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TERMINAL DEVICE, BASE STATION DEVICE, COMMUNICATION
METHOD, AND INTEGRATED CIRCUIT

Technical Field
[0001]
The present invention relates to a terminal device, a base station device,
a communication method, and an integrated circuit.
This application claims priority based on JP 2015-185161 filed on
September 18, 2015, the contents of which are incorporated herein by reference.

Background Art
[0002]

In the 3rd Generation Partnership Project (3GPP), a radio access method
and a radio network for cellular mobile communications (hereinafter, referred to
as "Long Term Evolution (LTE)", or "Evolved Universal Terrestrial Radio
Access (EUTRA)") have been studied (NPL 1). In LTE, a base station device is
also referred to as an evolved NodeB (eNodeB), and a terminal device is also
referred to as User Equipment (UE). LTE is a cellular communication system in
which multiple areas each covered by the base station device are deployed to
form a cellular structure. In such a cellular communication system, a single base
station device may manage multiple cells.

[0003]

LTE supports a Time Division Duplex (TDD). LTE that employs the
TDD scheme is also referred to as TD-LTE or LTE TDD. In TDD, uplink signals
and downlink signals are time division multiplexed. Furthermore, LTE supports
a Frequency Division Duplex (FDD).

[0004]

In 3GPP, latency reduction enhancements have been studied. For
example, for the latency reduction enhancements, Scheduling request first grant
or Pre-scheduled first grant has been studied (NPL 2).

Citation List
Non Patent Literature
[0005]
NPL 1: "3GPP TS 36.321 V12.6.0 (2015-06) Evolved Universal
Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol
specification (Release 12)", 8th-July 2015.
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NPL 2:"L2 enhancements to reduce latency", R2-153490, Ericsson,
3GPP TSG-RAN WG2 #91, Beijing, China, 24-28 August 2015.

Summary of Invention
Technical Problem
[0006]

However, for the radio communication system as described above, a
concrete procedure when transmitting uplink data has not been sufficiently
studied.

[0007]

The present invention has been made in light of the foregoing, and an
object of the present invention is to provide a terminal device, a base station
device, a communication method, and an integrated circuit, which enable

efficient transmission of uplink data.

Solution to Problem
[0008]

(1) To accomplish the object described above, aspects of the present
invention are contrived to provide the following measures. Specifically, a
terminal device according to an aspect of the present invention includes: a
reception unit configured to: receive, from a base station device, a parameter
included in an RRC message and receive downlink control information from the
base station device by using a physical downlink control channel; and a higher
layer processing unit configured to store an uplink grant received from the base
station device, as a configured uplink grant. The higher layer processing unit is
configured to: deliver the configured uplink grant to a HARQ entity in a case
that the parameter is configured and a Semi-Persistent Scheduling release is
indicated by using the downlink control information; and clear the configured
uplink grant in a case that the parameter‘is not configured and the
Semi-Persistent Scheduling release is indicated by using the downlink control
information.

[0009]

(2) In the case that the parameter is configured and the Semi-Persistent
Scheduling release is indicated by using the downlink control information, the
configured uplink grant is cleared after an uplink transmission. The uplink
transmission includes at least one prescribed MAC control element.

[0010]
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(3) A base station device according to an aspect of the present invention
includes: a transmission unit configured to: transmit, to a terminal device, a
parameter included in an RRC message; and transmit downlink control
information to the terminal device by using a physical downlink control
channel; and a higher layer processing unit configured to store an uplink grant
transmitted to the terminal device, as a configured uplink grant. The configured
uplink grant is cleared after an uplink reception in a case that the parameter is
configured and a Semi-Persistent Scheduling release is indicated by using the
downlink control information. The configured uplink grant is cleared in a case
that the parameter is not configured and the Semi-Persistent Scheduling release
is indicated by using the downlink control information. The uplink reception
includes at least one prescribed MAC control element.

[0011]

(4) A communication method for a terminal device according to an
aspect of the present invention includes the steps of: receiving, from a base
station device, a parameter included in an RRC message; receiving downlink
control information from the base station device by using a physical downlink
control channel; storing an uplink grant received from the base station device,
as a configured uplink grant; delivering the configured uplink grant to a HARQ
entity, in a case that the parameter is configured and a Semi-Persistent
Scheduling release is indicated by using the downlink control information; and
clearing the configured uplink grant, in a case that the parameter is not
configured and the Semi-Persistent Scheduling release is indicated by using the
downlink control information.

[0012]

(5) A communication method for a base station device according to an
aspect of the present invention includes the steps of: transmitting, to a terminal
device, a parameter included in an RRC message; transmitting downlink control
information to the terminal device, by using a physical downlink control
channel; storing an uplink grant transmitted to the terminal device, as a
configured uplink grant; clearing the configured uplink grant after an uplink
reception in a case that the parameter is configured and a Semi-Persistent
Scheduling release is indicated by using the downlink control information; and
clearing the configured uplink grant in a case that the parameter is not
configured and the Semi-Persistent Scheduling release is indicated by using the
downlink control information. The uplink reception includes at least one
prescribed MAC control element.

[0013]
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(6) An integrated circuit to be mounted on a terminal device according to
an aspect of the present invention causes the terminal device to perform
functions to: receive, from a base station device, a parameter included in an
RRC message; receive downlink control information from the base station
device, by using a physical downlink control channel; store an uplink grant
received from the base station device, as a configured uplink grant; and deliver
the configured uplink grant to a HARQ entity, in a case that the parameter is
configured and a Semi-Persistent Scheduling release is indicated by using the
downlink control information, and clear the configured uplink grant, in a case
that the parameter is not configured and the Semi-Persistent Scheduling release
is indicated by using the downlink control information.

[0014]

(7) An integrated circuit to be mounted on a base station device
according to an aspect of the present invention causes the base station device to
perform functions to: transmit, to a terminal device, a parameter included in an
RRC message; transmit downlink control information to the terminal device, by
using a physical downlink control channel; store an uplink grant transmitted to
the terminal device, as a conﬁgured uplink grant; and clear the configured
uplink grant after an uplink reception, in a case that the parameter is configured
and a Semi-Persistent Scheduling release is indicated by using the downlink
control information, and clear the configured uplink grant, in a case that the
parameter is not configured and the Semi-Persistent Scheduling release is
indicated by using the downlink control information, and the uplink reception
includes at least one prescribed MAC control element.

Advantageous Effects of Invention

[0015]
According to the present invention, uplink data can be transmitted
efficiently.
Brief Description of Drawings
[0016]

FIG. 1 is a diagram illustrating a concept of a radio communication
system according to the present embodiment.

FIG. 2 is a diagram illustrating a configuration of a slot according to the
present embodiment.

FIG. 3 is a diagram illustrating an example of special fields for activation
of Semi-Persistent Scheduling according to the present embodiment.
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FIG. 4 is a diagram illustrating an example of special fields for release of

the Semi-Persistent Scheduling according to the present embodiment.
FIG. 5 is a diagram for describing examples of non-empty transmission
and empty transmission according to the present embodiment.

FIG. 6 is a diagram illustrating an example of an uplink data transmission

method according to the present embodiment.

FIG. 7 is a diagram illustrating another example of the uplink data
transmission method according to the present embodiment.

FIG. 8 is a diagram illustrating another example of the uplink data
transmission method according to the present embodiment.

FIG. 9 is a diagram illustrating another example of the uplink data
transmission method according to the present embodiment.

FIG. 10 is a diagram illustrating another example of the uplink data
transmission method according to the present embodiment.

FIG. 11 is a diagram illustrating another example of the uplink data
transmission method according to the present embodiment.

FIG. 12 is a schematic block diagram illustrating a configuration of a
terminal device 1 according to the present embodiment.

FIG. 13 is a schematic block diagram illustrating a configuration of a
base station device 3 according to the present embodiment.

Description of Embodiments
[0017]

Embodiments of the present invention will be described below.
[0018]

FIG. 1 is a conceptual diagram of a radio communication system
according to the present embodiment. In FIG. 1, the radio communication
system includes terminal devices 1A to 1C and a base station device 3.
Hereinafter, the terminal devices 1A to 1C are each also referred to as a
terminal device 1.

[0019]

Physical channels and physical signals according to the present
embodiment will be described.
[0020]

With respect to FIG. 1, the following uplink physical channels are used
for uplink radio communication from the terminal device 1 to the base station
device 3. Here, the uplink physical channels are used to transmit information
output from the higher layers.
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* Physical Uplink Control CHannel (PUCCH)

* Physical Uplink Shared CHannel (PUSCH)

 Physical Random Access CHannel (PRACH)

[0021]

The PUCCH is used for transmission of Uplink Control Information
(UCI). Here, the uplink control information may include Channel State
Information (CSI) used to indicate a downlink channel state. The uplink control
information may include Scheduling Request (SR) used to request an UL-SCH
resource. The uplink control information may include Hybrid Automatic Repeat
reQuest ACKnowledgment (HARQ-ACK). HARQ-ACK may indicate
HARQ-ACK for downlink data (Transport block, Medium Access Control
Protocol Data Unit (MAC PDU), Downlink-Shared CHannel (DL-SCH), or
Physical Downlink Shared CHannel (PDSCH)).

[0022]

In other words, HARQ-ACK may indicate ACKnowledgment (ACK) or
Negative-ACKnowledgment (NACK). Here, HARQ-ACK may also be referred
to as ACK/NACK, HARQ feedback, HARQ acknowledgment, HARQ
information, or HARQ control information.

[0023]

The PUSCH is used for transmission of uplink data (UpLink-Shared
Channel (UL-SCH)). Furthermore, the PUSCH may be used to transmit
HARQ-ACK and/or CSI along with the uplink data. Furthermore, the PUSCH
may be used to transmit CSI only or HARQ-ACK and CSI only. In other words,
the PUSCH may be used to transmit the uplink control information only.
[0024]

Here, the base station device 3 and the terminal device 1 exchange
(transmit and/or receive) signals with each other in their respective higher
layers. For example, the base station device 3 and the terminal device 1 may
transmit and receive, in a Radio Resource Control layer, RRC signaling (also
referred to as Radio Resource Control message (RRC message) or Radio
Resource Control information (RRC information)) to and from each other. The
base station device 3 and the terminal device 1 may transmit and receive a
Medium Access Control (MAC) control element in a MAC layer, respectively.
Here, the RRC signaling and/or the MAC control element is also referred to as
higher layer signaling.

[0025]

The PUSCH may be used to transmit the RRC signaling and the MAC

control element. Here, the RRC signaling transmitted from the base station

&
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device 3 may be signaling common to multiple terminal devices 1 in a cell. The
RRC signaling transmitted from the base station device 3 may be signaling
dedicated to a certain terminal device 1 (also referred to as dedicated signaling).
In other words, user-equipment-specific information (information unique to
user equipment) may be transmitted through signaling dedicated to the certain
terminal device 1.

[0026]

The PRACH is used to transmit a random access preamble. The PRACH
may be used for an initial connection establishment procedure, a handover
procedure, a connection re-establishment procedure, uplink transmission
synchronization (Timing Adjustment), and designating a PUSCH resource
request.

[0027]

In FIG. 1, the following uplink physical signal is used in the uplink radio
communication. Here, the uplink physical signal is not used to transmit
information output from the higher layers but is used by the physical layer.

» UpLink Reference Signal (UL RS)

[0028]

According to the present embodiment, the following two types of uplink
reference signals are used.

* DeModulation Reference Signal (DMRS)

* Sounding Reference Signal (SRS)

[0029]

The DMRS is associated with transmission of the PUSCH or the PUCCH.
The DMRS is time-multiplexed with the PUSCH or the PUCCH. The base
station device 3 uses the DMRS in order to perform channel compensation of
the PUSCH or the PUCCH. Transmission of both of the PUSCH and the DMRS
is hereinafter referred to simply as transmission of the PUSCH. Transmission of
both of the PUCCH and the DMRS is hereinafter referred to simply as
transmission of the PUCCH.

[0030]

The SRS is not associated with the transmission of the PUSCH or the
PUCCH. The base station device 3 uses the SRS in order to measure an uplink
channel state.

[0031]

In FIG. 1, the following downlink physical channels are used for

downlink radio communication from the base station device 3 to the terminal
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device 1. Here, the downlink physical channels are used to transmit the
information output from the higher layers.

* Physical Broadcast CHannel (PBCH)

*» Physical Control Format Indicator CHannel (PCFICH)

* Physical Hybrid automatic repeat request Indicator CHannel (PHICH)

* Physical Downlink Control CHannel (PDCCH)

* Enhanced Physical Downlink Control CHannel (EPDCCH)

* Physical Downlink Shared CHannel (PDSCH)

* Physical Multicast CHannel (PMCH)

[0032]

The PBCH is used for broadcasting a Master Information Block (MIB),
or a Broadcast CHannel (BCH), that is shared by the terminal devices 1.
[0033]

The PCFICH is used for transmission of information indicating a region
(OFDM symbols) to be used for transmission of the PDCCH.

[0034]

The PHICH is used for transmission of a HARQ indicator (HARQ
feedback or response information) indicating an ACKnowledgement (ACK) or a
Negative ACKnowledgement (NACK) for the uplink data (UpLink Shared
CHannel (UL-SCH)) received by the base station device 3.

[0035]

The PDCCH and the EPDCCH are used for transmission of Downlink
Control Information (DCI). Here, multiple DCI formats are defined for
transmission of the downlink control information. In other words, a field for the
downlink control information is defined in a DCI format and is mapped to
information bits.

[0036]

For example, DCI formats for downlink (e.g., DCI format 1, DCI format
1A and/or DCI format 1C) to be used for the scheduling of one PDSCH in one
cell (transmission of a single downlink transport block) may be defined.

[0037]

Here, each of the downlink DCI formats includes information of the
scheduling of the PDSCH. For example, the downlink DCI format includes
downlink control information such as a Carrier Indicator Field (CIF),
information of a HARQ process number, information of a Modulation and
Coding Scheme (MCS), information of a Redundancy version, and/or
information of Resource block assignment. Here, the downlink DCI format is
also referred to as downlink grant and/or downlink assignment.
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[0038]

Furthermore, for example, DCI formats for uplink (e.g., DCI format 0
and DCI format 4) to be used for the scheduling of one PUSCH in one cell
(transmission of a single uplink transport block) are defined.

[0039]

Here, each of the uplink DCI formats includes information of the
scheduling of the PUSCH. For example, the uplink DCI format includes
downlink control information such as a Carrier Indicator Field (CIF),
information of a Transmit Power Command (TPC command) for a scheduled
PUSCH, information of cyclic shift DMRS, information of a Modulation and
Coding Scheme (MCS) and/or redundancy version, and/or, information of
Resource block assignment and/or hopping resource allocation. Here, the uplink
DCI format is also referred to as uplink grant and/or Uplink assignment.

[0040]

In a case that a PDSCH resource is scheduled in accordance with the
downlink assignment, the terminal device 1 may receive downlink data on the
scheduled PDSCH. In a case that a PUSCH resource is scheduled in accordance
with the uplink grant, the terminal device 1 may transmit uplink data and/or
uplink control information of the scheduled PUSCH.

[0041]

Here, the terminal device 1 may monitor a set of PDCCH candidates
and/or EPDCCH candidates. The PDCCH may indicate a PDCCH and/or an
EPDDCH below. Here, the PDCCH candidates are candidates which the
PDCCH may be mapped to and/or transmitted on by the base station device 3.
Furthermore, "monitor" may imply that the terminal device 1 attempts to decode
each PDCCH in the set of PDCCH candidates in accordance with each of all the
monitored DCI formats.

[0042]

The set of PDCCH candidates to be monitored by the terminal device 1 is
also referred to as a search space. The search space may include a Common
Search Space (CSS). For example, the CSS may be defined as a space common
to multiple terminal devices 1. The search space may include a UE-specific
Search Space (USS). For example, the USS may be defined at least based on a
C-RNTI assigned to the terminal device 1. The terminal device 1 may monitor
the PDCCHs in the CSS and/or USS to detect a PDCCH destined for the
terminal device 1 itself.

[0043]
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Here, an RNTI assigned to the terminal device 1 by the base station
device 3 is used for the transmission of the downlink control information
(transmission on the PDCCH). Specifically, Cyclic Redundancy Check (CRC)
parity bits are appended to the DCI format (or downlink control information),
and after the appending, the CRC parity bits are scrambled with the RNTI. Here,
the CRC parity bits appended to the DCI format may be obtained from a
payload of the DCI format.

[0044]

The terminal device 1 attempts to decode the DCI format to which the
CRC parity bits scrambled with the RNTI are attached, and detects, as a DCI
format destined for the terminal device 1 itself, the DCI format for which the
CRC has been successful (also referred to as blind coding). In other words, the
terminal device 1 may detect the PDCCH with the CRC scrambled with the
RNTI. The terminal device 1 may detect the PDCCH including the DCI format
to which the CRC parity bits scrambled with the RNTI are attached.

[0045]

Here, the RNTI may include a Cell-Radio Network Temporary Identifier
(C-RNTI). The C-RNTI is an identifier unique to the terminal device 1 and used
for the identification in RRC connection and scheduling. The C-RNTI may be
used for dynamically scheduled unicast transmission.

[0046]

The RNTI may further include a Semi-Persistent Scheduling C-RNTI
(SPS C-RNTI). The SPS C-RNTI is an identifier unique to the terminal device 1
and used for semi-persistent scheduling. The SPS C-RNTI may be used for
semi-persistently scheduled unicast transmission.

[0047]

Here, the semi-persistently scheduled transmission includes meaning of
periodically scheduled transmission. For example, the SPS C-RNTI may be
used for activation, reactivation, and/or re-transmission of the semi-persistently
scheduled transmission. Hereinafter, the activation may include meaning of the
reactivation and/or the re-transmission.

[0048]

The SPS C-RNTI may be used for release and/or deactivation of the
semi-persistently scheduled transmission. Hereinafter, the release may include
meaning of the deactivation. Here, an RNTI may be newly defined for the
latency reduction. For example, the SPS C-RNTI in the present embodiment
may include an RNTI newly defined for the latency reduction.

[0049]

10
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The RNTI may include a Random Access RNTI (RA-RNTI). The
RA-RNTI is an identifier used for transmission of a random access response
message. In other words, the RA-RNTI is used for the transmission of the
random access response message in a random access procedure. For example,
the terminal device 1 may monitor the PDCCH with the CRC scrambled with
the RA-RNTI after the transmission of a random access preamble. The terminal
device 1 may receive a random access response on the PDSCH in accordance
with detection of the PDCCH with the CRC scrambled with the RA-RNTI.
[0050]

The RNTI may further include a Paging RNTI (P-RNTI). The P-RNTI is
an identifier used for paging and notification of system information
modification. For example, the P-RNTI is used for paging and transmission of a
system information message. For example, the terminal device 1 may receive
paging on the PDSCH in accordance with detection of the PDCCH with the
CRC scrambled with the P-RNTI.

[0051]

The RNTI may further include a System Information RNTI (SI-RNTI).
The SI-RNTI is an identifier used for broadcast of the system information. For
example, the SI-RNTI is used for transmission of the system information
message. For example, the terminal device 1 may receive the system
information message on the PDSCH in accordance with detection of the
PDCCH with the CRC scrambled with the SI-RNTI.

[0052]

Here, for example, the PDCCH with the CRC scrambled with the
C-RNTI may be transmitted in the USS or CSS. The PDCCH with the CRC
scrambled with the RA-RNTI may be transmitted only in the CSS. The PDCCH
with the CRC scrambled with the P-RNTI may be transmitted only in the CSS.
The PDCCH with the CRC scrambled with the SI-RNTI may be transmitted
only in the CSS.

[0053]

The PDCCH with the CRC scrambled with the SPS C-RNTI may be
transmitted only in a primary cell and primary secondary cell. The PDCCH with
the CRC scrambled with the SPS C-RNTI may be transmitted in the USS or
CSS.

[0054]

The PDSCH is used for transmission of downlink data (DownLink
Shared CHannel (DL-SCH)). The PDSCH is used to transmit a system
information message. Here, the system information message may be

11
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cell-specific information (information unique to a cell). The system information
is included in RRC signaling. The PDSCH is used to transmit the RRC signaling
and the MAC control element.

[0055]

The PMCH is used for transmission of multicast data (Multicast CHannel
(MCH)).

[0056]

In FIG. 1, the following downlink physical signals are used for downlink
radio communication. Here, the downlink physical signals are not used to
transmit the information output from the higher layers but is used by the
physical layer.

» Synchronization Signal (SS)

* DownLink Reference Signal (DL RS)

[0057]

The synchronization signal is used for the terminal device 1 to be
synchronized to frequency and time domains in the downlink. In the TDD
scheme, the synchronization signal is mapped to subframes 0, 1, 5, and 6 within
a radio frame. In the FDD scheme, the Synchronization signal is mapped to
subframes 0 and 5 within a radio frame.

[0058]

The downlink reference signal is used for the terminal device 1 to
perform channel compensation on a downlink physical channel. The downlink
reference signal is used in order for the terminal device 1 to obtain the downlink
channel state information.

[0059]

According to the present embodiment, the following five types of
downlink reference signals are used.

» Cell-specific Reference Signal (CRS)

» UE-specific Reference Signal (URS) associated with the PDSCH

* DeModulation Reference Signal (DMRS) associated with the EPDCCH

* Non-Zero Power Channel State Information-Reference Signal (NZP
CSI-RS)

» Zero Power Channel State Information-Reference Signal (ZP CSI-RS)

» Multimedia Broadcast and Multicast Service over Single Frequency
Network Reference Signal (MBSFN RS)

* Positioning Reference Signal (PRS)

[0060]

12
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Here, the downlink physical channel and the downlink physical signal
are collectively referred to as a downlink signal. The uplink physical channel
and the uplink physical signal are collectively referred to as an uplink signal.
The downlink physical channels and the uplink physical channels are
collectively referred to as physical channels. The downlink physical signals and
the uplink physical signals are collectively referred to as physical signals.
[0061]

The BCH, the MCH, the UL-SCH, and the DL-SCH are transport
channels. A channel used in the Medium Access Control (MAC) layer is
referred to as a transport channel. A unit of the transport channel used in the
MAC layer is also referred to as a Transport Block (TB) or a MAC Protocol
Data Unit (PDU). A Hybrid Automatic Repeat reQuest (HARQ) is controlied for
each transport block in the MAC layer. The transport block is a unit of data that
the MAC layer delivers to the physical layer. In the physical layer, the transport
block is mapped to a codeword and subjected to coding processing on a
codeword-by-codeword basis.

[0062]

Now, carrier aggregation will be described.
[0063]

In the present embodiment, one or multiple serving cells may be
configured for the terminal device 1. A technology in which the terminal device
1 communicates via the multiple serving cells is referred to as cell aggregation
or carrier aggregation.

[0064]

Here, the present embodiment may apply to one or each of the multiple
serving cells configured for the terminal device 1. Alternatively, the present
embodiment may apply to one or some of the multiple serving cells configured
for the terminal device 1. Alternatively, the present embodiment may apply to
one or each of the multiple serving cell groups configured for the terminal
device 1.

[0065]

In the present embodiment, Time Division Duplex (TDD) and/or
Frequency Division Duplex (FDD) may be applied. Here, for the carrier
aggregation, TDD or FDD may apply to one or all of the multiple serving cells.
Alternatively, for the carrier aggregation, serving cells to which TDD applies
and serving cells to which FDD applies may be aggregated. Here, a frame
structure for FDD is also referred to as Frame structure type 1. A frame
structure for TDD is also referred to as Frame structure type 2.

13
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[0066]

Here, one or multiple configured serving cells may include one primary
cell and one or multiple secondary cells. For example, the primary cell may be a
serving cell in which an initial connection establishment procedure has been
performed, a serving cell in which a connection re-establishment procedure has
been initiated, or a cell designated as the primary cell by a handover procedure.
Here, upon an RRC connection being established or later, a secondary cell(s)
may be configured.

[0067]

Here, a carrier corresponding to a serving cell in the downlink is referred
to as a downlink component carrier. A carrier corresponding to a serving cell in
the uplink is referred to as an uplink component carrier. The downlink
component carrier and the uplink component carrier are collectively referred to
as a component carrier.

[0068]

The terminal device 1 may simultaneously perform transmission and/or
reception on multiple physical channels in one or multiple serving cells
(component carrier(s)). Here, transmission of one physical channel may be
performed in one serving cell (component carrier) of the multiple serving celis
(component carriers).

[0069]

Here, the transmission on the PUCCH may be performed only in the
primary cell. The primary cell cannot be deactivated. Cross-carrier scheduling
does not apply to the primary cell. In other words, the primary cell is always
scheduled via its PDCCH.

[0070]

The secondary cell is activated and/or deactivated. In a case that PDCCH
(or PDCCH monitoring) of a certain secondary cell is configured, cross-carries
scheduling may not apply this secondary cell. To be more specific, in this case,
the secondary cell may always be scheduled via its PDCCH. In a case that no
PDCCH (or PDCCH monitoring) of a certain secondary cell is configured,
cross-carrier scheduling applies to the secondary cell, and the secondary cell
may always be scheduled via the PDCCH of one other serving cell.

[0071]

A configuration of a slot according to the present embodiment will be
described below.
[0072]

14
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FIG. 2 is a diagram illustrating the configuration of the slot according to
the present embodiment. In FIG. 2, a horizontal axis represents a time axis, and
a vertical axis represents a frequency axis. Here, a normal Cyclic Prefix (CP)
may apply to an OFDM symbol. Alternatively, an extended Cyclic Prefix (CP)
may apply to the OFDM symbol. The physical signal or physical channel
transmitted in each of the slots is expressed by a resource grid.

[0073]

Here, in the downlink, the resource grid may be defined with multiple
subcarriers and multiple OFDM symbols. In the uplink, the resource grid may
be defined with multiple subcarriers and multiple SC-FDMA symbols. The
number of subcarriers constituting one slot may depend on a cell bandwidth.
The number of OFDM symbols or SC-FDMA symbols constituting one slot may
be seven. Here, each element within the resource grid is referred to as a
resource element. The resource element may be identified by a subcarrier
number and an OFDM symbol or SC-FDMA symbol number.

[0074]

Here, a resource block may be used to express mapping of a certain
physical channel (PDSCH, PUSCH, or the like) to resource elements. For the
resource block, a virtual resource block and a physical resource block may be
defined. A certain physical channel may be first mapped to the virtual resource
block. Thereafter, the virtual resource block may be mapped to the physical
resource block. One physical resource block may be defined with seven
consecutive OFDM symbols or SC-FDMA symbols in the time domain and 12
consecutive subcarriers in the frequency domain. Thus, one physical resource
block may include (7 X 12) resource elements. Furthermore, one physical
resource block may correspond to one slot in the time domain and correspond to
180 kHz in the frequency domain. The physical resource blocks may be
numbered from zero in the frequency domain.

[0075]

Here, in the present embodiment, basically, the Semi-Persistent
Scheduling (SPS) is described as a scheduling method for transmitting the
uplink data, but the scheduling described in the present embodiment is not
limited to the Semi-Persistent Scheduling. To be more specific, the scheduling
method described in the present embodiment is not necessarily to be called the
Semi-Persistent Scheduling. In other words, the uplink data transmission
method described in the present embodiment is not limited to the uplink data
transmission method based on the Semi-Persistent Scheduling, but, of course,
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the present embodiment includes those similar to the uplink data transmission
method described in the present embodiment.
[0076]

In the present embodiment, for the description of the processing in the
terminal device 1, described are processing of the MAC entity in the terminal
device 1, a "Multiplexing and assembly" entity in the terminal device 1
(hereinafter, also referred to as a first entity), and/or an HARQ entity in the
terminal device 1. In other words, the present embodiment describes the
processing of the MAC entity in the terminal device 1, the first entity in the
terminal device 1, and/or the HARQ entity in the terminal device 1, but, of
course, the processing in the present embodiment is the processing in the
terminal device 1.

[0077]

The present embodiment basically describes behavior (processing) of the
terminal device 1, but, of course, the base station device 3 performs similar
behavior (processing) correspondingly to the behavior (processing) of the
terminal device 1.

[0078]

Here, the transmission on the PUSCH (which may be {ransmission on the
UL-SCH) is performed at a timing based on a System Frame Number (SFN) and
the subframe. To be more specific, in order to specify the timing for the
transmission on the PUSCH, the SFN and a subframe number/index in the radio
frame corresponding to the SFN are needed. Here, the SFN is a number/index of
a radio frame.

[0079]

Hereinafter, for the purpose of simple description, the SFN (radio frame)
and subframe transmitted on the PUSCH are also simply described as the
subframe. In other words, the subframe in the following description may
include meanings of the SFN (radio frame) and subframe.

[0080]

Here, the base station device 3 may configure an interval (period) of the
uplink Semi-Persistent Scheduling for the terminal device 1. For example, the
base station device 3 may transmit a first parameter and/or second parameter for
indicating a value of the interval of the uplink Semi-Persistent Scheduling to
the terminal device 1 by including the parameters in higher layer signaling
(RRC message).

[0081]
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For example, the base station device 3 may use the first parameter and/or
second parameter to configure the interval value of the Semi-Persistent
Scheduling as 10 (10 subframes), 20 (20 subframes), 32 (32 subframes), 40 (40
subframes), 64 (64 subframes), 80 (80 subframes), 128 (128 subframes), 160
(160 subframes), 320 (320 subframes), and/or 640 (640 subframes).

[0082]

The base station device 3 may use the first parameter and/or second
parameter to configure the interval value of the Semi-Persistent Scheduling as 1
(1 subframe), 10 (10 subframes), 20 (20 subframes), 32 (32 subframes), 40 (40
subframes), 64 (64 subframes), 80 (80 subframes), 128 (128 subframes), 160
(160 subframes), 320 (320 subframes), and/or 640 (640 subframes).

[0083]

To be more specific, the base station device 3 may use the first parameter
and/or second parameter to configure the interval value of the Semi-Persistent
Scheduling as 1 (1 subframe).

[0084]

For example, the first parameter and/or the second parameter may be
configured for each serving cell. The first parameter may be configured for the
primary cell. The second parameter may be configured for the primary cell
and/or the secondary cell (may be configured for each serving cell). The
interval value of the Semi-Persistent Scheduling, "1 (1 subframe)", may be
configured for the primary cell and/or the secondary cell (may be configured for
each serving cell).

[0085]

The base station device 3 may use the uplink DCI format (e.g., DCI
format 0) to allocate a semi-persistent (semi-permanent, semi-persistent or
periodical) PUSCH resource (physical resource block) to the terminal device 1,
and instruct the terminal device 1 to activate the transmission on the
semi-persistent PUSCH. The base station device 3 may use the uplink DCI
format to instruct the terminal device 1 to release the semi-persistent PUSCH
resource.

[0086]

For example, in a case that CRC parity bits attached to the DCI format
are scrambled with the SPS C-RNTI, and a field of information of a New Data
Indicator included within the DCI format is set to '0', the terminal device 1 may
verify (confirm, or check) whether multiple information fields included within
the DCI format are set to specific values. To be more specific, the CRC parity
bits attached to the DCI format scrambled with the SPS C-RNTI, and the field
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of the information of the New Data Indicator may be used for validation of the
Semi-Persistent Scheduling.
[0087]

Here, in a case that the verification is succeeded, the terminal device 1
may consider (recognize) that the received DCI format indicates a valid
semi-persistent activation or a valid semi-persistent release. In a case that the
verification is not succeeded, the terminal device 1 may discard (clear) this DCI
format.

[0088]

Here, the semi-persistent activation may include meaning of activation
of the Semi-Persistent Scheduling. The semi-persistent activation may also
include meaning of semi-persistent allocation of the PUSCH resource. The
semi-persistent release may include meaning of release of the Semi-Persistent
Scheduling.

[0089]

To be more specific, the DCI format may be used to indicate the
activation of semi-persistent uplink scheduling. The DCI format may be used to
enable activation of the Semi-Persistent Scheduling. The DCI format may be
used to indicate the semi-persistent release.

[0090]

FIG. 3 is a diagram illustrating an example of Special fields for
activation of the Semi-Persistent Scheduling. As illustrated in FIG. 3, multiple
fields may be defined for activation of the Semi-Persistent Scheduling. A
predetermined value (that may be a specific value) set in each of multiple fields
may be defined for activation of the Semi-Persistent Scheduling.

[0091]

As illustrated in FIG. 3, for example, in a case that the uplink DCI format
(e.g., DCI format 0) is used for activation of the Semi-Persistent Scheduling, a
field of information of the TPC command for the scheduled PUSCH included
within the uplink DCI format may be set to '00', a field of information of the
Cyclic shift DMRS may be set to '000', and the Most Significant Bit (MSB) of a
field of information of the Modulation and Coding Scheme (MCS) and
redundancy version may be set to '0'.

[0092]

For example, in a case that the downlink DCI format (e.g., DCI format 1
and/or DCI format 1A) is used for activation of the Semi-Persistent Scheduling,
a field of information of a HARQ process number included within the downlink
DCI format may be set to '000 (for FDD)' or '0000 (for TDD)', the Most
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Significant Bit (MSB) of a field of information of the Modulation and Coding
scheme (MCS) may be set to '0', and a field of information of the redundancy
version may be set to '00'.

[0093]

In other words, in a case that each of multiple information fields
included within the DCI format is set to a specific value defined in advance, the
terminal device 1 may activate the Semi-Persistent Scheduling. Here, multiple
information fields and predetermined values to which the information fields are
set which are used for activation of the Semi-Persistent Scheduling are not
limited to the examples described above, of course. For example, multiple
information fields and predetermined values to which the information fields are
set which are used for activation of the Semi-Persistent Scheduling may be
defined by specifications or the like in advance to be used as information
known to both the base station device 3 and the terminal device 1.

[0094]

FIG. 4 is a diagram illustrating an example of Special fields for release of
the Semi-Persistent Scheduling. As illustrated in FIG. 4, multiple fields may be
defined for release of the Semi-Persistent Scheduling. A predetermined value
(that may be a specific value) set in each of multiple fields may be defined for
release of the Semi-Persistent Scheduling.

[0095]

As illustrated in FIG. 4, for example, in a case that the uplink DCI format
(e.g., DCI format 0) is used for release of the Semi-Persistent Scheduling, the
field of the information of the TPC command for the scheduled PUSCH
included within the uplink DCI format may be set to '00, the field of the
information of the Cyclic shift DMRS may be set to '000', the field of the
information of the Modulation and Coding Scheme (MCS) and redundancy
version may be set to '11111', and a field of information of Resource block
assignment and hopping resource allocation (that may be all fields of multiple
fields) may be set to '1".

[0096]

In other words, in a case that the uplink DCI format is used for release of
the Semi-Persistent Scheduling, the field associated with the resource block
assignment (resource allocation) may be set to a value defined in advance for
release.

[0097]

For example, in a case that the downlink DCI format (e.g., DCI format 1

and/or DCI format 1A) is used for release of the Semi-Persistent Scheduling,
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the field of the information of the HARQ process number included within the
downlink DCI format may be set to '000 (for FDD)' or '0000 (for TDD)', the
field of the information of the Modulation and Coding Scheme (MCS) may be
set to '11111", the field of the information of the redundancy version may be set
to '00', and the field of the information of the Resource block assignment (that
may be all fields of multiple fields) may be set to '1".

[0098]

In other words, in a case that the downlink DCI format is used for release
of the Semi-Persistent Scheduling, the field associated with the resource block
assignment (resource allocation) may be set to a value defined in advance for
release.

[0099]

In other words, in the case that each of multiple information fields
included within the DCI format is set to a specific value defined in advance, the
terminal device 1 may release the Semi-Persistent Scheduling. Here, multiple
information fields and predetermined values to which the information fields are
set which are used for release of the Semi-Persistent Scheduling are not limited
to the examples described above, of course. For example, multiple information
fields and predetermined values to which the information fields are set which
are used for release of the Semi-Persistent Scheduling may be defined by
specification or the like in advance to be used as information known to both the
base station device 3 and the terminal device 1.

[01001]

Here, the Semi-Persistent Scheduling may be supported only in the
primary cell and the primary secondary cell. To be more specific, the DCI
format to which the CRC parity bits scrambled with the SPS C-RNTI are
attached may be transmitted only for the primary cell and the primary secondary
cell. The DCI format to which the CRC parity bits scrambled with the C-RNTI
are attached may be transmitted for the primary cell, the primary secondary cell,
and/or the secondary cell(s).

[0101]

For example, the DCI format to which the CRC parity bits scrambled
with the SPS C-RNTI are appended may be transmitted to the secondary cell in
a case that the interval value of the Semi-Persistent Scheduling as "1 (1
subframe)" is configured for the secondary cell.

[0102]

Here, the terminal device 1 has to have a valid uplink grant for

performing the transmission on the UL-SCH (transmission on the UL-SCH via
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the PUSCH, and/or UL-SCH transmission on the PUSCH). Here, the uplink
grant may include meaning that uplink transmission in a certain subframe is
granted (permitted, or given).

[0103]

For example, the valid uplink grant may be dynamically received on the
PDCCH. To be more specific, the valid uplink grant may be indicated using the
DCI format to which the CRC parity bits scrambled with the C-RNTI are
attached. The valid uplink grant may be semi-permanently configured. To be
more specific, the valid uplink grant may be indicated using the DCI format to
which the CRC parity bits scrambled with the SPS C-RNTI are attached.

[0104]

The terminal device 1 may store the uplink grant dynamically received
on the PDCCH and/or the semi-permanently configured uplink grant. Here, the
HARQ entity may deliver the uplink grant dynamically received on the PDCCH
and/or the semi-permanently configured uplink grant to a HARQ process, and
the HARQ process may store the uplink grant received from the HARQ entity.
Hereinafter, the uplink grant dynamically received on the PDCCH and/or
semi-permanently configured uplink grant which are to be stored are referred to
as a stored uplink grant.

[0105]

In the case of being instructed to perform the semi-persistent activation,
the terminal device 1 (MAC entity) may store the DCI format received from the
base station device 3 as a configured uplink grant. Here, the configured uplink
grant may be referred to as a configured Semi-Persistent Scheduling UpLink
grant (SPS UL grant), or a configured grant. The configured uplink grant may
be referred to as a configured uplink grant, a configured Semi-Persistent
Scheduling UpLink grant (SPS UL grant), or a configured grant.

[0106]

Here, based on that the UpLink grant (SPS UL grant) stored by the MAC
entity is cleared, the UpLink grant (SPS UL grant) stored by the HARQ process
may not be cleared. To be more specific, even in a case that the UpLink grant
(SPS UL grant) stored by the MAC entity is cleared, re-transmission on the
semi-persistent PUSCH can be continued based on the UpLink granf (SPS UL
grant) stored by the HARQ process.

[0107]

The Semi-Persistent Scheduling uplink grant may be referred to as a SPS
uplink grant, a Semi-Persistent grant, and a Semi-persistent scheduling
assignment.

21



10

15

20

25

30

35

[0108]

The base station device 3 may configure validation and/or invalidation of
the Semi-Persistent Scheduling for the terminal device 1. For example, the base
station device 3 may configure validation and/or invalidation of the
Semi-Persistent Scheduling by using higher layer signaling (e.g., RRC layer
signaling).

[0109]

In a case that the Semi-Persistent Scheduling is validated, the SPS
C-RNTI, a parameter for indicating the interval value of the uplink
Semi-Persistent Scheduling, a parameter for indicating the Number of empty
transmissions before release (also referred to as a third parameter), and/or a SPS
deactivation timer (also referred to as a fourth parameter) may be at least
provided (configured). Here, the empty transmission (also referred to as
transmission of empty) is described later. The third parameter and the fourth
parameter are described later.

[0110]

Here, for example, the terminal device 1 starts transmission of a certain
subframe on the semi-persistent PUSCH, and then, may initialize or reinitialize
the configured uplink grant such that the transmission on the semi-persistent
PUSCH recurs based on Equation (1). To be more specific, the terminal device
1 may sequentially consider that the configured uplink grant occurs in a
subframe satisfying Equation (1).

[Equation 1]
(10*SFN + subframe) = [(10%SFN _, ... + subframe sart_ime ) T N * semiPersis tSchedinterval UL
+ Subframe_QOffset* (N modulo2)] medulol0240

[0111]

In other words, the terminal device 1, after configuring the SPS uplink
grant, may set a value of Subframe Offset, and recognize (consider
sequentially) that the N-th grant (configured uplink grant, SPS uplink grant)
occurs in the subframe specified based on Equation (1).

[0112]

Here, the subframe satisfying Equation (1) is also referred to as a
subframe satisfying a predetermined condition. The subframes among the
subframes satisfying Equation (1) except for the first subframe are also referred
to as subframes satisfying a predetermined condition. Here, the first subframe
among the subframe satisfying Equation (1) may be a received subframe of the

22



10

15

20

25

30

35

DCI which is used to indicate the activation or reactivation or release of the
Semi-Persistent Scheduling.
[0113]

Specifically, the terminal device 1 may specify the subframe for the
transmission on the PUSCH corresponding to the N-th configured uplink grant,
based on Equation (1), after configuring the stored DCI format as the SPS
uplink grant. Here, in Equation (1), SFN and subframe represent the SFN and
subframe, respectively, transmitted on the PUSCH.

[0114]

In Equation (1), SFNstart-time and subframestart-time represent the SFN
and subframe, respectively, at the time configured uplink grant are initialized or
reinitialized. To be more specific, SFNstart-time and subframestart-time
represent, the SFN and subframe starting the transmission on the PUSCH, based
on the configured uplink grant (i.e., the subframe for an initial transmission on
the PUSCH corresponding to the 0-th configured uplink grant).

[0115]

In Equation (1), semiPersistSchedIntervalUL represents the interval of
the uplink Semi-Persistent Scheduling. In Equation (1), Subframe Offset
represents an offset value used to specify the subframe for the transmission on
the PUSCH.

[0116]

Here, the terminal device 1 may set Subframe Offset in Equation (1) to
'0" in a case that a parameter (twolntervalConfig) is not validated by higher
layer after configuring the SPS uplink grant.

[0117]

The initialization may be performed in a case that the Semi-Persistent
Scheduling is not activated. The reinitialization may be performed in a case that
the Semi-Persistent Scheduling is already activated. Here, the initialization may
include meaning of initial configuration, and the reinitialization may include
meaning of re-initial configuration. In other words, the terminal device 1 may
initialize or reinitialize the configured uplink grant to start the transmission on
the PUSCH in a certain subframe.

[0118]

FIG. 5 is a diagram for describing examples of Non-empty transmission
and Empty transmission. As illustrated in FIG. 5, a MAC Protocol Data Unit
(MAC PDU) may include a MAC header, a MAC Service Data Unit (MAC
SDU), a MAC Control Element (MAC CE), and padding (padding bits). Here,
the MAC protocol data unit may correspond to the uplink data (UL-SCH).
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[0119]

Here, there may be defined, as the MAC control element, multiple MAC
control elements including at least a Buffer Status Report MAC control element
(Buffer Status Report MAC CE, BSR MAC CE, which is a MAC control
element used for buffer status report), a Timing Advance Command MAC
control element (Timing Advance Command MAC CE, TAC MAC CE, which is
a MAC control element used to transmit a timing advance command), a Power
Headroom Report MAC control element (Power Headroom Report MAC CE,
PHR MAC CE, which is a MAC control element used for power headroom
report), and/or an Activation/Deactivation MAC control element
(Activation/Deactivation MAC CE, which is a MAC control element used to
transmit an activation/deactivation command).

[0120]

There may be defined, as the buffer status report, multiple buffer status
reports including at least a Regular BSR, a Periodic BSR, and a padding BSR.
For example, the Regular BSR, the Periodic BSR, and the padding BSR may be
triggered based on events (conditions) different from each other.

[0121]

For example, the Regular BSR may be triggered in a case that data for a
logical channel which belongs to a certain Logical Channel Group (LCG)
becomes available for transmission, and priority for the transmission of the data
is higher than the logical channels which belong to any LCG and for which data
is already available for transmission, or in a case that there is no available data
for transmission on the logical channels which belong to any LCG. The Regular
BSR may also be triggered in a case that a predetermined timer
(retxBSR-Timer) expires, and the terminal device 1 has available data for
transmission for the logical channels which belong to a certain LCG.

[0122]

The Periodic BSR may be triggered in a case that a prescribed timer
(periodic BSR-Timer) expires. The padding BSR may be triggered in a case that
the UL-SCH is allocated, and the number of padding bits is equal to or larger
than a size of the Buffer Status Report MAC control element plus its subheader.
[0123]

The terminal device 1 may use the buffer status report to notify the base
station device 3 of a transmission data buffer size of the uplink data
corresponding to each LCG as a message in the MAC layer.

[0124]
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As illustrated in FIG. 5, the MAC protocol data unit may contain zero,
one, or multiple MAC service data units. The MAC protocol data unit may
contain zero, one, or multiple MAC control elements. Padding may occur at the
end of the MAC Protocol Data Unit (MAC PDU).

[0125]

Here, the non-empty transmission may be transmission of the MAC
protocol data unit including one or multiple MAC service data units (or may
correspond to transmission of MAC protocol data unit including at least one or
multiple MAC service data units).

[0126]

The non-empty transmission may be transmission of the MAC protocol
data unit including one or multiple first MAC control elements (or may
correspond to transmission of the MAC protocol data unit including at least one
or multiple first MAC control elements). Here, the first MAC control element
(or a first predetermined MAC control element) may be defined in advance by
specifications or the like, and may be information known to both the base
station device 3 and the terminal device 1.

[0127]

For example, the first MAC control element may contain one or all of the
multiple MAC control elements described above. For example, the first MAC
control element may be a Buffer Status Report MAC control element. The first
MAC control element may be a Power Headroom Report MAC control element.
[0128]

For example, the first MAC control element may be a Buffer Status
Report MAC control element including a Regular BSR. The first MAC control
element may be a Buffer Status Report MAC control element including a
Periodic BSR. The first MAC control element may be a Buffer Status Report
MAC control including a padding BSR.

[0129]

To be more specific, the non-empty transmission may be transmission of
the MAC protocol data unit including one or multiple MAC service data units
and/or one or multiple first MAC control elements (or may correspond to
transmission of the MAC protocol data unit including at least one or multiple
MAC service data units and/or one or multiple first MAC control elements).
[0130]

The empty transmission may be transmission of the MAC protocol data
unit including only padding (or may correspond to transmission of the MAC
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protocol data unit including only padding). Here, the MAC header is appended
to the transmission of the MAC protocol data unit including only padding.
[0131]

The empty transmission may be transmission of the MAC protocol data
unit including one or multiple second MAC control elements (or may
correspond to transmission of the MAC protocol data unit including at least one
or multiple second MAC control elements). Here, the second MAC control
element (or a second predetermined MAC control element) may be defined in
advance by specifications or the like, and may be information known to both the
base station device 3 and the terminal device 1.

[0132]

Here, the second MAC control element may be a MAC control element
other than the first MAC control element. For example, the second MAC
control element may contain one or all of the multiple MAC control elements
described above. For example, the second MAC control element may be a
Buffer Status Report MAC control element. The second MAC control element
may be a Power Headroom Report MAC control element.

[0133]

For example, the second MAC control element may be a Buffer Status
Report MAC control element including a Regular BSR. The second MAC
control element may be a Buffer Status Report MAC control element including
a Periodic BSR. The second MAC control element may be a Buffer Status
Report MAC control including a padding BSR.

[0134]

To be more specific, the empty transmission may be transmission of the
MAC protocol data unit including padding and/or only one or multiple second
MAC control elements (or may correspond to transmission of the MAC protocol
data unit including only padding and/or one or inultiple second MAC control
elements).

[0135]

Here, the non-empty transmission and/or the empty transmission may be
transmission corresponding to a new transmission. To be more specific,
transmitting, in the new transmission, the MAC protocol data unit including at
least one or multiple MAC service data units and/or one or multiple first MAC
control elements may be referred to as the non-empty transmission.
Transmitting, in the new transmission, the MAC protocol data unit including
only padding and/or one or multiple second MAC control elements may be
referred to as the empty transmission.
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[0136]

The non-empty transmission and/or the empty transmission may be
performed on the PUSCH scheduled by the base station device 3. For example,
the non-empty transmission and/or the empty transmission may be performed
on the PUSCH scheduled by using the DCI (DCI format) to which the CRC
parity bits scrambled with the C-RNTI are attached (i.e., dynamically scheduled
PUSCH resource). The non-empty transmission and/or the empty transmission
may be performed on the PUSCH scheduled by using the DCI (DCI format) to
which the CRC parity bits scrambled with the SPS C-RNTTI are attached (i.e.,
semi-permanently scheduled PUSCH resource).

[0137]

As described above, the terminal device 1 may semi-permanently
(semi-persistently or periodically) perform the transmission on the PUSCH
(transmission on the UL-SCH) in the subframe specified based on Equation (1).
Here, the terminal device 1 may clear the configured grant based on the third
parameter (parameter for indicating the Number of empty transmissions before
release) configured by the base station device 3.

[0138]

For example, the terminal device 1 may clear the configured grant in a
case that the number of consecutive empty transmissions corresponding to the
initial fransmission on the semi-persistent PUSCH reaches a value indicated by
using the third parameter (the number of transmissions).

[0139]

To be more specific, the terminal device 1 may clear the configured grant
immediately after the third parameter corresponding to the number of
consecutive new MAC Protocol Data Units (PDUs) each of which contains no
MAC service data unit (i.e., each of which contains zero MAC SDUs). Here, the
number of the consecutive empty transmissions corresponding to the initial
transmission include the number of empty transmissions on the Semi-Persistent
Scheduling resource. Here, the number of the consecutive empty transmissions
corresponding to the initial transmission does not include the number of empty
transmissions on the dynamically scheduled PUSCH resource.

[0140]

Here, the terminal device 1 may release (clear) the uplink resource
allocated by the base station device 3 (Semi-Persistent Scheduling resource,
PUSCH resource), based on the third parameter. Specifically, the terminal
device 1 may release the uplink resource allocated by the base station device 3
similarly to clearing the configured grant, based on the third parameter. Here,
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the terminal device 1, in a case of receiving the DCI format which is used to
indicate the release of the Semi-Persistent Scheduling described above, may
clear the configured grant and/or release the uplink resource.

[0141]

Hereinafter, a first behavior refers to a behavior in which the terminal
device 1 transmits the uplink data, and clears the configured grant and/or
releases the uplink resource, based on the third parameter as described above.
The first behavior also refers to a behavior in which the terminal device 1
transmits the uplink data, and clears the configured grant and/or releases the
uplink resource in the case of receiving the DCI format which is used to
indicate the release of the Semi-Persistent Scheduling as described above.
[0142]

Here, in the first behavior, the terminal device 1 immediately clears the
configured grant and/or releases the uplink resource in the case of receiving the
DCI format which is used to indicate the release of the Semi-Persistent
Scheduling. To be more specific, the terminal device 1 immediately clears the
configured grant and/or releases the uplink resource without transmitting any
information to the base station 3 in the case of receiving the DCI format which
is used to indicate the release of the Semi-Persistent Scheduling.

[0143]

FIG. 6 is a diagram for describing a method for clearing the configured
grant in the first action. Here, FIG. 6 illustrates an action in the case that the
interval value of the Semi-Persistent Scheduling is configured to be "1 (1
subframe)".

[0144]

As illustrated in FIG. 6, the terminal device 1 may receive the DCI which
is used to indicate the activation and/or reactivation of the Semi-Persistent
Scheduling. The terminal device 1 may perform the non-empty transmission on
the Semi-Persistent Scheduling resource. To be more specific, the terminal
device 1 may perform the non-empty transmission based on the configured
uplink grant according to Equation (1) described above. The terminal device 1
may perform the empty transmission on the Semi-Persistent Scheduling
resource. To be more specific, the terminal device 1 may perform the empty
transmission on the Semi-Persistent Scheduling resource in the case of no
available data for transmission.

[0145]

Here, the terminal device 1 may clear the configured grant in a case that

the number of consecutive empty transmissions on the Semi-Persistent
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Scheduling resource reaches the value configured by using the third parameter
(the number of transmissions). The terminal device 1 may release the uplink
resource (Semi-Persistent Scheduling resource) in the case that the number of
consecutive empty transmissions on the Semi-Persistent Scheduling resource
reaches the value configured by using the third parameter (the number of
transmissions). Specifically, the terminal device 1 may clear the configured
grant and/or release the uplink resource, based on the third parameter.

[0146]

FIG. 7 is a diagram for describing an uplink data transmission method
according to the present embodiment. The uplink data transmission method
described with reference to FIG. 7 may be applied to the base station device 3
and/or terminal device 1 described above. Hereinafter, a behavior described
with reference to FIG. 7 is also referred to as a second behavior. FIG. 7
illustrates a behavior in the case that the interval value of the Semi-Persistent
Scheduling is configured to be "1 (1 subframe)". The transmission illustrated in
FIG. 7 represents the transmission on the Semi-Persistent Scheduling resource.
[0147]

As illustrated in FIG. 7, the base station device 3 may transmit the fourth
parameter to the terminal device 1. For example, the base station device 3 may
transmit the fourth parameter by using higher layer signaling (e.g., RRC layer
signaling). For example, the fourth parameter may include a parameter used to
configure to perform the second behavior (which may be a partial behavior
included in the second behavior). The fourth parameter may include a parameter
used to configure the interval value of the uplink Semi-Persistent Scheduling "1
(1 subframe)".

[0148]

The fourth parameter may include a parameter used to configure a first
timer (also referred to as a SPS deactivation timer) described later. The fourth
parameter may include a parameter used to configure a second timer (also
referred to as a SPS prohibit timer) described later. The fourth parameter may
include a parameter used to configure a subframe for which the transmission
corresponding to the Semi-Persistent Scheduling is not performed (that is, a
subframe for which the transmission corresponding to the Semi-Persistent
Scheduling is not permitted to be performed) described later.

[0149]

The fourth parameter may include a parameter used to configure whether
the empty transmission is performed on the Semi-Persistent Scheduling
resource (configure to perform or not to perform the transmission).

29



10

15

20

25

30

35

[0150]

To be more specific, the terminal device 1 may switch between the first
behavior and the second behavior, based on the fourth parameter transmitted by
the base station device 3 (e.g., a parameter in the higher layer or a parameter in
the RRC layer). For example, the terminal device 1 may perform the first
behavior in a case of not being configured with the fourth parameter, and
perform the second behavior in a case of being configured with the fourth
parameter.

[0151]

In a subframe n, the terminal device 1 receives the DCI (the DCI format,
the uplink grant) which is used to indicate the activation and/or reactivation of
the Semi-Persistent Scheduling. Here, the terminal device 1 may perform the
non-empty transmission or the empty transmission in a subframe corresponding
to the subframe in which the DCI used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling is received (e.g., a subframe 4
subframes after the subframe n, that is, a subframe nl).

[0152]

Specifically, in the subframe nl, the terminal device 1 having available
data for transmission may perform the non-empty transmission. Here, in a case
that the terminal device 1 is given an uplink grant size that is equal to or larger
than predetermined bytes (e.g., 4 bytes) and has available data for transmission,
the terminal device 1 may perform the non-empty transmission. In other words,
for example, the terminal device 1 having available data for transmission in the
subframe nl does not perform the transmission of only the padding BSR and/or
padding.

[0153]

In the subframe nl, the terminal device 1 not having available data for
transmission may perform the empty transmission. Here, in a case that the
terminal device 1 is given a DCI format (e.g., uplink grant) the size of which is
smaller than predetermined bytes (e.g., 7 bytes) and does not have available
data for transmission, the terminal device 1 may perform the empty
transmission.

[0154]

A subframe n2 represents a subframe in which the terminal device 1 does
not have available data for transmission. Here, in the subframe n2, the terminal
device 1 not having available data for transmission does not perform the empty
transmission.

[0155]
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In other words, the terminal device 1 configured with the fourth
parameter does not perform the empty transmission in a case of not having
available data for transmission. As described above, the terminal device 1 not
configured with the fourth parameter performs the empty transmission in the
case of not having available data for transmission. To be more specific, the
terminal device 1 may switch between whether to perform the empty
transmission, based on the fourth parameter, in the case of not having available
data for transmission.

[0156]

Here, in the subframe n2, the terminal device 1 may always perform the
non-empty transmission or the empty transmission in a case of transmission
corresponding to the DCI (the DCI format, the uplink grant) to which the CRC
parity bits scrambled with the C-RNTI are attached. In other words, in a case
that a PUSCH resource is scheduled by using the DCI to which the CRC parity
bits scrambled with the C-RNTI are attached, the terminal device 1 may always
perform the non-empty transmission or the empty transmission on the scheduled
PUSCH resource.

[0157]

To be more specific, a resource scheduled by using the DCI to which the
CRC parity bits scrambled with the C-RNTI are attached (dynamically
scheduled resource) may override a resource scheduled by using the DCI to
which the CRC parity bits scrambled with the SPS C-RNTI are attached
(semi-permanently scheduled resource).

[0158]

Here, the scheduled PUSCH resource may be a resource of a serving cell
including the Semi-Persistent Scheduling resource. The scheduled PUSCH
resource may be a resource of a serving cell other than the serving cell
including the Semi-Persistent Scheduling resource. Specifically, the scheduled
PUSCH resource may be a resource of a serving cell including the
Semi-Persistent Scheduling resource, or a resource of a serving cell other than
the serving cell including the Semi-Persistent Scheduling resource.

[0159]

Specifically, the terminal device 1 which is configured with the fourth
parameter, has the available data for transmission, and is given the uplink grant
corresponding to the Semi-Persistent Scheduling may perform the non-empty
transmission. Here, the terminal device 1 may perform the non-empty
transmission only in a case that the size of the uplink grant corresponding to the
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Semi-Persistent Scheduling is equal to or larger than predetermined bytes (e.g.,
4 bytes).
[0160]

The terminal device 1 which is configured with the fourth parameter,
does not have the available data for transmission, and is given the uplink grant
corresponding to the Semi-Persistent Scheduling does not perform the empty
transmission. Here, the terminal device 1 may not perform the empty
transmission only in a case that the size of the uplink grant corresponding to the
Semi-Persistent Scheduling is smaller than predetermined bytes (e.g., 7 bytes).
[0161]

The terminal device 1 which has the available data for transmission and
is given the uplink grant corresponding to the dynamic scheduling may perform
the non-empty transmission regardless of being configured with the fourth
parameter. Here, the terminal device 1 may perform the non-empty transmission
only in a case that the size of the uplink grant corresponding to the dynamic
scheduling is equal to or larger than predetermined bytes (e.g., 4 bytes).

[0162]

The terminal device 1 which does not have the available data for
transmission and is given the uplink grant corresponding to the dynamic
scheduling may perform the empty transmission regardless of being configured
with the fourth parameter. Here, the terminal device 1 may perform the empty
transmission only in the case that the size of the uplink grant corresponding to
the dynamic scheduling is smaller than predetermined bytes (e.g., 7 bytes).
[0163]

Each of a subframe n3, a subframe n4, and a subframe n5 represents a
subframe in which the terminal device 1 has available data for transmission. In
the subframe n3, subframe n4, and subframe nS5, the terminal device 1 having
available data for transmission may perform the non-empty transmission.
[0164]

In a subframe n6, the terminal device 1 receives the DCI (the DCI format,
the uplink grant) which is used to indicate the release of the Semi-Persistent
Scheduling. Here, the terminal device 1 may perform the non-empty
transmission or the empty transmission in a subframe corresponding to the
subframe in which the DCI used to indicate the release of the Semi-Persistent
Scheduling is received (e.g., a subframe 4 subframes after the subframe n6, that
is, a subframe n7).

[0165]
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Here, the terminal device 1 may perform the non-empty transmission or
the empty transmission on the PUSCH (PUSCH resource) scheduled using the
most recent DCI which is used to indicate the activation and/or deactivation of
the Semi-Persistent Scheduling in the case of receiving the DCI which is used
to indicate the release of the Semi-Persistent Scheduling. In other words, the
terminal device 1 may perform the non-empty transmission or the empty
transmission on the PUSCH (PUSCH resource) scheduled by using the
configured grant which is stored.

[0166]

As described above, the field associated with the resource block
assignment (resource allocation) in the DCI which is used to indicate that the
release of the Semi-Persistent Scheduling may be set to a value defined in
advance for the release of the Semi-Persistent Scheduling. Therefore, the
terminal device 1 may perform the non-empty transmission or the empty
transmission, based on the configured grant in the case of receiving the DCI
which is used to indicate the release of the Semi-Persistent Scheduling.

[0167]

To be more specific, in the subframe n7, the terminal device 1 having
available data for transmission may perform the non-empty transmission based
on the configured grant. Here, in the case that the terminal device 1 is given an
uplink grant size that is equal to or larger than predetermined bytes (e.g., 4
bytes) and has available data for transmission, the terminal device 1 may
perform the non-empty transmission based on the configured grant. In other
words, for example, in the subframe n7, the terminal device 1 having available
data for transmission does not perform the transmission of only the padding
BSR and/or padding.

[0168]

In the subframe n7, the terminal device 1 not having available data for
transmission may perform the empty transmission based on the configured grant.
Here, in the case that the terminal device 1 is given a DCI format (e.g., uplink
grant) the size of which is smaller than predetermined bytes (e.g., 7 bytes) and
does not have available data for transmission, the terminal device 1 may
perform the empty transmission based on the configured grant.

[0169]

The terminal device 1 may clear the configured grant and/or release the
uplink resource in a subframe in which the non-empty transmission or empty
transmission is performed or in subframes after the subframe. That is, the

terminal device 1 configured with the fourth parameter may perform the
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non-empty transmission or empty transmission in the case of receiving the DCI
which is used to indicate the release of the Semi-Persistent Scheduling, and may
clear the configured grant and/or release the uplink resource in a subframe in
which the non-empty transmission or empty transmission is performed or in
subframes after the subframe.

[0170]

The terminal device 1 may clear the configured grant and/or release the
uplink resource in subframe in which the DCI used to indicate the release of the
Semi-Persistent Scheduling is received or in subframes after the subframe. That
is, the terminal device 1 configured with the fourth parameter, in the case of
receiving the DCI which is used to indicate the release of the Semi-Persistent
Scheduling, may deliver the configured grant to the HARQ entity, and thereafter,
may clear the configured grant and/or release the uplink resource in a subframe
in which the DCI used to indicate the release of the Semi-Persistent Scheduling
is received or in subframes after the subframe.

[0171]

As describe above, the terminal device 1 not configured with the fourth
parameter clears the configured grant and/or releases the uplink resource
without transmitting any information to the base station 3 in the case of
receiving the DCI which is used to indicate the release of the Semi-Persistent
Scheduling. That is, the terminal device 1 may perform the non-empty
transmission or empty transmission in the case of receiving the DCI which is
used to indicate the release of the Semi-Persistent Scheduling, based on the
fourth parameter, and thereafter, may switch between whether to clear the
configured grant and/or release the uplink resource, or to clear the configured
grant and/or release the uplink resource without transmitting any information to
the base station 3.

[0172]

As described above, the terminal device 1 not having available data for
transmission does not perform the empty transmission. To be more specific, not
performing the empty transmission may be defined as the behavior (processing)
in the HARQ entity in the terminal device 1. In other words, performing the
non-empty transmission, not performing the non-empty transmission,
performing the empty transmission, and/or not performing the empty
transmission may be defined as the behavior (processing) in the HARQ entity.
[0173]

For example, it may be defined that after the HARQ entity obtains the
MAC Protocol Data Unit (MAC PDU) to transmit from the first entity, the
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HARQ process is not instructed to trigger the new transmission (an initial
transmission) (the initial fransmission is not triggered).
[0174]

Specifically, the first entity may provide the MAC protocol data unit to
transmit. A Logical Channel Prioritization procedure in a case that the new
transmission is performed may be applied to the first entity. The first entity may
multiplex the MAC control elements and the MAC service data units.

[0175]

Not performing the empty transmission may be defined as the behavior
(processing) in the HARQ process in the terminal device 1. In other words,
performing the non-empty transmission, not performing the non-empty
transmission, performing the empty transmission, and/or not performing the
empty transmission may be defined as the behavior (processing) in the HARQ
process.

[0176]

For example, it may be defined that the HARQ process does not instruct
a physical layer to generate the transmission according to the stored uplink
grant.

[0177]

Not performing the empty transmission may be defined as the behavior
(processing) in the first entity. In other words, performing the non-empty
transmission, not performing the non-empty transmission, performing the empty
transmission, and/or not performing the empty transmission may be defined as
the behavior (processing) in the first entity. Here, the behavior (processing) in
the first entity may be the behavior (processing) of the MAC entity in a
procedure relating to "Multiplexing and assembly".

[0178]

Here, the first entity, in a case of having available data for transmission,
may generate the MAC protocol data unit including the MAC service data unit.
The first entity, in a case of not having available data for transmission, may
generate the MAC protocol data unit not including the MAC service data unit.
[0179]

The first entity, in a case that the Regular BSR is triggered, may generate
the MAC protocol data unit including the Buffer Status Report MAC CE
including the Regular BSR. The first entity, in a case that the Periodic BSR is
triggered, may generate the MAC protocol data unit including the Buffer Status
Report MAC CE including the Periodic BSR.

[0180]
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In a case that the empty transmission is not performed, the first entity
may not generate the MAC protocol data unit corresponding to the empty
transmission. In the case that the empty transmission is not performed, the first
entity may not deliver the MAC protocol data unit corresponding to the empty
transmission to the HARQ entity.

[0181]

Here, in the case that the empty transmission is not performed, the
HARQ entity may not deliver the MAC protocol data unit corresponding to the
empty transmission to the HARQ process. In the case that the empty
transmission is not performed, the HARQ process may not deliver the MAC
protocol data unit corresponding to the empty transmission to the physical layer.
[0182]

For example, it may be defined that in a case the MAC entity is
configured with the fourth parameter, has available data for transmission, and
given the uplink grant corresponding to the Semi-Persistent Scheduling, the
MAC entity transmits the MAC protocol data unit including one or multiple
MAC service data units. Here, as described above, the MAC entity may transmit
the MAC protocol data unit only in the case that the size of the uplink grant
corresponding to the Semi-Persistent Scheduling is equal to or larger than
predetermined bytes (e.g., 4 bytes).

[0183]

It may be also defined that in the case the MAC entity is configured with
the fourth parameter, has available data for transmission, and is given the uplink
grant corresponding to the Semi-Persistent Scheduling, the MAC entity
transmits the MAC protocol data unit including one or multiple first MAC
control elements. Here, as described above, the MAC entity may transmit the
MAC protocol data unit only in the case that the size of the uplink grant
corresponding to the Semi-Persistent Scheduling is equal to or larger than
predetermined bytes (e.g., 4 bytes).

[0184]

That is, it may be defined that in the case the MAC entity is configured
with the fourth parameter, has available data for transmission, and is given the
uplink grant corresponding to the Semi-Persistent Scheduling, the MAC entity
transmits the MAC protocol data unit including one or multiple MAC service
data units and/or one or multiple first MAC control elements.

[0185]

It may be defined that in the case the MAC entity is configured with the

fourth parameter, has available data for transmission, and is given the uplink
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grant corresponding to the Semi-Persistent Scheduling, the MAC entity does not
transmit the MAC protocol data unit including only padding. Here, as described
above, the MAC entity may transmit the MAC protocol data unit in the case that
the size of the uplink grant corresponding to the Semi-Persistent Scheduling is
smaller than predetermined bytes (e.g., 7 bytes).

[0186]

It may be defined that in the case the MAC entity is configured with the
fourth parameter, has available data for transmission, and is given the uplink
grant corresponding to the Semi-Persistent Scheduling, the MAC entity does not
transmit the MAC protocol data unit including one or multiple second MAC
control elements. Here, as described above, the MAC entity may transmit the
MAC protocol data unit in the case that the size of the uplink grant
corresponding to the Semi-Persistent Scheduling is smaller than predetermined
bytes (e.g., 7 bytes).

[0187]

It may be defined that in the case the MAC entity is configured with the
fourth parameter, has available data for transmission, and is given the uplink
grant corresponding to the Semi-Persistent Scheduling, the MAC entity does not
transmit the MAC protocol data unit including only padding and/or one or
multiple second MAC control elements.

[0188]

The base station device 3 may transmit a parameter used to configure an
uplink subframe for which the transmission corresponding to the
Semi-Persistent Scheduling is not performed (that is, an uplink subframe for
which the transmission corresponding to the Semi-Persistent Scheduling is not
permitted to be performed). For example, the base station device 3 may transmit
the parameter used to configure an uplink subframe for which the transmission
corresponding to the Semi-Persistent Scheduling is not performed, by using
higher layer signaling (RRC layer signaling).

[0189]

For example, the uplink subframe for which the transmission
corresponding to the Semi-Persistent Scheduling is not performed may be
configured by use of a bitmapmethod, where an uplink subframe for which the
transmission corresponding to the Semi-Persistent Scheduling is permitted to be
performed may be expressed by "0", and an uplink subframe for which the
transmission corresponding to the Semi-Persistent Scheduling is not permitted
to be performed may be expressed by "1".

[01901]
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The terminal device 1 does not perform uplink transmission in the uplink
subframe for which the transmission corresponding to the Semi-Persistent
Scheduling is not permitted to be performed. To be more specific, even in a case
that the terminal device 1 has available data for transmission (even in a case
that the non-empty transmission occurs), the terminal device 1 does not perform
the uplink transmission in the uplink subframe for which the transmission
corresponding to the Semi-Persistent Scheduling is not permitted to be
performed. In other words, the terminal device 1 may perform uplink
transmission only in an uplink subframe for which the transmission
corresponding to the Semi-Persistent Scheduling is permitted to be performed.
[0191]

FIG. 8 is a diagram for describing an uplink data transmission method
according to the present embodiment. The uplink data transmission method
described with reference to FIG. 8 may be applied to the base station device 3
and/or the terminal device 1 described above. Here, a behavior described with
reference to FIG. 8 is included in the second behavior. As described above, the
terminal device 1 may switch between the first behavior and the second
behavior, based on the fourth parameter transmitted by the base station device
3.

[0192]

FIG. 8 illustrates that the terminal device 1 receives, in a subframe n8
and a subframe n10, the DCI (the DCI format, the uplink grant) which is used to
indicate the activation and/or reactivation of the Semi-Persistent Scheduling on
the PDCCH. FIG, 8 also illustrates that the terminal device 1 receives, in a
subframe n9, predetermined information of the PDCCH (predetermined
PDCCH).

[0193]

Here, as illustrated in FIG. 8, the terminal device 1 may start the first
timer (also referred to as the SPS deactivation timer), based on the reception of
the DCI which is used to indicate the activation and/or reactivation of the
Semi-Persistent Scheduling in the subframe n. To be more specific, the terminal
device 1 may start the first timer in a subframe in which the DCJ used to
indicate the activation and/or reactivation of the Semi-Persistent Scheduling is
received or in subframes after the subframe.

[0194]

The terminal device 1 may start the first timer in a subframe in which

transmission corresponding to the DCI used to indicate the activation and/or

reactivation of the Semi-Persistent Scheduling is performed or in subframes
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after the subframe. For example, the terminal device 1 may perform the
non-empty transmission or empty transmission in a subframe corresponding to
the subframe in which the DCI used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling is received (e.g., a subframe that
is 4 subframes after the subframe n8), and may start the first timer in a
subframe in which the non-empty transmission or empty transmission is
performed or in subframes after the subframe.

[0195]

The base station device 3 may transmit a parameter used to configure the
first timer (a first timer value) to the terminal device 1. For example, the base
station device may transmit the parameter used to configure the first timer (the
first timer value) by using higher layer signaling (e.g., RRC layer signaling).
The terminal device 1 may set the first timer (the first timer value), based on the
parameter transmitted by the base station device 3.

[0196]

The terminal device 1 may restart the first timer based on the reception
of predetermined information in the subframe n9. For example, the terminal
device 1 may restart the first timer in a subframe in which the predetermined
information is received or in subframes after the subframe. Here, the terminal
device 1 may restart the first timer in a subframe in which transmission
corresponding to the predetermined information is performed or in subframes
after the subframe. The terminal device 1 may restart the first timer in a
subframe in which reception corresponding to the predetermined information is
performed or in subframes after the subframe.

[0197]

Here, whether to restart the first timer depending on what type of the
predetermined information the terminal device 1 receives in the subframe n9
may be defined in advance by specifications or the like, and the information
may be known to both the base station device 3 and the terminal device 1.
[0198]

For example, the predetermined information may satisfy some or all of
(i) to (vii) below. (i) The predetermined information may be the DCI for
primary cell.

(i) The predetermined information may be the DCI for secondary cell.

(iii) The predetermined information may be the downlink DCI format
(the DCI for downlink, the downlink assignment).

(iv) The predetermined information may be the uplink DCI format (the
DCI for uplink, the uplink grant).
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(v) The predetermined information may be the DCI to which the CRC
parity bits scrambled with the C-RNTT are attached.

(vi) The predetermined information may be the DCI to which the CRC
parity bits scrambled with the SPS C-RNTI are attached.

(vii) The predetermined information may be the DCI to which the CRC
parity bits scrambled with any one of the SI-RNTI, RA-RNTI, and P-RNTI are
attached.

[0199]

Here, for example, the predetermined information satisfying above (i),
(iv), and (v) may be the DCI for uplink for the primary cell to which the CRC
parity bits scrambled with the C-RNTI are attached.

[0200]

The terminal device I may restart the first timer, based on the reception
of the DCI which is used to indicate the activation and/or reactivation of the
Semi-Persistent Scheduling in the subframe n10. For example, the terminal
device 1 may restart the first timer in a subframe in which the DCI used to
indicate the activation and/or reactivation of the Semi-Persistent Scheduling is
received or in subframes after the subframe.

[0201] ‘

The terminal device 1 may restart the first timer in a subframe in which
the transmission corresponding to the DCI used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling (e.g., non-empty transmission or
empty transmission) is performed or in subframes after the subframe.

[0202]

A subframe nl1 represents a subframe in which the first timer expires.
The terminal device 1 may clear the configured grant in a case that the first
timer expires. The terminal device 1 may release (clear) the uplink resource
allocated by the base station device 3 (Semi-Persistent Scheduling resource,
PUSCH resource) in the case that the first timer expires. The terminal device 1
may stop the first timer in the case that the first timer expires.

[0203]

To be more specific, the terminal device 1 may maintain the first timer,
and deactivate the associated transmissions, based on the expiration of the first
timer. In other words, the first timer may be used to deactivate the transmission
corresponding to the Semi-Persistent Scheduling. Specifically, the terminal
device 1 may perform the non-empty transmission on the Semi-Persistent
Scheduling resource while the first timer is running. The terminal device 1 does
not perform the empty transmission on the Semi-Persistent Scheduling resource
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(also referred to as a second empty transmission) while the first timer is
running.
[0204]

Here, the first timer may be indicated as a counter. For example, the first
timer may be indicated as a counter for the number of times of occurrences of
the configured grant (the number of occurrences of the configured grant).
[0205]

Specifically, the terminal device 1 may clear the configured grant in a
case that the counter (the first timer) reaches a predetermined value. The
terminal device 1 may release (clear) the uplink resource allocated by the base
station device 3 (Semi-Persistent Scheduling resource, PUSCH resource) in the
case that that the counter (the first timer) reaches a predetermined value.
Specifically, a parameter used to configure the predetermined value may be
configured by the base station device 3.

[0206]

To be more specific, the terminal device 1 may restart the counter (the
first timer), based on the reception of the predetermined information in the
subframe n9. For example, the terminal device 1 may reset the counter (the first
timer) in a subframe in which the predetermined information is received or in
subframes after the subframe. Here, the terminal device 1 may reset the counter
(the first timer) in a subframe in which the transmission corresponding to the
predetermined information is performed or in subframes after the subframe. The
terminal device 1 may reset the counter (the first timer) in a subframe in which
the reception corresponding to the predetermined information is performed or in
subframes after the subframe.

[0207]

The terminal device 1 may reset the counter (the first timer), based on
the reception of the DCI which is used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling in the subframe n10. For
example, the terminal device 1 may reset the counter (the first timer) in a
subframe in which the DCI used to indicate the activation and/or reactivation of
the Semi-Persistent Scheduling is received or in subframes after the subframe.
[0208]

The terminal device 1 may reset the counter (the first timer) in a
subframe in which the transmission corresponding to the DCI used to indicate
the activation and/or reactivation of the Semi-Persistent Scheduling (e.g.,
non-empty transmission or empty transmission) is performed or in subframes

after the subframe.

23|



10

15

20

25

30

35

[0209]

As described above, the terminal device 1 not configured with the fourth
parameter may clear the configured grant and/or release the uplink resource,
based on the third parameter (parameter for indicating the Number of empty
transmissions before release). The terminal device 1 configured with the fourth
parameter may clear the configured grant and/or release the uplink resource,
based on the first timer (SPS deactivation timer).

[0210]

That is, the terminal device 1 may switch between whether to clear the
configured grant and/or release the uplink resource according to the third
parameter, or to clear the configured grant and/or release the uplink resource
according to the parameter used to configure the first timer, based on whether
being configured with the fourth parameter.

[0211]

FIG. 9 is a diagram for describing an uplink data transmission method
according to the present embodiment. The uplink data transmission method
described with reference to FIG. 9 may be applied to the base station device 3
and/or terminal device 1 described above. Here, a behavior described with
reference to FIG. 9 is included in the second. As described above, the terminal
device 1 may switch between the first behavior and the second behavior, based
on the fourth parameter transmitted by the base station device 3.

[0212]

FIG. 9 illustrates that the terminal device 1 receives, in a subframe n12
and a subframe n15, the DCI (the DCI format, the uplink grant) which is used to
indicate the activation and/or reactivation of the Semi-Persistent Scheduling on
the PDCCH. FIG. 9 also illustrates that the terminal device 1 receives, in a
subframe n18, predetermined information of the PDCCH (predetermined
PDCCH). FIG. 9 also illustrates that the terminal device 1 receives, in a
subframe n19, the DCI which is used to indicate the release of the
Semi-Persistent Scheduling (the DCI format, the uplink grant) on the PDCCH.
Here, the predetermined information in FIG. 9 may be different from the
predetermined information in FIG. 8.

[0213]

Here, each of a subframe n13 and a subframe n16 represents a subframe
in which the empty transmission occurs. As described above, the terminal
device 1 does not perform the empty transmission in the subframe n13. A

subframe n14 represents a subframe in which the non-empty transmission
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occurs. As described above, the terminal device 1 performs the non-empty
transmission in the subframe n14.
[0214]

Here, the terminal device 1 performing the non-empty transmission in
the subframe n14 may start the second timer (also referred to as the SPS
prohibit timer). In other words, the terminal device 1 may start the second timer
in a subframe in which the non-empty transmission is performed or in
subframes after the subframe. The terminal device 1 may maintain the second
timer, and prohibit (stop) associated transmissions while the second timer is
running. In other words, the second timer may be used to prohibit the
transmission corresponding to the Semi-Persistent Scheduling. Here, the second
timer may not prohibit the transmission corresponding to the dynamically
scheduled resource.

[0215]

Here, the base station device 3 may transmit a parameter used to
configure the second timer (a second timer value) to the terminal device 1. For
example, the base station device may transmit the parameter used to configure
the second timer (the second timer value) by using higher layer signaling (e.g.,
RRC layer signaling). The terminal device 1 may set the second timer (the
second timer value), based on the parameter transmitted by the base station
device 3.

[0216]

A subframe n17 represents a subframe in which the second timer expires.
The terminal device 1 may restart associated transmissions in a case that the
second timer expires. For example, the terminal device 1 may perform the
non-empty transmission.

[0217]

The terminal device 1 may start the second timer, based on the reception
of predetermined information in the subframe n18. Specifically, the terminal
device 1 may start the second timer in a subframe in which the prescribed
information is received or in subframes after the subframe. The terminal device
1 may restart the second timer in a subframe in which transmission
corresponding to the predetermined information is performed or in subframes
after the subframe. The terminal device 1 may restart the second timer in a
subframe in which reception corresponding to the predetermined information is
performed or in subframes after the subframe.

[0218]
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Here, whether to restart the second timer depending on what type of the
predetermined information the terminal device 1 receives in the subframe n18
may be defined in advance by specifications or the like, and the information
may be known to both the base station device 3 and the terminal device 1.
[0219]

For example, the predetermined information may satisfy some or all of
(i) to (vii) described above. (i) The predetermined information may be the DCI
for primary cell.

(ii) The predetermined information may be the DCI for secondary cell.

(iii) The predetermined information may be the downlink DCI format
(the DCI for downlink, the downlink assignment).

(iv) The predetermined information may be the uplink DCI format (the
DCI for the uplink, the uplink grant).

(v) The predetermined information may be the DCI to which the CRC
parity bits scrambled with the C-RNTTI are attached.

(vi) The predetermined information may be the DCI to which the CRC
parity bits scrambled with the SPS C-RNTTI are attached.

(vii) The predetermined information may be the DCI to which the CRC
parity bits scrambled with any one of the SI-RNTI, RA-RNTI, and P-RNTI are
attached.

[0220]

Here, for example, the predetermined information satisfying above (i),
(iv), and (v) may be the DCI for the uplink for the primary cell to which the
CRC parity bits scrambled with the C-RNTI are attached.

[0221]

As described above, the terminal device 1 receiving the DCI which is
used to indicate the activation and/or reactivation of the Semi-Persistent
Scheduling in the subframe n12 and subframe n15 may perform the non-empty
transmission or the empty transmission in corresponding subframes (e.g., a
subframe 4 subframes after the subframe n12 (subframe n13), and a subframe 4
subframes after the subframe n15 (subframe n16)).

[0222]

Here, the terminal device 1 may not start the second timer in a case of
performing the empty transmission in the corresponding subframe. The terminal
device 1 may start the second timer in a case of performing the non-empty
transmission in the corresponding subframe. Specifically, the terminal device 1
may switch between whether to start the second timer, based on which of the
empty transmission and the non-empty transmission is performed in the case of
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receiving the DCI which is used to indicate the activation and/or reactivation of
the Semi-Persistent Scheduling.
[0223]

The terminal device 1 may start the second timer in a case of performing
the non-empty transmission or the empty transmission in the corresponding
subframe. Specifically, the terminal device 1 may always start the second timer
in the case of performing the empty transmission or the non-empty transmission
depending on the DCI which is used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling.

[0224]

Here, as is described as the behavior in the subframe n16, the terminal
device 1 may perform the empty transmission or the non-empty transmission
depending on the DCI which is used to indicate the activation and/or
reactivation of the Semi-Persistent Scheduling, even while the second timer is
running. The terminal device 1 may perform the empty transmission or the
non-empty transmission depending on the DCI which is used to indicate the
activation and/or reactivation of the Semi-Persistent Scheduling, and restart the
second timer, even while the second timer is running.

[0225]

The terminal device 1 receiving the DCI which is used to indicate the
release of the Semi-Persistent Scheduling in the subframe n19 may perform the
non-empty transmission or the empty transmission in corresponding subframes
(e.g., a subframe 4 subframes after the subframe n19 (subframe n20)).

[0226]

Here, as is described as the action in the subframe n16, the terminal
device 1 may perform the empty transmission or the non-empty transmission
depending on the DCI which is used to indicate the release of the
Semi-Persistent Scheduling, even while the second timer is running. The
terminal device 1 may perform the empty transmission or the non-empty
transmission depending on the DCI which is used to indicate the release of the
Semi-Persistent Scheduling, and stop the second timer, even while the second
timer is running.

[0227]

Here, the terminal device 1 may stop the first timer as well as stop the
second timer. For example, the terminal device 1 may perform the empty
transmission or the non-empty transmission depending on the DCI which is
used to indicate the release of the Semi-Persistent Scheduling, and stop the first
timer and stop the second timer, even while the second timer is running.
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[0228]

FIG. 10 is a diagram for describing an uplink data transmission method
according to the present embodiment. The uplink data transmission method
described with reference to FIG. 10 may be applied to the base station device 3
and/or terminal device 1 described above. Here, a behavior described with
reference to FIG. 10 is included in the second behavior. As described above, the
terminal device 1 may switch between the first behavior and the second
behavior based on the fourth parameter transmitted by the base station device 3.
[0229]

FIG. 10 illustrates an action in a case that a subframe bundling operation
is configured for the terminal device 1 performing the second behavior. Here,
the base station device 3 may use a parameter in the higher layer (also referred
to as ttiBundling) to configure the subframe bundling operation. For example,
in a case that the parameter in the higher layer is used to configure usage of the
subframe bundling, the subframe bundling operation may be applied to only the
UL-SCH. To be more specific, four consecutive uplink subframes may be used
for the transmission on the UL-SCH (uplink data transmission). Here, four
consecutive uplink subframes may be referred to as a bundle.

[0230]

As illustrated in FIG. 10, for example, the terminal device 1 configured
with the subframe bundling operation may perform the non-empty transmission
in a subframe n21. The terminal device 1 may also perform re-transmission
corresponding to the non-empty transmission in a subframe n22, a subframe n23,
and a subframe n24. Here, the subframe n21, subframe n22, subframe n23, and
subframe n24 represent the four consecutive uplink subframes.

[0231]

Here, the terminal device 1 configured with the subframe bundling
operation may start the first timer after performing the non-empty transmission
in the subframe n21. The terminal device 1 configured with the subframe
bundling operation may start the second timer after performing the non-empty
transmission in the subframe n21.

[0232]

Specifically, the terminal device 1 may start the first timer after the
transmission in the first uplink subframe among the four consecutive uplink
subframes. The terminal device 1 may start the second timer after the
transmission in the first uplink subframe among the four consecutive uplink
subframes.

[0233]
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Here, the terminal device 1, even in a case of starting the second timer
after performing the non-empty transmission in the subframe n21, may not be
prohibited from the uplink transmission in the other three consecutive uplink
subframes. That is, the terminal device 1 configured with the subframe bundling
operation, even in a case of starting the second timer in the first uplink
subframe among the four consecutive uplink subframes, may not be prohibited
from the uplink transmission in the other three consecutive uplink subframes
(uplink subframes other than the first uplink subframe among the four
consecutive subframe).

[0234]

Here, the terminal device 1 configured with the subframe bundling
operation may start the first timer after performing re-transmission
corresponding to the non-empty transmission in the subframe n24. The terminal
device 1 configured with the subframe bundling operation may start the second
timer after performing re-transmission corresponding to the non-empty
transmission in the subframe n24.

[0235]

Specifically, the terminal device 1 may start the first timer after the
transmission in the last uplink subframe among the four consecutive uplink
subframes. The terminal device 1 may start the second timer after the
transmission in the last uplink subframe among the four consecutive uplink
subframes.

[0236]

FIG. 11 is a diagram for describing an uplink data transmission method
according to the present embodiment. The uplink data transmission method
described with reference to FIG. 11 may be applied to the base station device 3
and/or terminal device 1 described above.

[0237]

Here, the base station device 3 may configure a cell group (e.g., a master
cell group and/or a secondary cell group) associated with a dual connectivity for
the terminal device 1. For example, the base station device 3 may use the
information (parameter) included in higher layer signaling to configure the cell
group associated with the dual connectivity.

[0238]

Here, in the dual connectivity, the master cell group may include the
primary cell. In the dual connectivity, the secondary cell group may include the
primary secondary cell. Here, for an operation relating to the dual connectivity,
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the primary cell of the master cell group and/or the primary secondary cell of
the secondary cell group are also referred to as a special cell.
[0239]

Here, the special cell (the primary cell of the master cell group and/or
primary secondary cell of the secondary cell group in the dual connectivity)
may be used for the transmission on the PUCCH. A contention based random
access procedure may be performed in the special cell. To be more specific, the
special cell may support the transmission on the PUCCH, and/or the contention
based random access (the contention based random access procedure).

[0240]

In the dual connectivity, the primary cell is not deactivated. In other
words, the primary cell is always activated. In the dual connectivity, the
primary secondary cell is not deactivated. In other words, the primary
secondary cell is always activated.

[0241]

In the dual connectivity, the terminal device 1 may (simultaneously)
connect to a Master eNB (MeNB) and a secondary eNB (SeNB, Master eNB). In
a case that the cell group associated with the dual connectivity is configured,
two MAC entities may be configured for the terminal device 1. Here, one of the
two MAC entities may indicate a MAC entity for the master cell group. The
other of the two MAC entities may indicate a MAC entity for the secondary cell
group. In a case that the cell group associated with the dual connectivity is not
configured, one MAC entity may be configured for the terminal device 1.
[0242]

In other words, in the case that the cell group associated with the dual
connectivity is configured, each of a first MAC entity corresponding to the
master cell group and a second MAC entity corresponding to the secondary ceil
group may perform the associated processing in the terminal device 1.

[0243]

The base station device 3 may configure a cell group associated with
Timing Advance (e.g., Primary Timing Advance Group and/or Secondary
Timing Advance Group) for the terminal device 1. For example, the base station
device 3 may use the information (parameter) included in higher layer signaling
to configure the cell group associated with the Timing Advance. Hereinafter, the
cell group associated with the Timing Advance is also referred to as the Timing
Advance Group (TAG).

[0244]
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For example, the same timing reference cell and the same Timing
Advance (TA) value may be used for the cell with the configured uplink
included in the same TAG.

[0245]

Here, the Primary Timing Advance Group (PTAG) is a TAG including
the primary cell. A timing reference cell for the PTAG is the primary cell. A
Primary Secondary Timing Advance Group (PSTAG) is a TAG including the
primary secondary cell. A timing reference cell for the PSTAG is the primary
secondary cell.

[0246]

The Secondary Timing Advance Group (STAG) is a TAG not including
the primary cell, and may contain at least one serving cell with the configured
uplink. Here, a timing reference cell for the STAG is any one of the secondary
cells included in the STAG.

[0247]

The base station device 3 may transmit a Timing Advance (TA)
command for the PTAG. The base station device 3 may transmit a TA command
for the STAG. Here, the TA command may be transmitted together with a TAG
Identity which is used to indicate the TAG corresponding to the TA command.
[0248]

The terminal device 1, in a case of receiving the TA command for the
PTAG, may adjust the uplink transmission timing on the PUSCH, PUCCH,
and/or SRS of the primary cell, based on the received TA command. Here, in a
case that the secondary cell belongs to the PTAG, the uplink transmission timing
on the PUSCH, PUCCH and/or SRS of the secondary cell may be the same as
the uplink transmission timing for the primary cell.

[0249]

The terminal device 1, in a case of receiving the TA command for the
PSTAG, may adjust the uplink transmission timing on the PUSCH, PUCCH,
and/or SRS of the primary secondary cell, based on the received TA command.
Here, in a case that the secondary cell belongs to the PSTAG, the uplink
transmission timing on the PUSCH, PUCCH and/or SRS of the secondary cell
may be the same as the uplink transmission timing for the primary secondary
cell.

[0250]

The terminal device 1, in a case of receiving the TA command for the
STAG, may adjust the uplink transmission timings on the PUSCH, PUCCH,
and/or SRS of the all secondary cells in the STAG based on the received TA
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command. Here, the uplink transmission timings on the PUSCH, PUCCH and/or
SRS may be the same for the all secondary cells in the STAG.
[0251]

For example, the terminal device 1 may measure a reference timing,
based on a downlink signal of the timing reference cell (e.g., simultaneous
signal). The terminal device 1 may determine the TA for the uplink transmission,
based on the TA command. The terminal device 1 may determine the uplink
transmission timing, based on the measured reference timing and determined TA
value.

[0252]

Here, the terminal device 1 may adjust a transmission timing difference
between the TAGs (PTAG, PSTAG, and/or STAG) to not exceed the maximum
transmission timing difference. Here, for example, the maximum transmission
timing difference may be at least 32.47 ps.

[0253]

For example, the terminal device 1 may adjust the transmission timing
difference between the TAGs to not exceed the maximum transmission timing
difference in dual connectivity in which the master cell group and the secondary
cell group are synchronized with each other.

[0254]

Here, the terminal device 1 may stop adjusting in a case that the
transmission timing difference between the TAGs becomes larger than the
maximum transmission timing difference. Here, in a case that the transmission
timing difference between the TAGs becomes larger than the maximum
transmission timing difference (exceeds the maximum transmission timing
difference), the terminal device 1 may consider that a third timer (also referred
to as timeAlignmentTimer) as expired and may stop the uplink transmission.
[0255]

For example, the base station device 3 may transmit a parameter which is
used to configure the third timer. For example, the base station device may
transmit the parameter used to configure the third timer by using higher layer
signaling (e.g., RRC layer signaling). Here, the parameter used to configure the
third timer may be transmit for each TAG. Specifically, the third timer may be
configured for each TAG. To be more specific, the third timer may be
configured for each of the PTAG, PSTAG, and STAG.

[0256]
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For example, the third timer may be used to control how long the
terminal device 1 (UE) considers the serving cells belongs to the associated
TAG to be uplink time aligned.

[0257]

FIG. 11 illustrates a behavior in the dual connectivity in which the master
cell group and the secondary cell group are synchronized with each other. Here,
in the dual connectivity in which the master cell group and the secondary cell
group are synchronized with each other, a difference between a downlink
reception timing in the master cell group and a downlink reception timing in the
secondary cell group may be 33 ps or less.

[0258]

In FIG. 11, each of (NTA,1 + NTAoffset,1)-TS sec, and (NTA,2 +
NTAoffset,2)-TS sec represents a difference between a downlink reception
timing and uplink transmission timing in the master cell group. Each of (NTA,3
+ NTAoffset,3)-TS sec, and (NTA,4 + NTAoffset,4)- TS sec represents a
difference between a downlink reception timing and uplink transmission timing
in the secondary cell group.

[0259]

The terminal device 1 may calculate the uplink transmission timing
difference between the TAGs (PTAG, PSTAG, and STAG), based on (NTA,1 +
NTAoffset,1)-TS sec, (NTA,2 + NTAoffset,2)-TS sec, (NTA,3 +
NTAoffset,3) TS sec, (NTA,4 + NTAoffset,4)-TS sec, and/or 33 ps (that is the
difference between the downlink reception timing in the master cell group and
the downlink reception timing in the secondary cell group).

[0260]

Here, each of NTA,1, NTA,2, NTA,3, and NTA,4 may be a value based
on the TA command. Each of NTAoffset,1, NTAoffset,2, NTAoffset,3, and
NTAoffset,4 may be a value determined based on whether the serving cell
belonging to corresponding TAG is a TDD serving cell or a FDD serving cell.
For example, the NTAoffset value may be "624" for TDD. The NTAoffset value
may be "0" for FDD.

[0261]

Here, for example, in a case that a difference between the uplink
transmission timing for the PTAG of the master cell group and the uplink
transmission timing for the STAG of the master cell group exceeds the
maximum transmission timing difference, the terminal device 1 may consider
that the third timer for the STAG of the master cell group as expired to stop the
uplink transmission for the STAG of the master cell group. Specifically, the
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terminal device 1 may stop the transmission on the PUSCH, PUCCH, and/or
SRS for the STAG of the master cell group.
[0262]

In a case that a difference between the uplink transmission timing for the
PTAG of the master cell group and the uplink transmission timing for the
PSTAG of the secondary cell group exceeds the maximum transmission timing
difference, the terminal device 1 may consider that the third timer for the
PSTAG of the secondary cell group as expired to stop the uplink transmission
for the PSTAG of the secondary cell group. Specifically, the terminal device 1
may stop the transmission on the PUSCH, PUCCH, and/or SRS for the PSTAG
of the secondary cell group.

[0263]

Here, the terminal device 1, which considers that the third timer for the
PSTAG of the secondary cell group as expired, may clear the configured uplink
grant. In other words, the terminal device 1 may clear the stored configured
uplink grant. The terminal device 1, which considers that the third timer for the
PSTAG of the secondary cell group as expired, may release (clear) the uplink
resource (Semi-Persistent Scheduling resource, PUSCH resource). As described
above, the Semi-Persistent Scheduling may be performed in the primary
secondary cell.

[0264]

The terminal device 1, which considers that the third timer for the
PSTAG of the secondary cell group as expired, may consider that the third timer
for the STAG of the secondary cell group as expired. Specifically, the terminal
device 1 may stop the transmission on the PUSCH, PUCCH, and/or SRS for the
STAG of the secondary cell group.

[0265]

In a case that a difference between the uplink transmission timing for the
PTAG of the master cell group and the uplink transmission timing for the STAG
of the secondary cell group exceeds the maximum transmission timing
difference, the terminal device 1 may consider that the third timer for the STAG
of the secondary cell group as expired, and may stop the uplink transmission for
the STAG of the secondary cell group. Specifically, the terminal device 1 may
stop the transmission on the PUSCH, PUCCH, and/or SRS for the STAG of the
secondary cell group.

[0266]

In a case that a difference between the uplink transmission timing for the

STAG of the master cell group and the uplink transmission timing for the
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PSTAG of the secondary cell group exceeds the maximum transmission timing
difference, the terminal device 1 may consider that the third timer for the
PSTAG of the secondary cell group as expired and may stop the uplink
transmission for the PSTAG of the secondary cell group. Specifically, the
terminal device 1 may stop the transmission on the PUSCH, PUCCH, and/or
SRS for the PSTAG of the secondary cell group.

[0267]

As described above, the terminal device 1, which considers that the third
timer for the PSTAG of the secondary cell group as expired, may consider that
the third timer for the STAG of the secondary cell group has expired.
Specifically, the terminal device 1 may stop the transmission on the PUSCH,
PUCCH, and/or SRS for the STAG of the secondary cell group.

[0268]

In a case that a difference between the uplink transmission timing for the
STAG of the master cell group and the uplink transmission timing for the STAG
of the secondary cell group exceeds the maximum transmission timing
difference, the terminal device 1 may consider that the third timer for the STAG
of the secondary cell group as expired to stop the uplink transmission for the
STAG of the secondary cell group. Specifically, the terminal device 1 may stop
the transmission on the PUSCH, PUCCH, and/or SRS for the STAG of the
secondary cell group.

[0269]

In a case that a difference between the uplink transmission timing for the
PSTAG of the secondary cell group and the uplink transmission timing for the
STAG of the secondary cell group exceeds the maximum transmission timing
difference, the terminal device 1 may consider that the third timer for the STAG
of the secondary cell group as expired and may stop the uplink transmission for
the STAG of the secondary cell group. Specifically, the terminal device 1 may
stop the transmission on the PUSCH, PUCCH, and/or SRS for the STAG of the
secondary cell group.

[0270]

In other words, for example, the cell groups and/or TAGs for which the
third timer is considered as expired may be prioritized. For example, as
described above, a prioritization may be made such as the PTAG of the master
cell group > the STAG of the master cell group > the PSTAG of the secondary
cell group > the STAG of the secondary cell group. Here, how the cell groups
and/or TAGs are prioritized may be defined in advance by specifications or the
like. To be more specific, the prioritization of the cell groups and/or TAGs is
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not limited to that described above, and, of course, similar prioritization is
included in the present embodiment.
[0271]

As described above, the behavior described above with reference to the
drawings may be limited as behavior performed only in one serving cell (e.g.,
only primary cell). For example, only in a case that the behavior corresponding
to the Semi-Persistent Scheduling and the behavior corresponding to the
dynamic scheduling are performed in one serving cell, the behavior described
above may apply. In other words, for example, in a case that the behavior
corresponding to the Semi-Persistent Scheduling is performed in a certain
serving cell (e.g., primary cell), and the behavior corresponding to the dynamic
scheduling is performed in a serving cell different from the certain serving cell
(e.g., secondary cell), the behavior described above may not apply.

[0272]

The behavior described above may be behavior performed for multiple
serving cells (e.g., the primary cell and the secondary cell). For example, even
in the case that the behavior corresponding to the Semi-Persistent Scheduling is
performed in a certain serving cell (e.g., primary cell), and the behavior
corresponding to the dynamic scheduling is performed in a serving cell (e.g.,
secondary cell) different from the certain serving cell, the behavior described
above may apply.

[0273]

Structures of devices according to the present embodiment will be
described below.
[0274]

FIG. 12 is a schematic block diagram illustrating a configuration of the
terminal device 1 according to the present embodiment. As illustrated in FIG. 12,
the terminal device 1 is configured to include a higher layer processing unit 101,
a control unit 103, a reception unit 105, a transmission unit 107, and a transmit
and receive antenna 109. The higher layer processing unit 101 is configured to
include a radio resource control unit 1011, a scheduling information
interpretation unit 1013, and a SPS control unit 1015. The reception unit 105 is
configured to include a decoding unit 1051, a demodulation unit 1053, a
demultiplexing unit 1055, a radio reception unit 1057, and a channel
measurement unit 1059. The transmission unit 107 is configured to include a
coding unit 1071, a modulation unit 1073, a multiplexing unit 1075, a radio
transmission unit 1077, and an uplink reference signal generation unit 1079.
[0275]
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The higher layer processing unit 101 outputs the uplink data (the
transport block) generated by a user operation or the like, to the transmission
unit 107. The higher layer processing unit 101 performs processing of the
Medium Access Control (MAC) layer, the Packet Data Convergence Protocol
(PDCP) layer, the Radio Link Control (RLC) layer, and the Radio Resource
Control (RRC) layer.

[0276]

The radio resource control unit 1011 included in the higher layer
processing unit 101 manages various configuration information/parameters of
the terminal device 1 itself. The radio resource control unit 1011 sets the
various configuration information/parameters in accordance with higher layer
signaling received from the base station device 3. To be more specific, the radio
resource control unit 1011 sets the various configuration
information/parameters in accordance with the information indicating the
various configuration information/parameters received from the base station
device 3. Furthermore, the radio resource control unit 1011 generates
information to be mapped to each uplink channel, and outputs the generated
information to the transmission unit 107. The radio resource control unit 1011 is
also referred to as a configuration unit 1011.

[0277]

Here, the scheduling information interpretation unit 1013 included in the
higher layer processing unit 101 interprets the DCI format (scheduling
information) received through the reception unit 105, generates control
information for control of the reception unit 105 and the transmission unit 107,
in accordance with a result of interpreting the DCI format, and outputs the
generated control information to the control unit 103.

[0278]

The SPS control unit 1015 included in the higher layer processing unit
101 performs controls concerning the SPS, based on various configuration
information, and information or conditions regarding the SPS such as
parameters.

[0279]

In accordance with the control information originating from the higher
layer processing unit 101, the control unit 103 generates a control signal for
control of the reception unit 105 and the transmission unit 107. The control unit
103 outputs the generated control signal to the reception unit 105 and the
transmission unit 107 to control the reception unit 105 and the transmission unit
107.
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[0280]

In accordance with the control signal input from the control unit 103, the
reception unit 105 demultiplexes, demodulates, and decodes a reception signal
received from the base station device 3 through the transmit and receive antenna
109, and outputs the information resulting from the decoding, to the higher
layer processing unit 101.

[0281]

The radio reception unit 1057 converts (down-converts) a downlink
signal received through the transmit and receive antenna 109 into a baseband
signal through orthogonal demodulation, removes unnecessary frequency
components, controls an amplification level in such a manner as to suitably
maintain a signal level, performs orthogonal demodulation, based on an
in-phase component and an orthogonal component of the received signal, and
converts the resulting orthogonally-demodulated analog signal into a digital
signal. The radio reception unit 1057 removes a portion corresponding to a
Cyclic Prefix (CP) from the digital signal resulting from the conversion,
performs Fast Fourier Transform (FFT) on the signal from which the CP has
been removed, and extracts a signal in the frequency domain.

[0282]

The demultiplexing unit 1055 demultiplexes the extracted signal into the
PHICH, the PDCCH, the EPDCCH, the PDSCH, and the downlink reference
signal. Moreover, the demultiplexing unit 1055 makes a compensation of
channels including the PHICH, the PDCCH, the EPDCCH, and the PDSCH,
from a channel estimate input from the channel measurement unit 1059,
Furthermore, the demultiplexing unit 1055 outputs the downlink reference
signal resulting from the demultiplexing, to the channel measurement unit 1059.
[0283]

The demodulation unit 1053 multiplies the PHICH by a corresponding
code for composition, demodulates the resulting composite signal in compliance
with a Binary Phase Shift Keying (BPSK) modulation scheme, and outputs a
result of the demodulation to the decoding unit 1051. The decoding unit 1051
decodes the PHICH destined for the terminal device 1 itself and outputs the
HARAQ indicator resulting from the decoding to the higher layer processing unit
101. The demodulation unit 1053 demodulates the PDCCH and/or the EPDCCH
in compliance with a QPSK modulation scheme and outputs a result of the
demodulation to the decoding unit 1051. The decoding unit 1051 attempts to
decode the PDCCH and/or the EPDCCH. In a case of succeeding in the
decoding, the decoding unit 1051 outputs downlink control information
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resulting from the decoding and an RNTI to which the downlink control
information corresponds, to the higher layer processing unit 101.
[0284]

The demodulation unit 1053 demodulates the PDSCH in compliance with
a modulation scheme notified with the downlink grant, such as Quadrature
Phase Shift Keying (QPSK), 16 Quadrature Amplitude Modulation (QAM), or
64 QAM, and outputs a result of the demodulation to the decoding unit 1051.
The decoding unit 1051 decodes the data in accordance with information of a
coding rate notified with the downlink control information, and outputs, to the
higher layer processing unit 101, the downlink data (the transport block)
resulting from the decoding.

[0285]

The channel measurement unit 1059 measures a downlink path loss or a
channel state from the downlink reference signal input from the demultiplexing
unit 1055, and outputs the measured path loss or channel state to the higher
layer processing unit 101. Furthermore, the channel measurement unit 1059
calculates a downlink channel estimate from the downlink reference signal and
outputs the calculated downlink channel estimate to the demultiplexing unit
1055. The channel measurement unit 1059 performs channel measurement
and/or interference measurement in order to calculate the CQI (or the CSI).
[0286]

The transmission unit 107 generates the uplink reference signal in
accordance with the control signal input from the control unit 103, codes and
modulates the uplink data (the transport block) input from the higher layer
processing unit 101, multiplexes the PUCCH, the PUSCH, and the generated
uplink reference signal, and transmits a result of the multiplexing to the base
station device 3 through the transmit and receive antenna 109. Furthermore, the
transmission unit 107 transmits uplink control information.

[0287]

The coding unit 1071 performs coding, such as convolutional coding or
block coding, on the uplink control information input from the higher layer
processing unit 101. Furthermore, the coding unit 1071 performs turbo coding
in accordance with information used for the scheduling of the PUSCH.

[0288]

The modulation unit 1073 modulates coded bits input from the coding
unit 1071, in compliance with the modulation scheme notified with the
downlink control information, such as BPSK, QPSK, 16 QAM, or 64 QAM, or
in compliance with a modulation scheme prescribed in advance for each channel.
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In accordance with the information used for the scheduling of the PUSCH, the
modulation unit 1073 determines the number of data sequences to be
spatial-multiplexed, maps multiple pieces of uplink data to be transmitted on
the same PUSCH to multiple sequences through Multiple Input Multiple Output
Spatial Multiplexing (MIMO SM), and performs precoding on the sequences.
[0289]

The uplink reference signal generation unit 1079 generates a sequence
acquired in accordance with a rule (formula) prescribed in advance, based on a
physical layer cell identifier (also referred to as a Physical Cell Identity (PCI), a
Cell ID, or the like) for identifying the base station device 3, a bandwidth to
which the uplink reference signal is mapped, a cyclic shift notified with the
uplink grant, a parameter value for generation of a DMRS sequence, and the
like. In accordance with the control signal input from the control unit 103, the
multiplexing unit 1075 rearranges modulation symbols of the PUSCH in
parallel and then performs Discrete Fourier Transform (DFT) on the rearranged
modulation symbols. Furthermore, the multiplexing unit 1075 multiplexes
PUCCH and PUSCH signals and the generated uplink reference signal for each
transmit antenna port. To be more specific, the multiplexing unit 1075 maps the
PUCCH and PUSCH signals and the generated uplink reference signal to the
resource elements for each transmit antenna port.

[0290]

The radio transmission unit 1077 performs Inverse Fast Fourier
Transform (IFFT) on a signal resulting from the multiplexing, generates an
SC-FDMA symbol, attaches a CP to the generated SC-FDMA symbol, generates
a baseband digital signal, converts the baseband digital signal into an analog
signal, removes unnecessary frequency components through a lowpass filter,
up-converts a result of the removal into a signal of a carrier frequency, performs
power amplification, and outputs a final result to the transmit and receive
antenna 109 for transmission.

[0291]

FIG. 13 is a schematic block diagram illustrating a configuration of the
base station device 3 according to the present embodiment. As illustrated in the
figure, the base station device 3 is configured to include a higher layer
processing unit 301, a control unit 303, a reception unit 305, a transmission unit
307, and a transmit and receive antenna 309. The higher layer processing unit
301 is configured to include a radio resource control unit 3011, a scheduling
unit 3013, and a SPS control unit 3015. The reception unit 305 is configured to
include a decoding unit 3051, a demodulation unit 3053, a demultiplexing unit
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3055, a radio reception unit 3057, and a channel measurement unit 3059. The
transmission unit 307 is configured to include a coding unit 3071, a modulation
unit 3073, a multiplexing unit 3075, a radio transmission unit 3077, and a
downlink reference signal generation unit 3079.

[0292]

The higher layer processing unit 301 performs processing of the Medium
Access Control (MAC) layer, the Packet Data Convergence Protocol (PDCP)
layer, the Radio Link Control (RLC) layer, and the Radio Resource Control |
(RRC) layer. Furthermore, the higher layer processing unit 301 generates
control information for control of the reception unit 305 and the transmission
unit 307, and outputs the generated control information to the control unit 303.
[0293]

The radio resource control unit 3011 included in the higher layer
processing unit 301 generates, or acquires from a higher node, the downlink
data (the transport block) mapped to the downlink PDSCH, system information,
the RRC message, the MAC Control Element (CE), and the like, and outputs a
result of the generation or the acquirement to the transmission unit 307.
Furthermore, the radio resource control unit 3011 manages various
configuration information/parameters for each of the terminal devices 1. The
radio resource control unit 3011 may configure various configuration
information/parameters for each of the terminal devices 1 through higher layer
signaling. In other words, the radio resource control unit 1011
transmits/broadcasts information indicating various configuration
information/parameters. The radio resource control unit 3011 is also referred to
as a configuration unit 3011.

[0294]

The scheduling unit 3013 included in the higher layer processing unit
301 determines a frequency and a subframe to which the physical channels
(PDSCH and PUSCH) are allocated, the coding rate and modulation scheme for
the physical channels (PDSCH and PUSCH), the transmit power, and the like,
from the received channel state information and from the channel estimate,
channel quality, or the like input from the channel measurement unit 3059. The
scheduling unit 3013 generates the control information (e.g., the DCI format) in
order to control the reception unit 305 and the transmission unit 307 in
accordance with a result of the scheduling, and outputs the generated
information to the control unit 303. The scheduling unit 3013 further
determines timings of performing transmission processing and reception
processing.
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[0295]

The SPS control unit 3015 included in the higher layer processing unit
301 performs controls concerning the SPS, based on various configuration
information, and information or conditions regarding the SPS such as
parameters.

[0296]

In accordance with the control information originating from the higher
layer processing unit 301, the control unit 303 generates a control signal for
control of the reception unit 305 and the transmission unit 307. The control unit
303 outputs the generated control signal to the reception unit 305 and the
transmission unit 307 to control the reception unit 305 and the transmission unit
307.

[0297]

In accordance with the control signal input from the control unit 303, the
reception unit 305 demultiplexes, demodulates, and decodes the reception
signal received from the terminal device 1 through the transmit and receive
antenna 309, and outputs information resulting from the decoding to the higher
layer processing unit 301. The radio reception unit 3057 converts
(down-converts) an uplink signal received through the transmit and receive
antenna 309 into a baseband signal through orthogonal demodulation, removes
unnecessary frequency components, controls the amplification level in such a
manner as to suitably maintain a signal level, performs orthogonal
demodulation, based on an in-phase component and an orthogonal component of
the received signal, and converts the resulting orthogonally-demodulated analog
signal into a digital signal. The reception unit 305 receives the uplink control
information.

[0298]

The radio reception unit 3057 removes a portion corresponding to a
Cyclic Prefix (CP) from the digital signal résulting from the conversion. The
radio reception unit 3057 performs Fast Fourier Transform (FFT) on the signal
from which the CP has been removed, extracts a signal in the frequency domain,
and outputs the resulting signal to the demultiplexing unit 3055.

[0299]

The demultiplexing unit 1055 demultiplexes the signal input from the
radio reception unit 3057 into the PUCCH, the PUSCH, and the signal such as
the uplink reference signal. The demultiplexing is performed based on radio
resource allocation information that is determined in advance by the base
station device 3 using the radio resource control unit 3011 and that is included
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in the uplink grant notified to each of the terminal devices 1. Furthermore, the
demultiplexing unit 3055 makes a compensation of channels including the
PUCCH and the PUSCH from the channel estimate input from the channel
measurement unit 3059. Furthermore, the demultiplexing unit 3055 outputs an
uplink reference signal resulting from the demultiplexing, to the channel
measurement unit 3059.

[0300]

The demodulation unit 3053 performs Inverse Discrete Fourier
Transform (IDFT) on the PUSCH, acquires modulation symbols, and performs
reception signal demodulation, that is, demodulates each of the modulation
symbols on the PUCCH and the PUSCH, in compliance with the modulation
scheme prescribed in advance, such as Binary Phase Shift Keying (BPSK),
QPSK, 16 QAM, or 64 QAM, or in compliance with the modulation scheme that
the base station device 3 itself notified in advance with the uplink grant each of
the terminal devices 1. The demodulation unit 3053 demultiplexes the
modulation symbols of multiple pieces of uplink data transmitted on the same
PUSCH with the MIMO SM, based on the number of spatial-multiplexed
sequences notified in advance with the uplink grant to each of the terminal
devices 1 and information designating the precoding to be performed on the
sequences.

[0301]

The decoding unit 3051 decodes the coded bits of the PUCCH and the
PUSCH, which have been demodulated, at the coding rate in compliance with a
coding scheme prescribed in advance, the coding rate being prescribed in
advance or being notified in advance with the uplink grant to the terminal
device 1 by the base station device 3 itself, and outputs the decoded uplink data
and uplink control information to the higher layer processing unit 101. In a case
where the PUSCH is re-transmitted, the decoding unit 3051 performs the
decoding with the coded bits input from the higher layer processing unit 301
and retained in an HARQ buffer, and the demodulated coded bits. The channel
measurement unit 309 measures the channel estimate, the channel quality, and
the like, based on the uplink reference signal input from the demultiplexing unit
3055, and outputs a result of the measurement to the demultiplexing unit 3055
and the higher layer processing unit 301.

[0302]

The transmission unit 307 generates the downlink reference signal in
accordance with the control signal input from the control unit 303, codes and
modulates the HARQ indicator, the downlink control information, and the
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downlink data that are input from the higher layer processing unit 301,
multiplexes the PHICH, the PDCCH, the EPDCCH, the PDSCH, and the
downlink reference signal, and transmits a result of the multiplexing to the
terminal device 1 through the transmit and receive antenna 309.

[0303]

The coding unit 3071 codes the HARQ indicator, the downlink control
information, and the downlink data that are input from the higher layer
processing unit 301, in compliance with the coding scheme prescribed in
advance, such as block coding, convolutional coding, or turbo coding, or in
compliance with the coding scheme determined by the radio resource control
unit 3011. The modulation unit 3073 modulates the coded bits input from the
coding unit 3071, in compliance with the modulation scheme prescribed in
advance, such as BPSK, QPSK, 16 QAM, or 64 QAM, or in compliance with
the modulation scheme determined by the radio resource control unit 3011.
[0304] .

The downlink reference signal generation unit 3079 generates, as the
downlink reference signal, a sequence that is already known to the terminal
device 1 and that is acquired in accordance with a rule prescribed in advance,
based on the Physical layer Cell Identifier (PCI) for identifying the base station
device 3, and the like. The multiplexing unit 3075 multiplexes the modulated
modulation symbol of each channel and the generated downlink reference signal.
To be more specific, the multiplexing unit 3075 maps the modulated modulation
symbol of each channel and the generated downlink reference signal to the
resource elements.

[0305]

The radio transmission unit 3077 performs Inverse Fast Fourier
Transform (IFFT) on the modulation symbol resulting from the multiplexing or
the like, generates an OFDM symbol, attaches a CP to the generated OFDM
symbol, generates a baseband digital signal, converts the baseband digital
signal into an analog signal, removes unnecessary frequency components
through a lowpass filter, up-converts a result of the removal into a signal of a
carrier frequency, performs power amplification, and outputs a final result to
the transmit and receive antenna 309 for transmission.

[0306]

To be more specific, the terminal device 1 according to the present
embodiment includes the higher layer processing unit 101 configured to store
the uplink grant received from the base station device as the configured uplink
grant, a transmission unit 107 configured to perform the transmission of the
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MAC protocol data unit, based on the configured uplink grant that is considered
to occur in a subframe satisfying a prescribed condition, the transmission unit
107 transmitting the MAC protocol data unit based on the configured uplink
grant in response to receiving the uplink grant that is used to indicate a release
of the Semi-Persistent Scheduling, and the higher layer processing unit 101
configured to clear the configured uplink grant. The field of the resource
allocation information included in the uplink grant that is used to indicate the
release of the Semi-Persistent Scheduling is set to a prescribed value defined
for the release of the Semi-Persistent Scheduling.

[0307]

The base station device 3 according to the present embodiment includes
the higher layer processing unit 301 configured to consider that the uplink grant
transmitted to the terminal device 1 is to be stored as a configured uplink grant,
a reception unit 305 configured to perform the reception of the MAC protocol
data unit, based on the configured uplink grant that is considered to occur in a
subframe satisfying a prescribed condition, the reception unit 305 receiving the
MAC protocol data unit, based on the configured uplink grant in response to
transmitting the uplink grant that is used to indicate a release of the
Semi-Persistent Scheduling, and the higher layer processing unit 301
configured to consider the configured uplink grant to be cleared. The field of
the resource allocation information included in the uplink grant that is used to
indicate the release of the Semi-Persistent Scheduling is set to a prescribed
value defined for the release of the Semi-Persistent Scheduling.

[0308]

The terminal device 1 according to the present embodiment includes the
reception unit 105 configured to receive a first parameter for indicating the
number of empty transmissions before a release, and a second parameter for
configuring the first counter, the higher layer processing unit 101 which is
configured with the first parameter, and configured to clear the configured
uplink grant in the case that the number of consecutive empty transmissions
based on the configured uplink grant reaches a value indicated using the first
parameter, and the higher layer processing unit 101 being configured with the
second parameter, and to clear the configured uplink grant in the case that the
number of occurrences of the configured uplink grant reaches the value
indicated using the second parameter. Each of the consecutive empty
transmissions corresponds to an initial transmission, and is the transmission of
the MAC protocol data unit not including first prescribed information.

[0309]

63



10

15

20

25

30

35

The terminal device 1 according to the present embodiment includes the
higher layer processing unit 101 configured to receive a first parameter for
indicating the number of empty transmissions before a release and a second
parameter for configuring the first timer, is configured with the first parameter,
and configured to clear the configured uplink grant in the case that the number
of consecutive empty transmissions based on the configured uplink grant
reaches the value indicated using the first parameter, and the higher layer
processing unit 101 being configured with the second parameter, and clears the
configured uplink grant in the case that a timer indicated using the second
parameter has expired. Each of the consecutive empty transmissions
corresponds to an initial transmission, and is the transmission of the MAC
protocol data unit not including the first prescribed information.

[0310]

The base station device 3 according to the present embodiment includes
the transmission unit 307 configured to transmit a first parameter for indicating
the number of empty transmissions before a release, and a second parameter for
configuring a first counter, and the higher layer processing unit 301 which
configures a first parameter, and configured to consider that the configured
uplink grant is to be cleared in the case that the number of consecutive empty
transmissions based on the configured uplink grant reaches a value indicated
using the first parameter, the higher layer processing unit 301 configuring a
second parameter, and considering that the configured uplink grant is to be
cleared in a case that the number of occurrences of the configured uplink grant
reaches a value indicated using the second parameter. Each of the consecutive
empty transmissions corresponds to an initial transmission, and is transmission
of the MAC protocol data unit not including the first prescribed information.
[0311]

The base station device 3 according to the present embodiment includes
the transmission unit 307 configured to transmit a first parameter for indicating
the number of empty transmissions before a release, and a second parameter for
configuring a first timer, and the higher layer processing unit 301 which
configures the first parameter, and considers that the configured uplink grant is
to be cleared in the case that the number of consecutive empty transmissions
based on the configured uplink grant reaches a value indicated using the first
parameter, the higher layer processing unit 301 configuring the second
parameter, and considering that the configured uplink grant is to be cleared in a
case that a timer indicated using a second parameter has expired. Each of the

consecutive empty transmissions corresponds to an initial transmission, and is
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transmission of the MAC protocol data unit not including the first prescribed
information.
[0312]

The terminal device 1 according to the present embodiment includes the
higher layer processing unit 101 configured to store the uplink grant received
from a base station device, as the configured uplink grant, and the transmission
unit 107 configured to transmit the MAC protocol data unit including
prescribed information based on the configured uplink grant considered to occur
in a subframe satisfying a prescribed condition, while the timer is not running,
the transmission unit 107 not transmitting the MAC protocol data unit based on
the configured uplink grant considered to occur in the subframe satisfying the
prescribed condition while the timer is running regardless of whether the
prescribed information is included in the MAC protocol data unit. The timer is
started, based on the transmission of the MAC protocol data unit including the
prescribed information.

[0313]

The transmission unit 107 is configured to transmit the MAC protocol
data unit based on the configured uplink grant in response to the uplink grant
that is used to indicate activation or reactivation of the Semi-Persistent
Scheduling regardless of whether the timer is running or whether the prescribed
information is included in the MAC protocol data unit.

[0314]

The transmission unit 107 is configured to transmit the MAC protocol
data unit based on the configured uplink grant in response to the uplink grant
that is used to indicate a release of the Semi-Persistent Scheduling regardless of
whether the timer is running or whether the prescribed information is included
in the MAC protocol data unit, and the higher layer processing unit 101 is
configured to stop the timer.

[0315]

The base station device 3 according to the present embodiment includes
the higher layer processing unit 301 configured to consider an uplink grant
transmitted to the terminal device to be stored as the configured uplink grant,
and the reception unit 305 configured to receive the MAC protocol data unit
including prescribed information based on the configured uplink grant
considered to occur in a subframe satisfying a prescribed condition, while the
timer is not running, the reception unit 305 not receiving the MAC protocol data
unit based on the configured uplink grant considered to occur in the subframe
satisfying the prescribed condition while the timer is running regardless of
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whether the prescribed information is included in the MAC protocol data unit.
The timer is started, based on the reception of the MAC protocol data unit
including the prescribed information.

[0316]

The reception unit 305 is configured to receive the MAC protocol data
unit based on the configured uplink grant in response to transmitting the uplink
grant that is used to indicate activation or reactivation of the Semi-Persistent
Scheduling regardless of whether the timer is running or whether the prescribed
information is included in the MAC protocol data unit.

[0317]

The reception unit 305 is configured to receive the MAC protocol data
unit based on the configured uplink grant in response to transmitting the uplink
grant that is used to indicate a release of the Semi-Persistent Scheduling
regardless of whether the timer is running or whether the prescribed information
is included in the MAC protocol data unit, and the higher layer processing unit
301 is configured to stop the timer.

[0318]

The terminal device 1 according to the present embodiment includes the
reception unit 105 configured to receive parameters for configuring the master
cell group and secondary cell group, a parameter for configuring the Timing
Advance Groups, and a parameter for configuring the timer for each of the
Timing Advance Groups, and the higher layer processing unit 101 configured to
store the uplink grant received in the primary secondary cell of the secondary
cell group as the configured uplink grant, the higher layer processing unit 101
considering that the timer for the Primary Secondary Timing Advance Group of
the secondary cell group has expired and clearing the configured uplink grant,
in a case that the difference between the uplink transmission timing for the
Primary Timing Advance Group of the master cell group and the uplink
transmission timing for the Primary Secondary Timing Advance Group of the
secondary cell group exceeds a maximum transmission timing difference.
[0319]

The terminal device 1 also includes the transmission unit 107 configured
to consider that the timer for the Secondary Timing Advance Group of the
master cell group has expired, and to stop the transmission on the PUSCH,
PUCCH, and/or SRS for the Secondary Timing Advance Group of the master
cell group, in a case that the difference between the uplink transmission timing
for the Primary Timing Advance Group of the master cell group and the uplink
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transmission timing for the Secondary Timing Advance Group of the master cell
group exceeds the maximum transmission timing difference.
[0320]

The terminal device 1 also includes the transmission unit 107 configured
to consider that the timer for the Secondary Timing Advance Group of the
secondary cell group has expired, and to stop the transmission on the PUSCH,
PUCCH, and/or SRS for the Secondary Timing Advance Group of the secondary
cell group, in the case that the difference between the uplink transmission
timing for the Primary Timing Advance Group of the master cell group and the
uplink transmission timing for the Secondary Timing Advance Group of the
secondary cell group exceeds the maximum transmission timing difference.
[0321]

The base station device 3 according to the present embodiment includes
the transmission unit 307 configured to transmit the parameters for configuring
the master cell group and secondary cell group, the parameter for configuring
the Timing Advance Groups, and the parameter for configuring the timer for
each of the Timing Advance Groups, and the higher layer processing unit 301
configured to consider that the uplink grant transmitted in the primary
secondary cell of the secondary cell group is to be stored as the configured
uplink grant, the higher layer processing unit 301 considering that the timer for
the Primary Secondary Timing Advance Group of the secondary cell group has
expired and considering that the configured uplink grant is to be cleared, in the
case that the difference between the uplink transmission timing for the Primary
Timing Advance Group of the master cell group and the uplink transmission
timing for the Primary Secondary Timing Advance Group of the secondary cell
group exceeds the maximum transmission timing difference.

[0322]

The base station device 3 also includes the higher layer processing unit
301 configured to consider that the timer for the Secondary Timing Advance
Group of the master cell group has expired, and to consider that the
transmission on the PUSCH, PUCCH, and/or SRS for the Secondary Timing
Advance Group of the master cell group is to be stopped, in the case that the
difference between the uplink transmission timing for the Primary Timing
Advance Group of the master cell group and the uplink transmission timing for
the Secondary Timing Advance Group of the master cell group exceeds the
maximum transmission timing difference.

[0323]
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The base station device 3 also includes the higher layer processing unit
301 configured to consider that the timer for the Secondary Timing Advance
Group of the secondary cell group has expired, and to consider the transmission
on the PUSCH, PUCCH, and/or SRS for the Secondary Timing Advance Group
of the secondary cell group to be stopped, in the case that the difference
between the uplink transmission timing for the Primary Timing Advance Group
of the master cell group and the uplink transmission timing for the Secondary
Timing Advance Group of the secondary cell group exceeds the maximum
transmission timing difference.

[0324]

This allows the uplink data to be efficiently transmitted.
[0325]

A program running on each of the base station device 3 and the terminal
device 1 according to the present invention may serve as a program that controls
a Central Processing Unit (CPU) and the like (a program for causing a computer
to operate) in such a manner as to enable the functionalities according to the
above-described embodiment of the present invention. The information handled
in these devices is temporarily stored in a Random Access Memory (RAM)
while being processed. Thereafter, the information is stored in various types of
Read Only Memory (ROM) such as a flash ROM and a Hard Disk Drive (HDD),
and when necessary, is read by the CPU to be modified or rewritten.

[0326]

Moreover, the terminal device 1 and the base station device 3 according
to the above-described embodiment may be partially achieved by a computer. In
this case, this configuration may be realized by recording a program for
realizing such control functions on a computer-readable recording medium and
causing a computer system to read the program recorded on the recording
medium for execution.

[0327]

Note that it is assumed that the "computer system" refers to a computer
system built into the terminal device 1 or the base station device 3, and the
computer system includes an OS and hardware components such as a peripheral
device. Furthermore, the "computer-readable recording medium" refers to a
portable medium such as a flexible disk, a magneto-optical disk, a ROM, and a
CD-ROM, and a storage device such as a hard disk built into the computer
system.

[0328]
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Moreover, the "computer-readable recording medium" may include a
medium that dynamically retains the program for a short period of time, such as
a communication line that is used to transmit the program over a network such
as the Internet or over a communication line such as a telephone line, and a
medium that retains, in that case, the program for a fixed period of time, such as
a volatile memory within the computer system which functions as a server or a
client. Furthermore, the program may be configured to realize some of the
functions described above, and also may be configured to be capable of
realizing the functions described above in combination with a program already
recorded in the computer system.

[0329]

Furthermore, the base station device 3 according to the above-described
embodiment is achieved as an aggregation (a device group) including multiple
devices. Devices constituting such a device group may be each equipped with
some or all portions of each function or each functional block of the base
station device 3 according to the above-described embodiment. The device
group may include at least general functionalities or general functional blocks
of the base station device 3. Furthermore, the terminal device 1 according to the
above-described embodiments can also communicate with the base station
device as the aggregation.

[0330]

Furthermore, the base station device 3 according to the above-described
embodiment may serve as an Evolved Universal Terrestrial Radio Access
Network (EUTRAN). Furthermore, the base station device 3 according to the
above-described embodiment may have some or all portions of the
functionalities of a node higher than an eNodeB.

[0331]

Furthermore, some or all portions of each of the terminal device 1 and
the base station device 3 according to the above-described embodiment may be
achieved as an LSI which is a typical integrated circuit or may be achieved as a
chip set. The functional blocks of each of the terminal device 1 and the base
station device 3 may be individually achieved as a chip, or some or all of the
functional blocks may be integrated into a chip. Furthermore, a circuit
integration technique is not limited to the LSI, and may be realized with a
dedicated circuit or a general-purpose processor. Furthermore, in a case where
with advances in semiconductor technology, a circuit integration technology
with which an LSI is replaced appears, it is also possible to use an integrated

circuit based on the technology.
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[0332]

Furthermore, according to the above-described embodiment, the terminal
device has been described as an example of a communication device, but the
present invention is not limited to such a terminal device, and is applicable to a
terminal device or a communication device of a fixed-type or a stationary-type
electronic apparatus installed indoors or outdoors, for example, such as an
Audio-Video (AV) apparatus, a kitchen apparatus, a cleaning or washing
machine, an air-conditioning apparatus, office equipment, a vending machine,
and other household apparatuses.

[0333]

Embodiments of the present invention have been described in detail
above referring to the drawings, but the specific configuration is not limited to
the embodiments and includes, for example, an amendment to a design that falls
within the scope that does not depart from the gist of the present invention.
Furthermore, various modifications are possible within the scope of the present
invention defined by claims, and embodiments that are made by suitably
combining technical means disclosed according to the different embodiments
are also included in the technical scope of the present invention. Furthermore, a
configuration in which a constituent element that achieves the same effect is
substituted for the one that is described according to the embodiments is also

included in the technical scope of the present invention.

Reference Signs List
[0334]
1 (1A, 1B, 1C) Terminal device
3 Base station device
101 Higher layer processing unit
103 Control unit
105 Reception unit
107 Transmission unit
301 Higher layer processing unit
303 Control unit
305 Reception unit
307 Transmission unit
1011 Radio resource control unit
1013 Scheduling information interpretation unit
1015 SPS control unit
3011 Radio resource control unit
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3013 Scheduling unit
3015 SPS control unit
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CLAIMS

1. A terminal apparatus (1) comprising:

a reception unit (105) configured to receive, from a base station apparatus (3), an
uplink grant on a physical downlink control channel; and

a transmission unit (107) configured to transmit based on the uplink grant, to

the base station apparatus (3), a Medium Access Control Protocol Data Unit, MAC PDU,
that includes a regular Buffer Status Report, BSR, wherein

a MAC PDU is not generated in a case that the MAC PDU includes only a
periodic BSR and there is no available data for an uplink transmission, and

the periodic BSR is triggered in a case that a timer expires.

2. The terminal apparatus (1) according to claim 1, wherein
a MAC PDU is not generated in a case that the MAC PDU includes only a
padding BSR.

3. A base station apparatus (3) comprising:

a transmission unit (307) configured to transmit, to a terminal apparatus (1), an
uplink grant on a physical downlink control channel; and

a reception unit (305) configured to receive based on the uplink grant, from the

terminal apparatus (1), a Medium Access Control Protocol Data Unit, MAC PDU, that
includes a regular Buffer Status Report, BSR, wherein

a MAC PDU is not received in a case that the MAC PDU includes only a
periodic BSR and there is no available data for an uplink transmission in the terminal
apparatus (1), and

the periodic BSR is triggered in a case that a timer expires.

4. The base station apparatus (3) according to claim 3, wherein
a MAC PDU is not received in a case that the MAC PDU includes only a
padding BSR.

5. A communication method of a terminal apparatus (1) comprising:

receiving, from a base station apparatus (3), an uplink grant on a physical
downlink control channel; and

transmitting based on the uplink grant, to the base station apparatus (3), a

Medium Access Control Protocol Data Unit, MAC PDU, that includes a regular Buffer
Status Report, BSR, wherein

a MAC PDU is not generated in a case that the MAC PDU includes only a
periodic BSR and there is no available data for an uplink transmission.
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6. The communication method according to claim 5, wherein
a MAC PDU is not generated in a case that the MAC PDU includes only a
padding BSR.

7. A communication method of a base station apparatus (3) comprising:

transmitting, to a terminal apparatus (1), an uplink grant on a physical downlink
control channel; and

receiving based on the uplink grant, from the terminal apparatus (1), a Medium

Access Control Protocol Data Unit, MAC PDU, that includes a regular Buffer Status
Report, BSR, wherein

a MAC PDU is not received in a case that the MAC PDU includes only a
periodic BSR and there is no available data for an uplink transmission in the terminal
apparatus (1), and

the periodic BSR is triggered in a case that a timer expires.

8. The communication method according to claim 7, wherein

a MAC PDU is not received in a case that the MAC PDU includes only a
padding BSR.
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