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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to radio communication systems and mobile station devices.

BACKGROUND ART

[0002] In the 3GPPP (3rd Generation Partnership Project), the W-CDMA (Wideband Code Division Multiple Access) system has
been standardized as the third generation cellular mobile communication system so as to sequentially launch services. In addition,
the HSDPA (High Speed Downlink Packet Access) system has been standardized so as to launch services.

[0003] The 3GPP is considering the evolution of third-generation radio accessing (EUTRA: Evolved Universal Terrestrial Radio
Access). It proposes the OFDM (Orthogonal Frequency Division Multiplexing) system as the downlink of EUTRA. It also proposes
a single carrier communication system based on the DFT (Discrete Fourier Transform)-spread OFDM system as the uplink of
EUTRA.

[0004] Fig. 9 is an illustration showing uplink and downlink channel configurations for EUTRA. A base station device (BS)
transmits data to mobile station devices (MS1, MS2, MS3, etc.) by use of downlinks. The mobile station devices (MS1, MS2, MS3,
etc.) transmit data to the base station device (BS) by use of uplinks.

[0005] The downlink of EUTRA include a downlink pilot channel (DPiCH: Downlink Pilot Channel), a downlink synchronization
channel (DSCH: Downlink Synchronization Channel), a downlink control channel (PDCCH: Physical Downlink Control Channel), a
common control channel (CCPCH: Common Control Physical Channel), and a downlink shared channel (PDSCH: Physical
Downlink Shared Channel).

[0006] The uplink of EUTRA include an uplink shared channel (PUSCH: Physical Uplink Shared Channel), an uplink control
channel (PUCCH: Physical Uplink Control Channel), a random access channel (RACH: Random Access Channel), and an uplink
pilot channel (UPICH: Uplink Pilot Channel) (see Non-Patent Documents 1, 2).

[0007] Fig. 10 is a chart showing an example of an uplink radio resource configuration. In Fig. 10, the horizontal axis represents
time, and the vertical axis represents frequency. Fig. 10 shows the configuration of a single radio frame, which is divided into a
plurality of resource blocks. In Fig. 10, resource blocks are configured in units of regions each circumscribed with 1.25 MHz
frequency-width and 1 ms time-width, so that the random access channel (RACH), the uplink shared channel (PUSCH), and the
uplink control channel (PUCCH) illustrated in Fig. 9 are assigned to these regions.

[0008] That is, the random access channels (RACH) are assigned to resource blocks illustrated as dot-hatching regions; the
uplink shared channels (PUSCH) are assigned to resource blocks illustrated as blank regions; and the uplink control channels
(PUCCH) are assigned to resource blocks illustrated as horizontal-line-hatching regions.

[0009] The random access channel (RACH) for the uplink of EUTRA includes asynchronous random access channels and
synchronous random access channels. The asynchronous random access channel uses a minimum unit at a 1.25 MHz band. The
base station device employs a plurality of random access channels to cope with accesses from numerous mobile station devices.
The maximum object of using the asynchronous random access channel is to establish synchronization between the mobile
station device and the base station device. The random access channel plays an additional role for issuing a scheduling request
which is used by the mobile station device requesting a new uplink resource due to a shortage of assignment of resources (see
Non-Patent Document 2).

[0010] Asynchronous random access includes two accesses, namely, a contended random access (or a contention-based
random access) and a non-contended random access (or a non-contention-based random access).

[0011] The contended random access is a normally processed random access likely causing the contention between mobile
station devices.

[0012] The non-contended random access is a random access causing no contention between base station devices, which is
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processed under the initiative of the base station device in case of handover or the like for rapidly establishing synchronization
between the base station device and the mobile station device.

[0013] In asynchronous random access, the mobile station device transmits a preamble for establishing synchronization with the
base station device. This is called a random access preamble. This preamble includes signatures, i.e. signal patterns
representative of the information. A desired signature is selected from among several tens of preset signatures so as to
designate the information consisting of several bits.

[0014] In recent EUTRA, the mobile station device transmits 6-bit information to the base station device by way of the signature.
The 6-bit transmission needs sixty-four types of preambles, i.e. 2 to the 6th power. The 6-bit information is referred to as a
preamble ID. In the 6-bit preamble ID, a random ID is assigned to five bits, while the information representing the amount of
information needed for a random access request is assigned to the remaining one bit (see Non-Patent Document 3).

[0015] Fig. 11 is a sequence diagram showing a contended random access process for asynchronous random access. First, the
mobile station device selects a signature based on various pieces of information such as the random ID and the downlink path-
loss/CQI (Channel Quality Indicator), thus transmitting an random access preamble as a message M1 via an asynchronous
random access channel (step S01).

[0016] Upon reception of the random access preamble from the mobile station device, the base station device calculates a
synchronous timing deviation occurring between the mobile station device and the base station device on the basis of the random
access preamble, thus, producing the synchronous timing deviation information; it performs scheduling to transmit an L2/L3
(Layer 2/Layer 3) message, thus producing the scheduling information; then, it assigns the temporary intra-cell identification
information of the mobile station device (or T-C-RNTI: Temporary Cell - Radio Network Temporary Identity) to the mobile station
device.

[0017] In non-patent document "Universal Mobile Telecommunications System (UMTS); Evolved Universal Terrestrial Radio
Access (E-UTRA) and Evolved Universal Terrestrial Radio Access (E-UTRAN); Overall description; Stage 2 (3GPP TS 36.300
Version 8.1.0 Release 8); ETSI TS 136 300", ETSI STANDARDS, LIS, SOPHIA ANTIPOLIS CEDEX, FRANCE, vol. 3-R2, no.
V8.1.0, 1 June 2007 (2007-06-01), XP014038500, ISSN: 0000-0001, the contention based Random Access Procedure has been
further discussed.

[0018] The base station device sets RA-RNTI (Random Access - Radio Network Temporary Identity), representing that a random
access response to the mobile station device transmitting the random access preamble via the random access channel is set to
the downlink shared channel (PDSCH), to the downlink control channel (PDCCH).

[0019] With the resource block for the downlink shared channel (PDSCH) notifying the allocation of the random access response
via the RA-RNTI, the base station device transmits a message M2 representative of the random access response including the
synchronous timing deviation information, the scheduling information, the T-C-RNTI and the received preamble ID number (or the
random ID) to the base station device (step S02).

[0020] The RA-RNTIindicates a specific value which is not used as the C-RNTI (Cell - Radio Network Temporary Identity), so that
the mobile station device detects the specific value to identify setting the random access response to the downlink shared
channel (PDSCH).

[0021] Fig. 12 shows an example of allocation of the random access response to the downlink shared channel (PDSCH) when
notifying the mobile station device of the allocation via the RA-RNTI. As illustrated in Fig. 11, in which the allocation of the random
access response is notified using the RA-RNTI, the random access response including the synchronous timing deviation
information, the scheduling information, the T-C-RNTI and the signature ID number of the received preamble are stored in a
single resource block of the downlink shared channel (PDSCH) with respect to a plurality of mobile station devices (i.e. n devices
where n is an integer of two or more in Fig. 12).

[0022] In Fig. 11, when the mobile station device identifies that the RA-RNTI is set to the downlink control channel (PDCCH) of
the message M2, it assesses the content of the random access response set to the downlink shared channel (PDSCH) so as to
extract the response including the signature ID number (or the random ID) of the transmitted preamble, thus correcting the
synchronous timing deviation based on the synchronous timing deviation information within the response.

[0023] Based on the received scheduling information, the mobile station device transmits a message M3 representative of the
L2/L3 message including at least the C-RNTI (or the core network ID such as the TMSI (Temporary Mobile Subscriber Identity)) in
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the scheduled resource block to the base station device (step S03).

[0024] Upon reception of the L2/L3 message from the mobile station device, the base station device refers to the C-RNTI (or the
core network ID such as TMSI) included in the received L2/L3 message so as to transmit a message M4 representative of a
contention resolution identifying the contention occurring between mobile station devices to the mobile station device (step S04).
The procedures of steps S01 to S04 are described in Non-Patent Document 3.

[0025] Fig. 13 is a sequence diagram showing a transmission process of downlink data from the base station device to the
mobile station device according to the conventional technology. The process of Fig. 13 uses HARQ (Hybrid Automatic Repeat
Request).

[0026] In the process of HARQ, the base station device transmits downlink control data to the mobile station device via the
downlink control channel (PDCCH) (step S11).

[0027] Then, the mobile station device makes a decision whether or not to detect the downlink control data being transmitted in
step S11 (step S12).

[0028] The base station device transmits downlink transmission data to the mobile station device via the downlink shared
channel (PDSCH) (step S13).

[0029] Then, the mobile station device makes a decision whether or not to detect the downlink transmission data being
transmitted in step S13 (step S14).

[0030] After decoding the data transmitted in step S11 and in step S13, the mobile station device feeds back ACK (Positive
Acknowledgement) in the case of a success of CRC (Cyclic Redundancy Check) or NACK (Negative Acknowledgement) in the
case of a failure of CRC to the base station device (step S 15), thus making a determination whether or not to repeat
transmission.

[0031] Just after reception of data via the downlink shared channel (PDSCH) in step S13, the ACK/NACK is transmitted via the
uplink shared control channel (PUCCH).

Non-Patent Document 1: 3GPP TS (Technical Specification) 36.211, V1.10 (2007-05), Technical Specification Group Radio
Access Network, Physical Channel and Modulation (Release 8)

Non-Patent Document 2: 3GPP TS (Technical Specification) 36.212, V1.20 (2007-05), Technical Specification Group Radio
Access Network, Multiplexing and Channel Coding (Release 8)

Non-Patent Document 3: R2-072338 "Update on Mobility, Security, Random Access Procedure, etc." 3GPP TSG RAN WG2
Meeting #58 Kobe, Japan, 7-11 May, 2007

In 3GPP DRAFT: R2-072738 DISCUSSION ON TIMING ADVANCE, 3RD GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE, 650, ROUTE DES LUCIOLES; F-06921 SOPHIEA-ANTIPOLIS CEDEX;, FRANCE, vol. RAN
WG2, no Orlando, USA; 20070622, 22 June 2007, some aspects of timing alignment are discussed with respect to the fact that a
UE can lose uplink timing synchronization. For the different aspects of timing alignment discussed, the following conclusions are
indicated, a UE (use equipment) is configured whether it is necessary to maintain UL (uplink) synchronization or not; when
required to keep the UL synchronization, a UE performs regularly RACH (random access channel) procedure to maintain UL
synchronization; only when RACH procedure is successful, the UE considers itself as synchronized uplink; timer for
synchronization should be set conservatively; when a UE is allocated with a dedicated RACH preamble for DL (downlink)
scheduling, the UE should perform RACH procedure regardless of its UL synchronization state; and when a UE is in non-
synchronization satt, and finds DL scheduling without a dedicated RACH preamble, the UE should not respond with ACK/NACK,
(Acknowledgement/negative Acknowledgment).

In WO 2004/077919 A2, a method is proposed for maintaining uplink synchronization with P2P communication in wireless
communiation networks, comprising steps of: the wireless communication system overhears the P2P communication between two
UEs (user equipments), determines the SS (Synchronization shift) information of said UEs according to the overheard information
transferred by each UE in P2P communication, and transmits the SS information to the corresponding UE via the downlink
common control channel, the UE monitors the downlink common control channel, and adjusts the TA (Timing advance) for
transmitting signals according to the SS information transferred via the downlink common control channel.

DISCLOSURE OF INVENTION
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Problem to be Solved by the Invention

[0032] In the EUTRA, the mobile station device processing the contended random access according to the asynchronous
random access needs to detect the random access response (message M2) by monitoring the RA-RNTI. In the case of the
random access processed due to an uplink resource request, uplink synchronization of the mobile station device is maintained.
Uplink synchronization is the most important factor in asynchronous random access but is not necessarily processed due to an
uplink resource request. That is, the mobile station device is capable of performing uplink transmission on a feedback signal of
HARQ in downlink communication, which will be thus continued.

[0033] When the mobile station device issuing an uplink resource request performs timing alignment (or synchronous deviation
correction) based on the timing deviation information included in the random access response, the uplink
synchronous/asynchronous state managed by the mobile station device may be inconsistent with the synchronous/asynchronous
state managed by the base station device, thus causing a problem in needlessly triggering an error recovery process.

[0034] When the mobile station device issuing an uplink resource request monitors only the RA-RNTI in the random access
response, it may erroneously ignore a downlink resource assignment notified by the C-RNTI. In this case, the mobile station
device suffers from a problem in degrading the quality of downlink data communication due to the issuance of an uplink resource
request.

[0035] In addition, when the base station device processes an uplink resource assignment by some ftriggering, if the mobile
station device monitors only the RA-RNTI in the random access response, it may erroneously ignore the uplink resource
assignment notified by the C-RNTI. In this case, the mobile station device suffers from a problem in failing to detect the uplink
resource request being needlessly continued.

[0036] The present invention is created in light of the aforementioned circumstances, and an object thereof is to provide a
mobile station device and a radio communication system capable of implementing highly efficient communications between mobile
station devices and base station devices.

MEANS FOR SOLVING THE PROBLEMS

[0037]

1. (1) The present invention is made to solve the above problems, wherein according to one embodiment the present
invention provides
a radio communication system including a base station device and a mobile station device, the base station device adapted
to transmit synchronous timing deviation information to a mobile station device, the mobile station device adapted to
manage an uplink synchronous status by using a timer so that the uplink synchronous status is sustained until the timer
expires after the timer is reset on receiving the synchronous timing deviation information transmitted and calculated based
on reception timing of a random access preamble by the base station device, wherein the mobile station device is adapted
to:

transmit a random access preamble to the base station device;

receive, from the base station device, a random access response corresponding to the random access preamble whose
preamble ID was randomly selected by the mobile station device and transmitted to the base station device;

perform uplink timing alignment based on the synchronous timing deviation information, in case that, in an uplink
asynchronous status, the synchronous timing deviation information is included in the random access response;

wherein the mobile station device is adapted to, in an uplink synchronous status, not perform uplink timing alignment based
on timing deviation information which is included in a random access response, and corresponds to the random access
preamble whose preamble ID was randomly selected by the mobile station device and transmitted to the base station
device.

2. (2) The uplink synchronous status is managed by a timer, so that the uplink synchronous status is sustained until the timer
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expires.

. (3) According to one embodiment the present invention provides

a mobile station device adapted to manage an uplink synchronous status by using a timer so that the uplink synchronous
status is sustained until the timer expires after the timer is reset on receiving synchronous timing deviation information
transmitted and calculated based on reception timing of a random access preamble by a base station device, wherein the
mobile station device is adapted to:

transmit a random access preamble to the base station device;

receive, from the base station device, a random access response corresponding to the random access preamble whose
preamble ID was randomly selected by the mobile station device and transmitted to the base station device;

perform uplink timing alignment based on the synchronous timing deviation information, in case that, in an uplink
asynchronous status, the synchronous timing deviation information is included in the random access response;

wherein that the mobile station device is adapted to, in an uplink synchronous status, not perform uplink timing alignment
based on timing deviation information which is included in a random access response, and corresponds to the random
access preamble whose preamble ID was randomly selected by the mobile station device and transmitted to the base
station device.

. (4) The uplink synchronous status is managed by a timer, so that the uplink synchronous status is sustained until the timer
expires.

. (5) According to one embodiment the present invention provides

a processing method executed by a mobile station device which manages an uplink synchronous status by using a timer so
that the uplink synchronous status is sustained until the timer expires after the timer is reset on receiving synchronous
timing deviation information transmitted and calculated based on reception timing of a random access preamble by a base
station device; wherein the processing method comprises:

transmitting a random access preamble to the base station device;

receiving, from the base station device, a random access response corresponding to the random access preamble whose
preamble ID was randomly selected by the mobile station device and transmitted to the base station device;

performing uplink timing alignment based on the synchronous timing deviation information, in case that, in an uplink
asynchronous status, the synchronous timing deviation information is included in the random access response; and

wherein the mobile station device, in an uplink synchronous status, not performing uplink timing alignment based on timing
deviation information which is included in a random access response, and corresponds to the random access preamble
whose preamble ID was randomly selected by the mobile station device and transmitted to the base station device.

According to one example, a radio communication system is constituted of a mobile station device which transmits a random
access preamble to a base station device and resets a timer managing an uplink synchronous status based on the
synchronization timing deviation information included in a random access response which the base station device transmits
in response to the transmitted random access preamble, and the base station device which receives the random access
preamble from the mobile station device and transmits a random access response including synchronization timing
deviation information calculated based on the reception timing of the random access preamble, wherein, in an uplink
synchronous status, the mobile station device does not perform to reset the timer based on the reception of
synchronization timing deviation information included in a random access response that is a response to a random access
preamble whose preamble ID is randomly selected by the mobile station device.

. (6) The uplink synchronous status is sustained until the timer expires.

. (7) According to one example, a mobile station device transmits a random access preamble to a base station device and
resets a timer managing an uplink synchronous status based on reception of the synchronization timing deviation
information included in a random access response that the base station device transmits in response to the transmitted
random access preamble, wherein, in the uplink synchronous status, the mobile station device does not perform to reset
the timer based on reception of synchronization timing deviation information included in a random access response which is
a response to a random access preamble whose preamble ID is randomly selected by the mobile station device.

8. (8) The uplink synchronous status is sustained until the timer expires.

. (9) According to one example, a radio communication system is constituted of a mobile station device which transmits a
random access preamble to a base station device and transmits uplink data based on an uplink resource assignment
notified by way of a random access response indicated by an RA-RNTI which the base station device transmits in response
to the transmitted random access preamble, and the base station device which receives the random access preamble from
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the mobile station device and transmits, to the mobile station device, the RA-RNTI indicating the random access response
notifying an uplink resource assignment in response to the received random access preamble to the mobile station device,
wherein the mobile station device monitors both a C-RNTI notifying the uplink resource assignment from the base station
device at an arbitrary timing and the RA-RNT], thus transmitting uplink data.

10. (10) According to one example, a mobile station device transmits a random access preamble to a base station device and
transmits uplink data based on an uplink resource assignment notified by way of a random access response indicated by
an RA-RNTI which the base station device transmits in response to the transmitted random access preamble, wherein the
mobile station device monitors both a C-RNTI notifying an uplink resource assignment from the base station device at an
arbitrary timing and the RA-RNTI, thus transmitting uplink data.

11. (11) According to one example, a radio communication system is constituted of a mobile station device which transmits a
random access preamble to a base station device and receives a random access response which the base station device
transmits in response to the transmitted random access preamble, and the base station device which receives the random
access preamble from the mobile station device and transmits a random access response in response to the received
random access preamble, wherein the mobile station device concurrently receives downlink data which the base station
device transmits at an arbitrary timing and the random access response.

12. (12) According to one example, a radio communication system is constituted of a mobile station device which transmits a
random access preamble to a base station device and receives a random access response based on an RA-RNTI which
the base station device transmits in response to the transmitted random access preamble, and the base station device
which receives the random access preamble from the mobile station device and transmits, to the mobile station device, the
RA-RNTI notifying a resource assignment of the random access response in response to the received random access
preamble, wherein the mobile station device monitors both a C-RNTI notifying a downlink resource assignment from the
base station device at an arbitrary timing and the RA-RNTI, thus receiving both the random access response and downlink
data or either the random access response or the downlink data.

13. (13) According to one example, a mobile station device transmits a random access preamble to a base station device and
receives a random access response which the base station device transmits in response to the transmitted random access
preamble, wherein the mobile station device concurrently receives the random access response and downlink data which
the base station device transmits at an arbitrary timing.

14. (14) According to one example, a mobile station device transmits a random access preamble to a base station device and
receives a random access response based on an RA-RNTI which the base station device transmits in response to the
transmitted random access preamble, wherein the mobile station device monitors both a C-RNTI notifying a downlink
resource assignment from the base station device at an arbitrary timing and the RA-RNTI, thus receiving both the random
access response and downlink data or either the random access response or the downlink data.

EFFECT OF THE INVENTION

[0038] According to the present invention, it is possible to perform highly efficient communication between a mobile station
device and a base station device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

Fig. 1 is a schematic block diagram showing the constitution of a base station device 10 according to an example being useful for
understanding the present invention.

Fig. 2 is a schematic block diagram showing the constitution of a mobile station device 50 according to the example being useful
for understanding the present invention.

Fig. 3 is a schematic block diagram showing the constitution of a control data extraction unit 56 of the mobile station device 50
(Fig. 2) according to the example being useful for understanding the present invention.

Fig. 4 is a sequence diagram showing the processing of a radio communication system according to the example being useful for
understanding the present invention.

Fig. 5 is a sequence diagram showing the processing of the radio communication system according to the embodiment of the
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present invention.

Fig. 6 is a flowchart showing the processing of the base station device 10 according to the example being useful for
understanding the present invention.

Fig. 7 is a flowchart showing the processing of the mobile station device 50 according to the example being useful for
understanding the present invention.

Fig. 8 is a sequence diagram showing the processing of a radio communication system according to a variation of the
embodiment of the present invention.

Fig. 9 is an illustration showing uplink and downlink channel configurations for EUTRA.
Fig. 10 is a chart showing an example of an uplink radio resource configuration.
Fig. 11 is a sequence diagram showing a contended random access process for an asynchronous random access.

Fig. 12 is an example of allocation of a random access response to a downlink shared channel (PDSCH) when notifying the
mobile station device of an allocation of RA-RNTI.

Fig. 13 is a sequence diagram showing a transmission process of downlink data from the base station device to the mobile station
device according to the conventional technology.

Reference Symbols

[0040] 10 ... base station device, 11 ... data control unit, 12 ... OFDM modulation unit, 13 ... scheduling unit, 14 ... channel
estimation unit, 15 ... DFT-S-OFDM demodulation unit, 16 ... control data extraction unit, 17 ... preamble detection unit, 18 ...
radio unit, 21 ... DL scheduling unit, 22 ... UL scheduling unit, 23 ... message generation unit, 31 ... C-RNTI detection unit, 32 ...
RA-RNT | detection unit, 33 ... C-RNTI/RA-RNTI detection unit, 34 ... detection switchover unit, 35 ... extraction unit, 50 ... mobile
station device, 51 ... data control unit, 52 ... DFT-S-OF DM modulation unit, 53 ... scheduling unit, 54 ... OFDM demodulation unit,
55 ... channel estimation unit, 56 ... control data extraction unit, 57 ... synchronization correction unit, 58 ... preamble generation
unit, 59 ... preamble selection unit, 60 ... radio unit, 531 ... ACK/NACK transmission control unit, A1 ... antenna, A2 ... antenna.

BEST MODE FOR CARRYING OUT THE INVENTION

[0041] Hereinafter, an embodiment of the present invention will be described with reference to drawings. Similar to the EUTRA
achieving the evolution of the third-generation radio access, the radio communication system of the present embodiment is
constituted of a base station device and a plurality of mobile station devices. In the present embodiment, the communication link
directed from the mobile station device to the base station device is referred to as an uplink, and the communication link directed
from the base station device to the mobile station device is referred to as a downlink.

[0042] The downlink of the present embodiment is constituted of a downlink pilot channel (DPiCH), a downlink synchronization
channel (DSCH), a downlink shared channel (PDSCH), a downlink control channel (PDCCH), and a common control channel
(CCPCH).

[0043] The uplink of the present embodiment is constituted of an uplink pilot channel (UPiCH), a random access channel
(RACH), an uplink shared channel (PUSCH), and an uplink control channel (PUCCH).

[0044] Similar to the foregoing one, radio resources of the present embodiment are divided into resource blocks corresponding
to regions each circumscribed with 1.25 MHz frequency-width and 1 ms time-width. The base station device performs scheduling
to assign resource blocks to mobile station devices, thus achieving radio communications with mobile station devices.

[0045] The present embodiment employs OFDMA (Orthogonal Frequency Division Multiple Access) as the downlink
communication method and DFT-S-OFDM as the uplink communication method, so that resource blocks (blocks) are regions
dividing radio resources in frequency and time directions, whereas in case of the communication method of TDMA (Time Division
Multiple Access), resource blocks are regions dividing radio resources in the time direction. In the case of the communication
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method of FDMA (Frequency Division Multiple Access), resource blocks are regions dividing radio resources in the frequency
direction. In the case of the communication method of CDMA (Code Division Multiple Access), resource blocks are regions
dividing radio resources with spread codes.

[0046] The random access channel (RACH) of the present embodiment is used for an asynchronous mobile station device to
synchronize the mobile station device with the base station device. It is also used for a synchronizing mobile station device to
issue a scheduling request (an uplink resource request) via the random access channel (RACH). The random access channel
(RACH) is a channel having a guard time (e.g. 97 micro seconds) and is a channel which is available for a non-synchronizing
mobile station performing transmission. Upon reception of a random access preamble (e.g. a preamble length of 0.8 ms) from the
mobile station device, the base station device detects deviation of the arrival time of the preamble with respect to a reference
time, thus generating timing deviation information. The precision of the timing deviation information is 0.52 micro seconds, for
example.

[0047] The asynchronous random access is divided into two types of accesses, i.e. contended random access and non-
contended random access. The contended random access is a random access in which a contention likely occurs between mobile
station devices because the mobile station device determines a preamble ID number so as to send it to the base station device.

[0048] The non-contended random access is a random access in which no contention occurs between mobile station devices
because the mobile station device transmits the preamble ID number designated by the base station device. The preamble ID
number used for the contended random access is notified in advance and is not used for the non-contended random access.
Therefore, it is possible to discriminate between the contended random access and the non-contended random access with
reference to the preamble ID number.

[0049] Fig. 1 is a schematic block diagram showing the constitution of a base station device 10 according to the example being
useful for understanding the present invention.

[0050] The base station device 10 includes a data control unit 11 (referred to as a response control data transmission unit, a
downlink control data transmission unit, or a downlink control channel transmission unit), an OFDM modulation unit 12, a
scheduling unit 13, a channel estimation unit 14, a DFT-S-OFDM (DFT-spread OFDM) demodulation unit 15, a control data
extraction unit 16, a preamble detection unit 17 (referred to as a preamble reception unit), a radio unit 18, and an antenna A1. A
base station communication unit 19 is constituted of the data control unit 11, the OFDM modulation unit 12, the scheduling unit
13, the channel estimation unit 14, the DFT-S-OFDM demodulation unit 15, the control data extraction unit 16, the preamble
detection unit 17, the radio unit 18, and the antenna A1.

[0051] A transmission unit 20 is constituted of the data control unit 11, the OF DM modulation unit 12, the radio unit 18, and the
antenna A1, while the reception unit 24 is constituted of the channel estimation unit 14, the DFT-S-OFDM demodulation unit 15,
the control data extraction unit 16, the preamble detection unit 17, the radio unit 18, and the antenna A1.

[0052] With respect to control data and user data (including random access responses and preamble assignment information)
given by an upper layer (not shown), the data control unit 11, in accordance with instructions given by the scheduling unit 13,
performs mapping control data onto the downlink pilot channel (DPICH), the downlink synchronization channel (DSCH), the
downlink control channel (PDCCH), and the common control channel (CCPCH), and performs mapping user data for each mobile
station device and control data for a MAC layer (Medium Access Control: Layer 2) or a higher layer onto the downlink shared
channel (PDSCH), thus outputting mapping data to the OFDM modulation unit 12.

[0053] The OFDM modulation unit 12 performs a variety of OFDM signal processing such as data modulation, series/parallel
conversion, IFFT (Inverse Fast Fourier Transform), CP (Cyclic Prefix) insertion, and filtering on user data and control data
subjected to mapping with respect to each channel, thus generating and outputting OFDM signals to the radio unit 18.

[0054] The radio unit 18 performs up-conversion on OF DM signals outputted from the OFDM modulation unit 12 into the radio
frequencies, thus transmitting them to the mobile station device via the antenna A1.

[0055] The radio unit 18 receives uplink signals from the mobile station device via the antenna A1, wherein received signals are
subjected to down-conversion into baseband signals, which are then forwarded to the DFT-S-OFDM demodulation unit 15, the
channel estimation unit 14, and the preamble detection unit 17.

[0056] The channel estimation unit 14 estimates characteristics of a radio propagation path with respect to the uplink pilot
channel (UPiCH) based on baseband signals outputted from the radio unit 18, thus outputting an estimation result of the radio
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propagation path to the DFT-S-OFDM demodulation unit 15. The channel estimation unit 14 outputs the estimation result of the
radio propagation path to the scheduling unit 13 so as to perform uplink scheduling with respect to the uplink pilot channel
(UPiCH) of the radio unit 18.

[0057] In accordance with the estimation result of the radio propagation path and an instruction of the control data extraction unit
16, the DFT-S-OFDM demodulation unit 15 performs DFT-spread-OFDM demodulation on baseband signals outputted from the
radio unit 18, thus generating and outputting reception data to the control data extraction unit 16.

[0058] As the uplink communication method, the present example being useful for understanding the present invention uses
either a single carrier method of DFT-spread-OFDM or a multicarrier method of OFDM.

[0059] The control data extraction unit 16 performs true-false discrimination on reception data outputted from the DFT-S-OFDM
demodulation unit 15, thus outputting the discrimination result to the scheduling unit 13. When reception data is true, the control
data extraction unit 16 divides reception data into user data and control data.

[0060] The control data extraction unit 16 outputs, to the scheduling unit 13, control data representing the downlink CQI
information, ACK/NACK of downlink data, and Layer 2 regarding a resource assignment request, while it outputs, to an upper
layer (not shown) of the base station device 10, control data regarding the Layer 3 or the like and user data.

[0061] When reception data is false, the control data extraction unit 16 preserves reception data to be mixed with retransmission
data and then, it performs mixing upon reception of retransmission data.

[0062] The preamble detection unit 17 detects a preamble from baseband signals outputted from the radio unit 18 and then
calculates a synchronization timing deviation based on the preamble, thus outputting the synchronization timing deviation to the
scheduling unit 13 together with the preamble ID number denoted by the preamble.

[0063] The scheduling unit 13 includes a DL (Down Link) scheduling unit 21 implementing downlink scheduling and a UL (Up
Link) scheduling unit 22 implementing uplink scheduling, and a message generation unit 23.

[0064] The DL scheduling unit 21 performs scheduling for mapping user data onto downlink channels on the basis of the CQl
information notified by the mobile station device and the user data information notified by the upper layer as well as control data
generated by the message generation unit 23.

[0065] In accordance with the estimation result of an uplink radio propagation path outputted from the channel estimation unit 14
and the resource assignment request of the mobile station device outputted from the control data extraction unit 16, the UL
scheduling unit 22 performs scheduling for mapping user data onto uplink channels.

[0066] The message generation unit 23 generates the downlink resource assignment information, the uplink resource
assignment, ACK/NACK of uplink data, and control data such as random access responses. The message generation unit 23
stores, in the random access response message, the preamble ID number and the synchronization timing deviation information
representing the synchronization timing deviation outputted from the preamble detection unit 17 when generating the random
access response message.

[0067] Fig. 2 is a schematic block diagram showing the constitution of the mobile station device 50 according to the example
being useful for understanding the present invention.

[0068] The base station device 50 includes a data control unit 51 (referred to as a preamble transmission unit), a DFT-S-OFDM
modulation unit 52, a scheduling unit 53, an OFDM demodulation unit 54, a channel estimation unit 55, a control data extraction
unit 56 (referred to as a judgment unit or a downlink control channel reception unit), a synchronization correction unit 57, a
preamble generation unit 58, a preamble selection unit 59, a radio unit 60, and an antenna A2. A mobile station communication
unit 61 is constituted of the data control unit 51, the DFT-S-OFDM modulation unit 52, the scheduling unit 53, the OFDM
demodulation unit 54, the channel estimation unit 55, the control data extraction unit 56, the synchronization correction unit 57,
the preamble generation unit 58, the preamble selection unit 59, the radio unit 60, and the antenna A2.

[0069] A transmission unit 62 is constituted of the data control unit 51, the DFT-S-OF DM modulation unit 52, the synchronization
correction unit 57, the preamble generation unit 58, the preamble selection unit 59, the radio unit 60, and the antenna A2. A
reception unit 63 is constituted of the OFDM demodulation unit 54, the channel estimation unit 55, the control data extraction unit
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56, the radio unit 60, and the antenna A2.

[0070] In accordance with instructions given by the scheduling unit 53, the data control unit 51 allocates control data (including
preambles and ACK/NACK) and user data given by an upper layer (not shown) of the mobile station device 50 so as to transmit
them to the base station device via the random access channel (RACH), the uplink shared channel (PUSCH), and the uplink
control channel (PUCCH).

[0071] In this connection, the data control unit 51 sets the random access channel (RACH) with respect to a preamble while
setting the uplink control channel (PUCCH) with respect to ACK/NACK. In addition, the data control unit 51 sets the uplink pilot
channel (UPiCH).

[0072] The DFT-S-OFDM modulation unit 52 performs a variety of DFT-S-OFDM signal processing such as data modulation,
DFT conversion, sub-carrier mapping, IFFT, CP insertion, and filtering on user data and control data allocated to channels, thus
generating and outputting DFT-Spread-OFDM signals to the synchronization correction unit 57.

[0073] Based on the synchronization timing deviation information outputted from the control data extraction unit 56, the
synchronization correction unit 57 corrects the transmission timing with respect to DFT-Spread-OF DM outputted from the DFT-S-
OFDM modulation unit 52, thus outputting them to the radio unit 60.

[0074] Upon setting radio frequencies designated by a radio control unit (not shown), the radio unit 60 performs up-conversion
on DFT-Spread-OFDM signals outputted from the synchronization correction unit 57 into the radio frequencies, thus transmitting
them to the base station device via the antenna A2.

[0075] Upon reception of downlink signals from the base station device via the antenna A2, the radio unit 60 performs down-
conversion on received signals into baseband signals, thus outputting them to the OFDM demodulation unit 54 and the channel
estimation unit 55.

[0076] The channel estimation unit 55 estimates characteristics of a radio propagation path with reference to the downlink pilot
channel (DPiCH) included in baseband signals outputted from the radio unit 60, thus outputting the estimation result to the OFDM
demodulation unit 54. The channel estimation unit 55 converts the estimation result into CQIl information so as to transmit the
estimation result of the radio propagation path to the base station device, thus outputting the CQI information to the scheduling
unit 53.

[0077] With reference to the estimation result of the radio propagation path outputted from the channel estimation unit 55, the
OFDM demodulation unit 54 demodulates baseband signals outputted from the radio unit 60 into reception data, thus outputting
them to the control data extraction unit 56.

[0078] The control data extraction unit 56 divides reception data outputted from the OFDM demodulation unit 54 into user data
and control data. The control data extraction unit 56 outputs the synchronization timing deviation information of control data to the
synchronization correction unit 57, outputs the scheduling information and other Layer 2 control data to the scheduling unit 53,
and outputs user data and Layer 3 control data to the upper layer (not shown) of the mobile station device 50.

[0079] In accordance with the scheduling information outputted from the upper layer of the mobile station device 50 and the
control data of the base station device outputted from the control data extraction unit 56, the scheduling unit 53 instructs the data
control unit 51 to perform mapping the control information and data onto channels.

[0080] When making random access to the base station device, the scheduling unit 53 instructs the preamble selection unit 59 to
make random access upon selecting the preamble ID number and instructs the reception method for the control data extraction
unit 56.

[0081] The scheduling unit 53 manages the uplink synchronous/asynchronous status and manages either the uplink
synchronous status or the uplink asynchronous status when making random access to the base station device, thus instructing
the reception method for the control data extraction unit 56.

[0082] When instructing the reception method for the control data extraction unit 56, the scheduling unit 53 instructs the control

data extraction unit 56 to monitor the C-RNTI for use in reception of downlink data and transmission of uplink data and the RA-
RNTI and to receive a random access response message, in case of processing an uplink resource request.
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[0083] When making random access irrelevant to the uplink resource request (or when making random access in the uplink
asynchronous status), it instructs the control data extraction unit 56 to monitor the RA-RNTI and to receive the random access
response message. When receiving downlink data or when transmitting uplink data, it instructs the control data extraction unit 56
to monitor the C-RNTI. Downlink control data for use in reception of downlink data and an uplink grant for use in transmission of
uplink data are set to the downlink control channel (PDCCH) with different formats, whereas the same C-RNTI is used for the
identification information of the mobile station device. When making random access relevant to the uplink resource request (or
when making random access in the uplink synchronous status), it instructs the control data extraction unit 56 to monitor both the
C-RNTI and the RA-RNTI.

[0084] The scheduling unit 53 is equipped with an ACK/NACK transmission control unit 531. The ACK/NACK transmission control
unit 531 rectifies the transmission method for ACK/NACK based on the transmission timing of the message M3 and the result of
CRC detected by the control data extraction unit 56.

[0085] The scheduling unit 53 instructs the preamble selection unit 59 to select the preamble ID number used for random
access, thus outputting the selected preamble ID number to the preamble generation unit 58.

[0086] The preamble generation unit 58 generates the preamble based on the preamble ID number selected by the preamble
selection unit 59, thus outputting it to the DFT-S-OFDM modulation unit 52.

[0087] Fig. 3 is a schematic block diagram showing the constitution of the control data extraction unit 56 of the mobile station
device 50 (Fig. 2) according to the example being useful for understanding the present invention. The control data extraction unit
56 includes a C-RNTI detection unit 31, a RA-RNTI detection unit 32, a C-RNTI/RA-RNTI detection unit 33, a detection switchover
unit 34, and an extraction unit 35.

[0088] The C-RNTI detection unit 31 detects the C-RNTI assigned to the mobile station itself from the downlink control channel
(PDCCH) outputted from the OF DM demodulation unit 54 (Fig. 2) so as to extract the control information pertaining to the C-RNTI
from the downlink control channel (PDCCH) and to analyze the control information, thus identifying either the downlink shared
channel (PDSCH) or the uplink shared channel (PUSCH) being assigned to the mobile station itself. The C-RNTI detection unit 31
outputs the analysis result to the extraction unit 35.

[0089] The RA-RNTI detection unit 32 detects the RA-RNTI from the downlink control channel (PDCCH) outputted from the
OFDM demodulation unit 54 (Fig. 2) so as to extract the control information pertaining to the RA-RNTI from the downlink control
channel (PDCCH) and to analyze the control information, thus identifying the downlink shared channel (PDSCH) assigned to the
random access response. The RA-RNTI detection unit 32 outputs the analysis result to the extraction unit 35.

[0090] The C-RNTI/RA-RNTI detection unit 33 detects either the C-RNTI or the RA-RNTI being assigned to the mobile station
itself from the downlink control channel (PDCCH) outputted from the OFDM demodulation unit 54 (Fig. 2) so as to extract the
control information pertaining to the C-RNTI or the RA-RNTI from the downlink control channel (PDCCH) and to analyze the
control information, thus outputting the analysis result to the extraction unit 35.

[0091] The scheduling unit 53 instructs the detection switchover unit 34 to switch over the C-RNT| detection unit 31, the RA-RNTI
detection unit 32, and the C-RNTI/RA-RNTI detection unit 33, thus forwarding any one of the output data to the extraction unit 35.

[0092] Based on the analysis result of the control information corresponding to any one of the output data of the C-RNTI
detection unit 31, the RA-RNTI detection unit 32, and the C-RNTI/RA-RNTI detection unit 33, the extraction unit 35 extracts data
(including the random access response message) from the downlink shared channel (PDSCH) assigned to the mobile station
device itself.

[0093] Upon extraction of the random access response from the downlink shared channel (PDSCH), it outputs control data
including the random access response message (such as the synchronization timing deviation information) to the scheduling unit
35 (Fig. 2) and the synchronization correction unit 57 (Fig. 2) while outputting user data to the upper layer (not shown) of the

mobile station device 50.

[0094] Upon extraction of downlink data from the downlink shared channel (PDSCH), it outputs control data including the CRC
result to the scheduling unit 35 while outputting user data to the upper layer (not shown) of the mobile station device 50.

[0095] The mobile station device and the base station device manage the uplink synchronous/asynchronous status of the mobile
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station device by use of a timer. The base station device transmits the synchronization timing deviation information to the mobile
station device by way of the random access response or a timing alignment command message. The base station device resets
the timer when transmitting the synchronization timing deviation information or the mobile station device resets the timer when
receiving the synchronization timing deviation information. The base station device notifies the mobile station device of an
expiration value of the timer by way of a broadcast signal or a dedicated signal. The base station device and the mobile station
device manage the uplink synchronous/asynchronous status as the uplink synchronous status until the expiration of the timer.

[0096] The base station device and the mobile station device manage the uplink synchronous/asynchronous status as the uplink
asynchronous status after the expiration of the timer. The timing alignment command message is generated by the base station
upon detection of a synchronization timing deviation occurring in the uplink transmission (using normal data, uplink pilot channels,
etc) from the mobile station device.

[0097] Fig. 4 is a sequence diagram showing a processing of the radio communication system according to the example being
useful for understanding the present invention.

[0098] The sequence diagram of Fig. 4 shows the processing regarding an uplink resource request by way of a contended
random access. This shows the processing for issuing the uplink resource request due to the occurrence of data to be
transmitted in the mobile station device in the uplink asynchronous status. The mobile station device transmits a preamble of a
preamble ID number, which is randomly selected from among preamble IDs available for the contended random access, to the
base station device (step S101).

[0099] The base station device detects the above preamble transmitted thereto from the mobile station device. Herein, the
preamble is a signal pattern suited to the preamble ID number, wherein the base station device detects the preamble upon
detecting a reception signal matching the signal pattern of the preamble ID number.

[0100] The random access response, which is illustrated in step S02 of Fig. 11 and which is transmitted to the mobile station
device from the base station device, is constituted of random access response control data (step $102) being transmitted via the
downlink control channel (PDCCH) and random access response data (step S103) being transmitted via the downlink shared
channel (PDSCH).

[0101] The base station device transmits random access response control data including the RA-RNTI and the resource
assignment information to the mobile station device via the downlink control channel (PDCCH) (step S 102), thus designating a
resource block (PDSCH) for allocating the random access response data.

[0102] In addition, the base station device transmits random access response data in the resource block designated by the
random access response control data (step S103).

[0103] After completion of transmission of the preamble to the base station device, the mobile station device receives the
random access response control data and random access response data from the base station device (steps S102, S103). The
mobile station device receives a random access response message for the preamble previously transmitted by itself by way of
acquisition of the message whose preamble ID number which is included in the random access response data matches the
preamble ID number of the preamble previously transmitted by itself. The mobile station device aligns the uplink timing (or uplink
synchronization processing) and resets the timer on the basis of the synchronization timing deviation information included in the
random access response message.

[0104] The mobile station device transmits the L2/L3 message (random access information) (message M3) including the C-RNT]
to the base station device in the resource designated by the scheduling information included in the random access response
message (step S104). The random access information includes the information representative of the uplink resource request and
an uplink buffer status representative of the amount of uplink data stored in an uplink buffer.

[0105] The base station device transmits an uplink grant responsive to the uplink resource request to the mobile station device
via the downlink control channel (PDCCH) (step S105). The mobile station device receiving the uplink grant transmits uplink data

to the base station device via the uplink shared channel (PUSCH) (step S106).

[0106] Fig. 5 is a sequence diagram showing a processing of the radio communication system according to the embodiment of
the present invention.

[0107] Fig. 5 shows the concurrent execution of the random access processing and the downlink data communication
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processing. This shows the processing for issuing an uplink resource request due to the occurrence of data which should be
transmitted in the mobile station device in the uplink synchronization status. First, the transmission unit 62 of the mobile station
device transmits the preamble including the preamble ID number via the random access channel, thus transmitting the uplink
resource request (step S201).

[0108] The reception unit 24 of the base station device 10 receives the above preamble from the mobile station device 50. The
reception unit 24 receiving the preamble transmits the random access response control data to the mobile station device 50. That
is, the transmission unit 20 transmits the random access response control data including the RA-RNTI information and the
resource assignment for the random access response data to the mobile station device 50 via the downlink control channel
(PDCCH) (step S202). The reception unit 63 of the mobile station device 50 receives the data which the base station device 10
transmits via the downlink control channel (PDCCH) in step S202. The control data extraction unit 56 makes a decision as to
whether or not the RA-RNTI is included in the downlink control channel (PDCCH) received by the reception unit 63 in step S202,
wherein it makes a decision as to whether or not it is the response control data which is transmitted by the base station device 10
in response to the preamble transmitted by the transmission unit 62.

[0109] Next, the transmission unit 20 of the base station device 10 transmits the random access response data including the
preamble ID, the T-C-RNTI, the synchronization deviation information, and the scheduling information for the message M3 to the
mobile station device 50 via the downlink shared channel (PDSCH) (step S203).

[0110] Then, the control data extraction unit 56 of the mobile station device 50 performs cyclic redundancy checking (CRC) on
the reception data of the reception unit 63 in step S203, wherein it receives the random access response message for the
preamble previously transmitted by itself by way of acquisition of the message whose preamble ID number which is included in the
random access response data matches the preamble ID number previously transmitted by itself.

[0111] The base station device 10 transmits the downlink data to the mobile station device in parallel with the random access
response (steps S204, S205). The transmission unit 20 of the base station device 10 transmits the downlink control data including
the resource assignment and the C-RNTI information to the mobile station device 50 via the downlink control channel (PDCCH)
(step S204). The reception unit 63 of the mobile station device 50 receives the downlink control data transmitted thereto from the
base station device 10.

[0112] The control data extraction unit 56 of the mobile station device 50 makes a decision as to whether or not the C-RNTI for
the mobile station device itself is included in the reception data of the reception unit 63 in step S204, wherein when the C-RNTI for
the mobile station device itself is included, it recognizes the resource position and the modulation method with respect to the
subsequent downlink shared channel (PDSCH).

[0113] Next, the transmission unit 20 of the base station device 10 transmits the downlink transmission data including data
destined to the mobile station device 50 to the mobile station device 50 via the downlink shared channel (PDSCH) (step S205).

[0114] The control data extraction unit 56 of the mobile station device 50 performs cyclic redundancy checking (CRC) on the
reception data of the reception unit 63 in step S204.

[0115] The step S202, the steps S203 and S204, and the step S205 are executed in parallel.

[0116] Upon detection of the random access response message to the preamble previously transmitted by itself, the mobile
station device 50 discards the synchronization timing deviation information included in the random access response message,
thus not performing the uplink timing alignment (uplink synchronization processing) and not performing the reset of the timer by
use of the synchronization timing deviation information included in the random access response message. This prevents
inconsistency occurring between the base station device and the mobile station device in terms of the uplink
synchronous/asynchronous status. Since no confirmation is secured as to whether or not the detected timing deviation
information derives from the preamble by itself, it is unadvisable to perform timing alignment. Since the reset of the timer causes
inconsistency between the base station device and the mobile station device with respect to the synchronization sustainable time,
it is advisable to maintain the present operation of the timer. The base station device and the mobile station device are supposed
to maintain the previous uplink synchronous/asynchronous status prior to the random access. This eliminates the necessity of
needlessly executing the error recovery process.

[0117] The transmission unit 62 of the mobile station device 50 transmits the L2/L3 message including the C-RNTI (random
access information) to the base station device 10 via the uplink shared channel (PUSCH) designated by the scheduling
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information included in the random access response message (message M3) (step S206). The random access information
includes the information representative of the uplink resource request and the uplink buffer status representative of the amount of
uplink data stored in the uplink buffer.

[0118] Upon detecting the C-RNT | for itself with the control data extraction unit 56, the transmission unit 62 of the mobile station
device 50 transmits a HARQ feedback including the information of ACK or NACK to the base station device 10 via the uplink
control channel (PUCCH) (step S207). The step S206 and the step S207 are executed in parallel.

[0119] The transmission unit 20 of the base station device 10 transmits the uplink grant including the resource assignment and
the C-RNTI to the mobile station device 50 via the downlink control channel (PDCCH) (step S208). The reception unit 63 of the
mobile station device 50 receives the uplink grant transmitted thereto from the base station device 10.

[0120] The control data extraction unit 56 of the mobile station device 50 makes a decision as to whether or not the C-RNTI for
the mobile station itself is included in the reception data of the reception unit 63 in step S208, wherein when the C-RNTI for the
mobile station itself is included, it recognizes the resource position and the modulation method with respect to the subsequent
uplink shared channel (PUSCH) based on the resource assignment information.

[0121] Next, upon detecting the C-RNTI for the mobile station itself in the uplink grant, the transmission unit 62 of the mobile
station device 50 transmits, to the base station device 10, the uplink data including the data destined to the base station device
via the uplink shared channel (PUSCH) (step S209).

[0122] In the execution of the aforementioned steps S201 to S209, the mobile station device 50 performs uplink communication
with the base station device 10 by use of the resource assignment included in the uplink grant received by the reception unit 63 in
step S208 while performing downlink communication with the base station device 10 by use of the resource assignment included
in the downlink control data received by the reception unit 63 in step S204.

[0123] In addition, the base station device 10 performs uplink communication with the mobile station device 50 by use of the
resource assignment included in the uplink grant transmitted by the transmission unit 20 in step S208 while performing downlink
communication with the mobile station device 50 by use of the resource assignment included in the downlink control data
transmitted by the transmission unit 20 in step S204.

[0124] The base station device cannot recognize which mobile station makes a random access until acquiring the random access
information transmitted thereto with the message M3. Therefore, it handles the transmission of the random access response and
the downlink data to the mobile station device in parallel.

[0125] In a random access to the base station device, the mobile station device in the uplink synchronous status monitors the
downlink control channel (PDCCH) while verifying both the C-RNTI designating the downlink control data or the uplink grant and
the RA-RNTI designating the random access response control data.

[0126] The mobile station device does not transmit ACK/NACK when the transmission timing of ACK/NACK for the downlink data
scheduled by the C-RNTI overlaps the transmission timing of the above message M3. Since the mobile station device performs
single-carrier transmission on uplink data to the base station device, it is impossible to concurrently transmit the resource of
ACK/NAC and the resource of the message M3. The transmission of uplink data precedes the transmission of downlink data which
has enough resources compared to uplink data and is re-transmittable. In this case, the mobile station device does not transmit
ACK/NACK to the base station device.

[0127] According to another method, the ACK is transmitted in the case of a successful result of the cyclic redundancy checking
(CRC) on downlink data, while the message M3 is transmitted to the base station device only in the case of a failed result of the
cyclic redundancy checking (CRC) on downlink data. The mobile station device exploits the next chance (or retransmission timing)
to transmit the message M3. The base station device performs efficient communication in such a way that retransmission is
performed upon detection of transmission of NACK for downlink data while retransmission becomes needless upon detection of
ACK.

[0128] Fig. 6 is a flowchart showing a processing of the base station device 10 according to the example being useful for
understanding the present invention.

[0129] Fig. 6 concretely shows the processing of the base station device 10 shown in Fig. 5. Upon reception and detection of the
preamble from the mobile station device in the random access (steps S301, S302), the base station device generates the random
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access response control data and random access response data used for the random access response (step S303). It sets the
random access response control data to the downlink control channel (PDCCH) (step S307) while setting the random access
response data to the downlink shared channel (PDSCH) (step S308), thus transmitting them to the mobile station device.

[0130] The base station device transmits downlink data to the mobile station device in parallel with the execution of the random
access process. The base station device performs scheduling to the mobile station device (step S304) so as to determine which
mobile station the downlink data should be transmitted to (step S305).

[0131] It generates downlink control data and downlink transmission data used for transmission of downlink data. It sets the
downlink control data to the downlink control channel (PDCCH) (step S307) while setting the downlink transmission data to the
downlink shared channel (PDSCH) (step S308), thus transmitting them to the mobile station device.

[0132] Since the base station device can not be notified of which mobile station device made a random access, the downlink data
and the random access response may be concurrently assigned to the mobile station device.

[0133] The base station device may transmit the uplink grant and the random access response in parallel. That is, the uplink
grant and the random access response may be concurrently assigned to the mobile station device.

[0134] Fig. 7 is a flowchart showing a processing of the mobile station device 50 according to the example being useful for
understanding the present invention.

[0135] Fig. 7 concretely shows the processing of the mobile station device 50 shown in Fig. 5. After completion of transmission of
the preamble in the asynchronous random access (step S401), the mobile station device monitors the downlink to receive the
random access response message from the base station device. First, the mobile station device makes a decision as to whether
or not it transmits the preamble in the uplink synchronous state (step S$402). In the present example being useful for
understanding the present invention this indicates whether or not the mobile station device in the uplink synchronous status
transmits the preamble for the purpose of the uplink resource request.

[0136] When it is determined that it is not in the uplink synchronous state, the mobile station device monitors the RA-RNT| (steps
8403, S404). When the RA-RNTI is not detected in a certain period of time or when the detected RA-RNTI does not include the
preamble ID number (or random ID) previously transmitted by itself, a timeout is declared (step S407) so that the mobile station
device repeats random access again.

[0137] Upon detection of the RA-RNTI in step S404, the mobile station device performs cyclic redundancy checking (CRC) on the
downlink shared channel (PDSCH) of the resource block which is assigned and designated by the RA-RNTI, thus performing
successf/failure determination on the cyclic redundancy checking (CRC) (‘No' in step S405). In the case of a failure determination
of the cyclic redundancy checking (CRC), the mobile station device repeats monitoring on the RA-RNTI again (steps S403, S404).

[0138] In the case of a success determination of the cyclic redundancy checking (CRC) (‘yes'in step 8405), the mobile station
device makes a decision as to whether or not the same preamble ID number of the preamble previously transmitted by itself in
step 8401 is included in the downlink shared channel (PDSCH) which successfully passes the cyclic redundancy checking (CRC)
(step S406).

[0139] When the same preamble ID number of the preamble previously transmitted by itself is included, the mobile station device
acquires and processes the random access response message from the downlink shared channel (PDSCH) together with the
preamble ID number (step S408). That is, the uplink synchronization is corrected based on the synchronization timing deviation
information (step S408); the L2/L3 message serving as the message M3 is generated (step S409); and then, the message M3 is
transmitted to the base station device (step S410).

[0140] When the same preamble ID number of the preamble previously transmitted by itself is not included, the mobile station
device monitors the RA-RNTI (steps S403, S404).

[0141] Upon the determination in step S402 that the mobile station device makes a random access with the uplink
synchronization by way of transmission of the preamble in step S401, the mobile station device monitors the C-RNTI and the RA-
RNTI (step S411). When the RA-RNTI is not detected in a certain period of time or when the detected RA-RNTI does not include
the preamble ID number (or random ID) previously transmitted by itself, a timeout is declared (step S423) so that the mobile
station device repeats the random access again (step S401).
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[0142] Upon detecting one of the C-RNTI and the RA-RNTI in the downlink control channel (PDCCH), the mobile station device
further verifies whether the other is designated for the downlink control channel (PDCCH) (step S412).

[0143] Upon detection of the C-RNTI in step S412, the mobile station device performs demodulation on the downlink shared
channel (PDSCH) in the resource block which is assigned by the detected C-RNTI. Then, it performs cyclic redundancy checking
(CRC) on the downlink shared channel (PDSCH), thus performing success/failure determination (step S414). In the case of a
success determination, an ACK for HARQ is generated (step S420) and is then transmitted to the base station device (step
8422), while in the case of a failure determination, a NACK for HARQ is generated (step S419) and is then transmitted to the base
station device (step S422).

[0144] Upon detection of the RA-RNTI in step S412, the mobile station device performs demodulation on the downlink shared
channel (PDSCH) in the resource block which is assigned by the RA-RNTI. Then, it performs cyclic redundancy checking (CRC)
on the downlink shared channel (PDSCH), thus performing success/failure determination on the cyclic redundancy checking
(CRC) (step S413). Upon a failure determination on the cyclic redundancy checking (CRC), the mobile station device repeats
monitoring on the RA-RNT | again (step $411).

[0145] Upon a success determination on the cyclic redundancy checking (CRC), the mobile station device makes a decision as
to whether or not the same preamble ID number of the preamble previously transmitted by itself is included in the downlink shared
channel (PDSCH) (step S416).

[0146] Upon the determination in step S416 that the same preamble ID number previously transmitted by itself is included, the
mobile station device acquires and processes the random access response message from the downlink shared channel (PDSCH)
together with the preamble ID number (step S417). Herein, the uplink synchronization is not corrected based on the
synchronization timing deviation information (step S417); the L2/L3 message serving as the message M3 is generated (step 418);
and then, it is transmitted to the base station device (step S422).

[0147] Upon the determination in step S416 that the same preamble ID number previously transmitted by itself is not included,
the mobile station device monitors the RA-RNTI (step S411).

[0148] Upon detection of the C-RNTI and the RA-RNTI in the downlink control channel (PDCCH) of the same sub-frame, the
mobile station device performs demodulation on the downlink shared channel (PDSCH) in the resource block designated by the
C-RNTI while performing demodulation on the downlink shared channel (PDSCH) in the resource block designated by the RA-
RNTI (step S415). This achieves an uninterrupted execution on the downlink data reception and uplink resource request. In this
case, it performs the process regarding the detected C-RNTI and the process regarding the detected RA-RNTI in parallel.

[0149] According to another method adapted to the mobile station device which does not have the capability of demodulating two
downlink shared channels (PDSCH), it may perform demodulation on only the downlink shared channel (PDSCH) in the resource
block designated by the RA-RNTI or only the downlink shared channel (PDSCH) in the resource block designated by the C-RNTI.
This may diminish the packaging complexity of the mobile station device. When the prescribed capability is predetermined for the
mobile station device or when the capability of the mobile station device is predetermined by specifications, it is possible to
directly make a determination whether to demodulate only the downlink shared channel (PDSCH) in the resource block
designated by the RA-RNTI, determination whether to demodulate only the downlink shared channel (PDSCH) in the resource
block designated by the C-RNTI, or determination whether to demodulate both of them without problem; hence, it is possible to
omit step S415 in the drawing.

[0150] When the transmission timing of the ACK/NACK for downlink data scheduled by the C-RNT| overlaps with the transmission
timing of the message M3 designated by the random access response, the mobile station device is rectified not to transmit the
ACK/NACK (step S421). For the purpose of uplink single-carrier transmission, the mobile station device cannot concurrently
transmit the resource of the ACK/NACK and the resource of the message M3 to the base station device. To process in parallel in
uplink synchronization, the condition of the transmission timings overlapping with each other occurs without depending upon data
being detected in the downlink control channel (PDCCH).

[0151] The transmission of uplink transmission precedes the transmission of downlink data which has enough resources
compared to uplink data and is re-transmittable. In this case, the mobile station device does not transmit the ACK/NACK.

[0152] According to a further method, it transmits the ACK in the case of a success determination on the cyclic redundancy
checking (CRC) of downlink data while transmitting the message M3 to the base station device in the case of a failure
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determination on the cyclic redundancy checking (CRC) of downlink data. The mobile station device transmits the message M3 at
the next chance (or retransmission timing). It is possible to perform highly efficient communication since the base station device
performs retransmission when the ACK for downlink data is not transmitted thereto while it does not necessarily perform
retransmission upon detection of the ACK.

[0153] According to the above example being useful for understanding the present invention, when the transmission unit 62 of
the mobile station device 50 in the uplink synchronous status transmits the preamble to the base station device 10 via the random
access channel, the mobile station device 10 monitors the downlink control channel (PDCCH) while verifying both of the C-RNTI
for designating an uplink grant or downlink control data transmitted by the base station device 10 and the RA-RNTI for
designating random access response control data; hence, it is possible to perform the random access processing between the
mobile station device 50 and the base station device 10 without interrupting communication between the mobile station device 50
and the base station device 10, and thus it is possible to perform highly efficient communication between the mobile station device
50 and the base station device 10.

[0154] According to a variation of the example being useful for understanding the present invention, only the downlink control
channel (PDCCH) is subjected to monitoring with verification on only the RA-RNTI for designating random access response
control data during a random access involved in the uplink synchronous status, wherein a method for continuing the uplink
synchronous status will be described below.

[0155] Fig. 8 is a sequence diagram showing a processing of the radio communication system according to a variation of the
embodiment of the present invention. The sequence diagram of Fig. 8 shows the processing regarding an uplink resource
request by way of a contended random access. This shows the processing issuing the uplink resource request due to the
occurrence of data to be transmitted in the mobile station device in the uplink synchronous status. The mobile station device
transmits the preamble, whose preamble ID number is randomly selected from among preamble IDs available for the contended
random access, to the base station device (step S501).

[0156] The base station device detects the above preamble transmitted by the mobile station device. Herein, the preamble is a
signal pattern suited to the preamble ID number, wherein the base station device detects the preamble upon detection of the
reception signal matching the signal pattern of the preamble ID number.

[0157] The random access response transmitted from the base station device to the mobile station device, which is illustrated in
step S02 of Fig. 11, is constituted of the random access response control data transmitted via the downlink control channel
(PDCCH) (step S8502) and the random access response data transmitted via the downlink shared channel (PDSCH) (step S503).

[0158] The base station device transmits the random access response control data including the RA-RNTI and the resource
assignment information to the mobile station device via the downlink control channel (PDCCH) (step S502), thus designating the
resource block (PDSCH) for allocating the random access response data.

[0159] In addition, the base station device transmits the random access response data in the resource block designated by the
random access response control data (step S503).

[0160] The mobile station device transmitting the preamble to the base station device receives the random access response
control data and the random access response data from the base station device (steps 8502, S503). The mobile station device
receives the random access response message for the preamble previously transmitted by itself by way of acquisition of the
message whose preamble ID number which is included in the random access response data matches the preamble ID number of
the preamble previously transmitted by itself. The mobile station device discards the synchronization timing deviation information
included in the random access response message, thus not performing the uplink timing alignment (uplink synchronization
process) and not performing the reset of the timer by use of the synchronization timing deviation information included in the
random access response message. This prevents inconsistency occurring between the base station device and the mobile station
device in terms of the uplink synchronous/asynchronous status. It is unadvisable to perform the timing alignment in the case of
the contended random access since no confirmation is secured as to whether the detected synchronization timing deviation
information derives from the preamble previously transmitted by itself. Since the reset of the timer causes inconsistency occurring
between the base station device and the mobile station device with respect to the synchronization sustainable time; hence, it is
advisable to maintain the present operation of the timer. The base station device and the mobile station device are supposed to
maintain the previous uplink synchronous/asynchronous status prior to the random access. This eliminates the necessity of
needlessly executing the error recovery process.
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[0161] The mobile station device transmits the L2/L3 message including the C-RNTI (random access information) to the base
station device (message M3) in the resource designated by the scheduling information included in the random access response
message (step S504). The random access information includes the information representative of the uplink resource request and
the uplink buffer status representative of the amount of uplink data stored in the uplink buffer.

[0162] The base station device transmits the uplink grant suited to the uplink resource request to the mobile station device via
the downlink control channel (PDCCH) (step S505). The mobile station device receiving the uplink grant transmits uplink data to
the base station device via the uplink shared channel (PUSCH) (step S506).

[0163] In the aforementioned example being useful for understanding the present invention, programs implementing the
functions of the base station device 10 (Fig. 1) including the data control unit 11, the OF DM modulation unit 12, the scheduling
unit 13, the channel estimation unit 14, the DFT-S-OFDM (DFT-Spread-OF DM) demodulation unit 15, the control data extraction
unit 16, the preamble detection unit 17, and the radio unit 18 as well as the functions of the mobile station device 50 (Fig. 2)
including the data control unit 51, the DFT-S-OFDM modulation unit 52, the scheduling unit 53, the OFDM demodulation unit 54,
the channel estimation unit 55, the control data extraction unit 56, the synchronization correction unit 57, the preamble generation
unit 58, the preamble selection unit 59, and the radio unit 60 are stored in computer-readable storage media, so that programs
stored in storage media are loaded into and run by a computer system, thus controlling the base station device 10 and the mobile
station device 50. Herein, the term "computer system" may embrace hardware such as the OS and peripheral devices.

[0164] The term "computer-readable storage media" refers to portable media such as flexible disks, magneto-optical disks, ROM,
and CD-ROMs as well as storage devices such as hard-disk units built in computer systems. In addition, the term "computer-
readable storage media" may embrace media for temporarily and dynamically retaining programs, e.g. communication lines for
transmitting programs, such as networks, the Internet, and telephone lines as well as media for retaining programs in prescribed
periods, such as internal volatile memories of computer systems serving as servers and clients. The aforementioned programs
may achieve a part of the aforementioned functions, or they are combined with pre-installed programs of computer systems so as
to achieve the aforementioned functions.

[0165] As described above, the radio communication system according to one example being useful for understanding the
present invention of the present invention is a radio communication system including a base station device and a mobile station
device, wherein the mobile station device includes a preamble transmission unit which transmits a random access preamble to the
base station device, a downlink control channel reception unit which receives a downlink control channel, and a determination unit
which makes a determination as to whether or not the downlink control channel includes response control data, which the base
station device transmits in response to the random access preamble transmitted by the preamble transmission unit and makes a
determination as to whether or not the downlink control channel includes an uplink grant or downlink control data destined
thereto, and wherein the base station device includes a preamble reception unit which receives the random access preamble from
the mobile station device, a downlink control channel transmission unit which transmits the downlink control channel, a response
control data transmission unit which transmits response control data via the downlink control channel when the preamble
reception unit receives the random access preamble, and a downlink control data transmission unit which transmits downlink
control data including a downlink resource assignment via the downlink control channel.

[0166] The mobile station device according to one example being useful for understanding the present invention is a mobile
station device which performs radio communication with a base station device and which includes a preamble transmission unit
which transmits a random access preamble to the base station device, a downlink control channel reception unit which receives a
downlink control channel, and a determination unit which makes a determination as to whether or not the downlink control channel
includes response control data, which the base station device transmits in response to the random access preamble transmitted
by the preamble transmission unit, and makes a determination as to whether or not the downlink control channel includes an
uplink grant or downlink control data destined thereto.

[0167] A program according to one example being useful for understanding the present invention causes a computer of a mobile
station device performing radio communication with a base station device to serve as a preamble transmission unit for transmitting
a random access preamble to the base station device, a downlink control channel reception unit for receiving a downlink control
channel, and a determination unit for making a determination as to whether or not the downlink control channel includes response
control data, which the base station device transmits in response to the random access preamble transmitted by the preamble
transmission unit, and for making a determination as to whether or not the downlink control channel includes an uplink grant or
downlink control data destined thereto.

[0168] A radio communication method according to one example being useful for understanding the present invention is a radio
communication method using a base station device and a mobile station device, wherein the mobile station device implements a
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preamble transmission process which transmits a random access preamble to the base station device, a downlink control channel
reception process which receives a downlink control channel, and a determination process which makes a determination as to
whether or not the downlink control channel includes response control data, which the base station device transmits in response
to the random access preamble transmitted in the preamble transmission process, and makes a determination as to whether or
not the downlink control channel includes an uplink grant or downlink control data destined thereto, and wherein the base station
device implements a preamble reception process which receives the random access preamble from the mobile station device, a
downlink control channel transmission process which transmits the downlink control channel, a response control data transmission
process which transmits response control data including an assignment of an uplink resource, which is not assigned to another
mobile station device, to the mobile station device upon reception of an uplink resource request in a resource request reception
process, a response control data transmission process which transmits the response control data via the downlink control channel
upon reception of the random access preamble in the preamble reception process, and a downlink control data transmission
process which transmits the downlink control data including a downlink resource assignment via the downlink control channel.

[0169] The example being useful for understanding the present invention is described in detail with reference to the drawings,
wherein the detailed constitution is not necessarily limited to the example but may embrace designs whose scopes do no depart
from the scope of the invention, as defined by the appended claims.

INDUSTRIAL APPLICABILITY

[0170] The present invention is applicable to mobile station devices and radio communication systems performing highly efficient
communications between mobile station devices and base station devices.
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Patentkrav

1. Radiokommunikationssystem, der indbefatter en
basisstationsenhed (10) og en mobilstationsenhed (50), hvor
basisstationsenheden (10) er indrettet til at overfgre synkron
tidsafvigelsesinformation til en mobilstationsenhed (50), hvor
mobilstationsenheden (50) er indrettet at administrere en
synkron uplink status ved anvendelse af en timer, saledes at
den synkrone uplink status opretholdes, indtil timeren
udlgber, efter timeren nulstilles ved modtagelsen af den
synkrone tidsafvigelsesinformation, der er overfgrt og
beregnet Dbaseret pa modtagelse af timing af en direkte
tilgang, der er indledt af basisstationsenheden (10), hvor
mobilstationsenheden (50) er indrettet til:

at overfgre en indledende direkte tilgang (S01) til
basisstationsenheden (10);

at modtage, fra basisstationsenheden (10), et direkte
tilgangs-svar (S02), der svarer til den indledende direkte
tilgang (S501), hvis indledende ID blev tilfeldigt udvalgt af
mobilstationsenheden (50) og overfgrt til basisstationsenheden
(10);

at udfgre wuplink tidstilpasning baseret pa den synkrone
tidsafvigelsesinformation, 1 tilfelde af at, 1 en asynkron
uplink status, den synkrone tidsafvigelsesinformation er
indbefattet i det direkte tilgangs-svar (S02);

kendetegnet ved, at mobilstationsenheden (50) er indrettet
til, 1 en synkron uplink status, ikke at udfgre uplink
tidstilpasning, der er Dbaseret pa tidsafvigelsesinformation,
som er indbefattet 1 det direkte tilgangs-svar (S02), og
svarer til den indledende direkte tilgang (s01), hvis
indledende ID blev tilfeldigt udvalgt af mobilstationsenheden

(50) og overfgrt til basisstationsenheden (10).

2. Mobilstationsenhed (50), der er indrettet til at
administrere en synkron uplink status ved anvendelse af en
timer, saledes at den synkrone wuplink status opretholdes,
indtil timeren udlgber, efter timeren nulstilles ved

modtagelsen af synkron tidsafvigelsesinformation, der er
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overfgrt og beregnet baseret pa modtagelse af timing af en
direkte tilgang, der er indledt af en basisstationsenhed (10),
hvor mobilstationsenheden (50) er indrettet til:

at overfgre en indledende direkte tilgang (s01) til
basisstationsenheden (10);

at modtage, fra basisstationsenheden (10), et direkte
tilgangs-svar (S02), der svarer til den indledende direkte
tilgang (S01), hvis indledende ID blev tilfeldigt udvalgt af
mobilstationsenheden (50) og overfgrt til basisstationsenheden
(10);

at wudfgre uplink tidstilpasning baseret pa den synkrone
tidsafvigelsesinformation, 1 tilfelde af at, 1 en asynkron
uplink status, den synkrone tidsafvigelsesinformation er
indbefattet i det direkte tilgangs-svar (S02);

kendetegnet ved, at mobilstationsenheden (50) er indrettet
til, 1 en synkron uplink status, ikke at wudfgre uplink
tidstilpasning baseret pa tidsafvigelsesinformation, der er
indbefattet 1 det direkte tilgangs-svar (S02), og svarer til
den indledende direkte tilgang (S01), hvis indledende ID blev
tilfeldigt udvalgt af mobilstationsenheden (50) og overfgrt

til basisstationsenheden (10).

3. Forarbejdningsmetode, der udfgres af en
mobilstationsenhed (50), der administrerer en synkron uplink
status ved anvendelse af en timer, saledes at den synkrone
uplink status opretholdes, indtil timeren udlgber, efter
timeren nulstilles ved modtagelsen af synkron
tidsafvigelsesinformation, der er overfgrt og beregnet baseret
pa modtagelse af timing af en direkte tilgang, der er indledt
af en basisstationsenhed (10);

hvor forarbejdningsmetoden omfatter:

overfgrsel af en indledende direkte tilgang (s01) til
basisstationsenheden (10);

modtagelse af, fra Dbasisstationsenheden (10), et direkte
tilgangs-svar (S02), der svarer til den indledende direkte
tilgang (S01), hvis indledende ID blev tilfeldigt udvalgt af
mobilstationsenheden (50), og overfort til

basisstationsenheden (10);
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udfgrelse af uplink tidstilpasning baseret pa den synkrone
tidsafvigelsesinformation, 1 tilfelde af at, 1 en asynkron
uplink status, den synkrone tidsafvigelsesinformation er
indbefattet i det direkte tilgangs-svar (S02); og

kendetegnet ved, at mobilstationsenheden (50), i en synkron
uplink status, ikke udfegrer uplink tidstilpasning baseret pa
tidsafvigelsesinformation, der er indbefattet 1 det direkte
tilgangs-svar (S02), og svarer til den indledende direkte
tilgang (S01), hvis indledende ID blev tilfeldigt udvalgt af
mobilstationsenheden (50) og overfgrt til basisstationsenheden
(10).
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FIG. 4
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