DESCRIPTION MOBILE STATION, BASE STATION DEVICE, WIRELESS
COMMUNICATION SYSTEM AND COMMUNICATION CONTROL METHOD
TECHNICAL FIELD The present invention generally relates to a radio
communication system. More particularty, 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
communication system to W-CDMARRRERIBHENPA, i.e., Long Term
Evolution (LTE), is currently being discussed by 3GPP that is a

standardization gr W fr di
multiplexing (OFD |s to e usRe%s a bé%:vsrﬁo %ngli;%c@ggér&n%th Wdf %Ess
single{cdMeENtEqRdREY aXieM 20\ UK dEEEAS L S-EEINVIRPIs 16R]é'0Red
asan uplink radio access method (see, for example, 3GPP TR 25.814

(V7 0. QE ﬁm@gl IE?EEQASpeCtS for Evolved UTRA," June 2005). In OFDM,

d into 25 multiple narrow frequency bands

(subcarrlers) and dakf RERGEMitRYSH A sgsasFRM YT bakes s
are dengHy acangadigatgdhediect@ncywerie spahthan Ethey ypartiyeoverlap
each %PE%BH'I:O"? Wéﬁ'ﬁ?ﬁfﬁr?wg't%d{omgeﬁa@Ssaf’ﬂ%ﬁh eRaflssi 1e

-speed fransmission_and 30 Improves frequency efficiency. In

ég F[ﬁ\'ﬁﬁth%q&ﬁ@ﬁ&n&%@%&?ﬂ@nﬂﬁﬂ@@mﬁ]%@ bands and
the freqoenoy beentiscarecalieicatkdrtetdiidrent terminals for transmission in
-2- order to reduce interference between the terminals. Also, SC-FDMA

reduces variation of the transmission power and
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



therefore makes it possible to reduce power consumption of terminals and to
achieve wide coverage. In uplink and downlink of LTE, one or more physical
channels are shared by multiple mobile stations for communication. A

channel shared by multiple mobile stafifns is generally called a shared
channel. In LTE, a physical uplink shared channel (PUSCH) is used for 10
uplink and a physical downlink shared channel (PDSCH) is used for
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be called a downlink scheduling grant or downlink assignment information. 3
The DE@NRGNTng WolmaliBR&iwAfe §p report (of 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 independent 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.



scheduling grant are used to report (signal) allocation of shared channels to
mobile stations. The DL scheduling information, for example, includes
downlink resource 5 block allocation information, UE IDs, the number of
streams, information regarding precodi‘nﬁ‘vectors, data sizes, modulation
schemes, and information regarding hybrid automatic repeat request
(HARD) for a downlink shared channel. The UL scheduling grant, for
example, 10 includé§ephkk $656ah¢bislecit afiesagdd afoandtidhe U IDs,
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using an uplink shared channel. Therefore, for example, each mobijle station
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statusMéflt-For an uplink shared channel.
15 Below, an exemplary uplink communication
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



the mobile station to the base station. In HSUPA, for example, the mobile
station reports HE buffer occupancy (in bytes) to the base station. The UE
buffer occupancy is a signal for reportinﬂg a buffer status of the mobile 5
station, i.e., the amount of a signal in a OGffer of the mobile station (see, for
example, 3GPP TS 25.309 (V6.6.0), "FDD Enhanced Uplink, Overall
description, Stage 2", 9.3.1.1.1, 2006-03; and 3GPP TS 25.321 (V6.8.0),
"MedidieastskleorksEMMACE préttR dpasss sekafidion” 19.415\874,, for
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provide a base sfatl_on,'g mobile station, a radio_communication system, and
3 QomARfFdIAGTRERf ol metifo® tRalmak &P pBEdible to increase uplink
capacity by 30 transmitting from the mobile station to the base station a
buffer siatbs sepee expligitlydNgiFaijng that the amount of a transmission

signal on has become zero. -5-
PROBLEMS TO BE SOLVED BY THE INVENTION

However, the above background art technologies

15 have problems as described below.

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.



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 configured
to transmit a second signal in addition to the first signal to the base station if
the amount of the first signal in a 10 buffer of the mobile station is to become
zero after the transmission of the first signal. An aspect of the present
inventipmANSVEEEFs g0Mehile statiorropIrEMgicating with a base station in a
radio communicatiof) syst nd 4 [ r ittin [ -
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provides a. base station communicating with a mobile stationinao_ _
mobile station communicating with a base station in a

radio communication system 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 first 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



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 configured not to request the mobile station to transmit 5
the first signal if a control signal reportiﬁ@‘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 base station communicating with
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15 first 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 iInvention 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



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
the amount of the first signal in a buffer_of the mobile 5 station is to become
zero. An aspect of the present inventioﬁ7|5rovides a communication control
method performed by a mobile station in a radio communication system that
includes the mobile station and a base station communicating with 10 the
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ADVANTAGEQUS EFFECT OF THE INVENTION -8- )
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 1is
received from the mobile station.

ADVANTAGEOUS EFFECT OF THE INVENTION




An aspect of the present invention provides a base station, a mobile station,
a radio communication system, and a communication control method that
make it possible to increase uplink capacity by transmitting 5 from the mobile
station to the base station a buffer staﬁ%report explicitly indicating that the
amount of a transmission signal in a buffer of the mobile station has become
zero. 10 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a drawing
illustrating a configifafGPeEh rafidbempiigsieatond Rystthi aizcBFAMddgSaR
emg?djmtﬁéhe eresentngbEnd_etation?2 ia apaial bioakdirgrama a
mobile tion accordi odi sent_invention: FIG.
s o BT o < D e R L e ek
accordifg e ke ek ddIRTRRSS the bteketanaedifon o Eransnd hldrading
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ooty St b to A o Sl ST cerae) The AttEEDe o
indicafif@ B Arsdeius boaatAhird?ud hiedpsdd hBeortid I¢aftation
embodiarerbeddhe 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 is a drawing illustrating a
HB1BFaRaRERLE A @D GRdéle Q5PN Srmation indicating the
status of a data buffdiGs rhapped adcavding té Bhustraddinwerd of the present

Inventiof Piguration 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. 7B is a drawing illustrating a structure of a MAC-layer PDU where user
data are mapped according to an embodiment of the present invention; FIG.
7C is a drawing illustrating a structure 5 of a MAC-layer PDU where user
data are mapped according to an embodiment of the present invention; FIG.
8 is a partial block diagram of a base station according to an embodiment of
the present invention; 10 FIG. 9 is a block diagram of a haseband signal
processing unit of & BSse Geatish acediaidd e Ah lepbicriirhest af §iaprdgert

inventien; &1@AE0ayedravpogvilliesteatinges teiparalreclatippshipdeiveging

proce gsa%reéﬁ{g?%ﬁ r?é’nat”bqpi.l?h]es [%;;]gi @q %%ileci) gﬁltion according to

an embodime e present inven FIG. 11 is a flowchart showing a
communication cofitt8l-méthd® parieFaelng A hhysitd atekins scekbiityse
ars embeduneACofitagdiresput Wivendions2p Fd&td 2isa flappbdrtaityviogray
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an embodiment of the present invention; sa lart showing a

communication coftt6l-m@tH&d aceaidkig lo BhaskpearaERMorhefpleagst
25 inventiari;onl Gacleb isdd flgwoh asins leowsing ianenn rodinichdéiop resetnal
methog accorqing.to an embodiment of the present invention; FIG. 15 is a
flowchart showing’a communication 30 control method performed by a base

dltion according td Hir efibbriiRehl 8Ftheip et ifferRidrRsebapit sighal
a flowghart shewmyg arcomopfirecdiase 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;



control method performed by a mobile station according to an embodiment

of the present invention; and FIG. 17 is a flowchart showing a communication
5 control method performed by a base station according to an embodiment

of the present invention. EXPLANATION®F REFERENCES 50 Cell 10

1001, 1002, 1003, 100" Mobile station 102 Transceiver antenna. 104
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descri owing embodiments with reference to the
accompanying drawings. Throughout the
EXPLANATION OF REFERENCES

50 Cell
10 100;, 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




accompanying drawings, the same reference numbers are 5 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 embodimént of the present invention is
described below 10 with reference to FIG. 1. The radio communication
system 1000 is based on, for example, Evolved UTRA and UTRAN (also
called Long Term EbslUBBRroGsefos) caneyrbian evkuthisichnvyention

systenm 408650¢elitsles dhgsa stafiaméefedd ola By ediBbaidantsnepie
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UE) ccmmuni-cating with a base station. However, user equipmen

mtyA ARG TRt adadPstaliBn rhay also 30 include fixed terminals In the
radio communicatiorhsystedi @060 mnuthocpbed fresyshey diviSionis based
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single -1.2- carrier frequency division multiple access (SC-FDMA) is used as
the uplifR¥aditdt e iHEARSY. Hs gHB&Ibetp) - The radio

communication system 1000 includes a base station (eNode
15 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
20 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
25 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
30 include fixed terminals.
In the radio communication system 1000,
orthogonal frequency division multiplexing (OFDM) 1is
used as the downlink radio access method and single-



above, OFDM is a multicarrier transmission scheme where a frequency band
is divided into multiple narrow 5 frequency bands (subcarriers) and data are
mapped to the subcarriers for transmission. Meanwhile, SC-FDMA is a
single-carrier transmission scheme whetéa 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.
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information. The UL scheduling grant, for example, includes IDs of users
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transpontefonaht {oB0HE)oshared 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



for the user data such as data sizes, modulation schemes, uplink resource
block allocation information, and transmission power information for an
uplink shared 5 channel. Here, uplink resource blocks correspond to
frequency resources and may also be caffsd resource units. The
acknowledgement information (ACK/NACK) is acknowledgement information
for an uplink shared channel. 10 A physical channel used to transmit the
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and a ASle88e YRHGRSN G iPp¥RIGaA: 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



scheduling. Here, allocation of resources of an uplink shared channel
indicates a process where a base station reports to a mobile station by using
the physical downlink control channel in a subframe that the mobile 5 station
is allowed to communicate using the uﬁﬂ14l€ 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 station 100" 10
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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



5- 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) 5 processing;
and so on. Then, the baseband signal '&%?:essing 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 i ®aeebal 10psidAall drdcesary adit (RBGAtIa taaRSFAGS Y
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downlink schedullng mformatlon
xamples 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



and an uplink scheduling grant in the physical downlink 16- control channel
and inputs the decoding results to the MAC processing unit 1082. Further,
when uplink user data are to be transmitted in a given subframe, the layer 1
processing unit 1081 receives the user thita from the MAC processing unit
1082. As described later, MAC-layer control information may be attached to
the uplink user data. The layer 1 processing unit 1081 performs coding, data
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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



unit 1081. The data buffer of the mobile station 100" is provided, for
example, in the RLC processing/buffering unit 1083. In this case, the MAC
processing unit 1082 receives the user data from the data buffer in the RLC
processing/buffering unit 1083 and perf&%ﬁs the transmission processing as
described above. The data 5 buffer may he provided in the MAC processing
unit 1082 instead of in the RLC processing/buffering unit 1083. If the amount
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(PH)BAIERI DI EFARS RIS RSHROWS - Ob xamplle, 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 mobile station 1 00,,. ssion of The UL-SCH buffer status after transmi an
uplink shared channel becomes zero, for example, when the amount of user
data in the data buffer is less than a value obtained by subtracting a header
size and the 5 size of the control informafion indicating the buffer status from
a data size specified by the uplink scheduling grant. In this case, a
MAC--layer protocol data unit (MAC PDU) where user data are mapped
includes, for 10 exarpld/la9AC RyEFHessler tuse edd@r ahbaRetsiigin of
irr:formationMdiﬁatig,g@rﬁaa&tﬁfﬁfeaabmébowﬁo, Fiordeltaagdigoninen
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unit 1082 does not attach the control information indicating_ a data buffer
Statusdata, 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 1T the type of the user data i1s 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



to user data _f the type of the user data. is gam.ng user data even if the
amount of user data in the data buffer 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 082 may be 5 configured to perform
transmission processing such as transport format determination and
retransmission control (HARQ) to transmit only the control information
indicathy BU&agniterzeaQis if frandiirssiek usiey aflatiplifle¥hdnsteRgnhe
is requestedhyribe uplskd @ achedwi-grriiantiveddypa the kaseastagon
200 vi% eIfyer 1 processing unit 1081 but the amount of user data in the
data buffer of the RLC processing/buffering unit 1083 1.s already zero. Also
in t n_s case, t_he 8d&Rol e ol inarResdS the Bbtud 88thaRnbas
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control information indicates the status of the MAC
15 layer data buffer, and particularly indicates that the
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 is 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



the MAC layer header and the control information indicating a data buffer
status, the MAC PDU may include -20- padding bits to adjust the data size to
a multiple of bytes. The MAC processing unit 1082 may be configured to
determine whether to transmit only the ¢otitrol 5 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 in the data buffer
of the PFa@t! precdxthisy/baffadiyhitiGasiatalebey Aoarsy bkamtste othe
MAC mpeessing unit 1082 10 may be configured to transmit the control
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when transmissiqn of an uplink shared channel is requested by the uplink 30
scheddH@EPak Y M GresEPEURE: USkls fakpedqy @ control signal

such as a dedicated control channel (DCCH), streaming

15 user data, or gaming user data. In this case, for
example, the MAC processing unit 1082 does not transmit
the control information indicating a data buffer status
iT the type of user data is gaming user data even if the
amount of user data iIn the data buffer is zero. The type

20 of 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



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 -21- information indicating a UL-SCH buffer status
every time uplink data are transmitted.‘ﬂ/i'e‘anwhile, after transmitting the
control information indicating that the UL-SCH buffer status is zero, the
mobile station 100n has to transmit a scheduling recyuest to request the
base &fRARI0 e trhRdirEdd 0plink dehedtlify Gfant siqtHeredety time
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the upgr}léfte‘pgg%ng grant after the timer exceeds a predetermined period
of time. For example, the MA%Br_ocessing' unit 1082 transmits the control

ibfbrmation indicating tF2de GDISCRIHEM stk(S i¥26rPEREFEBANESUNIT
from wi@s2theagmioeint oh Bata 26dn the thatH tHathbuffenbecdmes zero.
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Alternatively, the MAC processing unit 1082 may be configured to determine
mﬁmﬂhé?ﬁ?ﬂﬂﬁﬁ%ﬁtﬁ@r example, the amount of data in the UL-SCH
data buffer remains zero for a predetermined period of
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 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



30 control information indicating that the ULL-SCH buffer status is 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 -22-
uplink scheduling grant is received threéfimes after the amount of data in
the UL-SCH data buffer becomes zero, the MAC processing unit 1082
includes the control information indicating that the UL-SCH buffer status is 5
zero iR UpfinkEreded branaepbdrésphrdnbMedhEhiierl §dmassefddtling
grant afé transtmie G wRlk Phatetcbansel Neeedess eradd bideone ber
of timez e Uplinksehedina gran s egevedds nplImiReLio A o, 405t
downlink, the MAC processing unit performs, for example, a recepfion
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o dopaiok Behedulipg infleriaéipadrandhadayeol rerosessinggunib 1@82.
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processing such as data segmen concatenation a transmission
procesRN & EhanagdmidFss L8Rt ot raffink trriithesn @ fpdisiess the
RLC layer rekeptitrepuddessiog suth es detecd¥sdgientatiorV/tnitanation
and a{ﬁﬁeé:gipn process in RLC retransmission control for downlink user

data. The RLC processing/buffering unit 1083 may be configured to aerform

BBCP layer procesSily fPAAdifBK to the RIAS RYBFERIGIM &ts
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When the MAC processing _unit 1082 performs transn
downlink schedufing information from the layer 1

processing unit 1081.

15 The RLC processing/buffering unit 1083
performs RLC layer transmission processing such as data
segmentation/concatenation and a transmission process in
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 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.



processing :for user data, the RLC processing/buf:Yer.nn 30 unit 1083
transmits the user data in the data buffer to the MAC process~4ng unit 1082.
The data. buffer may be an PLC layer buffer, a PDCP layer buffer, or a
common buffer for the RLC layer and {fePDCP layer. -23- In the above
examples, the MAC processing unit 1082 attaches control information
indicating a data buffer status to user data and then performs the
transmission proce$Singhesribeel spciPheen theeaMotnPseresel dataiH t

the dajboffatebtieeBLEoPrpeasIRFOHREINGNUTIHdP83 13 sYPaciesicte
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where'the user data are mapped to adjust r, is size of the user_ data to
matchZRES-2d Be N FHRORINEPO0. Bbr BRamtertHEAtaddingdigiy@nall
zero. fubifsaase, AMACARYEvEIgtpcohdat® anip (PAES PDd) whiarel s
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paddin Also, the’ MAC processing unit 1082 may be 20 configured to
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processing unit 1081 but the 25 amount of user data in the data butfer of the
RLC SrotRsUbio@éting BHR 1638rE dhRdiSatrodfthigre mapped to

adjust the size of the user data to match the size of

15 the MAC PDU. For example, the padding bits 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



case, a. MAC-layer protocol data unit (MAC PDU) includes, for example, a
MAC layer header and padding bits as shown in FIG. %A. 30 In the above
examples, the MAC processing unit 1082 attaches control information
indicating a data bu:Yfer_ status to usefata and performs the above
described transmission processing when the amount of -24- user data in the
data buffer of the RLC processing/buffering unit 1083 is expected to become
zero afteftrafaffisdibndiehdaker afd ar aafvdiesiBitkame. Alternatively,

the MAPqeseIsiganiirtedad may beloedfigyedipaiaah asopobhi
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this embodiment is 25 described below with reference to F|G. 8.
transmission efficiency. However, the number of control
bits i1s not limited to one. FIG. 7B shows an exemplary

15 structure of a MAC PDU including the control bit.

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 if
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 is 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



The base station 200 includes a transceiver antenna. 202, an amxpl.f-er 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 baé@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 -25 processing unit 208 via
the traPEARSSIOAHAtHTIERRS Yia the Hasbntssidaal pakesémtelifiace
208 pegiferms, for the downlink user data, PDC_P layer processing; RLC

layer transmission %Oé:egg'g}%%ﬁ%"lkiﬁ oqﬂ%)tﬁa&e[ger:%gg%ait é]/%%r}ctat%gtion and

a transmission process In ra refransmission control; a

transniS&ibAPtoce o In TEC Fetrahintisdiss rcaiREa (e"F CRHARYST
scehedpling;ssideiipn R Tanapeit 0 tangmissimnnatocedis@ghtf-lslich as
processing:; i o] ' it: 208
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the transceiver unit 206. The transceiver unit 206 performs frequency

dShve 98 ad2onGEATRE basRBARE sidha inPHPRERTH 2SSt -
signal Pinecessihg units2dthimdo suigabd frecyrersyisignah ihe2Gklia ipgtentiie
signal ig, arypiied, bx tha Pl st b and Spgsaiyed dramndhe F4Agsea Vel
AneNNA F22o0E M basebaad argnal- proteSiing 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
amplified 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.



25 including uplink data transmitted from the mobile stations IOOn 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 3t%onvert 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 baseband sighar the®aseaiand BigHaE potastimpeaRaT8 pddomls
FFT praeessiBebidl Pioeessipgovseseageatidn deogdingr fa reeepton
process i C retra iSS] L er i ro [
o L e g LA
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baseband signal processing unit 208 is described below with reference tq
allocating uplink radio resources to the mobile station
100,. In other words, the baseband signal processing

15 unit 208 refrains from transmitting the mobile station
100, the uplink scheduling grant for requesting
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



FIG. 9. 25 The baseband signal processing unit 208 includes a layer 1
processing unit 2081, a MAC processing unit 2082, and an RLC process=ing
unit 2083. The layer 1 processing unit 2081 and the MAC processing unit
2082 of the baseband signal processingz?:.ro 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 -2 transmission
data ahbasETRaet ERasadiad ssstiing NBE M rebassind, daeTHNGrodédsing
on upliskocaremisgiorrdAtaFThplayeist Precessing INHIKA8lareseisidn
from t C processing unit 2082, downlink scheduling information
including 1Ds of users allowed to communicate using the physical downlink
shared channel antfadSst formPAtaRRTMEIDNUIBF HodhiihkiRed bgs> and
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upllnk user erl processing unit 2081 performs

transn¥ &eI8N 'pﬁ%?é@séﬁﬁg%cW%s%Hé?ﬁ@Pdo&#ﬁﬂ%lﬁﬁh%’r%@e%ﬁ%W
the doamdinkisahepoling fiolonaatidnfidrmetiidbing fos afavaeld @kowsertodata;

commypigale, ugigiie Q@P{é@&iﬁ'%’r@%ﬁ@ cfﬂ‘éfﬂ&i‘ﬁ(&' % c?f%’&é‘rs

format information for downlink user data; and the upli
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communicate using the physical downlink
transmission processing such as channel coding and IFFT
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 CQIs and acknowledgement
information mapped to the physical uplink control
channel transmitted in uplink, and inputs the decoding
results to the MAC processing unit 2082.



shared channel and transport format information for downlink user data; and
the uplink scheduling grant 25 including Its of users allowed to communicate
using the physical uplink shared channel and transport format information
for uplink user data are mapped to the 'Bﬁysical downlink control channel.
Further, the layer 1 processing unit 2081 30 demodulates and. decodes
CQIs and acknowledgement information mapped to the physical uplink
control channel trahBfitla& i (PRERSANG infA% tROPHS GEIhEOFERIIR to the

MAC pregAssingsiih2@3dc@sSs The MAC peacessiigiuaii gR8eqeriasmns@ .g. ,
transmissjQuQ pr i Cr ission £0 .
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allocation of frecxuéncy resources is a process of 15 determining resource
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mobile stations are 20 input from the layer | processm% unit 2081 to the MA
proce<@Tg AnR e STHEP AL RaE gl B gnithegBobi le stations.

The allocation of frequency resources is a process of

15 determining resource blocks allocated to user data to be
received by the mobile 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



determines Its 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,'zgr%’ sends them as the downlink
scheduling information to the layer processing unit 2081. The MAC
processing unit 2082 also performs a 30 reception process in MAC

retransrhk2i6 c&Atrdr, aseEdulinge S efttid nUst itfeh Sbrt Fok it s SAfd&tlion
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transport format information for uplink user data through the scheduling,
selectfGArL bt 2090 iRsRU LR Ql'&%lﬁﬁnad’fqrgq? oufs

descriegdmple, 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 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 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



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 tha fhe 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&dirfiglied 1@ BaNEkcligde HRIHRTHENSakSANDOI SHAMhE EcABduling
for theppink sbata@dehanashMarelpartinilaryades MAC prTessiDgdMithe
2052 BN S CYILsIRATiay g Sensgpiing e mebie sgon A %Pic.
the uphnk 30- scheduling grant for requesting transmission of anuplink
sharedtcR&nRel. In this case, the MAC PDU of the uplink shared channel

may he structured ad sbowatiinveg By , 4 €S MAeiatzelys ifg) MAGt 2082
processi it 2082 e igure c%H)ngi li (o]
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amourlteF UL Rt the dah M FerErEemmdtits stdigiP§6°k zero is 10
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mobile station 100n from the scheduling for the uplink shared channel. More
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requesiiy transYSsnqfiy elink shakkd Ghanepk Imdys FaserdgMAC
PDU of the uplink shared channel may be structured_as shown in 1-'1G. 4 or
5 ThetA%nb thﬁﬁggschedullng for the uplink shared channel.
More particularly, 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



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 28 fiformation is included in all three
latest uplink shared channels received from the mobile station 100n. Also,
the MAC processing unit 2082 may be configured to stop allocating uplink
radio reEBGRESIRO the MoFRBS:atier 1WorrpphbdiHEBitd ard afdradad fr 3o

the upirssbatad ehgnreldmamaeived seish. nootheseoigsi ik MAC

processi 20 Nnfj d to. exclude the. ile station 100n
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transrra%(s.%:1 n7c§ an uplink shared channel. In this case, the MAC PDU of the
share

5 uplin ‘channel may be structured as shown in FIG. 6 or 7A.

Further, the MAC pr&dddi§tg uRiRe 8 nTK5e Sty urBd to 2887 alldyatify
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zero is =included in the uplink shared_channel in a received signal. In other
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refrain from transmitting the mobile station 100" the uplink scheduling %rant
for reQiQ&HRPHAAsHNE R SR ABYilEsIERRbIgHRL G exclude the

mobile station 100, from the scheduling for the uplink
15 shared channel. More particularly, the MAC 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
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



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 retransmfssion control for downlink packet
data, and 25 performs RLC layer reception processing such as data
segmentation/concatenation and a reception process in RLC retransmission
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physical downlink control channel 51006). If the amount of user. data in the
data bRfBE'GtheRre AR LeRbIsufRdAtd ARiciels I aRsaits (she PUSCH

based on the transport format information in the
15 physical downlink control channel (1006).

IT 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 the

20 status of the data buffer to the UL-SCH to be mapped to
the PUSCH and then transmits the PUSCH.

IT there 1s no user data to be transmitted
using the PUSCH in subframe #i1+3, i1.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



become zero after transmitting the PUSCH, the mobile station 100" attaches
control information indicating the 20 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 PBECH in subframe #i+3, i.e., if the
amount of user data in the data buffer of the RLC 25 processing/buffering

unit 1083 is already zero, the mobile station loon maps control information
indicath@§rthfstbigs 6PtHe 8dtal pifdimatthe P Ustigahtn@ekhatinthfits the
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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 i1s 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).



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 re‘qq’&e'sting transmission of user data
using an uplink shared channel from the base station 200 (step 51102). 25
Next, the mobile station 100" determines whether the amount of user data in
the data buffer is tol beEBthepernAfteftHesesnsatssidi otlite dpkiak BHARSr
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the type of user data n
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 is 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



IS gaming user data even if the amount of user data Jr the data buffer is to
become zero, and to transmit the control information (YES in step 51104) if
the type of user data is 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
comméRREEbRa Rt nAdPdhafornsed ZRbg the nibisiCotBPrITicY
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indicating that the amount
i1s zero (YES 1n step S1204), 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 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 iIn

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.



15 of user data in the data buffer is zero using the uplink shared channel
(step 51208). 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 51204 based on the type of user data. For example, the
MAC processing urlib¥g82 thdy bemksfitigad toakerdisansnd kbatbpr

informatienribisl Festepati2Piid 85 e e Ifdierdatais gaming tsenédata

even if f user data jn t a ffer 0, and to _transmit the
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100" to explicitly report that the amount of user data in the data buffer is zero
to the LraseETsEROBVETD IMHST»turn makes it possible to 5 efficiently allocate
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this embodiment of the present invention, is mainly discussed. 15 In this
embocﬁﬁe(?ﬁ,rﬁé@igt@ﬁtlgcﬁgdlﬂ?f@qig 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.



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 Tate 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 sahfle @sr29 tRaCOSSEHHERIkATefehed t6'MEMI Mhe
configpeationsaidive mohdesiatian, 180peefitis emborimenés-sulsteatiake
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the peFSi&tttt EBREHIRSS BdBwAldPerdect SBekfsit &fe ABbe&vals to
ermbodimenicnbldiss enthodinen; arednadrdy discuspadshniatadiousing

comm l&ag?i‘&é@{%a _errg(?lpgira}%%%riié’sé%nt scheduling, a period of time

where data are transmitted Is calle spurt. In a talk spurt, radio
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the mobile station 100" attaches control informatio icating the 10 status
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processing for the 15 user data as described above. The control information,
for exdIRpRMndiEAR A alI@BFY MAEGy LhGatiser data in the

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



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 ubﬁﬁR 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. To this case, the control
informativa Ihgicakkathagthdy 1SSTH aefbpGstaterdarosTRe sthédtiieng
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the RLC processing/buffering unit 1083 _ ) o )
transmit only the control information indicating a data

buffer status if the amount of user data iIn 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 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



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 S%articularly indicates that 20 the
amount of user data in the data buffer i$2ero. 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
persisiéift skagatlimgaaethandL taescenbandr diafed katdien i fsddcateng
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processing unit 1082 transmits the control information |nd|cat|ng that
In the above example, the MAC processing unit

1082 transmits the control information indicating that
15 the UL-SCH buffer status i1s 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 1Tt 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.



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-SCA%ata 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 zerdldsd fatrhvishit tHEN€oMP§ RrerRasdnNthdlbding @%

the Ulm&zHhbufien siajus ésl 2o adie telransimisgien bk anuplioksaied the

channel i u li C [ rapt after the timer S
a pred%?ﬁﬁ%l@ﬁ%%ﬁxggﬁgﬁ %ﬁe%%g ,%#éggﬂféggrocéggf bl'?' rﬁ%%%z
transnfiHéScdrftrAigh rRzdRm Mickiy tetae Of-Jdmasuff@dtatus is
3G zerpaftarridds marksomlwbentbe anyowhicoidataintbatUschedldaisy
buffer er I d, edetermi ri ime Ji
ot e 356 e O e L ke B
be corfijfifed f9 Het@iinkayhdiher 30 HANSRRPHE Dot irtb AinaadRd
indicatihg-#eattheds 1SCHHr ffer rstiedue istzawchkaisdd ng thEteumiteeof

times talip e&P“&%?&a%a%%atﬁg-%’cﬁ‘ed%%@i%ﬁ?ﬁ@?g&#%&g?ﬂ@?

amount of data in the UL-SCH data buffer is zero. For example, if ra

rEourtBE eQIBESESP ML HMES B ie SEANSBALSCASGuUIrRY 4kl the
amounirdfadata tn dime LHd BCi tiadp boffer beeotiesSttohibfbe MA&Lus is

processing unit ﬂ%%ﬁé”%ﬁ&h?é‘é’&&%e@gf%ﬂ%ﬂt@&icl%inngt‘i‘?é‘t 6 ra
UL-SCH buffer status is zero using the radio resources_allocated for the third

time. Nd88esNe5ARSthd Auatstr ifmByrRgE of times radio

resources are allocated is not limited to three.

15 Further, the MAC processing unit 1082 may be
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,
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



resources are allocated is not limited to three. 15 Further, the MAC
processing unit 1082 may be 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 UFXSCH 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 radi® P&do#EES albEaPEE ied pErsieapBehaaiithqile reftakrd if

the ULepaiidhiEei statin remains reespued Phpitetraasgmiting the control

information the predetermi um times. in.qQt in t gve
occasion, the MACq%?gcég(sﬁﬁg 'l?'%m %%g tfngy}/] eé%ﬂgrﬁj%];\r%%;?@as%pﬁl?ﬁ}e

transmissishfuag o vddier rdeanres MeEsedbhf it beRdioepgsing unit
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sched 108, e | t_ f
data 516, S e B S 1 Dok Aot S 6 b
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after tmjlaﬂmm ofrcata inrdld @téﬁﬂrdﬁe_laﬁ@eratj_el&ma@dew thReMAC
proceg%’t% F&eﬁé%@éﬂi@#ﬁ thegoptrol QF“EPBHéﬂﬁ"E%‘dFIL% thgfthe
UL-SCH buffer status is zero if the amount of data in the UL-SCH data buffer
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determines that the radio resources allocated by the

15 persistent scheduling are released. In other words, in
the above occasion, the MAC processing 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



determines that the radio resources allocated by the 15 persistent scheduling
are released. In other words, in the above occasion, the MAC processing
unit 1082 stops uplink transmission using the radio resources allocated by
the persistent scheduling. Needless to atfd, 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 in a data buffer is zero
correspbndShto Rutfient pdaddish VBIRLEMmmbRickRr THere®re In the

informabiendrasiseaig edrduringamlenppetedsa g 2 Packogrinsiapise, is

preferahbl treat ta in atg huffer, Alternati e tral
rormat oA g T 1o o el Bl PREE e e
transnilte&th e bt iekepErisahedeldtgd based on the amount of
background noise. BA laribisatase: teg MpTayrpcessingolyiil é08Zaneieasaso,,
the radi r I ed to ile  stati 0 hy =i
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UL-SCiPBEfRl stfie a3t ionnistHaFabas, ilteUhnstE Rehirn, atatus-
MAC prbeessiagiwel Q82 Istops hiplinkdtansioissipoy singytheerasho Figured

resourggs AlgadRydnpReSislent SeRFlincs ia i AR Ve ExamR sy

mobile station 100" repo at the UL-SCH buffer status Is zero by using

dShtroPRISHRSAH FRiiC4tify RGOS BufiEPStRAEMAKR mMARAN, e

mobilet_:sﬁarljoo ﬂOﬂ'jrnagmee&mnf@dgdytmrEpdri malt_dhérwjﬁ'ﬁié thrE_ther
status ¢, 2eLp, B Wi 10 Aadding bifs YASOBURANE RY OGPk kising ¢
control Lit reBresented by one bit to indicate whether the amount. of data in

the daBPB# tlFs {é“rorr%ﬂREE':Hhe overhead and thereby improve the
communication efficiency. As the control bit indicating

15 whether the amount of data in the data buffer iIs zero, a
control bit indicating the end of a talk spurt may be
used.

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.



possible to reduce the overhead and thereby improve the cornmunicat. ion
efficiency. As the control bit indicating 15 whether the amount of data in the
data buffer is zero, a control 'bit indicating the end of a talk spurt may be
used. 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 Jr FIG. 7B or 7C. The configuration of the base
station 200 of this AkfsbdithEnEanduedahndmy iRt égmelas ieatdpgcAbed

with refeeenesdiorfd GsF 8i88¢ Leteerihahads db&@rmpeﬁwrmal@ hyotbel e
MAC ing.unit 2082 js. connect ' e. persistent schedul;
Below%r%glﬁr%e@cles etEv)v%eing{hgeg 0\,eﬁ %ﬂ%%ﬁm%&t%ﬁdﬁﬁ%s uegr%%o iment
are mARR GBEGISSH U M ACHBcESSAY RS20 PerbrthsPYokRS uplink
argl dperiyic fAE tranamisaip) avrdrolAar pseceatstangeleatian 2bssers
(sched:ul lecti sMissi m jop.of -
s Tan oL eal iy e it stent

amourfidtastiel tida 10 i aafeBafker stael RIbLHEOstatlsh 280€ks #&kas -
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the 5 I ing, cess } I t
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case, the;MALC PDU where the uplink user data are mapped may be

structured as shown in FIG.  _ . _ .
IT the mobile station 100, is configured to

transmit the control information indicating that the UL-

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



4 or S. If the mobile station 100. is configured to transmit the control
information indicating that the UL- 15 SCII 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 resourceg'are allocated by the persistent
scheduling and to release the radio resources allocated by the persistent
scheduling if the UL-SCH 20 buffer status remains zero even after
transnilgFgigteebnaehraoh ago e prddae Ml Agmbee o @iftd® lthe

MAC mretessiagisiit 1083 caadi hg caniiguied o resgasaiheradie taieiyces

alloca bj tati 0 t ersjsten i
receivf%%{%e[p(ﬁ)n golﬁ%%?r%a i%r%i n%f% |§§C{hat§ hie% Lﬂ%ﬁ%%%%ﬁg%%ﬁgaﬁs‘els
zero frond e FRsHlersiagoA re0e heoaErktdmikies manBdséetikes in
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MAC Si ' 2 tion of radi s -
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statiolt®o¢e BERAJ Gttt REh S RadBE_buF&sLdvdctded sy Hentyol
persistanfechadiibng anftel ttrani;nqjttitlgatpemmjtml—m«alrrpatm mdicaitngs thiat
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where the radio resources are allocated by the persistent 5 scheduling, the
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succession in the subframes where 10 the radio resources are allocated to
the m&kﬁ,%e%!ibﬂg to the mobile station 100,. Needless to add,

the number of times the control information 1is
15 transmitted or received in succession is not limited to
three.

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



100,,. In other words, t ne MAC processng unit 2082 stops allocation of radio
resources by the persistent scheduling to the mobile station 100n. Needless
to add, the number of times the control information is 1.5 transm._tted or
received in succession is not limited. to 4Rree. This configuration enables the
base station 200 to allocate the released radio resources to other mobile
stations 100" and thereby makes it possible to 20 efficiently use radio
resoureEBeThWNIAE. pieee shreeu st ab8oma) Heanednhffureantol eslegse tie
radio regpWicsPraNpaaiee dydhenpersistpot sglb@dwmtmmetmwm?ttﬁﬂ@
100" i simi n n whe i ti " | configur

0 repa o N B - SR B a0t ¥8 STt cRen paiause
controkBR ifsidA8 dregrUESRFoM Aok RaRRtiREIRe FThescArdurd
statussitpga the MAG progesFiegatt podAmayrbe BGoifigwad todransmit
or not tr ' trol si icitly.ingicati a f radio resources
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the radioaesotceshié thertaselstaiigna0 is configured to transmit the

control signal or to jnpliGiHy,f§leae¢ A€ BAIProl method performed by
the 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



10 resources -f the base station 200 configured not to transmit the control
signal. A communication control method performed by the mobile station
100n of this embrd_Tnent is described below with reference to FIG. 13. In
this embodiment, the 15 base station Zéé'performs persistent scheduling to
allocate radio resources for uplink transmission at intervals to the mobile
station 100.. In each subframe, the mobile station 100n determines whether
radio reatikeds R QplknerSThESibsioHsaE drtateindsdineyynd ink

persismrweﬂmmge(ptquﬁégoglﬁgeyi_o resources for uplink trapsmission
are_allocated (YES,ip g8 9108 NSMoblle sfaian {04 (elGIpINGS rror

whether the amount of user atd in the dat rfer Is to become zero after
transnfiSsibA SaaPUSliMe shaddehahnel WiapInEeRl on rofrakie reésdirek
issllocaiaddar ohhink d1aSrES-skioseQ iB1sten p130Re, hebnbbile siatian
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is not to become zero after the transmission of the uplink shared channel
(NO ini§td positdy, fHthobie -aBoutkinif1o6etafatits kie i rdEa using
the upbolffehared carmali$itey 31206)p Fihk ashawetoichseddta(sthe
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channe in step 51304), the mobile station 100, transmits the user data

A cHRET inforPmEtish ARRCAMALARL tRY GlinGon SRS biRg i @ EagE1on
buffer isndaxauding thedgptinkshEfed cheabes (step 51308). The control

information is, for exgmyepM&310, the mobile station 100,
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



10 lay-.r control information such as scheduling information indicating a data
buffer status. In step 51310, the mobile station 100, releases the radio
resources allocated by the persistent scheduling. 15 Another communication
control method performed by the mobité &tation 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 ZteckdRemikaion Y ey A191d tee Fecbikos@eibarmome wheihigr the
subframdhe nedbilesiatigntt0Gh geiponingsewheihariadifuigsaureds tdmes

uplink _transmissi to i t LSiSt ing
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daga in the data burffaio isdei@ (stepildii) i Hesd libeavedilFsiatigrt i hRO"
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data butfer Is zero based on an instantaneous’amount of user data =in the
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period of ﬁme. Altemﬁmdy,eHmemmbidﬁ_és?eﬁa_tﬁanalmﬂ' roay iacanfigiffédr
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of times the upli uling grant is received while the amount of user
d&ta iSASTHAS 16 rdS6lrdatalz g Taupld Hanshassdnqra s

step 5{4@2p te406hile station 100,, terminates the process. If the amount

of user data in the qgladpidffefnount of user data in the 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),



is not zero (NO in step 51404), the mobile station 100, 10 transmits the user
data using the uplink shared channel step 51406). If the amount. of user
data in. the data buffer. is zero (YES in step 51404), the mobile station 100,
transmits control information indicating't‘ﬁ%i the amount 15 of user data in the
data buffer is zero using the uplink shared channel (step 51408). The control

information is, for example, MAC-layer control information such as
sched#iy hasenatal indcaMiy EesabMaafastabl K sidpsed1 ghgrenel
mobilergtation i d20seleaserdhedadt nessouicessllegateddpetnepy the

persiste in icatjon. c |, pethod performed by the
base ﬁgﬁ%ﬁ% tﬁ%ﬁgﬁ%gﬁﬁ;g%st%@scgr%%% elow with reference to FIG.
15. In this embodintdntnthe 2d Haseesiatibr20bspertdipra pesifntup ink
sahediiizghim ialotaie (@adio resewsesIos0RYNK tianshzissiostait Fdanzieto

the m({tglnemjtﬁ‘g?gsmgﬂe I £5C Ssg.berame, the base station 200 determines

whether radio resources for ugrlnk 30 transmission are allocated to the

mobile station 100, 1By StHePpersr6nt HhfiFeng takhosn 568 ifedgpmines
resounghe foeupliantrao$ missfonrsae i altodatdd da thegnaibitet stetieonah@ynt

(YES i&ﬁtﬁgeﬁl%ﬁa"‘ﬁi t%ﬁé’ra it raHB‘F?@P rﬁEe% 24 LPFRK ANREEC i

channel transmitted using esources allocated by the persistent

dhedtiisy ?ﬁéﬁ@i%rﬁ%;m%source is allocated for uplink 5

transmission (NO ifl $teghB16502) thd basEmtatdn @001 telhtatiemthehat the

procesg, bn $teR PLa08  Ne:ltass Saian 22 LERIFFBFSis 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 iIn 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



whether control information indicating that the amount of user data in the
data buffer is zero is included in 10 the uplink shared channel. If the control
information indicating that the amount of User data. in the data buffer s zero
is included in the uplink shared channéﬁ?ﬁ(ES in step 51506), the base
sta.t_on 200 releases the radio 15 resources allocated by the persistent
scheduling (step 51508). If the control information indicating that the amount

of usef BafteRribbgstaa ey |8 HERo Feher sncaded iff tre ubfink Bhatsg
channebitarin céarl 535060 t4d thenbero $taorF 200 teaninptes e pEGRSS.
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is zerd’ %qhelu'ﬁ%'élqwfﬁ@%pﬂi kagrted dpunke ﬁﬂﬁéﬁﬁt%lﬁ‘%ﬁ@%&bﬂg
statiorad@e may hesonfigiined thedeienitd whetleaniheiuplinkshiarading
channel.ingl nl lin ion-indicati of
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data (l@lincztepd Sip06) dNexdraisthen tosvnedickiiog .caniratmiethod

perfor ohjle_stati ¢ i b&dlup' A2 %l ibed
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control information jndigaing dthemb/L-fHE! RYHET SalS IS 6R 1 ree
t”‘neSIdnetermines 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).



succession in subframes where the radio resources are allocated by the
persistent scheduling. In this embodiment, the base station 200 performs
persistent 10 scheduling to allocate radio resources for uplink tr nsmission at
intervals to the mobile station 100,,. In@%¢ch subframe, the mobile station
100n determines whether radio resources for uplink transmission are
allocated to itself by the persistent 15 scheduling (step 51602). If radio
resources for uplind frahBmissIoked Andeatea{vers Hsikpeddsup)thad the

mobilestation KOFreetesmines Wiethei-eontiel infarnaiion ngicaiinprted
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ugink itfass@issEIB (MY, intstepniHiDr), teaminbhilesiatjoacimbes the
termin @59 process. If the control information indicating that the UL SCH
buffer 'status zero has been transmitted three -~ times in succession in

subframes where th€¥ddio2REdifREe S eRaENAEaERY arbErdstapthod
schedpkngfFaith@dEByin tep 5466043 theinobiloGtatorth@dn erlesdeadhe is

radio resoHiGRs-IRAIEH RYithR Q%?@F%’Fﬁtcédi‘éd#'l@ (190 HB0f)eSC- If

the control information |nd|cat|nggthat the UL-SCH buffer status Is zero has

A& beEAMRHEARENC e thel ifStiEessQdnfid GubframdLwherdaidifedio
resourtbataretadi ovated by sha peosistedd, saeduting (Ol eid stop Edb8dgethe

mobile siaign B PEBL G R ted 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



process. Next, another communication control method performed by the
base station 200 of this embodiment is described below with reference to
FIG. 17. In the 10 communication control method of FIG. 17, it is assumed
that the mob1_e station. ].00;; is CO nf;hred to release rad~:-o resources
allocated. by the persistent sched:ul.ng after IF a nsmittrng the control i

formation indicating that. the UL-SCH buffer status is zero three times in 15
succeddlen ¥k sBbftabvEfFahepdateisadid résbardt@dsakeeaokaeiibgthdhree

persistenﬁ@ghedut&m@d@stbis)rembp@uwﬁambm ptatiee2@a ppsforms

pers'sﬁe@% %}e ds““ ”Iooc% Ay, The eeS fé‘?@ﬂﬁh‘éébﬂéﬁ‘uﬁ%’é at

interval mob| e sta ion In eac rame ase s
200 dé&kfRned (Mdkkher radio resources for upllnk transmission are
alipcated to the mobfe strtiatoh@Po by ithEoparsisient dehaddiopngiamat the

51702, 'f%ﬂlold%? eéﬁé?{&é’“bﬁ‘ 7?%?8“?1 L§’r‘t)"5er<§n ZpRoFALee s

mobile station S In_step_ the base station 200 recelves an

uplink Shagsd &HaﬁHéP%%%k%ttéH v R esinhessuite’ dijfttRed by the
perasi@&@uhedslnagéstapmaﬁém Ibpotrhdiprasviste istabataidd Fong

uplink (3@ yapisnugIg “5@7%4 fhefhélﬁgs?é ﬁl&*&%@%&?%@%ﬁé@%@s

the process After step 5170 ase station 200 determines whether
dShtrol Rtdin&fSH Wd?@&uﬁg' &%ﬁaﬁidtﬁl&/ U8 e phaketstitus g ingag

been résepeddhr®8)times in succession in subframes where the radio

resources are allocgieq QY e REFIFEINAGRRLLIRS (iR CA(PRY 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 control information indicating that the UL-SCH buffer status is zero has
been received three times in succession in subframes where the radio
resources are allocated by the persistent scheduling (YES in step 51706),
the base station 200 releases the 10 radi6resources allocated by the
persistent scheduling (step 51708). If the control information indicating that
the UL-SCH buffer status is zero has not been received three times in
succeddlendiitaubrdhies Wiserebea ddis 18a¥ssuRieElae AlocatEdEy the
persisteaysehpdifieg (NO in step 51706), the base station 200 terminates

the process. If the phoyg e L_S‘S%ﬁﬁ%‘ﬁ&%@’hei'{eﬁ@eag%ﬂﬁ(% that

information indicating thatthe UL status is zero has been
transriiftéd ‘G4 &eeFlMHAHC AEY NS REREsHICR dbfhaned wereupdved
raglio asureas ave RARCteIsby dad pedsisieny sThealu g Futiderminesuper
Howe th of time trgl. inf io S n fransmij

or rec\éﬁ/!gd i@ﬁbg%ﬁnit{gg t(? %%é%?na?yhg%@vgg%& t@é?o?kir%(?re .gT gy‘ti%d
above EmBodithddie miRE !%ss@bl@aﬁ?r thEahdBIle statfiNTHO PIARLitly
report doatt tlod amectthicdf Used dataranl iite datanbuffeaisizerodysitembbssed

T T

resources of‘an uplink shared channe

0 increase the

dbacaARtShove embodiment, it is assumed that the data buffer is an
RLC layer buffer. Alieenativedy -52t itbe slatarmiffetmaayrimesa MAC tder above

buffer g 3ARHEh taYLHBTIRS- IRdRe FROVR RERGRATERE: BdS A5FHRFAGNAhe
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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 1n 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



the radio communication system 1000 is based on Evolved 5 UTRA and
UTRAN (also called Long Term Evolution or Super 3U). However, the

present invention may also be applied to a mobile station, a base station, a
communication control method, and aTadio communication system based

on any other communication technology using shared 10 channels. The
descriptions and drawings in the above embodiments should not be
constridaes be Irgitingshe e sEadnvhtidASATIdISoRBRAEG TH IS atndhe

think gbwéat&mo@fuﬁh@ra@vem@b@gbaea@%@@ they lbslerappenested by
other W?‘% dytl%d rg%qﬁiv\,gy ntl% l%)l H&CH%%V osﬂﬁ erﬁnbodlments

not disclose ere o?e nlcal scope o resent invention
should be determlnﬁﬂ%a%@%ﬁrﬂ?op'éﬁﬁ’fd@ﬁ'é?ﬁﬁﬂg o”F fHeadbhiis witRims
regereped tr g/ aboue dBscanEees PAtOUORDIDRIILERON INUENtRO0B-056441
describqq 30Qye NLifrest e B e (ﬁmﬁ%&t}%n No.

embodiments are not essential for tie présent invention, an

embodR 2 B9 be fidd85hdRAdUANGYSTor i eormBMation kSR Patent
specifisp@liesasienskd in20@7abovegeseiptansto faglitate i, 2007, and
undersjapdings of tBﬁfEﬁie“kBHP Uop; e VRlies aepipst sygales;gad d-bn

ferent vaP ues may also be used unless otherwise mentioned. 30 The present
ihQentfdRGEMRS m@@d to4R87 spethital§HiddiBsca¥hBBEmenTs, MCh are
variatibeseling  nmadifipatiertse thayelre mady withbex eleparting from the scope
of the present invention. Although functional -53- block diagrams are used to
describe apparatuses in the above embodiments, the apparatuses may be
implemented by



hardware, software, or a combination of them. The present international
application claims 5 priority from Japanese Patent Application No.
2007-056441 filed on March 6, 2007, Japanese Patent Application No.
2007--211591 filed on August 14, ZOOT,SfETpanese Patent Application No.
2007-211982 filed on August 15, 2007, and Japanese Patent Application No.
2007--329025 filed on 10 December 20, 2007, the entire contents of which
are hereby incorporated herein by refeeéAd&S54- CLAIMS 1. A mobile
station communicating with a base station in a radio communication system,

the mobile station Eom/‘{a‘fon Vls%trglgn[qgl g c"gmn ?m:qal{igéov&r sral

first signal to the base s erel ransmi tlng uni con ure
transnfita kBN dsigna1ad 'ébld?ﬁ’(ffﬁ%‘ﬂf@ﬁr%@%lgﬁﬁtf@ to thé bag 'sl&tlon if
ars ameuat@bh. ectirmd BigEBRhdt a buffer of the mobile station is to become

zero after the trans&nlﬁfg;{lsp% first 3}9{1@ %@L%St@é'oi?ransm it

communicating with a base statl ninara o co munication system, the
mobilel Etstlorp&8Riplishyy: HeakssftingEonfigured, if an amount of a
first signal in a buffehefthienmoibie tatatiem ist zeng, ntiandmiteoaddgnad-ed to

sianal 9 e bRee SR GO A MAPIERIFYSR ASIaTR 1 Pyl ghay

2, wherein the second signal |sacon for reporting the amount of
@ firkSiding RARE boRRF IO T BBIB Ui O the Tirst signal in

a buffer of the mobile station is to become 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 amount
of a first signal 1In 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.



4. The mobile station as claimed in claim 3, wherein the second signal is 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 's%anTal is requested by the base
station. -55- 6. The mobile station as claimed in claim 5, wherein the
transmission of the first signal is requested by an uplink scheduling grant
transmitted from the base station. 7. A mobile station in a radio
communication Syﬁemﬂeatnilf;dw@sghatﬁ@hiI%lgtaéimﬁm aibﬁs@il shatian,
communicati ith. t obile_station e ing. eduling
schem%%%%?l%g)gﬁ%g rag}és%ss%u%%ﬁsc?fgﬁé%mf&i e%ta |E%R§tli|n?e%rvals, the
mobile" REARSTERD rRYriSE - v I HansAiiehg Mo confdtrebrdneaidird firam
signal théh@ hase stattarwaccording to the 15 scheduling scheme, the
transmitting unit being configured to transmit a second signal to the base
station if an amount of the first signal in a buffer of the mobile station is zero;

and a releasing unif eoftfifidetil® @leddOthd 9o FadiRAHtRotreB AlGEkaATor
the firghysigeal afterth@éntdodmissioe ofidiha Feced signmala8dT he lvaskile

stationgs, eipime AT L iBe IR G REABH ?i@“ai{%l@i%ﬂpt%léigna'

for 25 reporting that the amount of the first signal in the buffer of the_mobile

HtiorFEPAPS 99 TRe FROBM Lt road eREmErindldiagating 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, the transmitting unit being
configured to transmit a second signal to the base
station if an amount of the first signal In a buffer of
the mobile station iIs zero; and
a releasing unit configured to release the
20 radio resources allocated for the first signal after the
transmission of the second signal.

8. The mobile station as claimed in claim 7,
wherein the second signal is a control signal for
25 reporting that the amount of the first signal in the
buffer of the mobile station is zero.

9. The mobile station as claimed in claim 7,
wherein the transmitting unit is configured to transmit
30 the second signal if the amount of the first signal iIn
the buffer remains zero for a predetermined period of
time.



wherein the transmit 1: 4 -rg unit ]Js con. gured to transmit 30 the second.
signal if the amount of the first. signal in the buffer remains zero for a
predetermined period of time. -56- 10. The mobile station as claimed in claim
7, wherein the releasing unit is configufé@To release the radio resources
allocated for the first signal after the second signal is transmitted a
predetermined number of times in succession. 11. A base station
communicating witf@-mbbge Merafida skt camildaitagen byt ithe »

base aiadipgicPrenEsingl 48 rrRussingigitearFiguirsdoteaiebetie the
mobile statign tqg tra it a_fl [ in if olsi reporting
that art LS NS, SR T by ol Bl S\dat b the
receive§ ¢RI tRd Bhedild StalibAN & ThedqaeBNeS BRR TS EBAfgDHTPRE BF
regluestithesn@hileriaties iotransmit the first signal. 12. A base station
communicating with a mobile station in a radio communication system, the
base 20 station comprising: a requesting unit configured to request the
mobile station to trasmit PASE sHEALE AR ROATUBHERE His'drENnauaBiike
the firstaighahtranseitted ironc tenomilziketdtatiosythee2b Eqgeidsting unit is
configy 'i%tocrrﬂﬂb'ref’éi mobile station to transmit the first signal. 13. A
base st%tn communicatin%%vﬁigh a mobile station in a radio communication

Mtem and employind 894BH R s chRATd errab tengsadRst the
resounceb id ¢hetiatbbde statidnrahsnétyads, fhediaseispation

wherein 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
15 requesting unit is configured not to request the mobile
station to transmit the first signal.

12. A base station communicating with a mobile
station in a radio communication system, the base
20 station comprising:
a requesting unit configured to request the
mobile station to transmit a first signal,
wherein If padding bits are included in the
first signal transmitted from the mobile station, the
25 requesting unit is configured not to request the mobile
station to transmit the first signal.

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



comprising: -5- 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 5 radio resources allocated for the first signal if a
second signal reporting that an amount 3f the first signal in a buffer of the
mobile station is zero is received from the mobile station. 10 14. The base
station as claimed in claim 13, where.n the re leas~:-ng unit is configured. to
release the radio résé@eed\dgatet forapeFirstsigratafisegri vecanfiirst
signal 5 eprelvad anpredetershned nivakeoel diees-thisldcaessthen '_5 15. A
commggﬁ?gm ﬁ%’é‘t%’éﬁ%‘ﬁ]@odéﬂé" radio communication system including a

[ a

mobile station an ase sfation communicating with the mobile station, the
method comprising® 20l fa$ bh, Yerforaestf bgunedhate digheasefthe
resjuestingi herewbile statien lotransmitra firdthsighipr & thea §ase siatien; and
a secq : e . j ation,_ of trapsmitting a d
signal in a% ﬁio%?t%%%me fﬁé%yoz‘t;eg%ﬁgﬁ ﬁ)%é\%asaéﬂ Is)g'ﬁ%n% gﬁgaemiﬁﬁ%gf the
first sig@Nak Boér BrihEehoblie BigisiPitepedahiodelds @10 1S
commusicaiivacohtoh nteidodgbarie naac tidhy a mobile station in a radio
communication system that includes the mobile station and a base station

communicating with the mobile station and employing a -58 _ i
10 14. The base station as claimed in claim 13,

wherein the releasing unit is configured to release the
radio resources allocated for the first signal after the
second signal is received a predetermined number of
times iIn succession.

15
15. A communication control method in a radio
communication system including a mobile station and a
base station communicating with the mobile station, the
method comprising:
20 a first step, performed by the base station,

of requesting the mobile station to transmit a first
signal to the base station; and
a second step, performed by the mobile station,
of transmitting a second signal in addition to the first
25 signal to the base station if an amount of the first
signal in a buffer of the mobile station is to become
zero.

16. A communication control method performed
30 by a mobile station in a radio communication system that
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: a first step of transmitting a first signal to
the base station according to the scheduling scheme; a second step of
transmitting a second s-ignal to the bastPstation if an 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 10
the se86h@%ighi191 pChraendipboedd eeahitadn kislAP16erpersasitthethe
tﬂird S Oilth@ réﬂlt@tria@@uaqes aleqaiad or e firstesionakaimpicieasryt after
the second signal i £ ifte r i Of i '
Sucoession. 18, A Ghrh HL ALt DN o ar AT bhthrhod by & Sldpal to
stationtEEmPRFAcEHRT tith 2 ASOHI 8@tibA ikhe0 TChRAY bRt ERRkemBA
system and employingéczoheditiog seheniaf@malachiinga aske eerDEEgRAd
the mabjle SPtRILA! LERRAM i MANGAAARPETEhE HEFSEPShnar in
receiving a first signal from the mobile station according to the scheduling
schenfd; oS Bl £TetbRd eed beratadilgnthtSadf) fesdltfes allocated for
the first signal if a secohiligigsalepepdfitriaddhsi ag arheuntafitherfirsbsigoas

In a buffey o LIRGMPOHC S1RIGT TG GHEFeYPELFOHEe AN &TBH BT

10 the second signal.

17. The method as claimed in claim 16, wherein
in the third step, the radio resources allocated for the
first signal are released after the second signal is

15 transmitted a predetermined number of times in
succession.

18. A communication control method performed
by a base station communicating with a mobile station iIn
20 a radio communication system and employing a scheduling
scheme for allocating radio resources to the mobile
station at intervals, the method comprising:
a Tirst step of receiving a fTirst signal from
the mobile station according to the scheduling scheme;
25 and
a second step of releasing the radio resources
allocated for the first signal if a second signal
reporting that an amount of the first signal in a buffer
of the mobile station is zero is received from the
30 mobile station.





