-1- DESCRIPTION MOBILE STATION, BASE STATION DEVICE,
WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION
CONTROL METHOD TECHNICAL FIELD The present invention
generally relates to a radio communicatibn system. More patrticularly, the
present invention relates to a base station, a mobile 10 station, a radio
communication system, and a communication control method.
BACKGROUND ART A successor B6R{rRIMEAEDN system to W-CDMA and
15HSDPA, i.e., Long Term Evolution (LTE), is currently being discussed by
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This approach enables high-speed transmission and 30 improves frequency

éﬁcieﬁé&ﬂt'on’ a radio communication system, and a
communication control method.

BACKGROUND ART
A successor communication system to W-CDMA and
15 HSDPA, 1.e., Long Term Evolution (LTE), is currently
being discussed by 3GPP that is a standardization group

for W-CDMA. In LTE, orthogonal frequency division
multiplexing (OFDM) is to be used as a downlink radio
access method and single-carrier frequency division
20 multiple access (SC-FDMA) is to be used as an uplink
radio access method (see, for example, 3GPP TR 25.814
(V7.0.0), “Physical Layer Aspects for Evolved UTRA,”
June 2006).
In OFDM, a frequency band is divided into
25 multiple narrow frequency bands (subcarriers) and data
are transmitted on the subcarriers. The subcarriers are
densely arranged along the frequency axis such that they
partly overlap each other but do not interfere with each
other. This approach enables high-speed transmission and
30 improves frequency efficiency.
In SC-FDMA, a frequency band is divided into
multiple frequency bands and the frequency bands are
allocated to different terminals for transmission in



In SC-FDMA, a frequency band is divided into multiple frequency bands and
the frequency bands are allocated to different terminals for transmission in
-2- order to reduce interference between the terminals. Also, SC-FDMA
reduces variation of the transmission p‘o%Ver and therefore makes it possible
to reduce power consumption of terminals and to achieve wide coverage.
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information (ACK/NACK), an uplin scheduling gfant,
10 uplink and a p yS|caI downlink shared channel (PDSCH) is

used for downlink.

In a communication system employing shared
channels, it iIs necessary to report (or signal)
allocation information of the shared channels to mobile

15 stations for each subframe (1 ms in LTE). In LTE, a
control channel used to report the allocation
information (signaling) is called a physical downlink
control channel or a downlink (DL) L1/L2 control channel.
The physical downlink control channel, for example,

20 includes a downlink (DL) L1/L2 control format indicator,
downlink (DL) scheduling information, acknowledgement
information (ACK/NACK), an uplink (UL) scheduling grant,
an overload indicator, and a transmission power control
command bit (see, for example, R1-070103, Downlink L1/L2

25 Control Signaling Channel Structure: Coding). The DL
L1/L2 control format indicator is also called a physical
control format indicator channel (PCFICH) and the
ACK/NACK 1is also called a physical hybrid ARQ indicator
channel (PHICH). The PCFICH and the PHICH may be defined

30 as i1ndependent physical channels instead of as
components of the PDCCH. The DL scheduling information
may also be called a downlink scheduling grant or
downlink assignment information.



an overload indicator, and a transmission power control command bit (see,
for example, R1-070103, Downlink L1/L2 25 Control Signaling Channel
Structure: Coding). The DL L1/L2 control format indicator is also called a
physical control format indicator chann'e:F(PCFICH) and the ACK/NACK is
also called a physical hybrid ARQ indicator channel (PHICH). The PCFICH
and the PHICH may be defined 30 as independent physical channels instead
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process using a shared channel i1s described.

In uplink, the base station selects mobile
stations allowed to communicate using a shared channel
in each subframe (1 ms) and requests the selected mobile

20 stations via the uplink scheduling grant to communicate
using the shared channel. The selected mobile stations
in turn transmit the shared channel based on the uplink
scheduling grant. Then, the base station receives and
decodes the shared channel transmitted from the mobile

25 stations. In the above communication process, selecting
mobile stations (user devices) allowed to communicate
using the shared channel is called “scheduling”.

In the process, the base station cannot
directly determine the amount of data stored in a buffer

30 of each mobile station which are to be transmitted using
an uplink shared channel. Therefore, for example, each
mobile station transmits a buffer status report
indicating the status of the buffer (buffer status) of



25 stations. In the above communication process, selecting mobile stations
(user devices) allowed to communicate using the shared channel is called
"scheduling”. In the process, the base station cannot directly
determine the amount of data stored i & buffer 30 of each mobile station
which are to be transmitted using an uplink shared channel. Therefore, for
example, each mobile station transmits a buffer status report indicating the
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This resuits in waste of uplink Tadio resources and reduces system capacity.
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The base station cannot accurately determine
the buffer status of the mobile station based on the
buffer status report from the mobile station. Therefore,

it may happen that the base station requests the mobile

20 station by using the uplink scheduling grant to transmit
an uplink shared channel even when the amount of a
transmission signal in the buffer of the mobile station
is zero. This results in waste of uplink radio resources
and reduces system capacity.

25 One object of the present invention is to
solve or reduce one or more of the above problems and to
provide a base station, a mobile station, a radio
communication system, and a communication control method
that make it possible to increase uplink capacity by

30 transmitting from the mobile station to the base station
a buffer status report explicitly indicating that the
amount of a transmission signal in a buffer of the
mobile station has become zero.



that make it possible to Increase uplink capacity by 30 transmitting from the
mobile station to the base station a buffer status report explicitly indicating
that the amount of a transmission signal in a buffer of the mobile station has
become zero. -5- MEANS FOR SOLVING THE PROBLEMS An
aspect of the present invention provides a mobile station communicating with
a base station in a radio communication system and including a transmitting
unit configured to transmit a first signal to the base station. The transmitting
unit is geAfigurEIRtGRUING a8ecerdsignga in addition to the first signal to
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transmission afdhawerocatiisignaystem and including a transmitting
15 unit. The transmitting unit iIs configured, if the amount

of a first signal in a buffer of the mobile station is
zero, to transmit a second signal to the base station.
An aspect of the present invention provides a
mobile station iIn a radio communication system that
20 includes the mobile station and a base station
communicating with the mobile station and employing a
scheduling scheme for allocating radio resources to the
mobile station at intervals. The mobile station includes
a transmitting unit configured to transmit a first
25 signal to the base station according to the scheduling
scheme and configured to transmit a second signal to the
base station i1If the amount of the first signal In a
buffer of the mobile station is zero; and a releasing
unit configured to release the radio resources allocated
30 for the fTirst signal after the transmission of the
second signal.
An aspect of the present invention provides a
base station communicating with a mobile station iIn a



An aspect of the present invention provides a base station communicating
with a mobile station in a -6- radio communication system. The base station
Includes a requesting unit configured to request the mobile station to transmit
a first signal. The requesting unit is conirgured not to request the mobile
station to transmit the first signal if a control signal reporting that the amount
of the first signal in a buffer of the mobile station is zero is received from the
mobile 8@lienCARTBEPEA b de PYSI@ft inVEstidrprordad kopndsiiides a
commueipadst Midh arrebiesfatinirca €6 recinesmnntueicatpn Rystrmation
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to transmit a First signal. The requesting unit is
configured not to request the mobile station to transmit
the first signal i1f padding bits are included in the

15 Tfirst signal transmitted from the mobile station.

An aspect of the present invention provides a

base station communicating with a mobile station iIn a
radio communication system and employing a scheduling
scheme for allocating radio resources to the mobile

20 station at intervals. The base station includes a
receiving unit configured to receive a first signal from
the mobile station according to the scheduling scheme;
and a releasing unit configured to release the radio
resources allocated for the first signal if a second

25 signal reporting that the amount of the first signal in
a buffer of the mobile station is zero is received from
the mobile station.

An aspect of the present invention provides a

communication control method in a radio communication

30 system including a mobile station and a base station
communicating with the mobile station. The method
includes a fTirst step, performed by the base station, of
requesting the mobile station to transmit a first signal



An aspect of the present invention provides a communication control method
in a radio communication 30 system including a mobile station and a base
station communicating with the mobile station. The method includes a first
step, performed by the base station, of‘r%‘questing the mobile station to
transmit a first signal -7- to the base station; and a second step, performed

by the mobile station, of transmitting a second signal in addition to the first
signal t8 tid®aBaseasdia i tRE arRbdneoB®eomd: sikpRl irPe bismkered thy the
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10 the mobile station and employing a scheduling scheme for
allocating radio resources to the mobile station at
intervals. The method includes a first step of
transmitting a first signal to the base station
according to the scheduling scheme; a second step of

15 transmitting a second signal to the base station if the
amount of the first signal In a buffer of the mobile
station is zero; and a third step of releasing the radio
resources allocated for the first signal after the
transmission of the second signal.

20 An aspect of the present invention provides a
communication control method performed by a base station
communicating with a mobile station In a radio
communication system and employing a scheduling scheme
for allocating radio resources to the mobile station at

25 intervals. The method includes a first step of receiving
a first signal from the mobile station according to the
scheduling scheme; and a second step of releasing the
radio resources allocated for the first signal if a
second signal reporting that the amount of the first

30 signal in a buffer of the mobile station is zero 1s
received from the mobile station.

ADVANTAGEOUS EFFECT OF THE INVENTION




for the first signal after the second signal of the present invention provides a
communication control method performed by a base station communicating
with a mobile station in a radio communication system and employing a
scheduling scheme for allocating radio T&sources to the mobile station at 25
Intervals. The method Includes a first step of receiving a first signal from the
mobile station according to the scheduling scheme; and a second step of
releasing the radio Ads@sieestlloEateteid KReSindt HGMENt bosedorevdigasl a
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THE DiaVYeksBeFKerdb is a drawing illustrating a configuration of a radio
communication system according to an embodiment of the present invention;
FIG. 2 is a partial block diagram of a mobile 15 station according to an
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FIG. 1 is a drawing i1llustrating a

configuration of a radio communication system according
to an embodiment of the present invention;

FIG. 2 is a partial block diagram of a mobile

15 station according to an embodiment of the present
invention;

FIG. 3 is a block diagram of a baseband signal
processing unit of a mobile station according to an
embodiment of the present invention;

20 FIG. 4 is a drawing illustrating a structure
of a MAC-layer PDU where user data are mapped according
to an embodiment of the present iInvention;

FIG. 5 is a drawing illustrating a structure
of a MAC-layer PDU where control information indicating

25 the status of a data buffer is mapped according to an
embodiment of the present invention;

FIG. 6 is a drawing illustrating a structure
of a MAC-layer PDU where user data are mapped according
to an embodiment of the present invention;

30 FIG. 7A 1s a drawing illustrating a structure
of a MAC-layer PDU where control information indicating
the status of a data buffer is mapped according to an
embodiment of the present invention;



FIG. 3 is a block diagram of a baseband signal processing unit of a mobile
station according to an embodiment of the present invention; 20FIG. 4 is a
drawing illustrating a structure of a MAC-layer PDU where user data are
mapped according to an embodiment ofthe present invention; FIG. 5
is a drawing illustrating a structure of a MAC-layer PDU where control
information indicating 25 the status of a data buffer is mapped according to
an embodiment of fhkGpre8Bn fnverdibaving 1 l1kustEad hngadisdructure
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according to a imen r invention: G. 7Ais a drawing
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embodiment of the present invention; d’rawinEq illustrating

a structure of a MACLfayeB PtsudviRdet s Rhadredhappan £EofdiRgs an
embodireni @f the poesdntgneention;embod intkdGt Soif apart@atddeckediagram
of a bqsrﬂlégz?{it?gnaccording to an embodiment of the present invention;
10FIG. 9 is a block diagram of a baseband signal processing unit of a base

H8tion according td 4R eMbd&infettRGKe PregEaindEnfloRaseband signal

processing unit of a base station according to an
embodiment of the present invention;

FIG. 10 is a drawing illustrating a temporal
relationship between processes preformed by a mobile

15 station and a base station according to an embodiment of
the present invention;

FIG. 11 is a flowchart showing a communication
control method performed by a mobile station according
to an embodiment of the present invention;

20 FIG. 12 is a flowchart showing a communication
control method performed by a mobile station according
to an embodiment of the present iInvention;

FIG. 13 1s a flowchart showing a communication
control method according to an embodiment of the present

25 invention;

FIG. 14 is a flowchart showing a communication
control method according to an embodiment of the present
invention;

FIG. 15 is a flowchart showing a communication

30 control method performed by a base station according to

an embodiment of the present invention;



FIG. 10 is a drawing illustrating a temporal relationship between processes
preformed by a mobile 15 station and a base station according to an
embodiment of the present invention; FIG. 11 is a flowchart showing a
communication control method perforrﬁ&(ﬁ)by a mobile station according to an
embodiment of the present invention; 20FIG. 12 is a flowchart showing a
communication control method performed by a mobile station according to an
embodiment of the pt&sed@n¥engorf 1 owchartrrhowa ng ad cweHAH0 SRakAY
a comavrictiomedhisal HeHTd-acaoising tmab rebsdimaniofibedqresayt

25inveplion, emnoafi@nt* oAt showing aceiamuniggfion control
method according to an embodiment of the present invention;, _ FIG.
15 is a flowchart sHolfing B cdmnfurfid s30T sHIRY st dSserfrrsa b
base stahanratcosing do pardiobadinent of thesereseativiendiooorddng to
FIG. 1 H’s @m%%‘ﬁ(in]%rﬁtc‘@)ﬁli[tgu 2 &qgggﬂcq%&q_qgﬂl_method performed by
a mobile station according to an embodiment of the present invention; and
FIG. 17 is a flowchart showing a communication control method performed by
a basezritianAaacndDig REFERENGEBMent of the present invention.
EXPLANATION OFSBEFI%%E_NCES 50Cell 101001, 1002, 1003, 100,Mobile
sltgtion

100;, 100, 1003, 100, Mobile station
102 Transceiver antenna
104  Amplifier
106  Transceiver unit
108 Baseband signal processing unit
15 110  Application unit
1081 Layer 1 processing unit
1082 MAC processing unit
1083 RLC processing/buffering unit
200 Base station
20 202 Transceiver antenna
204  Amplifier
206 Transceiver unit
208 Baseband signal processing unit
210 Call processing unit
25 212 Transmission path interface
2081 Layer 1 processing unit
2082 MAC processing unit
2083 RLC processing unit
300 Access gateway
30 400 Core network

BEST MODE FOR CARRYING OUT THE INVENTION
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The best mode for carrying out the invention
is described based on the following embodiments with
reference to the accompanying drawings. Throughout the
accompanying drawings, the same reference numbers are
used for parts having the same functions, and
overlapping descriptions of those parts are omitted.

A radio communication system 1000 including
mobile stations and a base station according to an
embodiment of the present invention is described below
with reference to FIG. 1.

The radio communication system 1000 is based
on, for example, Evolved UTRA and UTRAN (also called
Long Term Evolution or Super 3G). The radio
communication system 1000 includes a base station (eNode
B: eNB) 200 and mobile stations 100, (100;, 100,, 1003,
100,; n is an integer greater than 0). The base station
200 i1s connected to an upper node such as an access
gateway 300 and the access gateway 300 is connected to a
core network 400. The mobile stations 100, are in a cell
50 and communicate with the base station 200 according
to Evolved UTRA and UTRAN.

The mobile stations 100, (100;, 100,, 1003 ..
100,) have the same configuration and functions and are
therefore called the mobile station 100, or the mobile
stations 100, in the descriptions below unless otherwise
mentioned. In the descriptions below, mobile stations
are used as examples of user equipment (UE)
communicating with a base station. However, user
equipment communicating with a base station may also
include fixed terminals.

In the radio communication system 1000,
orthogonal frequency division multiplexing (OFDM) 1is
used as the downlink radio access method and single-



2082MAC processing unit 2083RLC processing unit 300Access gateway
30400Core network BEST MODE FOR CARRYING OUT THE INVENTION
The best mode for carrying out the invention is described based on the
following embodiments with reference i fre accompanying drawings.
Throughout the accompanying drawings, the same reference numbers are
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single-carrier transmission scheme where a frequency
band is divided into multiple frequency bands and the
frequency bands are allocated to different terminals in

10 order to reduce interference between the terminals.

Communication channels used in Evolved UTRA
and UTRAN are described below.

For downlink, a physical downlink shared
channel (PDSCH) shared by the mobile stations 100, and a

15 physical downlink control channel (PDCCH) are used. The
physical downlink control channel is also called a
downlink L1/L2 control channel. The physical downlink
shared channel i1s used to transmit user data, 1.e., a
normal data signal. The physical downlink control

20 channel is used to transmit, for example, downlink (DL)
scheduling information, acknowledgement information
(ACK/NACK), an uplink (UL) scheduling grant, an overload
indicator, and a transmission power control command bit.
The DL scheduling information, for example, includes IDs

25 of users allowed to communicate using the physical
downlink shared channel and transport format information
for the user data such as data sizes, modulation schemes,
HARQ information, and downlink resource block allocation
information. The DL scheduling information may also be

30 called a downlink scheduling grant or downlink
assignment information.

The UL scheduling grant, for example, includes
IDs of users allowed to communicate using the physical



200 is connected to an upper node such as an access gateway 300 and the
access gateway 300 is connected to a core network 400. The mobile stations
100, are in a cell 20 50 and communicate with the base station 200 according
to Evolved UTRA and UTRAN. P mobile stations 100, (1001, 1002,
1003 100n) have the same configuration and functions and are therefore
called the mobile station 100, or the mobile 25stations 100, in the

descriptdisikeRa tafk chaheedisandehtisAsaorthEodasdiptivFeriséion
mobilefgtations alie ised=asmexuvRlessoidaer egitpenn@dElation schemes,
communpicating with a base station e ser i nt
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transmi8dibf scheme where a frequency band is divided into multiple narrow
frequency bands (stheastkapahddiptacrie niafoechaa ilve S(ACAANASKYr is
transmysging 'i”&?d%?ﬂ@ S I5hSIPgIe-GA IR FRNS URSIPEFCAE PRl .
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Evolvegb TH{ rRddd FRAN AR fegpriiedYelawe pHICH may be defined
as an independent physical channel instead of as a
component of the PDCCH.

15 For uplink, the physical uplink shared channel
(PUSCH) shared by the mobile stations 100, and a
physical uplink control channel are used. The physical
uplink shared channel i1s used to transmit user data,

i.e., a normal data signal. The physical uplink control

20 channel is used to transmit a downlink channel quality
indicator (CQl) used for scheduling and adaptive
modulation and coding (AMC) of the physical downlink
shared channel, and acknowledgement information for the
physical downlink shared channel. The acknowledgement

25 information includes either acknowledgement (ACK)
indicating normal reception of a transmitted signal or
negative acknowledgement (NACK) indicating abnormal
reception of a transmitted signal.

The physical uplink control channel may also

30 be used to transmit, in addition to the CQI and the
acknowledgement information, a scheduling request for
requesting allocation of resources of an uplink shared
channel and a release request used in persistent



For downlink, a physical downlink shared channel (PDSCH) shared by the
mobile stations 100, and a 15 physical downlink control channel (PDCCH)
are used. The physical downlink control channel is also called a downlink
LI/L2 control channel. The physical dowhfliik shared channel is used to
transmit user data, i.e., a normal data signal. The physical downlink control
20channel is used to transmit, for example, downlink (DL) scheduling
informagbrdadidnsy|cdgemerm khRrAktON AITKASREKRTESN AbliAR (U] Ink
schedslig-gtashanra/Eripadiiogeston hebe desstissienadpuekcetiaalion
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resource block allocation information, and fransmission power information for
P uplHicdiided haHrSGely SlpIARYeIBaEPBlocRE AfREBbME 0104 2
frequebcynsseunces amd may0élsodbdasidhnes@irgeahiisrocessing unit

108, and an application unit 110.
When a radio frequency signal including
downlink data is received by the transceiver antenna 102,
15 the amplifier 104 amplifies the radio frequency signal
and the transceiver unit 106 performs frequency
conversion to convert the radio frequency signal into a
baseband signal. Then, the baseband signal processing
unit 108 performs, for the baseband signal, FFT
20 processing, error correction decoding, a reception
process iIn retransmission control, RLC layer reception
processing, PDCP layer processing, and so on. Downlink
user data in the downlink data are input to the
application unit 110. The application unit 110 performs
25 processing regarding upper layers higher than the
physical layer, the MAC layer, the RLC layer, and the
PDCP layer.
Meanwhile, uplink user data are input from the
application unit 110 to the baseband signal processing
30 unit 108. The baseband signal processing unit 108
performs, for the uplink user data, PDCP layer
processing; RLC layer transmission processing such as
data segmentation/concatenation and a transmission



The acknowledgement information (ACK/NACK) is acknowledgement
information for an uplink shared channel. 10 A physical channel used to
transmit the acknowledgement information (ACK/NACK) may be called a
physical hybrid ARQ indicator channel'(ﬁ-ﬂCH). The PHICH may be defined
as an independent physical channel instead of as a component of the
PDCCH. 15For uplink, the physical uplink shared channel (PUSCH) shared
by theRHeBRS StakibnNsAl® Ak PRI Lip(Rk@dntet ERBRN BEEOlsed.
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Examples of the user data include IP packets
in Web browsing, FTP, and VolP, and a control signal for

15 radio resource control (RRC). Logical channels used for
the user data include a DTCH and a DCCH.

A configuration of the baseband signal
processing unit 108 is described below with reference to
FIG. 3.

20 The baseband signal processing unit 108
includes a layer 1 processing unit 1081, a medium access
control (MAC) processing unit 1082, and a radio link
control (RLC) processing/buffering unit 1083.

The layer 1 processing unit 1081 performs

25 channel decoding and FFT processing on a received
downlink signal.

The layer 1 processing unit 1081 also
demodulates and decodes a physical downlink control
channel in the received downlink signal and inputs the

30 decoding results to the MAC processing unit 1082.
Specifically, the layer 1 processing unit 1081
demodulates and decodes downlink scheduling information
and an uplink scheduling grant in the physical downlink



downlink control channel in a subframe that the mobile station is allowed to
communicate using the uplink shared channel in a subsequent subframe.
The mobile station 100, of this embodiment is described below with reference
to FIG. 2. As shown in FIG. 2, the mobile&tation 100, 10 includes a
transceiver antenna 102, an amplifier 104, a transceiver unit 106, a baseband

signal processing unit 108, and an application unit 110. When a radio
frequede) EigalGhanasly asinkAR b R @ert bpahs eskEsikp the
antenngd0g rdzdbe pmaplifier € Okogmplifies the radio frequency signal and
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baseband signal processing 30 unit 108. The baseband sighal processing
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a rangpissiiver unit 106. The MAC layer control information
may also be called MAC control elements.

The MAC processing unit 1082 receives the

15 decoded downlink scheduling information and the decoded
uplink scheduling grant from the layer 1 processing unit
1081. Below, transmission of an uplink shared channel,
which i1s particularly relevant to this embodiment of the
present invention, is mainly discussed.

20 The MAC processing unit 1082, based on the
uplink scheduling grant, performs transmission
processing such as transport format determination and
MAC-layer retransmission control (HARQ) for the uplink
user data. Specifically, if transmission using an uplink

25 shared channel is requested by the uplink scheduling
grant received from the base station 200 via the layer 1
processing unit 1081, the MAC processing unit 1082
performs transmission processing such as transport
format determination and retransmission control (HARQ)

30 for user data in a data buffer of the mobile station
100,, and inputs the user data to the layer 1 processing
unit 1081. The data buffer of the mobile station 100, is
provided, for example, in the RLC processing/buffering



-15- process in radio link control (RLC) retransmission control; MAC layer
transmission processing such as a transmission process in Hybrid ARQ
(HARQ); channel coding; inverse fast Fourier transform (IFFT) processing;
and so on. Then, the baseband signal Di"géessing unit 108 inputs the uplink
user data (baseband signal) to the transceiver unit 106. The transceiver unit
106 performs frequency conversion to convert the baseband signal input from
the badBB%nd A%Zigrik) pkbdes$iagenitthes Whe LIefe sehi@nd) Kgld8Zhe
radio frequan@ssignal issenplitiad bytbe aenplifiereDbarddianemitied froo
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baseband signal processing unit 108 includes a layer I pro¢essing unit 1081,

a medium access chbhtEMavREOUb R Esierinif 2882 1 anderfdankutfer
controbRitG¢ pRoce geimybsferigghunitfe@d3g unit 1083 is expected to

become zero after transmitting the user data In a given

10 subframe, the MAC processing unit 1082 attaches control
information indicating the status of the data buffer
(data buffer status) to the user data, and then performs
transmission processing such as transport format
determination and retransmission control (HARQ). The

15 control information, for example, indicates the status
of a MAC-layer data buffer. More particularly, the
control information may indicate that the amount of user
data i1n the data buffer is zero. The MAC-layer control
information may be called MAC control elements and the

20 control information indicating the status of the MAC-
layer data buffer may be one of the MAC control elements.

In short, scheduling information including

control information indicating a buffer status is
transmitted when transmission of an uplink shared

25 channel is requested by the uplink scheduling grant and
a UL-SCH buffer status is to become zero after the
transmission of the uplink shared channel. Accordingly,
the control information indicates that the UL-SCH buffer
status is zero. The scheduling information may include

30 the control information indicating a buffer status and
UE power headroom (UPH) indicating transmission power of
the mobile station 100,.



The layer 1 processing unit 1081 performs 25 channel decoding and FFT
processing on a received downlink signal. The layer 1 processing unit
1081 also demodulates and decodes a ;ihysical downlink control channel in
the received downlink signal and input$ R 30 decoding results to the MAC
processing unit 1082. Specifically, the layer 1 processing unit 1081
demodulates and decodes downlink scheduling information and an uplink
scheduling grant inthe pHyskét dewkfink statesnipdienanterant ingdenhef

decoding igskitakoshaNaCopracessingeddhd882ero, forushampilken when
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20ThegYIAC RroGessi ¥ JiP8do Pese Rt Bayer header, the user
data, and the control information indicating a data
buffer status, the MAC PDU may include padding bits to
15 adjust the data size to a multiple of bytes.

The MAC processing unit 1082 may be configured
to determine whether to attach the control information
indicating a data buffer status to user data based on
the type of the user data when the amount of user data

20 in the data buffer of the RLC processing/buffering unit
1083 i1s expected to become zero after transmission of
the user data in a given subframe. For example, the MAC
processing unit 1082 may be configured to attach the
control information indicating a data buffer status to

25 user data if the type of the user data is a best effort
packet and not to attach the control information to user
data 1Tt the type of the user data is a control signal
such as a dedicated control channel (DCCH), streaming
user data, or gaming user data. In this case, for

30 example, the MAC processing unit 1082 does not attach
the control information indicating a data buffer status
to user data if the type of the user data iIs gaming user
data even i1If the amount of user data iIn the data buffer



uplink scheduling grant, performs transmission processing such as transport
format determination and MAC-layer retransmission control (HARQ) for the
uplink user data. Specifically, if transmission using an uplink 25 shared
channel is requested by the uplink schéaal‘lng grant received from the base
station 200 via the layer 1 processing unit 1081, the MAC processing unit
1082 performs transmission processing such as transport format
deternfifiafion Reeoregr aFRhfissibRcc MRS (PIRAROSBodaEasBAYakFteddtRe

buffer gétha-miokile $fatied 169" Anrbippeid ththuserdateyisethedayeiddio
proce%s(jJ it 1081. The data buffer of the mobile station 100, is provided,

for example, in the RLC processing/buffering -17- unit 1083. In this case, the
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amount of user data in the data buffer is zero.

In short, scheduling information including
control information indicating a buffer status is
transmitted when transmission of an uplink shared

20 channel is requested by the uplink scheduling grant and
the current UL-SCH buffer status is zero. Accordingly,
the control information indicates that the UL-SCH buffer
status i1s zero. The scheduling information may include
the control information indicating a buffer status and

25 UE power headroom (UPH) indicating transmission power of
the mobile station 100,.

In this case, a MAC-layer protocol data unit
(MAC PDU) where the control information indicating a
data buffer status is mapped includes, for example, a

30 MAC layer header and the control information indicating
a data buffer status as shown in FIG. 5. In addition to
the MAC layer header and the control information
indicating a data buffer status, the MAC PDU may include



In short, scheduling information including control information indicating a
buffer status is transmitted when transmission of an uplink shared 25 channel
is requested by the uplink scheduling grant and a UL-SCH buffer status is to
become zero after the transmission of ﬂ?@nplink shared channel.
Accordingly, the control information indicates that the UL-SCH buffer status is
zero. The scheduling information may Include 30 the control information

indicat@gld inefdr kst iEcamd DS pokke HéatRosHZ@ANX) tdiediHgle of
transnyigaies power of the mobile station 100n. -18- The UL-SCH
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data buffer of the RLC processing/buffering unit 1083 is expected to become
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B@ferof user data may instead be determined based on a
logical channel type or a radio bearer.

In the exemplary methods described above, the

MAC processing unit 1082 transmits the control
information indicating that the UL-SCH buffer status is

25 0 when transmission of an uplink shared channel is
requested by the uplink scheduling grant and the UL-SCH
buffer status is to become zero after the transmission
of the uplink shared channel or when transmission of an
uplink shared channel is requested by the uplink

30 scheduling grant and the UL-SCH buffer status is already
zero. However, in services such as gaming and VolP where
data with a small size are generated sporadically, the
above methods necessitate transmission of the control



-19- is to become zero. The type of user data may instead be determined
based on a logical channel type or a radio bearer. Also, the MAC
processing unit 1082 may be configured to perform transmission processing
such as transport format determination 21 retransmission control (HARQ) to
transmit only the control information indicating a data buffer status if

transmission using an uplink shared channel is requested by the uplink 10
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informﬁpgt}ér;%iﬁi\gng a buffer status and 25 UE power headroom (UPH)
indicating transmission power of the mobile station 100,. In this case, a
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shown in FIG. 5. In addition to the MAC layer header and the contro
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15 time. Specifically, the MAC processing 1082 may be
configured to start a timer when the amount of data iIn
the UL-SCH data buffer becomes zero and to transmit the
control information indicating that the UL-SCH buffer
status is zero if transmission of an uplink shared

20 channel is requested by the uplink scheduling grant
after the timer exceeds a predetermined period of time.
For example, the MAC processing unit 1082 transmits the
control information indicating that the UL-SCH buffer
status is zero after 100 ms from when the amount of data

25 in the UL-SCH data buffer becomes zero. Needless to add,
the predetermined period of time is not limited to 100
ms.

Alternatively, the MAC processing unit 1082
may be configured to determine whether to transmit the

30 control information indicating that the UL-SCH buffer
status iIs zero based on the number of times the uplink
scheduling grant is received while the amount of data in
the UL-SCH data buffer is zero. For example, if the



The MAC processing unit 1082 may be configured to determine whether to
transmit only the control information indicating a data buffer status based on
the type of user data if transmission using an uplink shared channel is
requested and the amount of user data frf-the data buffer of the RLC
processing/buffering unit 1083 is already zero. For example, the MAC
processing unit 1082 10 may be configured to transmit the control information
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sharegpen&omelss réquesteahipy the aplnelc8ptsnhedulingeganti antlAle layer
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and VolIP where data with a small size are generated sporadically, the above
methoBQHEtbKi s HA LI BP ENAL BRI o7 HAS Y& inbicating a
UL-SOH hodfes stegusrevent @ifife uplink data are transmitted. Meanwhile,

after transmitting theeonir@l infasmtiopgdisairetial the vE-2648buffer
status is zgro, the m blrLe station 100, has to transmit a scheduling request to
H'fgf ﬂ%l ata

requeStThEYdER &atioh D6 ARSI AP SERSRING §
therebyegnrestiaiel oplifdonraateisid onT RISt ausksaisinyg $$ Bernvipgosasts asn
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the MAC processi it 1082 may be configured to transmit the conirol
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predeterinedpaHefdsion control for downlink user data. The
RLC processing/buffering unit 1083 may be configured to
perform PDCP layer processing in addition to the RLC
layer processing described above.

25 As described above, the RLC
processing/buffering unit 1083 includes a data buffer
for buffering user data to be transmitted in uplink.
When the MAC processing unit 1082 performs transmission
processing for user data, the RLC processing/buffering

30 unit 1083 transmits the user data in the data buffer to
the MAC processing unit 1082. The data buffer may be an
RLC layer buffer, a PDCP layer buffer, or a common
buffer for the RLC layer and the PDCP layer.



15 time. Specifically, the MAC processing 1082 may be configured to start a
timer when the amount of data in the UL-SCH data buffer becomes zero and
to transmit the control information indicating that the UL-SCH buffer status is
zero if transmission of an uplink shared2®channel is requested by the uplink
scheduling grant after the timer exceeds a predetermined period of time. For
example, the MAC processing unit 1082 transmits the control information
indicating that the Un-JiR miFdrestieiane bese dHee 10CRITAGeSHes thait
amourtggriaig eiciieeddh &l daifdiuiter Recoimes éatdiyeedigasdo

add, t termi ri time, i t limjted t
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wheth& & '8BA ST I ESREANACIEFRIAPRII GRAVEIHMI ERe ThesTipuUNT
buffer sktusés zeerhased tnethgatismbereéitmes theeumink scheduling
grant i i ' inthe UL ta huffer is zero.
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NBedifede 30d, PRIAHBFE ARG T Q&ﬁi&lﬂﬁ‘f@sﬁ}hﬁ ICfeceived
is not [imaedds thee. THE-qratthmok, ites M&E preedssingrurih2083dze of
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control for downlink user data based on downlink scheduling information from

the lay B HIE s \inff 198 1VA8 TR e WRECY o Ec S8 g/ st e PRAT 1583
perforad JREC laher samsmidsi®h@rosessidgtactiasnddieh the size of

SegMeFHRlANEOPEBLENAYIPN3RhA FEANSERISSIIURAE SSi#ts are all zero.
In this case, a MAC-layer protocol data unit (MAC PDU)
where user data are mapped includes, for example, a MAC
layer header, user data, and padding bits.

Also, the MAC processing unit 1082 may be

20 configured to perform transmission processing as
described above to transmit only the padding bits if
transmission using an uplink shared channel i1s requested
by the uplink scheduling grant received from the base
station 200 via the layer 1 processing unit 1081 but the

25 amount of user data in the data buffer of the RLC
processing/buffering unit 1083 is already zero. In this
case, a MAC-layer protocol data unit (MAC PDU) includes,
for example, a MAC layer header and padding bits as
shown in FIG. 7A.

30 In the above examples, the MAC processing unit
1082 attaches control information indicating a data
buffer status to user data and performs the above
described transmission processing when the amount of



RLC retransmission control for uplink user data, and performs RLC layer
reception processing such as data 20 segmentation/concatenation and a
reception process in RLC retransmission control for downlink user data. The
RLC processing/buffering unit 1083 md;?‘%‘e configured to perform PDCP
layer processing in addition to the RLC layer processing described above.
25As described above, the RLC processing/buffering unit 1083 Includes a
data buger feldiafdihdthsefada o id eanammikbg iRuplink. When the MAC

processiog &6 M DFFedadransmissiosprpsessinadeedses datxdhe
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match the size of 15 the MAC_PDU. For example, the padding bits are all
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Also, a MAC PDU as shown in FIG. 7C may be
used to transmit only a control bit indicating whether
the amount of data iIn the data buffer is zero iIf
transmission using an uplink shared channel i1s requested

20 by the uplink scheduling grant received from the base
station 200 via the layer 1 processing unit 1081 but the
amount of user data in the data buffer of the RLC
processing/buffering unit 1083 i1s already zero.

The base station 200 of this embodiment is

25 described below with reference to FIG. 8.

The base station 200 includes a transceiver
antenna 202, an amplifier 204, a transceiver unit 206, a
baseband signal processing unit 208, a call processing
unit 210, and a transmission path interface 212.

30 Downlink user data to be transmitted from the
base station 200 to the mobile station 100, are sent
from an upper node such as the access gateway 300 to the
base station 200 and input to the baseband signal



20 configured to perform transmission processing as described above to
transmit only the padding bits if transmission using an uplink shared channel
is requested by the uplink scheduling grant received from the base station
200 via the layer 1 processing unit 1081°B0t the 25 amount of user data in the
data buffer of the RLC processing/buffering unit 1083 is already zero. In this
case, a MAC-layer protocol data unit (MAC PDU) includes, for example, a
MAC |ayecreadedand phddiy vita athshdmiansricsTAN3Datthel ak6vdace
exampia®, the MAC processing unit 1082 attaches control information

indicating a data buffe t e rfar h V scribed
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control bit indicating whether the amount of dafa in the data buffer is zero if
transn84ibnaf¥ng RS RRESMIE A Y RGGiRsteg unit 208 also

performs transmission processing such as channel coding
15 and IFFT processing on a physical downlink control
channel and inputs the physical downlink control channel
to the transceiver unit 206.
The transceiver unit 206 performs frequency
conversion to convert the baseband signal input from the
20 baseband signal processing unit 208 into a radio
frequency signal. The radio frequency signal is
ampliftied by the amplifier 204 and transmitted from the
transceiver antenna 202.
Meanwhile, when a radio frequency signal
25 including uplink data transmitted from the mobile
stations 100, and 100, to the base station 200 is
received by the transceiver antenna 202, the amplifier
204 amplifies the radio frequency signal and the
transceiver unit 206 performs frequency conversion to
30 convert the radio frequency signal Into a baseband
signal. Then, the transceiver unit 206 inputs the
baseband signal to the baseband signal processing unit
208.



20 by the uplink scheduling grant received from the base station 200 via the
layer 1 processing unit 1081 but the amount of user data in the data buffer of
the RLC processing/buffering unit 1083 is already zero. The base station 200
of this embodiment is 25described belo@Suith reference to FIG. 8.

The base station 200 Includes a transceiver antenna 202, an amplifier 204, a
transceiver unit 206, a baseband signal processing unit 208, a call
processing unit 210;@hdaerardatiasibn fae |hetdcdasebaodoaHinR Liser
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transmission of an uplink shared channel.

The call processing unit 210 performs call
processing such as establishment and release of a

20 communication channel, status management of the base
station 200, and management of radio resources.

A configuration of the baseband signal
processing unit 208 is described below with reference to
FIG. 9.

25 The baseband signal processing unit 208
includes a layer 1 processing unit 2081, a MAC
processing unit 2082, and an RLC processing unit 2083.

The layer 1 processing unit 2081 and the MAC
processing unit 2082 of the baseband signal processing

30 unit 208 and the call processing unit 210 are connected
to each other.

The layer 1 processing unit 2081 performs
channel coding and IFFT processing on downlink



25 including uplink data transmitted from the mobile stations 100, and 100m
to the base station 200 is received by the transceiver antenna 202, the
amplifier 204 amplifies the radio frequency signal and the transceiver unit 206
performs frequency conversion to 30 coflert the radio frequency signal into a
baseband signal. Then, the transceiver unit 206 inputs the baseband signal
to the baseband signal processing unit 208. -26- For user data in the input
baseb&haRfjHaAStbasdiBamindigrRr hreasssphgang baepeddnts ADFT
processfogdSEih §rocess i ErpHoeseqti) 6acCo@PgnR reeaptan psaeess
in MA%E(%gansmission control, RLC layer reception processing, PDCP layer

processing, and so on, and transmits the user data via the transmission path
Interface 212 to thel B€cdY§atelvayr 966 SRILAY a4t cABRY IKRGFEF\DRirol
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radio 1gSpUICES 50, thé GAYHrRligh SHEARS PAgehARY koAl iertsTng
unit 208 is described below with reference to FIG. 9. 25The baseband SI?EE"I’

procegﬁﬁﬁrﬂhsﬁ)'ém processing such as channel coding and
processing on the downlink scheduling information

15 i1ncluding IDs of users allowed to communicate using the
physical downlink shared channel and transport format
information for downlink user data; and the uplink
scheduling grant including IDs of users allowed to
communicate using the physical uplink shared channel and

20 transport format information for uplink user data. The
downlink scheduling information including IDs of users
allowed to communicate using the physical downlink
shared channel and transport format information for
downlink user data; and the uplink scheduling grant

25 including IDs of users allowed to communicate using the
physical uplink shared channel and transport format
information for uplink user data are mapped to the
physical downlink control channel.

Further, the layer 1 processing unit 2081

30 demodulates and decodes CQIls and acknowledgement
information mapped to the physical uplink control
channel transmitted in uplink, and inputs the decoding
results to the MAC processing unit 2082.



includes a layer 1 processing unit 2081, a MAC processing unit 2082, and an
RLC processing unit 2083. The layer 1 processing unit 2081 and the
MAC processing unit 2082 of the baseband signal processing 30 unit 208
and the call processing unit 210 are corffécted to each other. The
layer 1 processing unit 2081 performs channel coding and IFFT processing
on downlink -27- transmission data and performs channel decoding, IDFT
processing, and FFThErdé&ssmicPer Pk thmEmid8da darforms aThe
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Further, the_layer 1 processing unit 2081 _ _
recelvgg %)P the mogl e stations selected in the

scheduling. The resource blocks are allocated, for
example, based on CQIs reported in uplink by the mobile
stations. The CQIs reported by the mobile stations are

20 input from the layer 1 processing unit 2081 to the MAC
processing unit 2082. Then, the MAC processing unit 2082
determines IDs of users allowed to communicate using the
physical downlink shared channel and transport format
information for downlink user data through the

25 scheduling, selection of transport formats, and
allocation of frequency resources described above, and
sends them as the downlink scheduling information to the
layer 1 processing unit 2081.

The MAC processing unit 2082 also performs a

30 reception process in MAC retransmission control,
scheduling, selection of transport formats, allocation
of frequency resources, and so on for uplink user data.
The scheduling is a process of selecting mobile stations



30 demodulates and decodes CQIs and acknowledgement information
mapped to the physical uplink control channel transmitted in uplink, and
inputs the decoding results to the MAC grocessmg unit 2082. -28-

The MAC processing unit 2082 perform Y transmission process in MAC
retransmission control (e.g., HARQ), scheduling, selection of transport
formats, allocation of frequency resources, and so on for downlink user data.
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formats, and
scheduling. The resource blocks are allocated, for

example, based on SIRs of sounding reference signals

15 (SRS) transmitted from the mobile stations in uplink.
The MAC processing unit 2082 determines IDs of users
allowed to communicate using the physical uplink shared
channel and transport format information for uplink user
data through the scheduling, selection of transport

20 formats, and allocation of frequency resources described
above, and sends them as the uplink scheduling grant to
the layer 1 processing unit 2081.

Also, the MAC processing unit 2082 may be

configured to stop allocating uplink radio resources to

25 the mobile station 100, if control information
indicating that the amount of user data iIn the data
buffer of the mobile station 100, is zero is included iIn
the uplink shared channel in a received signal. In other
words, the MAC processing unit 2082 may be configured to

30 exclude the mobile station 100, from the scheduling for
the uplink shared channel. More particularly, the MAC
processing unit 2082 may be configured to refrain from
transmitting the mobile station 100, the uplink



allocation of frequency resources described above, and sends them as the
downlink scheduling information to the layer 1 processing unit 2081. The
MAC processing unit 2082 also performs a 30 reception process in MAC
retransmission control, scheduling, selegfion of transport formats, allocation
of frequency resources, and so on for uplink user data. The scheduling is a
process of selecting mobile stations -29- allowed to transmit user data using
an uplpRsEibENGh G Th Q)ivaeauerhing THe8eRESSAVT tRsMission

formatggdg wogeésegi Qﬂﬁ%ﬁﬁh@iﬂg modeHdéorcasbemese CRADPBES fARthe

data | ju“ng ared 4 &nﬁ%ﬁsﬁéﬁﬁ%gyé%?%ﬂteeﬁtaé ﬁ&k%“t?ﬂ RiG.

the sc |on Sc es, coding rates an ata sizes are
deternfin@H, for example, based on SIRs and/or path losses of sounding
reference signals (BREg itransivig g framahmmotsi@ewbmgnmﬁiﬂkzaez

The allgeation ?Jﬁqq ref'8”£°t%j:> 2, PG%%betsﬁt?% %EEW'PEJ?EC’”"CG

blocks altocated to user data to be transmitte Ile stations

seIecté’&ﬁ?Hf&@éhé&thb‘? TIPS P& bIstk aldc&eatitlexample,
based nrFSHraOf enqﬁd@@ﬁémc&ﬁgnab&ﬁr&&&ﬁraﬁsmﬁ&d fratathn
mOb"etﬁ@“Bgié“ LREREY TBE MAG B ﬁﬁ?fé'@t‘éﬁﬁ 898?Ldt?teE§ %%SrlP% af
users allowed to communicate using the physical uplink shar nel and

tHanspbRIBAVEH iFBIRSHSA FESudhiICHSSEFE R rdET b SRy
selectishadf itcan skt 20lioroehe ramdnatlscatmeof\/lﬁkéqpeocyemces it

describgd ahpye. Badé&‘i‘ﬁ'?gfﬂﬁgaaiéh%k@i'mﬁécbﬁguhﬁ% ﬂi%mstea@f—‘dﬁy“v‘f
1 processing unit 208 Also, the MAC processi ﬁgr@mtz 2 may be

configti&t td 589 H‘@czﬁﬁ{begﬂl'rﬂppa(fB FeLh6-dRkAS fharribichanns] -

100, iforgrgbinfosmalienly, the MAC processing unit 2082 may be

15 configured to refrain from transmitting the mobile
station 100, the uplink scheduling grant for requesting
transmission of an uplink shared channel. In this case,
the MAC PDU of the uplink shared channel may be
structured as shown in FIG. 4 or 5. The number of times

20 the control information is received is not limited to
three (may be two or four or more). “Receiving control
information indicating that the amount of user data in
the data buffer of the mobile station 100, is zero three
times in succession” indicates that the control

25 information is included in all three latest uplink
shared channels received from the mobile station 100,.

Also, the MAC processing unit 2082 may be

configured to stop allocating uplink radio resources to
the mobile station 100, if padding bits are included in

30 the uplink shared channel In a received signal. In other
words, the MAC processing unit 2082 may be configured to
exclude the mobile station 100, from the scheduling for
the uplink shared channel. More particularly, the MAC



indicating that the amount of user data in the data buffer of the mobile station
100, is zero is Included in the uplink shared channel in a received signal. In
other words, the MAC processing unit 2082 may be configured to 30 exclude
the mobile station 100, from the scheduﬁljrg for the uplink shared channel.
More particularly, the MAC processing unit 2082 may be configured to refrain
from transmitting the mobile station 100, the uplink -30- scheduling grant for
requestiFeandmisdion bf AA85pImRyshecainatieres this sedaahe MR
PlDU of tae sipiiek Bhigrathehaopell mayta stHCLTe &ﬁ?hgwmiﬁlﬂ@- 4 or 5.
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this case, the MAC PDU of the uplink shared channel may
20 be structured as shown in FIG. 7B or 7C.

The RLC processing unit 2083 performs RLC
layer transmission processing such as data
segmentation/concatenation and a transmission process in
RLC retransmission control for downlink packet data, and

25 performs RLC layer reception processing such as data
segmentation/concatenation and a reception process in
RLC retransmission control for uplink user data. The RLC
processing unit 2083 may be configured to perform PDCP
layer processing in addition to the RLC layer processing
30 described above.

FIG. 10 1s a drawing illustrating a temporal
relationship between processes preformed by the mobile
station 100, and the base station 200. In the example



processing unit 2082 may be configured to refrain from transmitting the
mobile station 100, the uplink scheduling grant for requesting transmission of
an uplink shared channel. In this case, the MAC PDU of the uplink shared
channel may be structured as shown in#G. 6 or 7A. Further, the
MAC processing unit 2082 may be configured to stop allocating uplink radio
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FIG. 10 is a_drawma illustrating a temporal relationship between processes
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based on the transgrt grmpat ROTRANP BEes 0 be transmitted

using the PUSCH in subframe #i1+3, i.e., 1T the amount of
user data in the data buffer of the RLC
25 processing/buffering unit 1083 is already zero, the
mobile station 100, maps control information indicating
the status of the data buffer to the PUSCH and then
transmits the PUSCH.
The base station 200 receives the PUSCH from
30 the mobile station 100, requested at timing 1002 to
transmit the PUSCH in subframe #i1+3 (1008).
The base station 200 may be configured to stop
allocating uplink radio resources to the mobile station



15physical downlink control channel (1006). If the amount of user
data in the data buffer of the RLC processing/buffering unit 1083 is expected
to become zero after transmitting the PUSCH, the mobile station 100,
attaches control information indicating 920 status of the data buffer to the
UL-SCH to be mapped to the PUSCH and then transmits the PUSCH.

If there is no user data to be transmitted using the PUSCH in subframe #1+3,
i.e., if H&amdurkhst ueenbeed il fHe nagtbafled BeaRITg28hat the
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uplink share annel in the subsequent subframes, for example, subframes
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schedHEnq ARt Leagsinsktjansmission of an uplink shared channel.

In the example of FIG. 10, the mobile station
100, transmits the uplink shared channel at the third

15 subframe from the subframe where the uplink scheduling
grant is received. However, the timing of transmitting
the uplink shared channel is not limited to this example.

A communication control method performed by
the mobile station 100, of this embodiment is described

20 below with reference to FIG. 11.

The mobile station 100, receives the uplink
scheduling grant requesting transmission of user data
using an uplink shared channel from the base station 200
(step S1102).

25 Next, the mobile station 100, determines
whether the amount of user data in the data buffer is to
become zero after the transmission of the uplink shared
channel (step S1104).

IT the amount of user data in the data buffer

30 1s not to become zero after the transmission of the
uplink shared channel (NO in step S1104), the mobile
station 100, transmits the user data using the uplink
shared channel (step S1106).



In the example of FIG. 10, the mobile station 100, transmits the uplink shared
channel at the third 15 subframe from the subframe where the uplink
scheduling grant is received. However, the timing of transmitting the uplink
shared channel is not limited to this example. A communication control
method performed by the mobile station 100, of this embodiment is described
20below with reference to FIG. 11. The mobile station 100, receives the
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S1104) apermobiie istdtiam £6Dmtranemitsuble userstaiadunbicontioiformation

informiﬂaq &t&iﬁﬁgngﬂ%ﬂ%‘ H pUpt gft%%rsdata in the data buffer is zero

using the uplink shared (step S1108). The control information_is, for
efhmple, MAC-layeiCotft iRfpreedhnudindL seR8dumly Hisrmakdd e
indicatntppdatalnffemstatie configured to determine whether to

transmit the control information at step S1104 based on
the type of user data. For example, the MAC processing
unit 1082 may be configured to not transmit the control

15 information (NO in step S1104) if the type of user data
is gaming user data even if the amount of user data in
the data buffer is to become zero, and to transmit the
control information (YES in step S1104) if the type of
user data iIs not gaming user data and the amount of user

20 data in the data buffer is to become zero. Also in this
case, the MAC processing unit 1082 may be configured not
to transmit the control information if the amount of
user data in the data buffer is not to become zero.

Another communication control method performed

25 by the mobile station 100, of this embodiment is
described below with reference to FIG. 12.

The mobile station 100, receives the uplink
scheduling grant requesting transmission of user data
using an uplink shared channel from the base station 200

30 (step S1202).

Next, the mobile station 100, determines
whether the amount of user data in the data buffer is
zero (steps S1204) based on, for example, an



10The MAC processing unit 1082 of the mobile station 100, may be
configured to determine whether to transmit the control information at step
31104 based on the type of user data. For example, the MAC processing unit
1082 may be configured to not transmit ¥7e control 15 information (NO in step
31104) if the type of user data is gaming user data even if the amount of user
data in the data buffer is to become zero, and to transmit the control
informANSHAVERRPS@ B PLIY) ipThaigpe chdseridntkhe ne® HrATRgNEERY
data agdgifeanouit ahesemdunatain Uk@éa@d&@tfwds indegome zero.

Also i, s gese TIEMAG PIRSPSNNG Al 10BRIAYRS CORT9UBNaLIO: 1o

trans e control information If € amount o USGI’ a in the eris

not to BEadA R z&OARGMePorANEARANBH Bt BedTRbaS erRGERES 28hs,
the mehilsustation 1Qk of dbiseerihodinecaiasddacibed bioweanxith hetesenes

0 FIG¢fg. nymber B¢ rmgesstmm@qq Hﬁcgﬁﬁ‘i’é&f}?#ﬁd ?5% dpling

grant requesn%% transm|SS|on of user data using an uplin ared channel

from tHEBa¥¥esaibH booEm spPardoof user agkd the #8bfle station
100, determines whefhehthaanmntof useeda@mt@dataebdﬁaralsmﬁfmr

(Stepsﬁi%ﬁ)od‘i bAseg doﬁr‘?xé%%es% oAy; gfan PBHf 1881,

data in the correspon ng subframe ort e amount of user ata
AR detEFRISIS beriSHOI R ﬁéﬁé]%a‘ti%@/gtﬁé‘ﬁmdtﬁlk'&'étﬁﬁaiw rﬁ 'B%e'
configetkei 8a2oB)ne whether the amount of user data in the data buffer is

zer0 based on the R oL GRS SEALING GRINREL Rk er

while the amount of user data is zero. If the amount of user data in
the dalSbGREPiIsEE2B RIS §E€&éizo£‘%h@‘?ﬁdd‘f‘e SEABHCd-00n

transmits control information indicating that the amount
15 of user data in the data buffer is zero using the uplink
shared channel (step S1208). The control information is,
for example, MAC-layer control information such as
scheduling information indicating a data buffer status.
The MAC processing unit 1082 of the mobile
20 station 100, may be configured to determine whether to
transmit the user data or the control information at
step S1204 based on the type of user data. For example,
the MAC processing unit 1082 may be configured to not
transmit the control information (NO in step S1204) if
25 the type of user data is gaming user data even if the
amount of user data in the data buffer is zero, and to
transmit the control information (YES in step S1204) if
the type of user data is not gaming user data and the
amount of user data in the data buffer is zero. Also in
30 this case, the MAC processing unit 1082 may be
configured not to transmit the control information if
the amount of user data in the data buffer is not zero.



10 transmits the user data using the uplink shared channel (step 31206). If
the amount of user data in the data buffer is zero (YES in step 31204), the
mobile station 100, transmits control information indicating that the amount
15 of user data in the data buffer is zer‘ogés'ing the uplink shared channel
(step S1208). The control information is, for example, MAC-layer control
information such as scheduling information indicating a data buffer status.
The MAC processifduit TOBISoEfROMHREEDONssEBN DM IREY ke Tor

configgresl ifodatREmin@ vitgineom, repseipihecitadaieprtbesentratne
information af sigP 3#%84 aaéaedg ”{fh%f.twaet " holgtey £O {%8‘”1:‘2!6 e
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informBA8R (RERTH 8fep28P204)1 95 kAe Hyhe oraker dhfa ROgaHEuder data
ewn ittheianonnl pf d$¢odateinrheidatpdidiardegesd, and tp rinkmihtneed
control.information. (YES i p31204) i ty f ta L gaming
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this case, the MAC processing unit 1082 may be configured not to transmit
the corxROMAGRNEMBOD EMENIrouNnt of user data in the data buffer is not

zero. -36- Thus, thig.ebodipg B1akSRLAESIbILIPTI08 (ARG SRliRing

100, to explicitly report that the amount of user_data in the data butfer Is zero

th%the B2BA kRatfFAEHBNFhRNT BrRA%HestR hbeBibRS &P EftehthPafitkber
radio resbuteseoftanfipiink sheese cliainekartd dmerebydodociEzsa thel ow .

uplink gapaHIty rFANSHTLE FORMACRIMEN RK shared channel, which
is particularly relevant to this embodiment of the
present invention, is mainly discussed.

15 In this embodiment, persistent scheduling is
employed in the radio communication system. The
persistent scheduling is a scheduling scheme where radio
resources are allocated at regular intervals and is
applicable to transmission of packet data in services

20 such as VolP and streaming where the transmission rate
is comparatively constant (see, for example, R1-060099,
Persistent Scheduling for E-UTRA, January, 2006).

The configuration of the radio communication
system of this embodiment is substantially the same as

25 that described with reference to FIG. 1.

The configuration of the mobile station 100,
of this embodiment is substantially the same as that
described with reference to FIGs. 2 and 3 except that
the process performed by the MAC processing unit 1082 is

30 connected with the persistent scheduling. Below,
differences between the above embodiment and this
embodiment are mainly discussed.



Next, a radio communication system including 10 mobile stations and a base
station according to another embodiment of the present invention is
described below. Below, transmission of an uplink shared channel, which is
particularly relevant to this embodiment®f the present invention, is mainly
discussed. 15In this embodiment, persistent scheduling is employed in the
radio communication system. The persistent scheduling is a scheduling
scheme where radibte8olir@EoacOaNsatead bl P8y s i@ nailp beviing
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subframe where the radio resources are allocated, the MAC rocessmg unit
1082 &3R8 HRobRE Qb Tod raRatH O rdNR Rk FRRRICRiInE Ve

subframe, and performs transmission processing for the

15 user data as described above. The control information,
for example, indicates the status of a MAC-layer data
buffer. More particularly, the control information may
indicate that the amount of user data in the data buffer
IS zero.

20 In short, scheduling information including
control information indicating a UL-SCH buffer status is
transmitted when radio resources for uplink transmission
are allocated by the persistent scheduling and the UL-
SCH buffer status is to become zero after the

25 transmission of the uplink shared channel. In this case,
the control information indicates that the UL-SCH buffer
status i1s zero. The scheduling information may include
the control information indicating a buffer status and
UE power headroom (UPH) indicating transmission power of

30 the mobile station 100,.

The UL-SCH buffer status after transmission of
an uplink shared channel becomes zero, for example, when
the amount of user data in the data buffer is less than



10 status of the data buffer of the RLC processing/buffering unit 1083 to user
data if the amount of user data in the data buffer is expected to become zero
after transmitting the user data in the subframe, and performs transmission
processing for the 15 user data as desciBed above. The control information,
for example, indicates the status of a MAC-layer data buffer. More

particularly, the control information may indicate that the amount of user data
in the daiufePREAKBEDORY sBORIEEEHANB EAnRsAsiRIo ihefudng cBRgol
informg§iga indicating PoW LipEbiriftdiosiaiuripcsaiisyiteskwbenfadistatus
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the UL-SCH buffer stateh isszeesel heasphedulxginfaiatien haalneluaddb the
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unit (MAC PDU) whdrsausettuatsiACe prapped imgjuded;tfot @@amag, adAC

layer NEAR] oHFed 3. GEFFORF LR IHPEORSRNpEIcaLng fydqia buffer

status as shown in FIG. 4. The MAC PDU is transmitted using the radio 10

resourbEQEHBLL: QY thEeraBkr LoARfigrngtion Ingigaging g data
processirfg enitsiBRuimay/fod lse nfigorstttcofedcen tidakanigsiobherodataing

tpdransp¥iraplydpeaantial infornadies ingizalite & 94a8 unit 1083 is
already zero In a subframe where radio resources are
allocated by the persistent scheduling. Also in this
case, the control information indicates the status of a
MAC-layer data buffer, and particularly indicates that
20 the amount of user data iIn the data buffer is zero.

In short, scheduling information including
control information indicating a UL-SCH buffer status is
transmitted when radio resources for uplink transmission
are allocated by the persistent scheduling and the UL-

25 SCH buffer status is zero. In this case, the control
information indicates that the UL-SCH buffer status is
zero. The scheduling information may include the control
information indicating a buffer status and UE power
headroom (UPH) indicating transmission power of the

30 mobile station 100,.

In this case, a MAC-layer protocol data unit
(MAC PDU) where the control information indicating a
data buffer status is mapped includes, for example, a



buffer status if the amount of user data in the data 15 buffer of the RLC
processing/buffering unit 1083 is already zero in a subframe where radio
resources are allocated by the persistent scheduling. Also in this case, the
control information indicates the statusor'a MAC-layer data buffer, and
particularly indicates that 20 the amount of user data in the data buffer is
zero. In short, scheduling information including control information

indicalih alaySSC headedr aistisarsiesitel WAe raablrisolingdsaking
uplink fransmissigrfe aeceled by tbageisiplem ssheslulimpanghtherdy- is
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processing FPio8 2 ribed below are met.
In the above example, the MAC processing unit

1082 transmits the control information indicating that

15 the UL-SCH buffer status is zero as soon as the UL-SCH
buffer status becomes zero. Instead, the MAC processing
unit 1082 may be configured to transmit the control
information indicating that the UL-SCH buffer status is
zero if the amount of data in the UL-SCH data buffer

20 remains zero for a predetermined period of time.
Specifically, the MAC processing 1082 may be configured
to start a timer when the amount of data in the UL-SCH
data buffer becomes zero and to transmit the control
information indicating that the UL-SCH buffer status is

25 zero if transmission of an uplink shared channel is
requested by the uplink scheduling grant after the timer
exceeds a predetermined period of time. For example, the
MAC processing unit 1082 transmits the control
information indicating that the UL-SCH buffer status is

30 zero after 100 ms from when the amount of data in the
UL-SCH data buffer becomes zero. Needless to add, the
predetermined period of time is not limited to 100 ms.



10 configured to transmit the control information indicating that the UL-SCH
buffer status is zero when conditions as described below are met. In
the above example, the MAC processing unit 1082 transmits the control
information indicating that 15 the UL-STH buffer status is zero as soon as the
UL-SCH buffer status becomes zero. Instead, the MAC processing unit 1082
may be configured to transmit the control information indicating that the
UL-SCH buffer statbd§¢repd kvrd amadhs: sV danncRe NS Hatd Rdfer
20 remRigs Feredorra quiedetetminea pefiedofiileanspetiicaiharibe iMAthe
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is zero. For example, if radio resources are allocated three times hy the
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resources allocated for the third time. Needless(j d, the number of times

radio reQBiNBU gL AR HERHTY hb: kieGABthAte. MER AT Ak MAC
procedeieg cattinagsthat kde UL-SCH buffer status is zero a

predetermined number of times while the amount of data
in the UL-SCH data buffer is zero and while radio

20 resources are allocated by the persistent scheduling,
and to release the radio resources allocated by the
persistent scheduling or determine that the radio
resources allocated by the persistent scheduling are
released i1If the UL-SCH buffer status remalns zero even

25 after transmitting the control information the
predetermined number of times. In other words, in the
above occasion, the MAC processing unit 1082 may be
configured to stop uplink transmission using the radio
resources allocated by the persistent scheduling. When

30 the MAC processing unit 1082 transmits the control
information for the Tirst of the predetermined number of
times, the amount of data in the UL-SCH data buffer may



configured to transmit the control information indicating that the UL-SCH
buffer status is zero a predetermined number of times while the amount of
data in the UL-SCH data buffer is zero and while radio 20 resources are
allocated by the persistent scheduling,'a‘Hdto release the radio resources
allocated by the persistent scheduling or determine that the radio resources

allocated by the persistent scheduling are released if the UL-SCH buffer
status Penfiits zerP ek 25RRetedndRitheg e contiol Afdahatigitahe

predeteraiad seRtIer il tiches.doatbspuieddsgnspmkove_occasion, the
MAC processing unit 10 e caopfigured to sto link tr issio
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the prad@erminetsnimbetiod tivoesitbe amdorinaftdatia inrtbeditbigHdaia
butfer may yflsPg MIERLP U SEREC E’e%c‘%’?eg?éoﬂb%f@%{ data
transmission in the correspondlng subframe. or exampile, a er the

amourftbfifa ik et gk bl BUfERBREBMZEI & ol hé v Sequent
processihdg vaiel Qg transuuibdhecominat éxoamatiad lodiaatiag biyatthe
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remains zero in a subsequent subframe where radio resources are allocated

By the GRIEEMEN U O hERdA B A AR kg the 1d-colfolbutTer
informatiatusdicatizg toattihedd L S@klsb ufferssiatiesis ixero threubifesnias

succegHapdn sHRMARAHWRELR I ERIIQFESYISSAERIRFARE DY the

persistent scheduling, the MAC processing unit 1082 determines that the

radio rRSbSAE LMo SO Py iR BBRsidtaht RERSESHY dré Pitadlf2n
other Welkds;Tivi iies abbat otvasiond toe MAGpToesssihbosLE08RstdpE

YRjink Srarspaigaiop YsiRgdig iAgiodrSOPERSAIRFated RydhePSiSIR_NT in
scheduling. Needless to add, the humber of times the control |nf%rmat|on IS

transnfitéd Y BuREEEGAR"Ss nbbfinlitel B'RF&SSTNg unit 1082 stops

uplink transmission using the radio resources allocated
by the persistent scheduling. Needless to add, the
number of times the control information is transmitted

20 in succession is not limited to three.

In the above example, a period where the
amount of data iIn a data buffer iIs zero corresponds to a
silent period in VolP communication. Therefore,
information transmitted during a silent period, e.g.,

25 background noise, is preferably not treated as data in
the data buffer. Alternatively, the control information
indicating that the UL-SCH buffer status is zero may be
transmitted when a silent period is detected based on
the amount of background noise.

30 In this case, the MAC processing unit 1082
releases the radio resources allocated to the mobile
station 100, by the persistent scheduling after
transmitting the control information indicating that the



In the above example, a period where the amount of data in a data buffer is
zero corresponds to a silent period in VolP communication. Therefore,
information transmitted during a silent period, e.g., 25 background noise, is
preferably not treated as data in the datdduffer. Alternatively, the control
information indicating that the UL-SCH buffer status is zero may be

transmitted when a silent period is detected based on the amount of
backgkBuriLhoRreTEeIn satdse IheZING ploc@dhed umandB2 iledsiss the

radio rgseuEcascaliespiad tatee mabiln-sedss MY, lyitheloasisienbs
scheduli e jtti e control jnformatjon indicatj a -42-
Lo AR ERRSNSER s e ate ReBIbee i rcatiag
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may be structured as shown in FIG. 6 or 7A; and when a contral 20 bit is

used, ISR PO hafeSsthGuiF LR ANt ERSraRY WProve the
The cafiguraticati tne efife ciaiiay 2080fths @obbdmleniiit uirstaattallyy

e sameandiatirsaiechvitb retprencs fo flesqaga b ficeri haldmthe
process performed by_the MAC processing ynit 2082 is connected with the
persisk R EERL R BEbCANGrcHEB s iR ErAnE kOB bieRE

and thisseshbodiment are mainly discussed. The MAC processing unit 2082

performs, for When padding bits are used, the MAC PDU may be
structured as shown in FIG. 6 or 7A; and when a control

20 bit is used, the MAC PDU may be structured as shown in
FIG. 7B or 7C.

The configuration of the base station 200 of
this embodiment is substantially the same as that
described with reference to FIGs. 8 and 9 except that

25 the process performed by the MAC processing unit 2082 is
connected with the persistent scheduling. Below,
differences between the above embodiment and this
embodiment are mainly discussed.

The MAC processing unit 2082 performs, for

30 uplink and downlink, MAC retransmission control for user
data, selection of users (scheduling), selection of
transmission formats, allocation of frequency resources,
and so on.



30 uplink and downlink, MAC retransmission control for user data, selection

of users (scheduling), selection of transmission formats, allocation of
frequency resources, and so on. -43- Also, if control information
indicating that the amount of user dataifitfe data buffer of the mobile station
100, is zero is included in uplink user data transmitted using radio resources
allocated by the persistent scheduling, the MAC processing unit 2082
releases the radio rebeRscafafersiEa bylthEoyaiaistent Jabraihlng theat
fT;l(Jb”etﬁT@tinlﬂc:ljﬂm-dlf Qiseirwesds tha MAE @c@dswgfemitha%ﬂrﬁéiom@bi le
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indicating, thaf the UL-SCH buffer status is zero from the mobile station 100,
the predetermined number of times in subframes where the radio resources

are allocated. In ottdr WBRISRA WeaBLabEResHunt 2082 dibgu b cLflon
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15 SCH buffer status i1s zero a predetermined number of
times while the amount of data in the UL-SCH data buffer
is zero and while radio resources are allocated by the
persistent scheduling and to release the radio resources
allocated by the persistent scheduling 1t the UL-SCH

20 buffer status remains zero even after transmitting the
control information the predetermined number of times,
the MAC processing unit 2082 may be configured to
release the radio resources allocated to the mobile
station 100, by the persistent scheduling after

25 receiving the control information indicating that the
UL-SCH buffer status is zero from the mobile station
100, the predetermined number of times in subframes
where the radio resources are allocated. In other words,
the MAC processing unit 2082 stops allocation of radio

30 resources by the persistent scheduling to the mobile
station 100,.

For example, if the mobile station 100, is
configured to release radio resources allocated by the



For example, if the mobile station 100, is configured to release radio
resources allocated by the -44- persistent scheduling after transmitting the
control information indicating that the UL-SCH buffer status is zero three
times in succession in subframes wherg'he radio resources are allocated by
the persistent scheduling, the MAC processing unit 2082 releases the radio
resources allocated by the persistent scheduling to the mobile station 100,
after redigihgteRtcsthadnbinttiahtatickingInating L tbeHrpteo

status i EgignEreertinigg it ateersinatn thesubirgoesuyifeea- 18 tatviadips
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control signal explicitly indicating release of radio resources allocated by the
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This configuration enables the base station
200 to allocate the released radio resources to other
mobile stations 100, and thereby makes i1t possible to

20 efficiently use radio resources.

The MAC processing unit 2082 may be configured
to release the radio resources allocated by the
persistent scheduling to the mobile station 100, in a
similar manner even when the mobile station 100, is

25 configured to report that the UL-SCH buffer status is
zero by using padding bits or a control bit instead of
the control information indicating the UL-SCH buffer
status.

Also, the MAC processing unit 2082 may be

30 configured to transmit or not transmit a control signal
explicitly indicating release of radio resources
allocated by the persistent scheduling to the mobile
station 100, when releasing the radio resources. In



the radio resources without transmitting the control signal. From a different
point of view, it can be interpreted as that the mobile station 100, is
configured to explicitly release the radio resources if the base station 200 is
configured to transmit the control signaﬁ)’?‘to implicitly release the radio 10
resources if the base station 200 is configured not to transmit the control
signal. A communication control method performed by the mobile
statiorPTbe rofprslembbiRmeasss gdaditset BERvIANthhe fGentiamEad. ta,

In tf;lis Sphadmayt, ke danasengaiian ?@Or@@jr@rméﬁeb?SH&@ﬁiﬂedwi'T@
to allocate r r I mission at \L t
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the mobjle 31§08 10% feupingtes i F?g?‘tf!‘\?ﬁ PAFdhsAnAUntaLyjzer data

in the data buffer is_not to become zero e transmission of the uplink
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the ustrdatmasinghbeamiibkaha edrcobnnel (step 31306). If the

amount of user dat iR i dAk BY§BR I A RELAMEZBIBANEE B rmed by

transmission of the uplink shared channel (YES in step 31304), the mobjlé
stationthe mobile station 100, of this embodiment is described

below with reference to FIG. 13. In this embodiment, the
15 Dbase station 200 performs persistent scheduling to
allocate radio resources for uplink transmission at
intervals to the mobile station 100,.
In each subframe, the mobile station 100,
determines whether radio resources for uplink
20 transmission are allocated to itself by the persistent
scheduling (step S1302).
IT radio resources for uplink transmission are
allocated (YES in step S1302), the mobile station 100,
determines whether the amount of user data in the data
25 buffer is to become zero after transmission of an uplink
shared channel (step S1304).
IT no radio resource is allocated for uplink
transmission (NO in step S1302), the mobile station 100,
terminates the process.
30 IT the amount of user data in the data buffer
is not to become zero after the transmission of the
uplink shared channel (NO in step S1304), the mobile



100, transmits the user data and control information indicating that the
amount of user data in the data buffer is zero using the uplink shared channel
(step S1308). The control information is, for example, MAC- 10 layer control
information such as scheduling mformat‘@n indicating a data buffer status.

In step 31310, the mobile station 100, releases the radio resources allocated

by the persistent scheduling. 15Another communication control method
perforFEAtHP thel Rdbild sRSDhtEOENS tHEedmBalmne s R ddreiberidaisw
with refeeanse tenalnelld. (B8 tBis @nBodinent, the base station 200 performs

persistent schedullqgtqtﬁ% (%_Bg\g {_G%O ces f uebwl%%gtr ngmi ﬁi%(%

intervals to the mobile n eac s rame t € mo
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resouE8d ok Halldls ferseesienaeaiaralet (bRPy R GRS,
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to detéyotfifie mwhiethee e agiount@izolipdantatsharbd datainmdier (Srep
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subframe or the amount of user data during a predetermined period of time,

ARerndfEy, FRYREBAe 10ifR @P&ﬁdﬁﬁo@“ﬁ{bﬁe TORRgHI S AsiEpKiREIon
whethénthecattbunt af daea dbtefiBeaerstizazest on the number of times the

uplink scheduling gmngféﬁcgiyggd/yh%@%gm@t&gﬁ%ga@& zero.
releases the radio resources allocated by the persistent
scheduling.

15 Another communication control method performed
by the mobile station 100, of this embodiment is
described below with reference to FIG. 14. In this
embodiment, the base station 200 performs persistent
scheduling to allocate radio resources for uplink

20 transmission at intervals to the mobile station 100,.

In each subframe, the mobile station 100,
determines whether radio resources for uplink
transmission are allocated to itself by the persistent
scheduling (step S1402).

25 IT radio resources for uplink transmission are
allocated (YES in step S1402), the mobile station 100,
determines whether the amount of user data in the data
buffer is zero (step S1404). Here, the mobile station
100, may be configured to determine whether the amount

30 of user data in the data buffer is zero based on an
instantaneous amount of user data in the corresponding
subframe or the amount of user data during a
predetermined period of time. Alternatively, the mobile



If no radio resource is allocated for uplink transmission (NO in step 31402),
the mobile station 100, terminates the process. If the amount of user data in
the data buffer is not zero (NO in step 31404), the mobile station 100, 10
transmits the user data using the upIinR%?\éred channel (step 31406).

If the amount of user data in the data buffer is zero (YES in step 31404), the

mobile station 100, transmits control information indicating that the amount
15 of kB iA e day NP8 ey LSHgtmedgiRIING cine iRl the

(s;ep SR The Q@@Wd@fmﬁ?%ioﬁeiﬁof%@@dn@ﬁ, WRCriayeeortfoltimes
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peyformed by the base statiei200 rd sbisrersbedinadiiostessribed haldink

with re{prsnor 0 RIG: \aidn S aRodinesh e 29 hAR H1210pA%0n 100,

performs persistent scheduling to allocate radié resources for upli
transri§&BANR IR HAR tBRAESRShile station 100n. In each

subframe,_thc_a baselftatihe %ﬂ)datermmgseme_rﬂaﬂraraﬂio tesoufaes foufFenk
30 transm %E%a@%ﬁt?ﬂ tgfleﬁr g&gﬂ)%ﬁt,a“a’i‘efl% _ gesraaﬁ%}ﬁ,n&oon

scheduling (step 31502) adio_resources for uplink transmission are

difbcatbtREEROBIIE stistfdn 988a(HS3H stéls 34BbRIK_Aharedshannel
station(3@@pe&aik68 an uplink shared channel transmitted using the radio

resources allocatech iy g P&IRISIFP SFNELUINGATEPIH A data buffer
is zero (YES in step S1404), the mobile station 100,
transmits control information indicating that the amount

15 of user data in the data buffer is zero using the uplink
shared channel (step S1408). The control information is,
for example, MAC-layer control information such as
scheduling information indicating a data buffer status.

In step S1410, the mobile station 100,

20 releases the radio resources allocated by the persistent
scheduling.

A communication control method performed by
the base station 200 of this embodiment is described
below with reference to FIG. 15. In this embodiment, the

25 base station 200 performs persistent scheduling to
allocate radio resources for uplink transmission at
intervals to the mobile station 100,.

In each subframe, the base station 200

determines whether radio resources for uplink
30 transmission are allocated to the mobile station 100, by
the persistent scheduling (step S1502).

IT radio resources for uplink transmission are
allocated to the mobile station 100, (YES in step S1502),



If no radio resource is allocated for uplink transmission (NO in step 51502),
the base station 200 terminates the process. In step 51506, the base station
200 determines whether control information indicating that the amount of user
data in the data buffer is zero is included i 10 the uplink shared channel.

If the control information indicating that the amount of user data in the data
buffer is zero is included in the uplink shared channel (YES in step 31506),
the batBstRase 20bat ks ed0feraart YsFedbutdelidliocafed ¢ treannel

persisterdisshedetan (sippgs 1518)r{dme cessisl ifesnalen dadicating thae
the amount .of user data in, t t ri is not included in the uplink
share%%%ﬁrglg% (ﬁo%ﬁ@ﬁjﬁggg)(%ﬁﬁe%@ tation 200 terminates the
process. In step 31566 LABEA AIRARERE bbseakAnsA LD dOErmHNK
whetheiirthesearisdlonfafRtatinn sdigatssha) tharsrpaxof st data aothe
data bﬂg?ﬁ] ﬁnsetrgais{ﬂglu%?gégggg uplink shared channel. 25 Alternatively,

the base station 200 may be configured to determine whether the uplink _
shared channel inclitiesteRy S B ntbfhiBaRstSTHdieRiFY thadgkarmines
amouniraftiser dadatrtile dakobutiei snzdanod icitd mgsehtie base stationt

200 dogs paLielease hinragia %ﬁogyﬁ‘ﬁ%iﬁ the uplipk siarqdcianng! in
includes user data (NO in steps 31506).
10 the uplink shared channel.

IT the control information indicating that the
amount of user data in the data buffer is zero is
included in the uplink shared channel (YES in step
S1506), the base station 200 releases the radio

15 resources allocated by the persistent scheduling (step
S1508).

IT the control information indicating that the
amount of user data in the data buffer iIs zero is not
included in the uplink shared channel (NO in step S1506),

20 the base station 200 terminates the process.

In step S1506 described above, the base
station 200 determines whether the control information
indicating that the amount of user data iIn the data
buffer is zero is included in the uplink shared channel.

25 Alternatively, the base station 200 may be configured to
determine whether the uplink shared channel includes
only the control information indicating that the amount
of user data in the data buffer is zero. In this case,
the base station 200 does not release the radio

30 resources 1T the uplink shared channel includes user
data (NO in steps S1506).

Next, another communication control method
performed by the mobile station 100, of this embodiment



Next, another communication control method performed by the mobile station
100, of this embodiment -49- is described below with reference to FIG. 16. In
the communication control method of FIG. 16, it is assumed that the mobile
station 100, is configured to release rad%c)resources allocated by the
persistent scheduling after transmitting the control information indicating that
the UL-SCH buffer status is zero three times in succession in subframes
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transmission (NO in step 31602), the mabile station 100, 25 terminates the
gdcegcheduli ’ﬂhE%cﬂ‘Hcﬂ‘ﬁ?fB‘?m‘éﬁghC?nﬂféﬁﬂHﬁ‘iﬁﬁt #RrubRd Ky uffer
status t3-aesmhas baerettansrhdtachirsetdintbe imsbddes ssaa trni subftames

where the radio |, each subframe, the mobile station 100,
determines whether radio resources for uplink
transmission are allocated to i1tself by the persistent

15 scheduling (step S1602).

IT radio resources for uplink transmission are
allocated (YES in step S1602), the mobile station 100,
determines whether control information indicating that
the UL-SCH buffer status is zero has been transmitted

20 three times iIn succession in subframes where the radio
resources are allocated by the persistent scheduling
(step S1604).

IT no radio resource is allocated for uplink
transmission (NO in step S1602), the mobile station 100,

25 terminates the process.

IT the control information indicating that the
UL-SCH buffer status is zero has been transmitted three
times in succession in subframes where the radio
resources are allocated by the persistent scheduling

30 (YES iIn step S1604), the mobile station 100, releases
the radio resources allocated by the persistent
scheduling (step S1606).



resources are allocated by the persistent scheduling 30(YES in step 31604),
the mobile station 100, releases the radio resources allocated by the
persistent scheduling (step 31606). -50- If the control information indicating
that the UL-SCH buffer status is zero Hariot been transmitted three times in
succession in subframes where the radio resources are allocated by the

persistent scheduling (NO in step 51604), the mobile station 100, terminates
the process. INethe nesdr edmankneawdH eontorheatdngeloaketihe
by thelhasscsfatioF €410 eftisismRodieest itadesertbest balowr udmieferance
to FIGA7oIn {1518 cpmmynicatiop soryiel Melpodalr Gl s InifaSaumed
that the mobile station 100, 1s configured to release radio resources allocated
by the TRFSIF&GASS HERILARG AFRkaraidmitiiey ke edrtsnhiGahasal ing (NO
ingicating gwighs 160-HCH thifanciidtls is ggta dhreEoimeseimlimatescsgien
in subgﬁg@és\g[here the radio resources are allocated by the persistent
scheduling. Tn'this embodiment, the base station 200 performs i)ersistent

scheduling to allocA@rhdiFRdBRE S PBIMUMATaEAREMTLIdH @l irteRfas to
the mgizlefetatiod IBONLI2O|bhasehsstibfieome 2@ bfsarhiagioanod iment is

deterngtgggm,%tgebgq 9 rﬁ?‘&H”@éﬁQFé‘H&}BK nsppssipy arpaljgeated to
the mobile station 100, by the persistent schedu mg (stle%o 3%102). If radio

rESourc8eHP A G #ansATiddie dethod of FI Is assumed

that the mobile station 100, is configured to release
radio resources allocated by the persistent scheduling
after transmitting the control information indicating
that the UL-SCH buffer status is zero three times in

15 succession iIn subframes where the radio resources are
allocated by the persistent scheduling. In this
embodiment, the base station 200 performs persistent
scheduling to allocate radio resources for uplink
transmission at intervals to the mobile station 100,.

20 In each subframe, the base station 200
determines whether radio resources for uplink
transmission are allocated to the mobile station 100, by
the persistent scheduling (step S1702).

IT radio resources for uplink transmission are

25 allocated to the mobile station 100, (YES in step S1702),
the base station 200 receives an uplink shared channel
transmitted using the radio resources allocated by the
persistent scheduling (step S1704).

IT no radio resource is allocated for uplink

30 transmission (NO in step S1702), the base station 200
terminates the process.

After step S1704, the base station 200
determines whether control information indicating that



25allocated to the mobile station 100, (YES in step 31702), the base station
200 receives an uplink shared channel transmitted using the radio resources
allocated by the persistent scheduling (step 31704). If no radio
resource is allocated for uplink 30transTRISsion (NO in step 31702), the base
station 200 terminates the process. After step 31704, the base station 200

determines whether control information indicating that -51- the UL-SCH
buffer SRuYlis $etb R tRersErEHRABIrée imeam bectedpsiekved three

subfratesewhere Hir trdie ¥eRoUces I Eraliasatan dydheHersistan

SC“W‘%‘%%&%‘SBS“JP?@- ¥ ine ooy %‘“f%ﬂgaﬁ%%rﬂi%%ﬂ[lg gt Ihe kg cH
buffer status is zero as%een recelvedythree times in succession In
subfrafkfde@heted @8 radio resources are allocated by the persistent

seheduling (YES intepidd 7Omtihelbadsersiatinnidd0 ieledsatilng 1Ohadiahe
resourGes C t jstent dyli t 7 he
ool o e TS Een Heclived pnrkd

been rEbBRRdIAreY GRESESH LR S rPa s raesavidR tadtRio 15
resourcesave@docatar hy e peesistent sisbedualing $iéhin stepeasilintG)gthe

base S&%@ ?Roﬁgﬁi@ﬁﬁ&eﬁ PR Pase station 200 releases the
10 radio resources allocated by the persistent scheduling
(step S1708).

IT the control information indicating that the
UL-SCH buffer status is zero has not been received three
times iIn succession in subframes where the radio

15 resources are allocated by the persistent scheduling (NO
in step S1706), the base station 200 terminates the
process.

IT the above exemplary processes, whether the
control information indicating that the UL-SCH buffer

20 status is zero has been transmitted or received three
times in succession in subframes where the radio
resources are allocated by the persistent scheduling 1is
determined. However, the number of times the control
information has been transmitted or received is not

25 limited to three (may be two or four or more).

Thus, the above embodiments make it possible
for the mobile station 100, to explicitly report that
the amount of user data in the data buffer iIs zero to
the base station 200. This in turn makes it possible to

30 efficiently allocate radio resources of an uplink shared
channel and thereby to increase the uplink capacity.

In the above embodiment, it Is assumed that
the data buffer is an RLC layer buffer. Alternatively,



If the above exemplary processes, whether the control information indicating
that the UL-SCH buffer 20 status is zero has been transmitted or received
three times in succession in subframes where the radio resources are
allocated by the persistent scheduling iwdatermined. However, the number of
times the control information has been transmitted or received is not 25
limited to three (may be two or four or more). Thus, the above

embodifferfia krals kTR s foethe Mobildaraforabbeto expieiPEport
that thezapeeupLEiFeger data in the data buffer is zero to the base station 200.

This in turn makes i ibl
uplink shared chanrfcraﬁoﬁ there
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present invention. A person skilled in the art may think
of variations of the above embodiments from the
descriptions.

In other words, the present invention may also
include various embodiments not disclosed above.
Therefore, the technical scope of the present invention
should be determined based on proper understanding of
the claims with reference to the above descriptions.

Although the present invention is described
above i1n different embodiments, the distinctions between
the embodiments are not essential for the present
invention, and the embodiments may be used individually
or in combination. Although specific values are used in
the above descriptions to facilitate the understanding
of the present invention, the values are just examples
and different values may also be used unless otherwise
mentioned.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the
scope of the present invention. Although Tfunctional



In other words, the present invention may also Include various embodiments
not disclosed above. Therefore, the technical scope of the present invention
should be determined based on proper understanding of 20 the claims with
reference to the above descriptions. ~~<~ Although the present invention is
described above in different embodiments, the distinctions between the
embodiments are not essential for the present invention, and the

embodikfgits EgENSe@ IIRIiHEealy s SleRdRBinaRearAltiGesh in the
specifighmieepppusnditidie ehevepissctpiicrs tntgiliiateiifiglemented by

understapdi f th invention I e] ples and
ditoro e R e e A e e
present invention is' A6t liRk@BeBthel SpedinediArartiosiP AArients 1adas
va@iatipid anittpoflifeatioasanayderaesetvitbputidepddinoNoom2be sages4 1
of the pigsent H%Verw&PehAEVJO%‘?‘,”CgBEQhéE%' @8%5#@9&?@% %’é?t‘i‘agmd .
describe apparatuses In the above embodiments, the apparatuses may be
Implerd@R e‘o?l%}%%%dv\fa'ré?gof%ré%&n%inat?fﬂpé}’thé'ﬁPa”ese Tisdent
presemppieioatidnal depliczoon-damespribiifetioonJapgoete Paje007, and

App'“ﬁﬂ%ﬁr‘?&%@%@'@éﬁédflﬂﬁi’ ALVRSEN QP00 H0tRpaess BaG 1oy on

Application No. 2007-211591 filed on August 14, 2007, Japanese Patent
ABplicRAGRTRE 208721 FSEY fileEBR AGHEIIES, SOFFECARS Jdphndd BlteRt e
ApplicatoeNo. 20Hi-380aR6dilée nait0 Dycember 20c2007, the entire
contents of which are hereby Incorporated herein by reference. -54- CLAIMS
1. A mobile station communicating with a base station in a radio
communication system, the mobile station comprising:



a transmitting unit configured to transmit a first signal to the base station,
wherein the transmitting unit is configured to transmit a second signal in
addition to the first signal 10 to the base station if an amount of the first signal
in a buffer of the mobile station is to becdie zero after the transmission of
the first signal. 2. A mobile station communicating with a base 15
station in a radio communication system, the mobile station comprising:

a transmitting unit configured, if an am&lftldfSa first signal in a buffer of the
mobile station is zero, to transmit a second signal to the base station. 20

3. The mobile statioln ag C[]ﬂ%l insqg{ri orC% W{Iﬁﬁ%ﬁﬂ% ie\ﬁ% SAQP%S%
a control signal for reporting the amount of the ftﬂ‘s signal in the buffer of the
mobileS¥@tiban in a radios coREWRdISREdRMoRYELEAIMERSN BRI S,

whereinttheisecarshpighgl isga control signal for reporting that the amount of

e S g W ST T i

mobile station as claimed in c lerein the transmission o

signal T Fsdussteadl, the dde BasenSdion. 6. The mobile station as
claimed in claim 5, wHareimthehsansarssiart i tie tivsi 6idrsal corddurated byo
an Uplicrrlieglinogianh taos BN oadee RS t8lqe. first Kiynal
mobile station In a radio communication system that Includes the mobile

Htiontend e Ras Sttt hieRi Y AR khE ImbBfe Eilidh sAgnal In
emploginguer feneddiirtdhechmemelfer stiatdmg iaditaebeumes toethe rabhde

stationgkIngeryals, iae mﬂbigﬁ:st@rq@nﬁqrggrigpgh al. a transmitting unit
SS10 s

configured to transmit a first signal to the base station according to the 15
scheduling scheme; a reporting unit configured, if an amount of the
first signal in a buff@r. oAthmeoimbbéestattaois zenonun repdiing tha blase base

sigtionsina¢ i amPunteldis feshRioRRtAdRS P WRIiEF ST thobi e
station comprising:

a transmitting unit configured, iIf an amount
of a first signal 1n a buffer of the mobile station is
zero, to transmit a second signal to the base station.

20

3. The mobile station as claimed in claim 1 or
2, wherein the second signal i1s a control signal for
reporting the amount of the first signal in the buffer
of the mobile station.

25

4. The mobile station as claimed in claim 3,
wherein the second signal i1s a control signal for
reporting that the amount of the first signal in the
buffer of the mobile station is zero.

30

5. The mobile station as claimed in claim 1 or
2, wherein the transmission of the first signal is
requested by the base station.



20a releasing unit configured to release the radio resources allocated for the
first signal after the reporting unit reports that the amount of the first signal in
the buffer is zero. 258. The mobile station as claimed in claim 7, wherein the
reporting unit is configured to report thaPflie amount of the first signal in the
buffer is zero if the amount of the first signal in the buffer remains zero for a
predetermined period of time. :30 9. The mobile station as claimed in
claim 7, wherein the releasing unit is configured to release the radio

resources allocatedsforthe firsbsigaakatianie £5-cepanieg Unt eapars at
the a%‘glteoir%h‘%ﬁ'é%%l%ﬂ%ln'Ei%@i&b“féef et ?‘.%rEdEE"E[HA{i‘e?é‘“mber of
times in succession. 0. A'base station communicating with a mobile
station A& eadiect dMnfumicirHy steht dnd Bagediandn Ebansmdtded from
a pequeltnpasdt canfigivad to request the mobile station to transmit a first
signal, 10wherein if a control signal reporting that an amount of the first signal

in a buffer of the mobile station is zero is received from the mobile station, the
requesting unit is confiduitePidGoTEALES M R NRAILLGR T HAKSATH fe
first sigyaitdh that irddlddbssaistatimbddenstricdting svith a nbalsite

station ip.g RHCLHRATIHUCAIAN SR {18 BRSEIFaI QL SOMR Sing:

10 employing a scheduling scheme for allocating radio
resources to the mobile station at intervals, the mobile
station comprising:

a transmitting unit configured to transmit a
first signal to the base station according to the

15 scheduling scheme;

a reporting unit configured, if an amount of
the first signal in a buffer of the mobile station is
zero, to report to the base station that the amount of
the first signal in the buffer is zero; and

20 a releasing unit configured to release the
radio resources allocated for the first signal after the
reporting unit reports that the amount of the first
signal in the buffer is zero.

25 8. The mobile station as claimed in claim 7,
wherein the reporting unit is configured to report that
the amount of the first signal in the buffer is zero i1f
the amount of the first signal in the buffer remains
zero for a predetermined period of time.

30

9. The mobile station as claimed in claim 7,
wherein the releasing unit is configured to release the
radio resources allocated for the first signal after the



a requesting unit configured to request the 20 mobile station to transmit a first
signal, wherein if padding bits are Included in the first signal
transmitted from the mobile station, the requesting unit is configured not to
request the mobile station to transmit tharst signal. 25 12. A base
station communicating with a mobile station in a radio communication system
and employing a scheduling scheme for allocating radio resources to the
mobile SREBA EInterAisT 6RO bASe HiatortBecampristh@T the fdrsdeiving
unit casifigisad io racrive@fifisr sipnat Fee e mekiiecsiainadaconieg tof

the sc lj c:% , -57- a releasing unit configured to release the
radio r%i%%rgggsﬁa (?(g'?egggp fhe first signal if the mobile station reports to the

base station that an amount of the first signal in a buffer of the mobile station
iszero. 1310 hervanssstatieatadaladvedun ptziei hg, whereia thebile
releasiog, b AMI0YEGH8 'eleaRs e Prinresch afgalsalfor the
first signal after the 10 mobile station reports that the amount of the Tirst
signal ff&ld BOFEPIPIdBI@Yredetermined number of times in succession.
14. A communicatien cequrekmiatigodiini @ radiof i §wostimtoiaatiguesytstane

inclgdm(gﬁﬁ F&%‘?@ﬁ‘ﬂﬂné&%mﬁﬁaﬁo%FPEWE%?;S‘E‘Q with the mobile

station, the method comprising: ] }

10 wherein If a control signal reporting that an
amount of the fTirst signal In a buffer of the mobile
station is zero is received from the mobile station, the
requesting unit is configured not to request the mobile
station to transmit the first signal.

15

11. A base station communicating with a mobile
station in a radio communication system, the base
station comprising:

a requesting unit configured to request the

20 mobile station to transmit a first signal,

wherein 1If padding bits are included in the
first signal transmitted from the mobile station, the
requesting unit is configured not to request the mobile
station to transmit the first signal.

25

12. A base station communicating with a mobile
station in a radio communication system and employing a
scheduling scheme for allocating radio resources to the
mobile station at intervals, the base station

30 comprising:

a receiving unit configured to receive a first
signal from the mobile station according to the
scheduling scheme; and



a first step, performed by the base station, of requesting the mobile
station to transmit a first 20 signal to the base station; and a second
step, performed by the mobile station, of transmitting a second signal in
addition to the first signal to the base station if an amount of the first 25 signal
in a buffer of the mobile station is to become zero. 15. A
communication control method performed by a mobile station in a radio
communication systerhieheas@nackiak’ treriadpid sehiib? &ied easestbgition
;:omrlllwa'ts;ia@inﬂe/gﬂdm itegcilEcgatied memwmgw@@dingiaerfﬁge
or a ing ra r e mohile stafion S etho
compr P e e e SR o
accord@fig¥o theEckbgulfld s&hetgnal in g Jurbkarsieh Ehepbriti® the
base statari dmtian asmaunt of the first signal in a buffer of the mobile station
is zero; and a third step of releasing the radio resources allocated for

the first signal after reporting that the amount of the first signal in the buffer is

zero. 1016. The metRod HifclARTEd FEakliom BSvRAAIAGY tH tiikRdfepl 2he

radio nesovecas allecated dastiadfingh igned ave ndlegsed dftes repddethette

the amopyd of fe disiaignal pJRg i erds 261 AMPIRISITYRST NuFeRe’ ¢he

times in succession.

10 mobile station reports that the amount of the first
signal in the buffer is zero a predetermined number of

times In succession.

14. A communication control method in a radio
15 communication system including a mobile station and a
base station communicating with the mobile station, the
method comprising:
a Tirst step, performed by the base station,
of requesting the mobile station to transmit a first
20 signal to the base station; and

a second step, performed by the mobile station,
of transmitting a second signal in addition to the first
signal to the base station if an amount of the first

25 signal In a buffer of the mobile station is to become
zero.

15. A communication control method performed
by a mobile station in a radio communication system that
30 includes the mobile station and a base station
communicating with the mobile station and employing a
scheduling scheme for allocating radio resources to the
mobile station at intervals, the method comprising:



15 17. A communication control method performed by a base station
communicating with a mobile station in a radio communication system and
employing a scheduling scheme for allocating radio resources to the 20
mobile station at Intervals, the method 'C%E?ﬁprising: a first step of
receiving a first signal from the mobile station according to the scheduling
scheme; and a second step of releasing the radio resources 25 allocated for
the first signal if the2mbbiietstater réforts angmmE ik sosigniinsd beffapal to

the mahile sfagendkdei®n according to the scheduling scheme;
a second step of reporting to the base station
that an amount of the first signal in a buffer of the
5 mobile station is zero; and
a third step of releasing the radio resources
allocated for the fTirst signal after reporting that the
amount of the first signal in the buffer is zero.

10 16. The method as claimed in claim 15, wherein
in the third step, the radio resources allocated for the
first signal are released after reporting that the
amount of the first signal iIn the buffer iIs zero a
predetermined number of times iIn succession.

15

17. A communication control method performed
by a base station communicating with a mobile station iIn
a radio communication system and employing a scheduling

scheme for allocating radio resources to the

20 mobile station at intervals, the method comprising:

a first step of receiving a first signal from
the mobile station according to the scheduling scheme;
and

a second step of releasing the radio resources

25 allocated for the first signal if the mobile station
reports that the first signal in a buffer of the mobile
station iIs zero.



