRX cycle (step
ST4007).

[1110] The mobile terminal receives the “DRX cycle equal
to or shorter than the current DRX cycle” through the receiv-
ing process of receiving the L.1/1.2 control signal (step
ST4009).

[1111] Next, the mobile terminal receives “M” from the
base station (step ST4402).

[1112] The parameter “M” is newly provided by the variant
2.

[1113] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
When there exist data destined for the mobile terminal itself,
the mobile terminal shifts to a process of step ST4403.
[1114] The mobile terminal sets up, as the DRX cycle
thereof, the DRX cycle which the mobile terminal received in
step ST4009 (step ST4403). Refer to (1) in FIG. 43.

[1115] The base station transmits downlink data by using
the radio resources which the base station, in step ST4006,
allocated to the mobile terminal (step ST4012).

[1116] The mobile terminal receives the downlink data
according to the radio resources which are, in step ST4007,
allocated thereto by the base station (step ST4013).

[1117] Next, a case in where no downlink data occur will be
explained.
[1118] When no downlink data occur, the base station shifts

to a process of step ST4020.

[1119] The base station does not notify the mobile terminal
that there exist no downlink data by using an [.1/[.2 control
signal after the DRX cycle (step ST4020). In other words, the
base station does not carry out allocation (Allocation) of
downlink data (refer to (5) in FIG. 43).

[1120] The base station notifies a “DRX cycle equal to or
longer than the current DRX cycle” to the mobile terminal by
using an [L1/L.2 control signal after the DRX cycle (step
ST4021).

[1121] The base station judges whether the number of con-
secutive times that the base station has not carried out any
allocation of downlink data to the mobile terminal reach M
times (“M” corresponds to the current DRX cycle) by using
L1/L.2 control signals after the DRX cycle (step ST4404).
When the number of consecutive times that the base station
has not carried out any allocation of downlink data to the
mobile terminal is smaller than M times, the base station
shifts to the process of step ST4003 and performs a DRX
operation without changing the DRX cycle (refer to (5) in
FIG. 43).

[1122] In contrast, when the number of consecutive times
that the base station has not carried out any allocation of
downlink data to the mobile terminal reaches M times, the
base station shifts to a process of step ST4405 (refer to (6) in
FIG. 43).

[1123] The base station sets up the “DRX cycle equal to or
longer than the current DRX cycle” which the base station has
notified to the mobile terminal as the DRX cycle of the mobile
terminal (step ST4405). After that, the base station shifts to
the process of step ST4003 and performs a DRX operation
(refer to (6) in FIG. 43).
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[1124] The mobile terminal performs the receiving process
ofreceiving an [.1/1.2 control signal after the DRX cycle (step
ST4007).

[1125] The mobile terminal receives the “DRX cycle equal
to or longer than the current DRX cycle” through the receiv-
ing process of an [.1/1.2 control signal (step ST4009).
[1126] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST4011).
When there exist no data destined for the mobile terminal
itself, the mobile terminal shifts to a process of step ST4406.
[1127] The mobile terminal judges if it has consecutively
checked to see that no allocation of downlink data to the
mobile terminal has been performed M times (“M” corre-
sponds to the current DRX cycle) by using L.1/1.2 control
signals after the DRX cycle (step ST4406). When the number
of consecutive times which the mobile terminal has recog-
nized that no allocation of downlink data to the mobile ter-
minal has been performed is smaller than M times, the mobile
terminal shifts to the process of step ST4004 and performs a
DRX operation without changing the DRX cycle (refer to (5)
in FIG. 43).

[1128] In contrast, when the number of consecutive times
which the mobile terminal has recognized that no allocation
of' downlink data to the mobile terminal has been performed
reaches M times, the mobile terminal shifts to a process of
step ST4407 (refer to (6) in FIG. 43).

[1129] The mobile terminal sets up, as the DRX cycle, the
“DRX cycle equal to or longer than the current DRX cycle”
which the mobile terminal has received (step ST4407). After
that, the mobile terminal shifts to the process of step ST4004
and performs a DRX operation (refer to (6) in FIG. 43).
[1130] Inthe above-mentioned explanation, the example in
which the base station notifies “M” by using an [.1/1.2 control
signal in step ST4401 is shown. As an alternative, the base
station can notify “M” by using an inband signal (a MAC
signaling), instead of the L.1/1.2 control signal, while associ-
ating the inband signal with the corresponding DRX cycle.
[1131] Asanalternative, when a radio bearer is setup, a “set
of Ms” can be notified from the base station to the mobile
terminal while the M set is associated with a set of DRX
cycles notified by using 1.3 signaling. As an alternative, “Ms”
corresponding to all the DRX cycles can be notified from the
base station to the mobile terminal.

[1132] By, when a radio bearer is set up, notifying the “M
set” from the base station to the mobile terminal while asso-
ciating the M set with the DRX cycle set, it becomes unnec-
essary to notify “M” when notifying a “DRX cycle equal to or
shorter than the current DRX cycle” by using an [.1/[.2 con-
trol signal in every DRX cycle. Therefore, there can be pro-
vided an advantage of being able to make effective use of the
radio resources.

[1133] Furthermore, the “M set” can be alternatively set up,
as specified values (Static), in both the base station and the
mobile terminal while being associated with the DRX cycle
set which is defined in the mobile communications system. As
an alternative, “Ms” corresponding to all the DRX cycles can
be notified from the base station to the mobile terminal.
[1134] Inthe casein which the “M set”is set up as specified
values, there can be provided an advantage of being able to
make effective use of the radio resources because it is not
necessary to notify the DRX cycle from the base station to the
mobile terminal.
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[1135] Furthermore, because it is not necessary to notify a
wireless section, no receiving errors occur in the mobile ter-
minal. Therefore, there can be provided another advantage of
being able to avoid a problem that different DRX cycles are
set up in the base station and the mobile terminal, respec-
tively, due to a receiving error which occurs in the mobile
terminal, and therefore the mobile terminal cannot receive
any downlink data destined for the mobile terminal itself
properly.

[1136] In addition to the advantages provided using
Embodiment 12, by using the DRX operation method shown
in the above-mentioned variant 2, the following advantages
can be offered.

[1137] In accordance with Embodiment 12, even when the
number of consecutive times that the base station has not
carried out any allocation of downlink data to the mobile
terminal using an [.1/1.2 control signal after the DRX cycle is
one, the base station sets up a “DRX cycle equal to or longer
than the current DRX cycle” to the mobile terminal. When
checking to see once that no allocation of downlink data has
been carried out by using an [.1/1.2 control signal after the
DRX cycle, the mobile terminal sets up a “DRX cycle equal
to or longer than the current DRX cycle” notified thereto from
the base station, too.

[1138] In contrast, in accordance with the variant 2, when
judging that no allocation of downlink data to the mobile
terminal has been continuously carried out M times by using
an L1/L.2 control signal after the DRX cycle, the base station
sets a “DRX cycle equal to or longer than the current DRX
cycle” to the mobile terminal. When the mobile terminal has
continuously recognized M times that no downlink data have
been allocated thereto by using an 1.1/1.2 control signal after
the DRX cycle, the mobile terminal sets up the “DRX cycle
equal to or longer than the current DRX cycle” notified
thereto from the base station, too.

[1139] As aresult, when no allocation of downlink data has
been carried out, the mobile terminal can adjust the time
interval during which to check see whether the status of the
traffic becomes low actually without making a transition to
the “DRX cycle equal to or longer than the current DRX
cycle” quickly. Furthermore, the system makes it possible to
change the number of consecutive times that the mobile ter-
minal has recognized that no downlink data have been allo-
cated thereto.

[1140] As a result, there can be provided an advantage of
being able to efficiently adjust the downlink throughput and
low power consumption in the mobile terminal.

[1141] A variant 3 of Embodiment 12 will be explained.
[1142] In the variant 3, an example of a method which is
most suitable for a case of using a combination of the variant
1 and the variant 2 is shown. Concretely, the parameter “N” of
the variant 1 is made to be equal to the parameter “M” of the
variant 2.

[1143] FIG. 45 is an explanatory drawing showing an
example of a DRX operation method for use in a mobile
communications system in accordance with the variant 3. In
FIG. 45, each open box shows downlink data and each diago-
nally shaded box shows an [.1/1.2 control signal.

[1144] The mobile terminal which has made a transition to
a DRX operation in an initial DRX cycle (“x” in FIG. 45)
performs a receiving process of receiving an [.1/L.2 control
signal after the initial DRX cycle, and, when there exist
downlink data destined for the mobile terminal itself, receives
the downlink data (refer to (1) in FIG. 45).
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[1145] Because the status of the traffic becomes high when
there exist data destined for the mobile terminal, the mobile
terminal sets up, as a new DRX cycle, the “current DRX
cyclex1/N” in order to shorten the time interval during which
the mobile terminal does not carry out any reception. FIG. 45
shows an example of N=2. Therefore, the value which is
newly set up as the DRX cycle is “x/2”.

[1146] When the mobile terminal performs the receiving
process of receiving an [.1/L.2 control signal and there exist
downlink data continuously, the mobile terminal receives the
downlink data (refer to (2) in FIG. 45).

[1147] After the DRX cycle (x/2), when the mobile termi-
nal performs the receiving process of receiving an 1.1/1.2
control signal and there exist downlink data destined for the
mobile terminal itself, the mobile terminal receives the down-
link data (refer to (3) in FIG. 45).

[1148] The mobile terminal sets up the “current DRX
cyclex1/N” as the new DRX cycle. FIG. 45 shows the
example of N=2. Therefore, the value which is newly set up as
the DRX cycle is “x/4”.

[1149] When the mobile terminal performs the process of
receiving an [.1/1.2 control signal and there exist no downlink
data continuously, the mobile terminal performs a DRX
operation in the DRX cycle=x/4 (refer to (4) in FIG. 45).
[1150] In this example, the start point of the DRX cycle is
the head of a subframe including an [.1/1.2 control signal after
the DRX cycle (refer to FIG. 45).

[1151] After the DRX cycle (x/4), when the mobile termi-
nal performs the receiving process of receiving an 1.1/1.2
control signal and there exist no downlink data destined for
the mobile terminal itself, the mobile terminal makes a tran-
sition to a DRX operation (refer to (5) in FIG. 45). Because
the mobile terminal has checked to see only once that no
allocation of downlink data thereto has been carried out by
using an L.1/1.2 control signal after the DRX cycle=x/4, and
“M=N=2", the mobile terminal does not change the DRX
cycle in (5) of FIG. 45.

[1152] After the DRX cycle (x/4), when the mobile termi-
nal performs the receiving process of receiving an 1.1/1.2
control signal and there exist no downlink data destined for
the mobile terminal itself, the mobile terminal makes a tran-
sition to a DRX operation (refer to (6) in FIG. 45). At that
time, because the mobile terminal has recognized twice that
no allocation of downlink data thereto has been carried out by
using an [.1/1.2 control signal after the DRX cycle=x/4, the
mobile terminal changes the DRX cyclein (6) of FIG. 45. The
DRX cycle is “x/4x2=x/2".

[1153] A sequence diagram showing an example of the
description of processing carried out by the mobile terminal
and the base station in accordance with the variant 3 can be a
combination of FIG. 42 which is the sequence diagram of the
variant 1, and FIG. 44 which is the sequence diagram of the
variant 2. Therefore, the explanation of the description of the
processing carried out by the mobile terminal and the base
station in accordance with the variant 3 will be omitted.
[1154] By using the DRX operation method shown in the
above-mentioned variant 3, in addition to the advantages
provided by the use of Embodiment 12, the variant 1, and the
variant 2, the following advantages can be provided.

[1155] By making the parameter “N” of the variant 1 and
the parameter “M” of the variant 2 have the same value, the
mobile terminal certainly monitors an [.1/L.2 control signal in
a“longer DRX cycle” which is longer by one (refer to (6) and
(7) in FIG. 45).
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[1156] Thereby, by, in a case in which mismatching of the
DRX cycle (a state transition error) occurs between the base
station and the mobile terminal due to occurrence of an
receiving error or the like when the mobile terminal receives
an [L1/L.2 control signal, making the base station notify an
L.1/1.2 control signal to the mobile terminal in either a “longer
DRX cycle” which is longer by one or the initial DRX cycle,
the mobile terminal can receive the [.1/[.2 control signal, and
therefore there is provided an advantage of being able to make
the system recover from the state transition error.

[1157] As to the DRX operation method which is used
when HARQ is applied and retransmission occurs, there are
disclosed two broad examples in this specification.

[1158] They are the method shown in above-mentioned
Embodiment 7 and the method shown in above-mentioned
Embodiment 8. In order to acquire the advantages of the
above-mentioned variant 3, it is preferable to use the method
shown in above-mentioned Embodiment 8 so as to increase
the compatibility with the DRX operation method which is
used when HARQ is applied and retransmission occurs.

[1159] As especially compared with the DRX operation
method disclosed in the nonpatent reference 8, the present
embodiment can particularly offer the following advantages.

[1160] By, in the variant 3, using the method of keeping
constant the relation between the current DRX cycle and a
DRX cycle which is newly set up according to the status of the
traffic, there is provided an advantage of being able to prevent
any excess [.1/1.2 control signal receiving operation as shown
in (4) of FIG. 34, like in the case of using the method disclosed
by the nonpatent reference 8. As a result, there can be pro-
vided an advantage of being able to construct a mobile com-
munications system which is more advantageous to low
power consumption in the mobile terminal, as compared with
the method disclosed by the nonpatent reference 8.

[1161] A variant 4 of Embodiment 12 will be explained.

[1162] In Embodiment 12, the method of notifying the
“initial DRX cycle” from the base station to the mobile ter-
minal is shown. In contrast, in this variant 4, a method of
setting up the initial DRX cycle according to the QoS of the
service is disclosed.

[1163] The description of processing carried out by the
mobile terminal and the base station is similar to that shown
in FIG. 40 which is the sequence diagram showing an
example ofthe description of the processing carried out by the
mobile terminal and the base station in accordance with
Embodiment 12. Therefore, the processing carried out by the
mobile terminal and the base station of this variant will be
explained hereafter with reference to FIG. 40, focusing on a
different portion.

[1164] Thebase station, in step ST4001, does not notify the
initial DRX cycle to the mobile terminal.

[1165] Instead, when a radio bearer is set up, the base
station selects the initial DRX cycle according to the QoS of
the service which the base station notifies to the mobile ter-
minal (e.g., according to the example 1 of FIG. 46), and sets
up the initial DRX cycle as the DRX cycle.

[1166] Together with the base station, instead of receiving
the initial DRX cycle, the mobile terminal, in step ST4002,
selects an initial DRX cycle and sets up this initial DRX cycle
as the DRX cycle according to the QoS of the service which
is notified from the base station (according to the example 1 of
FIG. 46).
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[1167] The example 1 of FIG. 46 shows an example of the
relation between the QoS of the service and the initial DRX
cycle.

[1168] A grouping of the QoS is not limited to the example

1 of FIG. 46. As another example, the initial DRX cycle can
be associated with the QoS of the service according to the
providing service.

[1169] Furthermore, the DRX cycle is not limited to being
specified in units of TTI as shown in the example 1 of FIG. 46,
or can be specified in units of time [ms], subframe, or the like.
[1170] Furthermore, the relation between the QoS of the
service and the initial DRX cycle can be defined in the mobile
communications system, or can be notified from the base
station to the mobile terminal.

[1171] When multiple services are implemented in the
mobile communications system, the mobile communications
system can select an initial DRX cycle corresponding to the
highest one of the QoSs of services which can be provided in
the base station and the mobile terminal, and can set up the
selected initial DRX cycle as the DRX cycle.

[1172] Furthermore, the mobile communications system
can set up a maximum DRX cycle according to the QoS ofthe
service, as shown in an example 2 of FIG. 46. As an alterna-
tive, the mobile communications system can set up a mini-
mum DRX cycle according to the QoS of the service.
[1173] Thisvariant 4 canalso be applied to the variant 1, the
variant 2, and the variant 3.

[1174] By using the DRX operation method shown in the
above-mentioned variant 4, in addition to the advantages
provided by the use of Embodiment 12, the variant 1, the
variant 2, and the variant 3, the following advantages can be
provided.

[1175] Even in a case in which downlink data destined for
the mobile terminal occur in the base station, if the mobile
terminal is performing a DRX operation, the base station
cannot transmit the downlink data to the mobile terminal.
[1176] Therefore, setting the DRX cycle to a longer one can
achieve low power consumption in the mobile terminal, but
causes a demerit of reducing the downlink throughput. More
specifically, by, when the service is requested to have a high
QoS, setting either the initial DRX cycle or the maximum
DRX cycle to be a shorter one, the mobile communications
system makes it possible to perform a DRX operation while
satisfying the QoS of the service.

[1177] By using the variant 4, a DRX operation using either
an optimal initial DRX cycle or an optimal maximum DRX
cycle according to the QoS of the service can be implemented
without notifying the initial DRX cycle, the maximum DRX
cycle, or both the initial DRX cycle and the maximum DRX
cycle from the base station to the mobile terminal.

[1178] As a result, there can be provided an advantage of
enabling the mobile terminal to perform an optimal DRX
operation which translates into low power consumption in the
mobile terminal while satisfying the QoS of the service.
[1179] Furthermore, because it is not necessary to notify
the initial DRX cycle, the maximum DRX cycle, or both the
initial DRX cycle and the maximum DRX cycle from the base
station to the mobile terminal, there can be provided an
advantage of making effective use of the radio resources.

Embodiment 13

[1180] In the nonpatent reference 9, as data transmission
methods of transmitting data for a E-MBMS (Evolved Mul-
timedia Broadcast Multicast Service), and services (non-
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MBMS and non-EMBMS) other than the E-MBMS, there is
disclosed a method of transmitting data with time division
multiplexing (Time Division Multiplexing: TDM).

[1181] FIG. 47 is an explanatory drawing showing an
example of allocation of radio resources to the E-MBMS and
to services other than the E-MBMS. Units in which time
division is carried out are, as an example, units of subframe
(Subframe), as will be described below.

[1182] The nonpatent reference 10 discloses that only one
leading symbol or only two leading symbols included in a
subframe which is allocated to the E-MBMS with time divi-
sion multiplexing (TDM) is used for a Unicast service.
[1183] An example of the allocation of the radio resources
is shown in FIG. 48. This figure illustrates that only one
leading symbol (refer to (1) in FIG. 48) included in a sub-
frame which is allocated to the E-MBMS is used for a Unicast
service.

[1184] The nonpatent references 9 and 10 describe nothing
about a DRX operation (a DRX operation during Active).
[1185] Ina case in which data about the E-MBMS and data
about services other than the E-MBMS are time-division-
multiplexed, and only one or several leading symbols
included in a subframe which is allocated to the E-MBMS can
be used for a Unicast service, there arises the following prob-
lem about a relation with a DRX operation (a DRX operation
during Active).

[1186] The problem shown in Embodiment 13 will be
explained with reference to FIG. 49.

[1187] A mobile terminalis performing a DRX operation in
a DRX cycle (x). The mobile terminal is receiving (monitor-
ing) an [.1/1.2 control signal in every DRX cycle (refer to (1)
and (2) in FIG. 49). When judging that there exist downlink
data destined for the mobile terminal itself as a result of the
receiving process of receiving the 1.1/L.2 control signal, the
mobile terminal receives the downlink data by using the radio
resources which are allocated thereto with an L1/L.2 control
signal.

[1188] The radio resources which are allocated to the
mobile terminal with an [.1/.2 control signal in dynamic
scheduling are included in the same subframe as that in which
the L.1/1.2 control signal is included with respect to the time
axis.

[1189] In contrast, when judging that there exist no down-
link data destined for the mobile terminal itself as a result of
the receiving process of receiving the L1/1.2 control signal,
the mobile terminal performs a DRX operation in the DRX
cycle (refer to (1) in FIG. 49).

[1190] There arises the following problem at a timing at
which a cycle in which the E-MBMS is transmitted, i.e., a
cycle in which E-MBMS data are time-division multiplexed
coincides with the timing at which the mobile terminal comes
into Active (refer to FIG. 15) during a DRX operation period.
[1191] Symbols available for a Unicast service which are
included in a subframe allocated to the E-MBMS are only one
or two leading symbols of the subframe, and the number of
the symbols is smaller than the number of symbols (one, two,
or three leading symbols) which are allocated to an L.1/1.2
control signal included in a subframe which is not allocated to
the E-MBMS.

[1192] Therefore, there is a possibility that the mobile ter-
minal which is performing a DRX operation is unable to
judge whether there exist data destined for the mobile termi-
nal itself in an [.1/L.2 control signal even if the mobile termi-
nal monitors the L1/1.2 control signal at the timing at which

Jul. 16, 2009

the cycle in which the E-MBMS is transmitted coincides with
the timing at which the mobile terminal comes into Active
(refer to FIG. 15) during a DRX operation period.

[1193] Hereafter, an operation for the E-MBMS and a DRX
operation method in the mobile communications system in
accordance with Embodiment 13 will be explained.

[1194] FIG. 50 is an explanatory drawing showing an
example of the operation for the E-MBMS and the DRX
operation method in the mobile communications system in
accordance with Embodiment 13 of the present invention.
[1195] InFIG. 50, each open box shows downlink data for
Unicast, each diagonally-to-the-right-and-upward-shaded
box shows an [.1/1.2 control signal, and each diagonally-to-
the-right-and-downward-shaded box shows data for the
E-MBMS.

[1196] A mobile terminal performs a DRX operation in a
DRX cycle (x). The mobile terminal receives (monitors) an
L1/1.2 control signal in every DRX cycle (refer to (1) in FIG.
50).

[1197] When judging that there exist downlink data des-
tined for the mobile terminal itself as a result of the receiving
process of receiving the L1/1.2 control signal, the mobile
terminal receives the downlink data by using radio resources
which are allocated thereto with an L.1/L.2 control signal.
[1198] The radio resources which are allocated to the
mobile terminal with an [.1/.2 control signal in dynamic
scheduling are included in the same subframe as that in which
the L.1/1.2 control signal is included with respect to the time
axis.

[1199] In contrast, when judging that there exist no down-
link data destined for the mobile terminal itself as a result of
the receiving process of receiving the L1/1.2 control signal,
the mobile terminal performs a DRX operation in the DRX
cycle (refer to (1) in FIG. 50).

[1200] Ina case in which the cycle in which the E-MBMS
is transmitted, i.e., the cycle in which E-MBMS data are
time-division multiplexed coincides with the timing at which
the mobile terminal comes into Active (refer to FIG. 15)
during a DRX operation period (refer to (2) in FIG. 50), the
mobile terminal does not perform the receiving operation of
receiving an [L1/1.2 control signal in the DRX operation (skips
the receiving operation).

[1201] The mobile terminal which is performing a DRX
operation performs the receiving operation of receiving an
L.1/L.2 control signal in the DRX operation in the next sub-
frame (refer to (3) in FIG. 50) in the cycle in which the
E-MBMS is transmitted.

[1202] When allocation of downlink data transmission to
the mobile terminal is carried out by using an [.1/1.2 control
signal ofthe next subframe in the cycle in which the E-MBMS
is transmitted, the base station transmits the downlink data
and the mobile terminal receives the downlink data in the
same subframe according to the allocation (refer to (4) in FIG.
50).

[1203] Furthermore, in a case in which the cycle in which
the E-MBMS is transmitted does not coincide with the timing
atwhich the mobile terminal comes into Active during a DRX
operation period (the receiving timing of an [.1/[.2 control
signal during the DRX operation period), the mobile terminal
performs the receiving operation of receiving an [.1/L.2 con-
trol signal in the DRX operation at a timing which does not
differ from that in the case in which the mobile terminal does
not skip the receiving operation (refer to (5) in FIG. 50).
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[1204] FIG. 51 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with Embodiment 13
of the present invention.

[1205] The base station notifies a E-MBMS transmission
cycle and the starting point (Starting Point) of the E-MBMS
transmission cycle to the mobile terminal (step ST6101). It
can be considered that each of the starting points is notified
with a frame number, a subframe number, a slot number, a
symbol number, or the like.

[1206] Generally, it is enough for only a mobile terminal
which receives a E-MBMS service to receive the notification
of the E-MBMS transmission cycle and the starting point of
the E-MBMS transmission cycle. However, this Embodiment
13 is characterized in that, in step ST6101, not only either a
mobile terminal which receives a E-MBMS service or a
mobile terminal having a capability of receiving a E-MBMS
service, but also all mobile terminals which belong to the base
station receives the transmit information about a E-MBMS
service (the E-MBMS transmission cycle and the starting
point of the E-MBMS transmission cycle) from the base
station.

[1207] This is because there is a possibility that any mobile
terminal other than a mobile terminal which receives a
E-MBMS service or a mobile terminal having a capability of
receiving a E-MBMS service performs a DRX operation
during Active, too. For this reason, it can considered that a
BCH (Broadcast Channel) or the like which is a channel via
which broadcast information is transmitted is used for the
above-mentioned notification.

[1208] A mobile terminal receives the E-MBMS transmis-
sion cycle and the starting point of the E-MBMS transmission
cycle from the base station (step ST6102).

[1209] In a mobile communications system in which a
mobile terminal which does not perform any DRX operation
during Active or a mobile terminal which does not have the
capability of performing a DRX operation during Active is
permitted, all mobile terminals which belong to the base
station do not have to receive the transmit information about
a E-MBMS service, and a mobile terminal which does not
perform any DRX operation during Active or a mobile termi-
nal which does not have the capability of performing a DRX
operation during Active does not have to receive the transmit
information about the E-MBMS service.

[1210] Each of the base station and the mobile terminal
then makes a transition to a DRX operation in the DRX cycle
(steps ST6103 and ST6104).

[1211] The base station judges whether downlink data des-
tined for the mobile terminal has occurred (step ST6105).
[1212] First, the description of the processing in a case in
which downlink data has occurred will be explained.

[1213] When downlink data has occurred, the base station
shifts to a process of step ST6106.

[1214] The base station judges whether the timing of trans-
mission of an [.1/1.2 control signal during a DRX operation
period to the mobile terminal coincides with the transmission
timing of the E-MBMS (step ST6106). When the timing of
transmission of an [.1/[.2 control signal coincides with the
transmission timing of the E-MBMS, the base station shifts to
a process of step ST6111.

[1215] The base station does not perform the transmitting
operation at the transmission timing of an [L1/L.2 control
signal in a general DRX operation (skips the transmitting
operation) (step ST6111).
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[1216] In the next subframe (refer to (3) in FIG. 50) of the
transmission timing of an [.1/L.2 control signal in a general
DRX operation, the base station performs the transmitting
operation of transmitting an [.1/[.2 control signal to the
mobile terminal in the DRX operation.

[1217] The mobile terminal judges whether the receiving
timing of an [L1/[.2 control signal during a DRX operation
period coincides with the transmission timing of the
E-MBMS (step ST6107).

[1218] When the receiving timing of an [.1/L.2 control sig-
nal coincides with the transmission timing of the E-MBMS,
the mobile terminal makes a transition to a process of step
STé6112.

[1219] Themobileterminal decides notto perform (to skip)
the receiving operation at the receiving timing of an 1.1/1.2
control signal in a general DRX operation (refer to (2) in FIG.
50) (step ST6112).

[1220] In the next subframe at the receiving timing of an
L.1/1.2 control signal in a general DRX operation (refer to (3)
in FIG. 50), the mobile terminal performs the receiving opera-
tion of receiving an [.1/1.2 control signal in the DRX opera-
tion.

[1221] The base station, in step ST6111 or ST6108, trans-
mits the downlink data by using the radio resources allocated
to the mobile terminal (step ST6113).

[1222] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST6110).
When there exist data destined for the mobile terminal itself,
the mobile terminal shifts to a process of step ST6114.
[1223] The mobile terminal receives the downlink data
according to the radio resources which are, in step ST6112 or
ST6109, allocated thereto by the base station (step ST6114).
[1224] The base station judges whether the timing of trans-
mission of an L.1/1.2 control signal during a DRX operation
period to the mobile terminal coincides with the transmission
timing of the E-MBMS (step ST6106).

[1225] When the timing of transmission of an [.1/[.2 con-
trol signal does not coincide with the transmission timing of
the E-MBMS, the base station shifts to a process of step
ST6108.

[1226] The base station performs the transmitting opera-
tion at the timing of transmission of an [.1/1.2 control signal in
a general DRX operation (step ST6108). After that, the base
station shifts to a process of step ST6113.

[1227] The mobile terminal performs the receiving opera-
tion at the receiving timing of an [.1/[.2 control signal in a
general DRX operation (step ST5109). After that, the mobile
terminal shifts to a process of step ST6114.

[1228] Next, a case in which no downlink data have
occurred will be explained.

[1229] When no downlink data have occurred, the base
station shifts to the process of step ST6103 (step ST6105).
[1230] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of an [.1/1.2 control signal (step ST6110).
When there exist no data destined for the mobile terminal
itself, the mobile terminal shifts to the process of step
ST6104.

[1231] This Embodiment 13 can offer the following advan-
tage.
[1232] There canbe provided an advantage of being able to

provide both a E-MBMS service and a Unicast service while
preventing any discrepancies from occurring in the services,
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without providing any new information which is to be trans-
mitted and received between a base station and a mobile
terminal.

[1233] Inorderto solve the problem shown in this Embodi-
ment 13, the not providing of any new information which is to
be transmitted and received between a base station and a
mobile terminal is a solving means effective for achieving
effective use of the radio resources.

[1234] A variant 1 of Embodiment 13 will be explained.
[1235] Embodiment 13 solves the problem by not perform-
ing any operations of transmitting and receiving an L.1/[.2
control signal in the DRX operation in the case in which the
cycle in which the E-MBMS is transmitted coincides with the
timing at which the mobile terminal comes into Active during
a DRX operation period.

[1236] In this variant 1, even in the case in which the cycle
in which the E-MBMS is transmitted coincides with the tim-
ing at which the mobile terminal comes into Active during a
DRX operation period (refer to (2) in FIG. 50), the mobile
terminal transmits and receives an [.1/1.2 control signal in the
DRX operation in the DRX cycle by using one or several
leading symbols which can be used for a Unicast service. As
a result, the following new problem arises.

[1237] A portion other than the one or more symbols which
are included in a subframe allocated to the E-MBMS and
which can be used for a Unicast service are used by the
E-MBMS, but cannot be used for any Unicast service. There-
fore, in a case in which, by using one or more symbols which
are included in a subframe allocated to the E-MBMS and
which can be used for a Unicast service, transmission of
downlink data is allocated to a mobile terminal by way of an
L.1/1.2 control signal which is transmitted from a base station
to the mobile terminal, there arises a problem that data for the
E-MBMS collides with data for the Unicast (refer to (3) in
FIG. 49).

[1238] In this variant 1, in the case in which the cycle in
which the E-MBMS is transmitted coincides with the timing
atwhich the mobile terminal comes into Active duringa DRX
operation period and in the case in which allocation of down-
link data is performed by way of an [.1/1.2 control signal, the
problem is solved by carrying out allocation of downlink data
actually in the next subframe (or after a certain subframe
which is defined in the mobile communications system, or
after a certain subframe which is notified from the base station
to the mobile terminal).

[1239] An example of an operation for the E-MBMS and a
DRX operation method of the mobile communications sys-
tem in accordance with the variant 1 will be explained with
reference to FIG. 50. In FIG. 50, each open box shows down-
link data for Unicast, each diagonally-to-the-right-and-up-
ward-shaded box shows an [L1/[.2 control signal, and each
diagonally-to-the-right-and-downward-shaded box shows
data for the E-MBMS.

[1240] A mobile terminal is performing a DRX operation in
a DRX cycle (x). The mobile terminal is receiving (monitor-

ing) an [.1/1.2 control signal in every DRX cycle (refer to (1)
in FIG. 50).

[1241] When judging that there exist downlink data des-
tined for the mobile terminal itself as a result of the receiving
process of receiving the L1/1.2 control signal, the mobile
terminal receives the downlink data by using the radio
resources which are allocated thereto with an L1/L.2 control
signal.
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[1242] The radio resources which are allocated to the
mobile terminal with an [.1/.2 control signal in dynamic
scheduling are included in the same subframe as that in which
the L.1/1.2 control signal is included with respect to the time
axis.

[1243] In contrast, when judging that there exist no down-
link data destined for the mobile terminal itself as a result of
the receiving process of receiving an [L1/1.2 control signal, the
mobile terminal performs a DRX operation in the DRX cycle
(refer to (1) in FIG. 50).

[1244] Even in the case in which the cycle in which the
E-MBMS is transmitted, i.e., the cycle in which E-MBMS
data are time-division multiplexed coincides with the timing
atwhich the mobile terminal comes into Active during a DRX
operation period (referto FIG. 15) (refer to (2) in FIG. 50), the
mobile terminal transmits and receives an [.1/1.2 control sig-
nal in the DRX operation in the DRX cycle by using one or
several leading symbols which can be used for a Unicast
service.

[1245] Inacasein which downlink data are allocated to the
mobile terminal by using an [.1/1.2 control signal, the base
station and the mobile terminal do not transmit and receive
the downlink data in the same subframe, but transmit and
receive the downlink data in the next subframe in the cycle in
which the E-MBMS is transmitted (refer to (4) in FIG. 50).
Furthermore, in a case in which the cycle in which the
E-MBMS is transmitted does not coincide with the timing at
which the mobile terminal comes into Active during a DRX
operation period (the receiving timing of an [.1/[.2 control
signal during the DRX operation period), when downlink
data are allocated to the mobile terminal by using an [.1/[.2
control signal, the base station and the mobile terminal trans-
mit and receive the downlink data in the same subframe as
that for the radio resources which are allocated to the mobile
terminal with an [.1/1.2 control signal, with respect to the time
axis, like in the case of general dynamic scheduling.

[1246] FIG. 52 is a sequence diagram showing an example
of the description of processing carried out by a mobile ter-
minal and a base station in accordance with the variant 1. FIG.
52 is similar to FIG. 51 which is the sequence diagram show-
ing an example of the description of the processing carried out
by a mobile terminal and a base station in accordance with
Embodiment 13 of the present invention. Because the same
processes are performed in steps designated by the same step
numerals, the explanation of the processes will be omitted
hereafter.

[1247] The description of processing which is carried out
when downlink data have occurred will be explained.

[1248] When downlink data has occurred, the base station
shifts to a process of step ST6201.

[1249] The base station notifies the mobile terminal that
there exist downlink data by using an L1/1.2 control signal
after the DRX cycle (step ST6201). In other words, the base
station carries out allocation (Allocation) of the downlink
data (refer to (2) in FIG. 50). After that, the base station shifts
to a process of step ST6106.

[1250] The mobile terminal performs the receiving process
of receiving the L.1/1.2 control signal after the DRX cycle
(step ST6202). After that, the mobile terminal shifts to a
process of step ST6110.

[1251] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of the L1/1.2 control signal (step ST6110).
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When there exist data destined for the mobile terminal itself,
the mobile terminal shifts to a process of step ST6107.
[1252] The base station judges whether the timing of trans-
mission of an [L1/L.2 control signal to the mobile terminal
during a DRX operation period coincides with the transmis-
sion timing of the E-MBMS (step ST6106). When the timing
of transmission of an [.1/[.2 control signal coincides with the
transmission timing of the E-MBMS, the base station shifts to
a process of step ST6203.

[1253] The base station skips the transmission timing of the
downlink data by one subframe (step ST6203), and transmits
the downlink data in the next subframe in the cycle in which
the E-MBMS is transmitted (refer to (4) in FIG. 50) (step
ST6113).

[1254] The mobile terminal judges whether the timing of
transmission of an L.1/1.2 control signal to the mobile termi-
nal during a DRX operation period coincides with the trans-
mission timing of the E-MBMS (step ST6107).

[1255] When the timing of transmission of an [.1/[.2 con-
trol signal coincides with the transmission timing of the
E-MBMS, the mobile terminal shifts to a process of step
ST6204.

[1256] The mobile terminal skips the receiving timing of
the downlink data by one subframe (step ST6204). The
mobile terminal then receives the downlink data in the next
subframe in the cycle in which the E-MBMS is transmitted
(refer to (4) in FIG. 50) (step ST6114).

[1257] The base station judges whether the timing of trans-
mission of an [L1/L.2 control signal to the mobile terminal
during a DRX operation period coincides with the transmis-
sion timing of the E-MBMS (step ST6106).

[1258] When the timing of transmission of an [.1/[.2 con-
trol signal does not coincide with the transmission timing of
the E-MBMS, the base station shifts to the process of step
ST6113.

[1259] By using the radio resources which are allocated to
the mobile terminal, the base station transmits the downlink
data to the mobile terminal in the same subframe as that for
the radio resources allocated with an [.1/L.2 control signal,
with respect to the time axis, like in the case of general
dynamic scheduling.

[1260] The mobile terminal judges whether the timing of
reception of an [.1/[.2 control signal by the mobile terminal
during a DRX operation period coincides with the transmis-
sion timing of the E-MBMS (step ST6107).

[1261] When the receiving timing of an [.1/[.2 control sig-
nal does not coincide with the transmission timing of the
E-MBMS, the mobile terminal shifts to the process of step
ST6114.

[1262] The mobile terminal, in step ST6202, receives the
downlink data according to the radio resources allocated
thereto by the base station in the same subframe as that for the
radio resources allocated with an 1.1/1.2 control signal, with
respect to the time axis, like in the case of general dynamic
scheduling.

[1263] Next, a case in which no downlink data have
occurred will be explained.

[1264] When no downlink data have occurred, the base
station shifts to a process of step ST6103 (step ST6105).
[1265] The mobile terminal judges whether there exist data
destined for the mobile terminal itself as a result of the recep-
tion (monitoring) of an [.1/1.2 control signal (step ST6110).
When there exist no data destined for the mobile terminal
itself, the mobile terminal shifts to a process of step ST6104.
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[1266] Inthe above-mentioned explanation, the example in
which when the transmission timing of an L1/[.2 control
signal during a DRX operation period coincides with the
transmission timing of the E-MBMS, the mobile terminal
skip the receiving timing of downlink data by one subframe,
and the base station and the mobile terminal transmit and
receive the downlink data in the next subframe in the cycle in
which the E-MBMS is transmitted is shown. In another
example, the base station and the mobile terminal can trans-
mit and receive downlink data after the expiration of either a
subframe which is defined in the mobile communications
system after the cycle in which the E-MBMS is transmitted,
or a subframe which is notified from the base station to the
mobile terminal.

[1267] Inthis case, by adding the following parameter to an
L1/L.2 control signal during a DRX operation period (e.g.,
only an L.1/1.2 control signal in the case in which the trans-
mission timing of the L1/L.2 control signal during a DRX
operation period coincides with the transmission timing of
the E-MBMS), the above-mentioned operation can be carried
out. For example, the parameter has a value of “0: making a
transition to a DRX operation”, “l: monitoring an 1.1/1.2
control signal in the next subframe” or “2: monitoring an
L.1/1.2 control signal after n subframes”, a value of “0: making
a transition to a DRX operation”, “1: allocation of downlink
data in the next subframe”, or *“2: allocation of downlink data
after n subframes”, or the like.

[1268] By using the DRX operation method shown in the
above-mentioned variant 1, in addition to the advantages
provided by the use of Embodiment 13, the following advan-
tages can be provided.

[1269] As compared with Embodiment 13, the mobile
communications system can provide both a E-MBMS service
and a Unicast service while preventing any discrepancies
from occurring in the services, without changing the timing at
which the mobile terminal comes into Active during a DRX
operation period (refer to the FIG. 15) in the DRX operation
during Active.

[1270] There canbe provided an advantage of being able to,
in a case in which the mobile terminal performs an operation
other than an operation of checking to see (monitoring)
whether or not downlink data destined for the mobile terminal
itself are allocated thereto at the timing at which the mobile
terminal comes into Active during a DRX operation period,
prevent the operation timing (cycle) of that operation from
being changed.

[1271] As anexample of the operation other than the opera-
tion of checking to see whether or not downlink data destined
for the mobile terminal itself are allocated to the mobile
terminal during a DRX operation period, there can be con-
sidered the following operations: (1) transmission of Sound-
ing RS, (2) transmission of CQI, (3) measurement of a periph-
eral cell, and so on.

[1272] Only the operation of checking to see whether or not
downlink data destined for the mobile terminal itself are
allocated to the mobile terminal during a DRX operation
period can be allocated to a subframe next to the cycle in
which a certain E-MBMS is transmitted by using the method
shown in Embodiment 13, while the above-mentioned opera-
tion (1), (2), (3), or the like can be allocated to the same
subframe in the cycle in which the E-MBMS is transmitted.
However, it is effective to synchronize the timings at which
the mobile terminal must perform a transmitting operation
and a receiving operation, respectively, with each other as
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much as possible from the viewpoint of low power consump-
tion in the mobile terminal. Therefore, this variant 1 is effec-
tive for low power consumption in the mobile terminal.

Embodiment 14

[1273] There is an idea that, in a mobile communications
system, a mobile terminal monitors an [.1/[.2 control signal
by using both C-RNTI (Cell Radio Network Temporary Iden-
tifier) and G-RNTT (group RNTI) (GERAN Radio Network
Temporary Identifier) which are allocated thereto.

[1274] The C-RNTI is the identifier which is allocated to
the mobile terminal by a control RNC (Controlling Radio
Network Controller). The C-RNTT is unique (unique) in the
cell.

[1275] There arises a problem that a mobile terminal which
is performing a DRX operation in a DRX cycle cannot cap-
ture an [.1/1.2 control signal corresponding to its G-RNTT at
a timing at which the DRX cycle does not coincide with the
transmission cycle of the G-RNTI.

[1276] When a mobile terminal to which a G-RNTTI is allo-
cated performs a DRX operation (a DRX operation during
Active), the following problem occurs in the mobile terminal.
[1277] The problem to be solved by Embodiment 14 will be
explained with reference to FIG. 53.

[1278] In FIG. 53, each diagonally-to-the-right-and-up-
ward-shaded box shows an [.1/1.2 control signal for C-RNTI,
and each diagonally-to-the-right-and-downward-shaded box
shows an [.1/L.2 control signal for G-RNTI.

[1279] When a mobile terminal in question is performing a
DRX operation in a DRX cycle (X), the mobile terminal
receives (monitors) an [L1/1.2 control signal in every DRX
cycle (X) (refer to (1), (2), 4), (5), and (6) in FIG. 53).
Therefore, it can be considered that the mobile terminal per-
forms a low power consumption operation which is illustrated
in the example of the receiving system power supply of the
mobile terminal as shown in FIG. 53.

[1280] Hereafter, a case in which not only a C-RNTT but
also a G-RNTT is allocated from the base station to the mobile
terminal, and there occurs the necessity of monitoring an
L1/L.2 control signal using the G-RNTI will be considered.
The notification cycle or the change cycle of an [.1/1.2 control
signal corresponding to the G-RNTT is expressed as “Y”.
[1281] The mobile terminal which is performing a DRX
operation in the DRX cycle (X) is able to receive an L.1/1.2
control signal corresponding to the G-RNTI at a timing at
which the cycle X coincides with the cycleY (in FIG. 53, each
of (1) and (5)).

[1282] Incontrast, a mobile terminal which tries to achieve
low power consumption in the DRX cycle (X) is unable to
receive the L1/1.2 control signal corresponding to the
G-RNTI at a timing at which the cycle X coincides with the
cycleY (in FIG. 53, (3)).

[1283] As mentioned above, the mobile terminal to which
the G-RNTI is allocated has a problem which arises when
achieving low power consumption therein.

[1284] Hereafter, a DRX operation method of a mobile
communications system in accordance with Embodiment 14
will be explained.

[1285] FIG. 54 is an explanatory drawing showing an
example of the DRX operation method of the mobile com-
munications system in accordance with Embodiment 14 of
the present invention.

[1286] When a mobile terminal in question is performing a
DRX operation in a DRX cycle (X), the mobile terminal
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receives (monitors) an [L1/1.2 control signal in every DRX
cycle (X) (refer to (1), (3), (5), (7), and (9) in FIG. 54).
[1287] Hereafter, a case in which not only a C-RNTT but
also a G-RNTT is allocated from the base station to the mobile
terminal, and there occurs the necessity of monitoring an
L1/L.2 control signal using the G-RNTI will be considered.
The notification cycle or the change cycle of an [.1/1.2 control
signal corresponding to the G-RNTT is expressed as “Y”.
[1288] The base station calculates a DRX cycle again for
the mobile terminal to which the G-RNT1I is allocated. In the
case of the re-calculation, the base station calculates the DRX
cycle in such a way that the mobile terminal can receive an
L.1/1.2 control signal corresponding to the G-RNTI ata timing
at which the cycle X does not coincide with the cycle Y (refer
to (3) in FIG. 53).

[1289] Asanexample, it can be considered that the greatest
common measure of the cycle X and the cycle Y can be newly
set up as the DRX cycle. For example, a cycle “Z” in FIG. 53
is the greatest common measure.

[1290] When the DRX cycle (Z) is notified again from the
base station to the mobile terminal, the mobile terminal
receives an [L1/[.2 control signal at each of (1), (2), (3), (4),
(5),(6),(7),(8),and (9) in FIG. 54, and also receives an [.1/1.2
control signal even at a timing at which the cycle X does not
coincide with the cycle Y (refer to (3) in FIG. 53).

[1291] FIG. 55 is a sequence diagram showing an example
of the description of processing carried out by the mobile
terminal and the base station in accordance with Embodiment
14 of the present invention.

[1292] The base station notifies the DRX cycle to the
mobile terminal, and sets up the DRX cycle as the DRX cycle
of the mobile terminal (step ST6501).

[1293] The mobile terminal receives the DRX cycle from
the base station, and sets up the DRX cycle as the DRX cycle
thereof (step ST6502).

[1294] As examples of a method of notifying an initial
DRX cycle from the base station to the mobile terminal, there
can be considered the following methods:

[1295] (1) a method of, when a radio bearer is set up,
notifying the initial DRX cycle by using [.3 signaling from
the base station to the mobile terminal; and

[1296] (2)amethod of notifying the initial DRX cycle from
the base station to the mobile terminal at a dynamic timing by
using either an [.1/1.2 control signal or an inband signaling (a
MAC signaling).

[1297] Each of the base station and the mobile terminal
makes a transition to a DRX operation in the DRX cycle
(steps ST6503 and ST6504).

[1298] The base station notifies the G-RNTT to the mobile
terminal (step ST6505).

[1299] The mobile terminal receives the G-RNTI from the
base station (step ST6506).

[1300] The base station re-calculates the DRX cycle which
the base station sets to the mobile terminal from both the DRX
cycle which the base station, in step ST6501, notified to the
mobile terminal, and the notification cycle (or the change
cycle) of an L1/L.2 control signal corresponding to the
G-RNTI (step ST6507).

[1301] The base station re-notifies the DRX cycle to the
mobile terminal, and sets up the DRX cycle as the DRX cycle
of the mobile terminal (step ST6508).

[1302] The mobile terminal receives the DRX cycle again
from the base station, and sets up the DRX cycle as the DRX
cycle (step ST6509).
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[1303] The base station makes a transition to a DRX opera-
tion in the DRX cycle (step ST6510).

[1304] The mobile terminal makes a transition to a DRX
operation in the DRX cycle (step ST6511). In this case, the
mobile terminal can perform a DRX operation in the DRX
cycle notified thereto from the base station regardless of
whether the G-RNTT has been notified thereto.

[1305] The problem shown in this Embodiment 14 arises
not only in a case in which a G-RNTI is allocated to the
mobile terminal, but also in a case in which the mobile ter-
minal has to receive plural pieces of information included in
an [L1/L.2 control signal in a different cycle. Also in this case,
the problem can be solved by using this Embodiment 14.

[1306] This Embodiment 14 can offer the following advan-
tages.
[1307] Therecanbe provided an advantage of being able to,

without providing any new information which is to be trans-
mitted and received between a base station and a mobile
terminal, make the base station and the mobile terminal
implement DRX operations during Active even in a case in
which a G-RNTI is allocated to the mobile terminal while
preventing any discrepancies from occurring in the mobile
communications system.

[1308] Inorderto solve the problem shown in this Embodi-
ment 14, the not providing of any new information which is to
be transmitted and received between a base station and a
mobile terminal is a solving means effective for achieving
effective use of the radio resources.

[1309] Furthermore, the mobile terminal can perform a
DRX operation in the DRX cycle notified thereto from the
base station regardless of whether the G-RNTT has been noti-
fied thereto, and therefore there can be provided another
advantage of being able to simplify the description of the
processing carried out by the mobile terminal.

INDUSTRIAL APPLICABILITY

[1310] As mentioned above, the mobile communications
system in accordance with the present invention is suitable
for, for example, a case in which it is necessary to reduce the
power consumption of a mobile terminal 3, and to lengthen
the standby time, the duration of call, and so on of the mobile
terminal 3.

1. A mobile communications system in which a mobile
terminal and a base station carry out radio communications
with each other, wherein said mobile terminal judges whether
or not said mobile terminal is able to make a transition to a
temporary data transmission stop period during which said
mobile terminal temporarily stops transmission of data, and,
when said mobile terminal is able to make a transition to the
temporary transmission stop period, said base station tempo-
rarily stops supply of electric power to data transmission
processing units and data reception processing units if said
base station judges that said mobile terminal is able to make
atransition to a temporary reception stop period during which
said mobile terminal temporarily stops reception of data.

2. The mobile communications system according to claim
1, wherein when said mobile terminal judges that said mobile
terminal is able to make a transition to the temporary trans-
mission stop period during which said mobile terminal tem-
porarily stops transmission of data, said mobile terminal noti-
fies the base station that said mobile terminal is able to make
a transition to the temporary transmission stop period and
said base station judges whether or not said mobile terminal is
able to make a transition to the temporary reception stop
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period during which said mobile station temporarily stops
reception of data when receiving said notification from said
mobile terminal.

3. The mobile communications system according to claim
1, wherein the mobile terminal checks to see whether or not
there exist data to be transmitted to the base station, and, if
there exist no data to be transmitted to said base station, and
judges that said mobile terminal is able to make a transition to
the temporary transmission stop period during which said
mobile terminal temporarily stops transmission of data.

4. The mobile communications system according to claim
1, wherein the base station checks to see whether or not there
exist data to be transmitted to the mobile terminal, and, if
there exist no data to be transmitted to said mobile terminal,
and judges that said mobile terminal is able to make a transi-
tion to the temporary reception stop period during which said
mobile terminal temporarily stops reception of data.

5. (canceled)

6. A mobile terminal comprising:

a transition judging means for judging whether or not said
mobile terminal is able to make a transition to a tempo-
rary transmission stop period during which said mobile
terminal temporarily stops transmission of data;

ajudgment result receiving means for receiving a judgment
result from a base station, said judgment result showing
whether or not said mobile terminal is able to make a
transition to a temporary reception stop period during
which said mobile terminal temporarily stops reception
of data; and

an electric power supply stopping means for, when the
judgment result of said transition judging means shows
that said mobile terminal is able to make a transition to
the temporary transmission stop period, and the judg-
ment result received by said judgment result

receiving means shows that said mobile terminal is able to
make a transition to the temporary reception stop period,
temporarily stopping supply of electric power to data
transmission processing units and data reception pro-
cessing units.

7. The mobile terminal according to claim 6, wherein when
judging that the mobile terminal is able to make a transition to
the temporary transmission stop period during which said
mobile terminal temporarily stops transmission of data, the
transition judging means notifies the base station that said
mobile terminal is able to make a transition to the temporary
transmission stop period.

8. The mobile terminal according to claim 6, wherein the
transition judging means checks to see whether there exist
datato be transmitted to the base station, and, when there exist
no data to be transmitted to said base station, judges that the
mobile terminal is able to make a transition to the temporary
transmission stop period which said mobile terminal tempo-
rarily stops transmission of data.

9. The mobile terminal according to claim 6, wherein when
receiving supply stop cycle information showing a supply
stop cycle in which the supply of the electric powerto the data
transmission processing units and the data receiving process-
ing units is stopped from the base station, the electric power
supply stopping means, stops the supply of the electric power
to said transmission processing units and said reception pro-
cessing units according to said supply stop cycle information.

10. The mobile terminal according to claim 6, further com-
prising a priority determining means for determining whether
to give a higher priority to low power consumption, and a
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parameter transmitting means for transmitting a parameter
showing a result of the determination made by said priority
determining means to the base station.

11. A mobile terminal comprising:

a priority determining means for determining whether to

give a higher priority to low power consumption; and

a parameter transmitting means for transmitting a param-

eter showing a result of the determination made by said
priority determining means to a base station.

12. The mobile terminal according to claim 11, wherein the
parameter transmitting means includes the parameter show-
ing the result of the determination made by the priority deter-
mining means in capability information showing a capability
of the mobile terminal itself, and transmits said capability
information to the base station.

13. The mobile terminal according to claim 11, wherein the
parameter transmitting means transmits the parameter show-
ing the result of the determination made by the priority deter-
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mining means to the base station separately from capability
information showing a capability of the mobile terminal
itself.

14. The mobile terminal according to claim 11, wherein the
parameter transmitting means transmits the parameter show-
ing the result of the determination made by the priority deter-
mining means to the base station when a capability of the
mobile terminal itself is changed or in a predetermined cycle.

15. The mobile terminal according to claim 11, wherein the
priority determining means determines whether to give a
higher priority to low power consumption by using, as a
criterion of the determination, a battery residue.

16. The mobile terminal according to claim 11, wherein the
priority determining means determines whether to give a
higher priority to low power consumption by using, as a
criterion of the determination, a user’s intention.

17-46. (canceled)



