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DESCRIPTION 

 

TERMINAL DEVICE, BASE STATION DEVICE, COMMUNICATION METHOD, 

AND INTEGRATED CIRCUIT 

 5 

 

TECHNICAL FIELD 

[0001] 

The present invention relates to a terminal device, a base station device, a 

communication method, and an integrated circuit.  10 

The present application claims priority based on JP 2015-133997 filed on July 3, 2015, 

the contents of which are incorporated herein. 

 

BACKGROUND ART 

[0002] 15 

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. In LTE, a base station device is also referred to as 

evolved NodeB (eNodeB), and a terminal device is also referred to as User 20 

Equipment (UE). LTE is a cellular communication system in which an area is 

divided into multiple cells to form a cellular pattern, the area being served by a 

base station device. A single base station device may manage a plurality o f cells. 

[0003] 

In LTE, carrier aggregation in which a terminal device communicates with 25 

a base station device through a plurality of carriers (cells) aggregated, and 

Multiple Input Multiple Output (MIMO) in which a plurality of layers are 

spatial-multiplexed, have been introduced. The MIMO has been introduced since 

LTE Release 8, and the carrier aggregation has been introduced since LTE Release 

10 (NPLs 2, 3, and 4). 30 

[0004] 

In LTE, functions of the MIMO and the carrier aggregation have been 

continuously extended, even after the introduction of the MIMO and the carrier 
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aggregation. A terminal device transmits, to a base station device, capability 

information indicating the technology of the MIMO and the carrier aggregation 

supported by the terminal device (NPL 5). 

 

CITATION LIST 5 

[Non-Patent Literature] 

[0005] 

NPL 1: “3GPP TS 36.101 V12.7.0 (2015-03)”, 2nd April, 2015. 

NPL 2: “3GPP TS 36.211 V12.5.0 (2015-03)”, 26th March, 2015. 

NPL 3: “3GPP TS 36.212 V12.4.0 (2015-03)”, 26th March, 2015. 10 

NPL 4: “3GPP TS 36.213 V12.5.0 (2015-03)”, 26th March, 2015. 

NPL 5: “3GPP TS 36.306 V12.4.0 (2015-03)”, 27th March, 2015. 

 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 15 

[0006] 

However, in the above-described radio systems, an actual operation of a 

base station device and an operation of the base station device assumed by a 

terminal device may be different, and thus, the base station device and the 

terminal device sometimes may not correctly communicate with each other. For 20 

example, there is a possibility that an actual operation of the base station device 

and an operation of the base station device assumed by the terminal device and/or 

an actual operation of the terminal device and an operation of the terminal device 

assumed by the base station device are different with respect to a bit width of a 

Rank Indicator (RI) fed back by the terminal device to the base station device, a 25 

rate matching of a code block of a downlink transport block, storing of soft 

channel bits, and the like. 

[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 capable of efficiently communicating 30 

with a base station device, a base station device, a communication method, and an 

integrated circuit. 
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Means for Solving the Problems 

[0008] 

(1) In order to accomplish the object described above, aspects of the 

present invention are contrived to provide the following means. That is, a first 

aspect of the present invention is a terminal device, including: a transmission unit 5 

configured to transmit a Rank Indicator (RI) for Physical Downlink Shared 

CHannel (PDSCH) transmission; a reception unit configured to receive first 

information used for determining a first maximum number of layers being a first 

maximum number assumed for determining a bit width for the RI and to receive a 

transport block on the PDSCH, and a decoding unit configured to decode a code 10 

block of the transport block. In a case that the decoding unit fails to decode the 

code block, at least soft channel bits corresponding to a range of prescribed soft 

channel bits are stored. The prescribed soft channel bits are based on a soft buffer 

size for the code block, and the soft buffer size for the code block is based at least 

on the first information used for determining the first maximum number of the 15 

layers. 

[0009] 

(2) A second aspect of the present invention is a communication method 

used by a terminal device, including the steps of: transmitting a Rank Indicator 

(RI) for Physical Downlink Shared CHannel (PDSCH) transmission; receiving 20 

first information used for determining a first maximum number of layers being a 

first maximum number assumed for determining a bit width for the RI; receiving a 

transport block on the PDSCH; decoding a code block of the transport block; and 

storing, in a case of failing to decode the code block, at least soft channel bits 

corresponding to a range of prescribed soft channel bits. The prescribed soft 25 

channel bits are based on a soft buffer size for the code block, and the sof t buffer 

size for the code block is based at least on the first information used for 

determining the first maximum number of the layers.  

[0010] 

(3) A third aspect of the present invention is an integrated circuit causing a terminal 30 

device to exhibit a series of functions, the functions include: transmitting a Rank 

Indicator (RI) for Physical Downlink Shared CHannel (PDSCH) transmission, receiving 

first information used for determining a first maximum number of layers being a first 
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maximum number assumed for determining a bit width for the RI; receiving a transport 

block on the PDSCH; decoding a code block of the transport block; and storing, in a case 

of failing to decode the code block, at least soft channel bits corresponding to a range of 

prescribed soft channel bits. The prescribed soft channel bits are based on a soft buffer 

size for the code block, and the soft buffer size for the code block is based at least on the 5 

first information used for determining the first maximum number of the layers. 

 

Effects of the Invention 

[0011] 

According to the aspects of the present invention, a terminal device and a 10 

base station device can efficiently communicate with each other.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIG. 1 is a conceptual diagram of a radio communication system according 15 

to the present embodiment. 

FIG. 2 is a diagram illustrating a schematic configuration of a radio frame 

according to the present embodiment. 

FIG. 3 is a diagram illustrating a configuration of a slot according to the 

present embodiment. 20 

FIG. 4 is a schematic block diagram illustrating a configuration of a 

terminal device 1 according to the present embodiment.  

FIG. 5 is a schematic block diagram illustrating a configuration of a base 

station device 3 according to the present embodiment.  

FIG. 6 is a diagram illustrating one example of processing in a coding unit 25 

3071 according to the present embodiment. 

FIG. 7 is a diagram illustrating one example of processing in a multiplexing 

unit 3075 according to the present embodiment. 

FIG. 8 is a table showing one example of a correspondence of a 

transmission mode, a DCI format, and a PDSCH transmission scheme according to 30 

the present embodiment. 

FIG. 9 is a table showing one example of a UE category according to the 

present embodiment. 
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FIG. 10 is a table showing one example of a downlink UE category 

according to the present embodiment. 

FIG. 11 is a table showing one example of a combination of categories 

indicated by a plurality of capability parameters according to the present 

embodiment. 5 

FIG. 12 is a table showing one example of a bandwidth class according to 

the present embodiment. 

FIG. 13 is a diagram illustrating one example of a configuration of a 

capability parameter supportedBandCombination according to the present 

embodiment. 10 

FIG. 14 is a diagram illustrating one example of a configuration of the 

capability parameter supportedBandCombination according to the present 

embodiment. 

FIG. 15 is a table showing one example of a combination of the bandwidth 

class and a MIMO capability according to the present embodiment. 15 

FIG. 16 is a diagram illustrating one example of a sequence chart between 

the terminal device 1 and the base station device 3 according to the present 

embodiment. 

FIG. 17 is a diagram illustrating one example of a rate matching according 

to the present embodiment. 20 

FIG. 18 illustrates one example of a bit selection and pruning according to 

the present embodiment. 

FIG. 19 is a diagram illustrating one example of a flow chart associated 

with a determination of a total number Nsoft of soft channel bits according to the 

present embodiment. 25 

FIG. 20 illustrates one example of a method of configuring K c according to 

the present embodiment. 

FIG. 21 is a diagram illustrating one example of a range of <wk, wk + 1,...w(k 

+ nSB - 1) mod Ncb> according to the present embodiment. 

FIG. 22 is a diagram illustrating one example of a flow chart associated with a 30 

determination of a total number N’soft of the soft channel bits according to the present 

embodiment. 
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MODE FOR CARRYING OUT THE INVENTION 

[0013] 

Hereinafter, embodiments of the present invention will be described.  

[0014] 

In the present embodiment, a plurality of cells are configured for a terminal 5 

device. A technology in which the terminal device communicates through a 

plurality of cells is referred to as cell aggregation or carrier aggregation. The 

present invention may be applied to each of the plurality of cells configured for 

the terminal device. Furthermore, the present invention may be applied to some of 

the plurality of configured cells. Each of the cells configured for the terminal 10 

device 1 is also referred to as a serving cell. Any one of Time Division Duplex 

(TDD) scheme and Frequency Division Duplex (TDD) scheme is applied to each 

cell. 

[0015] 

The plurality of configured serving cells include one primary cell (PCell) 15 

and one or more secondary cells (SCells). The primary cell is 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 started, or a cell 

indicated as a primary cell during a handover procedure. The secondary cell may 

be configured at a point in time when a radio resource control (RRC) connection is 20 

established, or later. 

[0016] 

A carrier corresponding to a cell in the downlink is referred to as a 

downlink component carrier. A carrier corresponding to a cell in the uplink is 

referred to as an uplink component carrier. The component carriers include a 25 

transmission bandwidth configuration. For example, the transmission bandwidth  

configuration is 1.4 MHz, 5 MHz, 10 MHz, 15 MHz, or 20 MHz.  

[0017] 

FIG. 1 is a conceptual diagram of a radio communication system according 

to the present embodiment. In FIG. 1, the radio communication system includes 30 

terminal devices 1A to 1C and a base station device 3. The terminal devices 1A to 

1C are each referred to as a terminal device 1, below. 

[0018] 
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Physical channels and physical signals of the present embodiment will be 

described. 

[0019] 

In FIG. 1, in uplink radio communication from the terminal  device 1 to the 

base station device 3, the following uplink physical channels are used. The uplink 5 

physical channel is used to transmit information output from a higher layer.  

• Physical Uplink Control Channel (PUCCH) 

• Physical Uplink Shared Channel (PUSCH) 

• Physical Random Access Channel (PRACH) 

[0020] 10 

The PUCCH is a physical channel that is used to transmit Uplink Control 

Information (UCI). The pieces of uplink control information include downlink 

Channel State Information (CSI), a Scheduling Request (SR) indicating a request 

for a PUSCH resource, and an acknowledgement 

(ACK)/negative-acknowledgement (NACK) for downlink data (a Transport Block 15 

or a Downlink-Shared Channel (DL-SCH)). The ACK/NACK is also referred to as 

an HARQ-ACK, HARQ feedback, or response information. 

[0021] 

The channel state information includes a Channel Quality Indicator (CQI), 

a Rank Indicator (RI), and a Precoding Matrix Indicator (PMI). The CQI expresses 20 

a combination of a modulation scheme and a coding rate for a single transpor t 

block to be transmitted on the PDSCH. The RI indicates the number of useful 

layers determined by the terminal device 1. The PMI indicates a code book 

determined by the terminal device 1. The code book is correlated with a precoding 

of the PDSCH. 25 

[0022] 

The PUSCH is a physical channel that is used to transmit uplink data 

(Uplink-Shared Channel (UL-SCH)). Furthermore, the PUSCH may be used to 

transmit the HARQ-ACK and/or channel state information along with the uplink 

data. Furthermore, the PUSCH may be used to transmit only the channel state 30 

information or to transmit only the HARQ-ACK and the channel state information. 

[0023] 
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The PRACH is a physical channel that is used to transmit a random access 

preamble. 

[0024] 

In FIG. 1, the following uplink physical signal is used in the uplink radio 

communication. The uplink physical signal is not used to transmit information 5 

output from the higher layer, but is used by a physical layer.  

∙Uplink Reference Signal (UL RS) 

[0025] 

In the present embodiment, the following two types of uplink reference 

signals are used. 10 

• Demodulation Reference Signal (DMRS) 

• Sounding Reference Signal (SRS) 

[0026] 

The DMRS is associated with transmission of the PUSCH or the PUCCH. 

The SRS has no association with the transmission of the PUSCH or the PUCCH.  15 

[0027] 

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

radio communication from the base station device 3 to the terminal device 1. The 

downlink physical channels are used to transmit the information output from the 

higher layer. 20 

• 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) 25 

• Physical Downlink Shared Channel (PDSCH) 

• Physical Multicast Channel (PMCH) 

[0028] 

The PBCH is used to broadcast a Master Information Block (MIB), or a 

Broadcast Channel (BCH), that is shared by the terminal devices 1. The MIB is 30 

transmitted at intervals of 40 ms, and, within the interval, the MIB is repeatedly 

transmitted every 10 ms. Specifically, initial transmission of the MIB is performed 

in a subframe 0 in a radio frame that satisfies SFN mod 4 = 0, and re-transmission 
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(repetition) of the MIB is performed in subframes 0 in all the other radio frames. A 

system frame number (SFN) is a radio frame number. The MIB is system 

information. For example, the MIB includes information indicating the SFN. The 

PBCH is transmitted on some or all of the transmit antenna ports 0 to 3.  

[0029] 5 

The PCFICH is used to transmit information indicating a region (OFDM 

symbols) to be used for transmission of the PDCCH. 

[0030] 

The PHICH is used to transmit an HARQ indicator (HARQ feedback or 

response information) indicating an acknowledgement (ACK) or a negative 10 

acknowledgement (NACK) with respect to the uplink data (Uplink Shared Channel 

(UL-SCH)) received by the base station device 3. 

[0031] 

The PDCCH and the EPDCCH are used to transmit Downlink Control 

Information (DCI). The downlink control information is also referred to as a DCI 15 

format. The downlink control information includes a downlink grant and an uplink 

grant. The downlink grant is also referred to as downlink assignment or downlink 

allocation. 

[0032] 

The downlink grant is used for scheduling of a single PDSCH within a 20 

single cell. The downlink grant is used for scheduling of the PDSCH within the 

same subframe as the subframe in which the downlink grant is transmitted. The 

uplink grant is used for scheduling of a single PUSCH within a single cell. The 

uplink grant is used for scheduling of a single PUSCH within the fourth or later 

subframe from the subframe in which the uplink grant is transmitted. 25 

[0033] 

A Cyclic Redundancy Check (CRC) parity bits are attached to the DCI 

format. The CRC parity bits are scrambled with a Cell-Radio Network Temporary 

Identifier (C-RNTI) or a Semi Persistent Scheduling Cell-Radio Network 

Temporary Identifier (SPS C-RNTI). The C-RNTI and the SPS C-RNTI are 30 

identifiers for identifying the terminal device 1 within a cell. The C-RNTI is used 

to control the PDSCH or the PUSCH in a single subframe. The SPS C-RNTI is 

used to periodically allocate a resource for the PDSCH or the PUSCH. 
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[0034] 

The PDSCH is used to transmit downlink data (Downlink Shared Channel 

(DL-SCH)). 

[0035] 

The PMCH is used to transmit multicast data (Multicast Channel (MCH)).  5 

[0036] 

In FIG. 1, the following downlink physical signals are used in the downlink 

radio communication. The downlink physical signals are not used to transmit the 

information output from the higher layer, but are used by the physical layer.  

• Synchronization signal (SS) 10 

• Downlink reference signal (DL RS) 

[0037] 

The synchronization signal is used in order for the terminal device 1 to be 

synchronized in terms of frequency and time domains for downlink.  

[0038] 15 

The downlink reference signal is used in order for the terminal device 1 to 

perform the channel compensation of the downlink physical channel. The 

downlink reference signal is used in order for the terminal device 1 to calculate 

the downlink channel state information. 

[0039] 20 

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 25 

• Non-zero Power Chanel State Information-Reference signal (NZP 

CSI-RS) 

• Zero Power Chanel State Information-Reference signal (ZP CSI-RS) 

• Multimedia Broadcast and Multicast Service over Single Frequency 

Network Reference Signal (MBSFN RS) 30 

• Positioning Reference Signal (PRS) 

[0040] 
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The CRS is transmitted in the entire band of a subframe. The CRS is used 

to perform demodulation of the PBCH/PDCCH/PHICH/PCFICH/PDSCH. The 

CRS may be used in order for the terminal device 1 to calculate the downlink 

channel state information. The PBCH/PDCCH/PHICH/PCFICH is transmitted on 

an antenna port used for transmission of the CRS. 5 

[0041] 

The URS relating to the PDSCH is transmitted in a subframe and in a band 

that are used for transmission of the PDSCH to which the URS relates. The URS is 

used to demodulate the PDSCH to which the URS relates.  

[0042] 10 

The PDSCH is transmitted on an antenna port used for transmission of the 

CRS or the URS. For example, a DCI format 1A is used to schedule the PDSCH 

transmitted on the antenna port used for the transmission of the CRS. For example, 

a DCI format 2B, a DCI format 2C, and a DCI format 2D are used to schedule the 

PDSCH transmitted on the antenna port used for the transmission of the URS.  15 

[0043] 

The DMRS relating to the EPDCCH is transmitted in a subframe and in a 

band that are used for transmission of the EPDCCH to which the DMRS relates. 

The DMRS is used to demodulate the EPDCCH to which the DMRS relates. The 

EPDCCH is transmitted on an antenna port used for transmission of the DMRS.  20 

[0044] 

The NZP CSI-RS is transmitted in a subframe that is configured. A resource 

in which the NZP CSI-RS is transmitted is configured by the base station device. 

The NZP CSI-RS is used in order for the terminal device 1 to calculate the 

downlink channel state information. The terminal device 1 uses the NZP CSI-RS 25 

to perform signal measurement (channel measurement). The NZP CSI-RS is 

transmitted on some or all of the transmit antenna ports 15 to 22. The terminal 

device 1 configures/specifies the transmit antenna port for the NZP CSI-RS 

transmission based on information received from the base station device 3. 

[0045] 30 

A resource for the ZP CSI-RS is configured by the base station device 3. 

With zero output, the base station device 3 transmits the ZP CSI-RS. To be more 

precise, the base station device 3 does not transmit the ZP CSI-RS. The base 
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station device 3 transmits neither the PDSCH nor the EPDCCH in a resource 

configured for the ZP CSI-RS. For example, in a certain cell, the terminal device 1 

can measure interference in a resource to which the NZP CSI-RS corresponds. 

[0046] 

The MBSFN RS is transmitted in the entire band of a subframe used for 5 

transmission of the PMCH. The MBSFN RS is used to demodulate the PMCH. The 

PMCH is transmitted on the antenna port used for transmission of the MBSFN RS.  

[0047] 

The PRS may be used for the measurement of a reference signal time 

difference (RSTD). The RSTD is defined by a relative timing difference between a 10 

neighbor cell and a reference cell. 

[0048] 

The downlink physical channels and the downlink physical signals are 

collectively referred to as a downlink signal. The uplink physical channels and the 

uplink physical signals are collectively referred to as an uplink signal. The 15 

downlink physical channels and the uplink physical channels are collectively 

referred to as a physical channel. The downlink physical signals and the uplink 

physical signals are collectively referred to as a physical signal.  

[0049] 

The BCH, the MCH, the UL-SCH, and the DL-SCH are transport channels. 20 

A channel used in the Medium Access Control (MAC) layer is referred to as a 

transport channel. The unit of the transport channel used in the MAC layer is 

referred to as a transport block (TB) or a MAC Protocol Data Unit (PDU). In the 

MAC layer, control of Hybrid Automatic Repeat reQuest (HARQ) is performed for 

each transport block. The transport block is a unit of data that the MAC layer 25 

delivers to the physical layer. In the physical layer, the transport block is mapped 

to a code word, and coding processing is performed on a code word-by-code word 

basis. 

[0050] 

A configuration of the radio frame according to the present embodiment 30 

will be described below. 

[0051] 
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FIG. 2 is a diagram illustrating a schematic configuration of the radio frame 

according to the present embodiment. Each of the radio frames is 10 ms in length. 

In FIG. 2, the horizontal axis is a time axis. Furthermore, each of the radio frames 

is constituted of two half frames. Each of the half frames is 5 ms in length. Each 

of the half frames is constituted of five subframes. Each of the subframes is 1 ms 5 

in length and is defined by two consecutive slots. Each of the slots is 0.5 ms in 

length. The i-th subframe within a radio frame is constituted of the (2 × i)-th slot 

and the (2 × i + 1)-th slot. To be more precise, 10 subframes can be utilized at 

each interval of 10 ms. 

[0052] 10 

According to the present embodiment, the following three types of 

subframes are defined. 

• Downlink subframe (a first subframe) 

• Uplink subframe (a second subframe) 

• Special subframe (a third subframe) 15 

[0053] 

The downlink subframe is a subframe reserved for the downlink 

transmission. The uplink subframe is a subframe reserved for the uplink 

transmission. The special subframe is constituted of three fields. The three fields 

are a downlink pilot time slot (DwPTS), a guard period (GP), and an uplink pilot 20 

time slot (UpPTS). The sum of lengths of the DwPTS, the GP, and the UpPTS is 1 

ms. The DwPTS is a field reserved for the downlink transmission. The UpPTS is a 

field reserved for the uplink transmission. The GP is a field in which neither the 

downlink transmission nor the uplink transmission is performed. Moreover, the 

special subframe may be constituted of only the DwPTS and the GP, or may be 25 

constituted of only the GP and the UpPTS. 

[0054] 

A single radio frame is constituted of at least the downlink subframe, the 

uplink subframe, and the special subframe. 

[0055] 30 

The radio communication system according to the present embodiment 

supports 5 ms downlink-to-uplink switch-point periodicity and 10 ms 

downlink-to-uplink switch-point periodicity. In a case where the 
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downlink-to-uplink switch-point periodicity is 5 ms, both of the half frames within 

the radio frame include the special subframe. In another case where the 

downlink-to-uplink switch-point periodicity is 10 ms, only the first half frame 

within the radio frame includes the special subframe. 

[0056] 5 

A configuration of a slot of the present embodiment will be described 

below. 

[0057] 

FIG. 3 is a diagram illustrating a configuration of a slot according to the 

present embodiment. According to the present embodiment, a normal Cyclic Prefix 10 

(CP) is applied to an OFDM symbol. Moreover, an extended Cyclic Prefix (CP) 

may be applied to the OFDM symbol. The physical signal or the physical channel 

transmitted in each of the slots is expressed by a resource grid.  In FIG. 3, the 

horizontal axis is a time axis, and the vertical axis is a frequency axis. In downlink, 

the resource grid is defined by a plurality of subcarriers and a plurality of OFDM 15 

symbols. In uplink, the resource grid is defined by a plurality of subcarriers and a 

plurality of SC-FDMA symbols. The number of subcarriers constituting one slot 

depends on a cell bandwidth. The number of OFDM symbols or SC-FDMA 

symbols constituting one slot is seven. Each element within the resource grid is 

referred to as a resource element. The resource element is identified by using a 20 

subcarrier number, and an OFDM symbol or SC-FDMA symbol number. 

[0058] 

A resource block is used to express mapping of a certain physical channel 

(the PDSCH, the PUSCH, or the like) to resource elements. For the resource block, 

a virtual resource block and a physical resource block are defined. A certain 25 

physical channel is first mapped to the virtual resource block. Thereafter, the 

virtual resource block is mapped to the physical resource block. One physical 

resource block is defined by seven consecutive OFDM symbols or SC-FDMA 

symbols in a time domain and by 12 consecutive subcarriers in a frequency 

domain. Therefore, one physical resource block is constituted of (7 × 12) resource 30 

elements. Furthermore, one physical resource block corresponds to one slot in the 

time domain and corresponds to 180 kHz in the frequency domain. Physical 

resource blocks are numbered from 0 in the frequency domain.  
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[0059] 

FIG. 4 is a schematic block diagram illustrating a configuration of the 

terminal device 1 of the present embodiment. As is illustrated, 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 5 

109. Furthermore, the higher layer processing unit 101 is configured to include a 

radio resource control unit 1011, a scheduling information interpretation unit 1013, 

and a channel state information (CSI) report control unit 1015. Fur thermore, 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 10 

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.  

[0060] 

The higher layer processing unit 101 outputs the uplink data (the transport 15 

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, a Packet Data Convergence Protocol (PDCP) layer, a Radio 

Link Control (RLC) layer, and a Radio Resource Control (RRC) layer. 

[0061] 20 

The radio resource control unit 1011 included in the higher layer processing 

unit 101 manages various pieces of configuration information of the terminal 

device 1 itself. 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. 25 

[0062] 

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 30 

of interpreting the DCI format, and outputs the generated control information to 

the control unit 103. 

[0063] 
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The CSI report control unit 1015 instructs the measurement unit 1059 to 

derive channel state information (RI/PMI/CQI) relating to the CSI reference 

resource. The CSI report control unit 1015 instructs the transmission unit 107 to 

transmit the RI/PMI/CQI. The CSI report control unit 1015 sets a configuration 

that is used when the measurement unit 1059 calculates the CQI.  5 

[0064] 

The control unit 103 generates a control signal for control of the reception 

unit 105 and the transmission unit 107, based on the control information 

originating from the higher layer processing unit 101. The control unit 103 outputs 

the generated control signal to the reception unit 105 and the transmission unit 10 

107 to control the reception unit 105 and the transmission unit 107. 

[0065] 

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 15 

109, and outputs the resulting information to the higher layer processing unit 101.  

[0066] 

The radio reception unit 1057 converts (down-converts) a downlink signal 

received through the transmit and receive antenna 109 into a signal of  an 

intermediate frequency, removes unnecessary frequency components, controls an 20 

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 Guard Interval (GI) from the 25 

digital signal resulting from the conversion, performs Fast Fourier Transform 

(FFT) on the signal from which the guard interval has been removed, and extracts 

a signal in the frequency domain. 

[0067] 

The demultiplexing unit 1055 demultiplexes the extracted signal into the 30 

PHICH, the PDCCH, the EPDCCH, the PDSCH, and the downlink reference 

signal. Furthermore, the demultiplexing unit 1055 makes a compensation of 

channels including the PHICH, the PDCCH, the EPDCCH, and the PDSCH, from 
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a channel estimate input from the measurement unit 1059. Furthermore, the 

demultiplexing unit 1055 outputs the downlink reference signal resulting from the 

demultiplexing, to the measurement unit 1059. 

[0068] 

The demodulation unit 1053 multiplies the PHICH by a corresponding code 5 

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 HARQ indicator 

resulting from the decoding to the higher layer processing unit 101. The 10 

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 resulting from the 15 

decoding and an RNTI to which the downlink control information corresponds, to 

the higher layer processing unit 101. 

[0069] 

The demodulation unit 1053 demodulates the PDSCH in compliance with a 

modulation scheme notified with the downlink grant, such as Quadrature Phase 20 

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 based on information on 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.  25 

[0070] 

The measurement unit 1059 performs measurement of a downlink pathloss, 

a channel measurement, and/or an interference measurement from the downlink 

reference signal input from the demultiplexing unit 1055. The measurement unit 

1059 outputs the channel state information calculated based on the measurement 30 

result and the measurement result to the higher layer processing unit 101. 

Furthermore, the measurement unit 1059 calculates a downlink channel estimate 
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from the downlink reference signal and outputs the calculated downlink channel 

estimate to the demultiplexing unit 1055. 

[0071] 

The transmission unit 107 generates the uplink reference signal in 

accordance with the control signal input from the control unit 103, codes and 5 

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.  

[0072] 10 

The coding unit 1071 codes the uplink control information and the uplink 

data input from the higher layer processing unit 101. The modulation unit 1073 

modulates the coding bits input from the coding unit 1071, in compliance with the 

modulation scheme such as BPSK, QPSK, 16 QAM, or 64 QAM. 

[0073] 15 

The uplink reference signal generation unit 1079 generates a sequence 

acquired according to a rule (formula) prescribed in advance, based on a physical 

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 20 

parameter value for generation of a DMRS sequence, and the like.  

[0074] 

Based on the information used for the scheduling of the PUSCH, the 

multiplexing unit 1075 determines the number of data sequences to be 

spatial-multiplexed, maps a plurality of pieces of uplink data to be transmitted on 25 

the same PUSCH to a plurality of sequences through multiple input multiple 

output spatial multiplexing (MIMO SM), and performs precoding on the 

sequences. 

[0075] 

In accordance with the control signal input from the control unit 103, the 30 

multiplexing unit 1075 performs Discrete Fourier Transform (DFT) on the 

modulation symbols of the PUSCH. Furthermore, the multiplexing unit 1075 

multiplexes PUCCH and PUSCH signals and the generated uplink reference signal 
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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.  

[0076] 

The radio transmission unit 1077 performs Inverse Fast Fourier Transform 5 

(IFFT) on a signal resulting from the multiplexing, performs modulation in 

compliance with an SC-FDMA scheme, attaches the guard interval to the 

SC-FDMA-modulated SC-FDMA symbol, generates a baseband digital signal, 

converts the baseband digital signal into an analog signal, generates an in -phase 

component and an orthogonal component of an intermediate frequency from the 10 

analog signal, removes frequency components unnecessary for the intermediate 

frequency band, converts (up-converts) the signal of the intermediate frequency 

into a signal of a high frequency, removes unnecessary frequency components, 

performs power amplification, and outputs a final result to the transmit and 

receive antenna 109 for transmission. 15 

[0077] 

FIG. 5 is a schematic block diagram illustrating a configuration of the base 

station device 3 according to the present embodiment. As is illustrated, 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 20 

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 CSI report 

control unit 3015. The reception unit 105 is configured to include a decoding unit 

3051, a demodulation unit 3053, a demultiplexing unit 3055, a radio reception unit 

3057, and a measurement unit 3059. The transmission unit 307 is configured to 25 

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. 

[0078] 

The higher layer processing unit 301 performs processing of the Medium 30 

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 
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for control of the reception unit 305 and the transmission unit 307, and outputs the 

generated control information to the control unit 303.  

[0079] 

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 5 

transport block) arranged in 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 for each of 

the terminal devices 1. 10 

[0080] 

The scheduling unit 3013 included in the higher layer processing unit 301 

determines a frequency and a subframe to which the physical channels (the 

PDSCH and the PUSCH) are allocated, the coding rate and modulation scheme for 

the physical channels (the PDSCH and the PUSCH), the transmit power, and the 15 

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 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 20 

scheduling unit 3013 generates the information (for example, a DCI format) to be 

used for the scheduling of the physical channels (the PDSCH and the PUSCH), 

based on the result of the scheduling. 

[0081] 

The CSI report control unit 3015 included in the higher layer processing 25 

unit 301 controls a CSI report that is made by the terminal device 1. The CSI 

report control unit 3015 transmits information that is assumed in order for the 

terminal device 1 to derive a RI/PMI/CQI in the CSI reference resource and that 

shows various configurations, to the terminal device 1 through the transmission 

unit 307. 30 

[0082] 

The control unit 303 generates a control signal for controlling the reception 

unit 305 and the transmission unit 307, based on the control information 
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originating from the higher layer processing unit 301. 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.  

[0083] 

In accordance with the control signal input from the control unit 303, the 5 

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 signal of an 10 

intermediate frequency, 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.  15 

[0084] 

The radio reception unit 3057 removes a portion corresponding to the 

Guard Interval (GI) from the digital signal resulting from the conversion. The 

radio reception unit 3057 performs Fast Fourier Transform (FFT) on the signal 

from which the guard interval has been removed, extracts a signal in the frequency 20 

domain, and outputs the resulting signal to the demultiplexing unit 3055.  

[0085] 

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. Note that the demultiplexing is performed, based on radio 25 

resource allocation information that is determined in advance by the base stat ion 

device 3 using the radio resource control unit 3011 and that is included 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 measurement unit 3059. 30 

Furthermore, the demultiplexing unit 3055 outputs an uplink reference signal 

resulting from the demultiplexing, to the measurement unit 3059.  

[0086] 
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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, 5 

or in compliance with the modulation scheme that the base station device 3 itself 

notifies in advance each of the terminal devices 1 with the uplink grant. The 

demodulation unit 3053 demultiplexes the modulation symbols of a plurality 

pieces of uplink data transmitted on the identical PUSCH with the MIMO SM, 

based on the number of spatial-multiplexed sequences notified in advance with the 10 

uplink grant to each of the terminal devices 1 and information indicating the 

precoding to be performed on the sequences. 

[0087] 

The decoding unit 3051 decodes the coding bits of the PUCCH and the 

PUSCH, which have been demodulated, at the coding rate in compliance with a 15 

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 that the PUSCH is 

re-transmitted, the decoding unit 3051 performs the decoding with the coding bits 20 

input from the higher layer processing unit 301 and retained in an HARQ buffer, 

and the demodulated coding bits. The 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. 25 

[0088] 

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 

downlink data that are input from the higher layer processing unit 301, 30 

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. 
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[0089] 

The coding unit 3071 codes the HARQ indicator, the downlink control 

information, and the downlink data input from the higher layer processing unit 

301. The modulation unit 3073 modulates the coding bits input from the coding 

unit 3071, in compliance with the modulation scheme, such as BPSK, QPSK, 16 5 

QAM, or 64 QAM. 

[0090] 

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 10 

the physical cell identifier (PCI) for identifying the base station device 3, and the 

like. 

[0091] 

In accordance with the number of PDSCH layers to be spatial-multiplexed, 

the multiplexing unit 3075 maps one or more downlink data transmitted on one 15 

PUSCH to one or more layers, and performs a precoding for the one or more 

layers. The multiplexing unit 375 multiplexes a signal of the downlink physical 

channel and the downlink reference signal for each transmit antenna port. The 

multiplexing unit 375 arranges the signal of the downlink physical channel and the 

downlink reference signal to the resource element for each transmit antenna port.  20 

[0092] 

The radio transmission unit 3077 performs Inverse Fast Fourier Transform 

(IFFT) on the modulation symbol resulting from the multiplexing or the like, 

performs the modulation in compliance with an OFDM scheme to generate an 

OFDM symbol, attaches the guard interval to the OFDM-modulated OFDM 25 

symbol, generates a digital signal in a baseband, converts the digital signal in the 

baseband into an analog signal, generates an in-phase component and an 

orthogonal component of an intermediate frequency from the analog signal, 

removes frequency components unnecessary for the intermediate frequency band, 

converts (up-converts) the signal of the intermediate frequency into a signal of a 30 

high frequency signal, removes unnecessary frequency components, performs 

power amplification, and outputs a final result to the transmit and receive  antenna 

309 for transmission. 
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[0093] 

FIG. 6 is a diagram illustrating one example of processing in the coding 

unit 3071 according to the present embodiment. The coding unit 3071 may apply 

the processing of FIG. 6 to each of transport blocks. One transport  block is 

mapped to one code word. That is, coding of a transport block is identical to 5 

coding of a code word. 

[0094] 

After attaching corresponding CRC parity bits to one code word input from 

the higher layer processing unit 301, the coding unit 3071 divides the code word 

into one or more code blocks (S600). The corresponding CRC parity bits may be 10 

attached to each of the code blocks. 

[0095] 

Each of the one or more code blocks is coded (for example, turbo-coded or 

convolutional-coded) (S601). A rate matching is applied to each of a sequence of 

coding bits of the code blocks (S602). A sequence of coding bits of a code word is 15 

obtained by connecting the one or more code blocks to which the rate matching is 

applied (S603). The sequence of the coding bits of the code word is output to the 

modulation unit 3073. 

[0096] 

FIG. 7 is a diagram illustrating one example of processing in the 20 

multiplexing unit 3075 according to the present embodiment. The multiplexing 

unit 3075 maps a complex valued symbol of a first code word and a complex 

valued symbol of a second code word input from the modulation unit 3073 to one 

or more layers (S700). Note that only the complex valued symbol of the first code 

word may be input from the modulation unit 3073. Note that the number of code  25 

words to be input is equal to or less than the number of layers.  

[0097] 

Precoding is applied to the complex valued symbol mapped to the layers 

(S701). The sequences of the complex valued symbols equal in number to the 

number of corresponding transmit antenna ports are generated by the precoding. 30 

Note that the number of the layers is equal to or less than the number of the 

transmit antenna ports corresponding to the transmission of the PDSCH. The 

complex valued symbol to which the precoding is applied is mapped to a resource 
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element for each transmit antenna port corresponding to the transmission of the 

PDSCH (S702). 

[0098] 

The terminal device 1 configures a transmission mode for the PDSCH 

transmission, based on information received from the base station dev ice 3. The 5 

terminal device 1 is configured, by a higher layer, to receive the PDSCH data 

transmission signaled through the PDCCH, in accordance with the transmission 

mode. The terminal device 1 selects a DCI format to be monitored, in accordance 

with the transmission mode. Furthermore, the terminal device 1 specifies, in 

accordance with the transmission mode and the received DCI format, the 10 

transmission scheme of the PDSCH corresponding to the DCI format.  

[0099] 

FIG. 8 is a table showing one example of a correspondence of a 

transmission mode, a DCI format, and a PDSCH transmission scheme according to 

the present embodiment. A column P800 in FIG. 8 indicates a transmission mode. 15 

A column P801 in FIG. 8 indicates a DCI format. A column P802 in FIG. 8 

indicates a transmission scheme of the PDSCH corresponding to the PDCCH and 

the number of layers supported by the transmission scheme of the PDSCH. For 

example, in FIG. 8, in a case of the terminal device 1 being configured with a 

transmission mode 4, and receiving a DCI format 2 on a PDCCH, the transmission 20 

scheme of the PDSCH corresponding to the PDCCH is closed-loop spatial 

multiplexing (up to four layers) or transmit diversity (one layer). Note that 

information included in the DCI format 2 indicates either one of the closed-loop 

spatial multiplexing or the transmission diversity. Furthermore, the information 

included in the DCI format 2 indicates the number of layers to be 25 

spatial-multiplexed. 

[0100] 

The terminal device 1 transmits, to the base station device 3, capability 

information (UECapabilityInformation). The base station device 3 configures the 

terminal device 1 and performs scheduling for the terminal device 1, based on the 30 

capability information. 

[0101] 
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The capability information may include a plurality of capability parameters 

(UE radio access capability parameters). One capability parameter corresponds to 

one function or one group of functions. One capability parameter may indicate 

whether the corresponding function or the corresponding group of functions were 

tested successfully. One capability parameter may indicate whether the terminal 5 

device 1 supports the corresponding function or the corresponding group of 

functions. The capability information is RRC layer information. The capability 

parameter is an RRC layer parameter. 

[0102] 

The capability information may include one or more capability parameters 10 

indicating a UE category. The capability information may include one capability 

parameter indicating a downlink UE category. In the present embodiment, the 

downlink UE category is defined separately from the UE category. The UE 

category and the downlink UE category correspond to the total number of 

DL-SCH soft channel bits and the maximum number of supported layers for 15 

spatial multiplexing in the downlink. The total number of DL-SCH soft channel 

bits is a total number of soft channel bits capable of being utilized for HARQ 

processing of the DL-SCH. 

[0103] 

FIG. 9 is a table showing one example of a UE category according to the 20 

present embodiment. A column P900 of FIG. 9 indicates the capability parameter 

indicating the UE category. A column P901 of FIG. 9 indicates the UE category 

indicated by the capability parameter. P902 of FIG. 9 indicates a total number of 

DL-SCH soft channel bits to which the UE category corresponds. P903 of FIG. 9 

indicates the maximum number of supported layers for the spatial multiplexing in 25 

the downlink to which the UE category corresponds. The capability parameter 

ue-Category (without suffix) indicates any one of UE categories 1 to 5 . A 

capability parameter ue-Category-v1020 indicates any one of UE categories 6 to 8. 

A capability parameter ue-Category-v1170 indicates any one of UE categories 9 

and 10. A capability parameter ue-Category-v11a0 indicates any one of UE 30 

categories 11 and 12. 

[0104] 
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FIG. 10 is a table showing one example of a downlink UE category 

according to the present embodiment. A column P1000 of FIG. 10 indicates a 

capability parameter indicating the downlink UE category. A column P1001 of FIG. 

10 indicates the downlink UE category indicated by the capability parameter. 

P1002 of FIG. 10 indicates the total number of DL-SCH soft channel bits to which 5 

the downlink UE category corresponds. P1003 of FIG. 10 indicates the maximum 

number of supported layers for the spatial multiplexing in the downlink to which 

the downlink UE category corresponds. A capability parameter ue-Category 

DL-r12 indicates any one of downlink UE categories 0, 6, 7, 9, 10, 11, 12, 13, and 

14. 10 

[0105] 

FIG. 11 is a table showing one example of a combination of categories 

indicated by a plurality of capability parameters according to the present 

embodiment. A case 9 of FIG. 11 expresses, in a case that the capability parameter 

ue-CategoryDL-r12 indicates a downlink UE category 9, that the capability 15 

parameter ue-Category-v1020 indicates the UE category 6 and the capability 

parameter ue-Category (without suffix) indicates the UE category 4.  

[0106] 

The capability information may include the capability parameter 

supportedBandCombination indicating carrier aggregation and MIMO supported 20 

by the terminal device 1. The capability parameter supportedBandCombination 

indicates one or more band combinations. The one band combination includes one 

or more bands. The one band includes one or more combinations of a bandwidth  

class to be supported and MIMO capabilities for the downlink. That is, the 

terminal device 1 provides, to the base station device 3, for each bandwidth class 25 

of each band of each band combination specified in the capability parameter 

supportedBandCombination, the MIMO capability for the downlink. The MIMO 

capability for the downlink indicates the maximum number of layers supported by 

the terminal device 1, and applies to all component carriers (cells) corresponding 

to the bandwidth class. 30 

[0107] 

The bandwidth class corresponds to an aggregated transmission bandwidth 

configuration and the maximum number of component carrier which are supported 
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by the terminal device 1 for the bandwidth class. The aggregated transmission 

bandwidth configuration is defined by the total number of resource blocks 

included in the component carrier aggregated in the corresponding bands. Note 

that the plurality of component carriers corresponding to the bandwidth class are 

contiguous in the frequency region. There may be a guard band of 300 kHz or 5 

smaller between the component carriers contiguous in the frequency region.  

[0108] 

FIG. 12 is a table showing one example of the bandwidth class according to 

the present embodiment. In FIG. 12, in a case that the bandwidth class is C, the 

aggregated transmission bandwidth configuration may be greater than 25, equal to 10 

or less than 100, and the maximum number of the component carriers is 2.  

[0109] 

FIG. 13 and FIG. 14 are diagrams illustrating one example of a 

configuration of the capability parameter supportedBandCombination according to 

the present embodiment. The capability parameter supportedBandCombination is 15 

included in a capability parameter RF-Parameters-r10. The capability parameter 

supportedBandCombination includes one or more parameters, 

BandCombinationParameters-r10. The capability parameter 

supportedBandCombination indicates a band combination. The parameter 

BandCombinationParameters-r10 includes one or more parameters, 20 

BandParameters-r10. The parameter BandParameters-r10 indicates one band. 

[0110] 

A parameter FreqBandIndicator included in the parameter 

BandParameters-r10 indicates a frequency of a corresponding band. A parameter 

bandParametersUL-r10 included in the parameter BandParameters-r10 includes 25 

one or more parameters CA-MIMO-ParametersUL-r10. The parameter 

CA-MIMO-ParametersUL-r10 includes a parameter ca-BandwidthClassUL-r10 

and a parameter supportedMIMO-CapabilityUL-r10. The parameter 

ca-BandwidthClassUL-r10 indicates a bandwidth class for the uplink in the 

corresponding band. The parameter supportedMIMO-CapabilityUL-r10 indicates 30 

the MIMO capability (the maximum number of layers supported by the terminal 

device 1) for the uplink in the corresponding band. That is, the parameter 
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ca-BandwidthClassUL-r10 indicates one combination of the bandwidth class and 

the MIMO capability for the uplink. 

[0111] 

A parameter bandParametersDL-r10 included in the parameter 

BandParameters-r10 includes one or more parameters 5 

CA-MIMO-ParametersDL-r10. The parameter CA-MIMO-ParametersDL-r10 

includes a parameter ca-BandwidthClassDL-r10 and a parameter 

supportedMIMO-CapabilityDL-r10. The parameter ca-BandwidthClassDL-r10 

indicates the bandwidth class for the downlink in the corresponding band. The 

parameter supportedMIMO-CapabilityDL-r10 indicates the MIMO capability (the 10 

maximum number of layers supported by the terminal device 1) for the downlink 

in the corresponding band. That is, the parameter ca-BandwidthClassDL-r10 

indicates one combination of the bandwidth class and the MIMO capability for the 

downlink. 

[0112] 15 

The capability parameter supportedBandCombination may indicate the 

MIMO capability (the maximum number of layers supported by terminal device 1) 

not involving carrier aggregation. 

[0113] 

For each bandwidth class of each band of each band combination specified 20 

in the capability parameter supportedBandCombination, the terminal device 1 

further indicates the maximum number of layers supported by the terminal device 

1, and provides, to the base station device, the MIMO capability (parameter 

supportedMIMO-CapabilityDL-v10xx) applied to any one of the downlink 

component carriers corresponding to the bandwidth class. The parameter 25 

supportedMIMO-CapabilityDL-v10xx may be included in the capability 

information, for each bandwidth class of each band of each band combination 

specified in the capability parameter supportedBandCombination.  

[0114] 

That is, for each of the bandwidth class (parameter 30 

ca-BandwidthClassDL-r10) of each band of each band combination specified in 

the capability parameter supportedBandCombination, the terminal device 1 

provides, to the base station device 3, the MIMO capability (parameter 
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supportedMIMO-CapabilityDL-r10) for the downlink applied to all downlink 

component carriers corresponding to the bandwidth class, and the MIMO 

capability (parameter supportedMIMO-CapabilityDL-v10xx) applied to each of 

the downlink component carriers corresponding to the bandwidth class. Note that 

the parameter supportedMIMO-CapabilityDL-v10xx may not be included in the 5 

capability parameter supportedBandCombination. 

[0115] 

FIG. 15 is a table showing one example of a combination of a bandwidth 

class and the MIMO capability according to the present embodiment. The terminal 

device 1 may provide four combinations indicated in FIG. 15 to the base station 10 

device 3, for one band in one combination of bands specified in the capability 

parameter supportedBandCombination. In FIG. 15, in a case that the bandwidth 

class is B, the parameter supportedMIMO-CapabilityDL-r10 indicates 2, and the 

parameter supportedMIMO-CapabilityDL-v10xx indicates {4,2}. 

[0116] 15 

In FIG. 15, the base station device 3 that cannot decode the parameter 

supportedMIMO-CapabilityDL-v10xx determines that the maximum number of 

layers supported in each of two downlink component carriers (two cells) 

configured in the corresponding band is 2. 

[0117] 20 

In FIG. 15, the base station device 3 that can decode the parameter 

supportedMIMO-CapabilityDL-v10xx determines that the maximum number of 

layers supported in one of the two downlink component carriers (two cells) 

configured in the corresponding band is 4, and the maximum number of layers 

supported in the other of the two downlink component carriers is 2.  25 

[0118] 

Hereinafter, in the description of FIG. 15, it is assumed that two downlink 

component carriers are configured in one band for the terminal device 1. Here, a 

downlink component carrier out of the two downlink component carriers to which 

the PDSCH (DL-SCH) transmission involving up to four layers is applied may be 30 

controlled by the base station device 3. The base station device 3 may transmit, to 

the terminal device 1, a parameter LayersCount-v10xx applied to only a first 

downlink component carrier being one of the two downlink component carriers 
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and indicating the maximum number of layers. The base stat ion device 3 may 

transmit, to the terminal device 1, a parameter LayersCount-v10xx applied to only 

a second downlink component carrier being one of the two downlink component 

carriers and indicating the maximum number of layers. The parameter 

LayersCount-v10xx is a parameter of the RRC layer. 5 

[0119] 

For example, in FIG. 15, the base station device 3 may transmit, to the 

terminal device 1, a parameter LayersCount-v10xx that is the parameter 

LayersCount-v10xx for the first downlink component carrier being one of the two 

downlink component carriers and indicates 4, and a parameter LayersCount -v10xx 10 

that is the parameter LayersCount-v10xx for the second downlink component 

carrier being one of the two downlink component carriers and indicates 2.  

[0120] 

For example, in FIG. 15, in a case that a parameter LayersCount-v10xx for 

the first downlink component carrier being one of the two downlink component 15 

carriers is received/configured, the terminal device 1 may determine that up to 

four layers indicated by the parameter LayersCount-v10xx are applied to the 

PDSCH (DL-SCH) transmission in the first downlink component carrier being one 

of the two downlink component carriers. 

[0121] 20 

For example, in FIG. 15, in a case that the parameter LayersCount-v10xx 

for the second downlink component carrier being one of the two downlink 

component carriers is not received/configured, the terminal device 1 may 

determine that up to two layers indicated by the parameter 

supportedMIMO-CapabilityDL-r10 are applied to the PDSCH (DL-SCH) 25 

transmission in the second downlink component carrier being one of the two 

downlink component carriers. 

[0122] 

For example, in FIG. 15, in a case that the parameter 

supportedMIMO-CapabilityDL-r10 and the parameter 30 

supportedMIMO-CapabilityDL-r10xx are not included in the capability 

information, the terminal device 1 may determine that up to the maximum number 

of layers to which the capability parameter ue-Category (without suffix) 
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corresponds are applied to the PDSCH (DL-SCH) transmission in the first 

downlink component carrier being one of the two downlink component carriers.  

[0123] 

FIG. 16 is diagram illustrating one example of a sequence chart between the 

terminal device 1 and the base station device 3 according to the present 5 

embodiment. 

[0124] 

The base station device 3 transmits a UECapabilityEnquiry message to the 

terminal device 1 (S160). The UECapabilityEnquiry message is a message of the 

RRC layer. The UECapabilityEnquiry message is used to request transmission of 10 

the capability information (UECapabilityInformation). In a case of receiving the 

UECapabilityEnquiry message, the terminal device 1 transmits the capability 

information (UECapabilityInformation) to the base station device 3 (S161).  

[0125] 

The base station device 3 determines, in accordance with the received 15 

capability information (UECapabilityInformation), the configuration for carrier 

aggregation, the transmission mode for the PDSCH transmission, and/or the 

MIMO for the PDSCH transmission, for the terminal device 1 (S162). The base 

station device 3 transmits an RRCConnectionReconfiguration message to the 

terminal device 1 (S163). The RRCConnectionReconfiguration message transmits 20 

information on the RRC layer for the configuration determined in S161. The 

RRCConnectionReconfiguration message is a command to correct an RRC 

connection. The RRCConnectionReconfiguration message may include the 

parameter LayersCount-v10xx. 

[0126] 25 

The terminal device 1 corrects/reconfigures the RRC connection, in 

accordance with the received RRCConnectionReconfiguration message. That is, 

the terminal device 1 corrects/reconfigures carrier aggregation, the transmission 

mode for the PDSCH transmission, and/or the MIMO for the PDSCH transmission, 

in accordance with the received RRCConnectionReconfiguration message. After 30 

correcting the RRC connection in accordance with the received 

RRCConnectionReconfiguration message, the terminal device 1 transmits an 

RRCConnectionReconfigurationComplete message to the base station device 3. 
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The RRCConnectionReconfigurationComplete message is a message of the RRC 

layer. The RRCConnectionReconfigurationComplete message is used for 

confirming a successful completion of the RRC connection reconfiguration.  

[0127] 

The terminal device 1 and the base station device 3 specify the bit width of 5 

an RI, based on the configuration determined in S162 and/or the capability 

information (UECapabilityInformation) (S165). The terminal device 1 transmits 

the RI having the bit width determined in S165 on the PUCCH or the PUSCH to 

the base station device 3. The base station device 3 performs processing of 

receiving (demultiplexing, demodulating, and/or decoding) the RI, by assuming 10 

the RI having the bit width determined in S165. 

[0128] 

The bit width of the RI is given for each corresponding downlink 

component carrier (cell). The bit width of the RI corresponding to a different 

downlink component carrier may be different from each other. In a case that the 15 

maximum number of layers of the downlink (PDSCH) in the corresponding 

downlink component carrier is 2, the bit width of the RI is “1”. In a case that the 

maximum number of the layers of the downlink (PDSCH) in the corresponding 

downlink component carrier is 4, the bit width of the RI is “2”. In a case that the 

maximum number of the layers of the downlink (PDSCH) in the corresponding 20 

downlink component carrier is 8, the bit width of the RI is “3”.  

[0129] 

The terminal device 1 and the base station device 3 specify the soft buffer 

size for the code block of the transport block (code word) transmitted on the 

PDSCH, and the rate matching for the code block, based on the configuration 25 

determined in S162 and/or the capability information (UECapabilityInformation) 

(S167). 

[0130] 

The base station device 3 codes the transport block and transmits the coded 

transport block to the terminal device 1 on the PDSCH, in accordance with the 30 

rate matching for the code block of the transport block specified in S167 (S168). 

The terminal device 1 performs processing of receiving (decoding) the transport 
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block, in accordance with the rate matching for the code block of the transport 

block specified in S167. 

[0131] 

The terminal device 1 stores, in a case of failing to decode the code block 

of the transport block, some or all of the soft channel bits of the code block (S169). 5 

The soft channel bits of the code block to be stored is given by referring to the 

soft buffer size for the code block of the transport block specified in S167. The 

stored soft channel bits are utilized for HARQ processing for the code block. The 

stored soft channel bits may be combined with the re-transmitted soft channel bits. 

[0132] 10 

Hereinafter, a first example associated with a method of specifying the bit 

width for the RI in step S165 of FIG. 16 will be described. The first example is 

applied to the terminal device 1. 

[0133] 

(1-1) In the first example, the terminal device 1 includes: a transmission 15 

unit 107 configured to transmit a Rank Indicator (RI) determined by a terminal 

device, the RI corresponding to Physical Downlink Shared CHannel (PDSCH) 

transmission in a first downlink component carrier corresponding to a first 

bandwidth class of a first band in a first band combination and corresponding to 

the number of useful layers; and a reception unit 105 configured to receive the 20 

PDSCH. Here, the transmission unit 107 transmits capability information 

(UECapabilityInformation) including first information (ue-Category (without 

suffix)), second information (ca-BandwidthClassDL-r10), third information 

(supportedMIMO-CapabilityDL-r10), and/or fourth information 

(supportedMIMO-CapabilityDL-v10xx). Here, the reception unit 105 receives 25 

fifth information (LayersCount-v10xx) for the first downlink component carrier 

corresponding to the first bandwidth class of the first band in the first band 

combination. Here, the first information (ue-Category (without suffix)) indicates a 

UE category corresponding to a first maximum number of the layers supported by 

the terminal device in the downlink. Here, the second information 30 

(ca-BandwidthClassDL-r10) indicates the first bandwidth class that is for the first 

band in the first band combination and corresponds to the number of downlink 

component carriers supported by the terminal device. Here, the third information 
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(supportedMIMO-CapabilityDL-r10) is applied to all of one or more downlink 

component carriers corresponding to the first bandwidth class of the first band in 

the first band combination, and indicates a second maximum number of the layers 

supported by the terminal device in the downlink. Here, the fourth information 

(supportedMIMO-CapabilityDL-v10xx) is applied to any one of the one or more 5 

downlink component carriers corresponding to the first bandwidth class of the first 

band in the first band combination, and indicates a third maximum number of the 

layers supported by the terminal device in the downlink. Here, the fifth 

information (LayersCount-v10xx) indicates a fourth maximum number of the 

layers. Here, a fifth maximum number of the layers assumed for determining a bit 10 

width for the RI is given, based on whether the fifth information for the first 

downlink component carrier corresponding to the first bandwidth class of the first 

band in the first band combination is configured, by referring to any one of the 

first maximum number of the layers corresponding to the first information, the 

second maximum number of the layers indicated by the third information, and the 15 

fourth maximum number of the layers indicated by the fifth information. Here, the 

bit width for the RI is given by referring to the fifth maximum number of the 

layers. 

[0134] 

(1-2) In the first example, in a case that the fifth information 20 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured, the fifth maximum number of the layers assumed for determining the 

bit width for the RI is given by referring to any one of the first maximum number 

of the layers and the second maximum number of the layers. Here, in a case that 25 

the fifth information (LayersCount-v10xx) for the first downlink component 

carrier corresponding to the first bandwidth class of the first band in the first band 

combination is configured, the fifth maximum number of the layers assumed for 

determining the bit width for the RI is given by referring to the fourth maximum 

number of the layers. 30 

[0135] 

(1-3) In the first example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 
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the first bandwidth class of the first band in the first band combination is 

configured; and a first transmission mode (for example, a transmission mode 9) 

for the PDSCH transmission for the first downlink component carrier is 

configured, the fifth maximum number of the layers assumed for determining the 

bit width for the RI is determined in accordance with a smallest of (i) the number 5 

of configured first ports and (ii) the third maximum number of the layers. Here, 

the first port is a transmit antenna port for a Chanel State Information-Reference 

Signal (CSI-RS). 

[0136] 

(1-4) In the first example, in a case that: the fifth information 10 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is 

configured; and a second transmission mode (for example, a transmission mode 4) 

for the PDSCH transmission for the first downlink component carrier is 

configured, the fifth maximum number of the layers assumed for determining the 15 

bit width for the RI is determined in accordance with a smallest of (i) the number 

of second ports and (ii) the third maximum number of the layers. Here, the second 

port is a transmit antenna port for the Physical Broadcast CHannel (PBCH). That 

is, in the case that: the fifth information for the first downlink component  carrier 

corresponding to the first bandwidth class of the first band in the first band 20 

combination is configured; and the second transmission mode for the PDSCH 

transmission is configured for the first downlink component carrier, the fifth 

maximum number of the layers assumed for determining the bit width for the RI is 

determined in accordance with at least the third maximum number of the layers 

indicated by the fifth information. 25 

[0137] 

(1-5) In the first example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured; the first transmission mode (for example, the transmission mode 9) for 30 

the PDSCH transmission for the first downlink component carrier is configured; 

and the third information (supportedMIMO-CapabilityDL-r10) is included in the 

capability information (UECapabilityInformation), the fifth maximum number of 
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the layers assumed for determining the bit width for the RI is determined in 

accordance with a smallest of (i) the number of configured first ports and (ii) the 

second maximum number of the layers indicated by the third information. Here, 

the first port is a transmit antenna port for a Chanel State Information-Reference 

Signal (CSI-RS). 5 

[0138] 

(1-6) In the first example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured; the first transmission mode (for example, the transmission mode 9) for 10 

the PDSCH transmission for the first downlink component carrier is configured; 

and the third information (supportedMIMO-CapabilityDL-r10) is not included in 

the capability information (UECapabilityInformation), the fifth maximum number 

of the layers assumed for determining the bit width for the RI is determined in 

accordance with a smallest of (i) the number of configured first ports and (ii) the 15 

first maximum number of the layers corresponding to the first information. Here, 

the first port is a transmit antenna port for a Chanel State Information-Reference 

Signal (CSI-RS). 

[0139] 

(1-7) In the first example, in a case that: the fifth information 20 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured; and the second transmission mode (for example, the transmission 

mode 4) for the PDSCH transmission for the first downlink component carrier is 

configured, the fifth maximum number of the layers assumed for determining the 25 

bit width for the RI is determined in accordance with a smallest of (i) the number 

of second ports and (ii) the first maximum number of the layers corresponding to 

the first information. Here, the second port is a transmit antenna port for the 

Physical Broadcast CHannel (PBCH). 

[0140] 30 

(1-8) In the first example, the transmission unit 107 transmits the RI on a 

Physical Uplink Shared CHannel (PUSCH). 

[0141] 
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Hereinafter, a second example associated with the method of specifying the 

bit width for the RI in step S165 of FIG. 16 will be described. The second example 

is applied to the base station device 3. 

[0142] 

(2-1) In the second example, the base station device 3 includes: a reception 5 

unit 305 configured to receive, from a terminal device, a Rank Indicator (RI) 

determined by the terminal device, the RI corresponding to Physical Downlink 

Shared CHannel (PDSCH) transmission in a first downlink component carrier 

corresponding to a first bandwidth class of a first band in a first band combination 

and corresponding to the number of useful layers; and a transmission unit 307 10 

configured to transmit the PDSCH to the terminal device. Here, the reception unit 

305 receives, from the terminal device, capability information 

(UECapabilityInformation) including first information (ue-Category (without 

suffix)), second information (ca-BandwidthClassDL-r10), third information 

(supportedMIMO-CapabilityDL-r10), and/or fourth information 15 

(supportedMIMO-CapabilityDL-v10xx). Here, the transmission unit 307 transmits, 

to the terminal device, fifth information (LayersCount-v10xx) for the first 

downlink component carrier corresponding to the first bandwidth class o f the first 

band in the first band combination. 

Here, the first information (ue-Category (without suffix)) indicates a UE 20 

category corresponding to a first maximum number of the layers supported by the 

terminal device in the downlink. Here, the second information 

(ca-BandwidthClassDL-r10) indicates the first bandwidth class that is for the first 

band in the first band combination and corresponds to the number of downlink 

component carriers supported by the terminal device. Here, the third information 25 

(supportedMIMO-CapabilityDL-r10) is applied to all of one or more downlink 

component carriers corresponding to the first bandwidth class of the first band in 

the first band combination, and indicates a second maximum number of the layers 

supported by the terminal device in the downlink. Here, the fourth information 

(supportedMIMO-CapabilityDL-v10xx) is applied to any one of the one or more 30 

downlink component carriers corresponding to the first bandwidth class of the first 

band in the first band combination, and indicates a third maximum number of the 

layers supported by the terminal device in the downlink. Here, the fifth 
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information (LayersCount-v10xx) indicates a fourth maximum number of the 

layers. A fifth maximum number of the layers assumed for determining a bit width 

for the RI is given, based on whether the fifth information (LayersCount -v10xx) 

for the first downlink component carrier corresponding to the first bandwidth class 

of the first band in the first band combination is configured for the terminal dev ice, 5 

by referring to any one of the first maximum number of the layers corresponding 

to the first information, the second maximum number of the layers indicated by 

the third information, and the fourth maximum number of the layers indicated by 

the fifth information. 

[0143] 10 

(2-2) In the second example, in a case that the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured for the terminal device, the fifth maximum number of the layers 

assumed for determining the bit width for the RI is given by referring to any one 15 

of the first maximum number of the layers and the second maximum number of 

the layers. Here, in a case that the fifth information (LayersCount-v10xx) for the 

first downlink component carrier corresponding to the first bandwidth class of the 

first band in the first band combination is configured for the terminal device, the 

fifth maximum number of the layers assumed for determining the bit width for the 20 

RI is given by referring to the fourth maximum number of the layers.  

[0144] 

(2-3) In the second example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is 25 

configured for the terminal device; and a first transmission mode (for example, a 

transmission mode 9) for the PDSCH transmission for the first downlink 

component carrier is configured for the terminal device, the fifth maximum 

number of the layers assumed for determining the bit width for the RI is 

determined in accordance with a smallest of (i) the number of configured first 30 

ports and (ii) the third maximum number of the layers, here, the first port is a 

transmit antenna port for a Chanel State Information-Reference Signal (CSI-RS). 

[0145] 
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(2-4) In the second example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is 

configured for the terminal device; and a second transmission mode (for example, 

a transmission mode 4) for the PDSCH transmission for the first downlink 5 

component carrier is configured for the terminal device, the fifth maximum 

number of the layers assumed for determining the bit width for the RI is 

determined in accordance with a smallest of (i) the number of second ports and (ii) 

the third maximum number of the layers. Here, the second port is a transmit 

antenna port for the Physical Broadcast CHannel (PBCH). That is, in a case that: 10 

the fifth information for the first downlink component carrier corresponding to the 

first bandwidth class of the first band in the first band combination is configured; 

and the second transmission mode for the PDSCH transmission is configured for 

the first downlink component carrier, the fifth maximum number of the layers 

assumed for determining the bit width for the RI is determined in accordance with 15 

at least the third maximum number of the layers indicated by the fifth information.  

[0146] 

(2-5) In the second example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 20 

configured for the terminal device; the first transmission mode (for example, the 

transmission mode 9) for the PDSCH transmission for the first downlink 

component carrier is configured for the terminal device; and the third information 

(supportedMIMO-CapabilityDL-r10) is included in the capability information 

(UECapabilityInformation), the fifth maximum number of the layers assumed for 25 

determining the bit width for the RI is determined in accordance with a smallest of 

(i) the number of configured first ports and (ii) the second maximum number of 

the layers indicated by the third information. Here, the first port is a transmit 

antenna port for a Chanel State Information-Reference Signal (CSI-RS). 

[0147] 30 

(2-6) In the second example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 
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configured for the terminal device; the first transmission mode (for example, the 

transmission mode 9) for the PDSCH transmission for the first downlink 

component carrier is configured for the terminal device; and the third information 

(supportedMIMO-CapabilityDL-r10) is not included in the capability information 

(UECapabilityInformation), the fifth maximum number of the layers assumed for 5 

determining the bit width for the RI is determined in accordance with a smallest of 

(i) the number of configured first ports and (ii) the first maximum number of the 

layers corresponding to the first information. Here, the first port is a transmit 

antenna port for a Chanel State Information-Reference Signal (CSI-RS). 

[0148] 10 

(2-7) In the second example, in a case that: the fifth information 

(LayersCount-v10xx) for the first downlink component carrier corresponding to 

the first bandwidth class of the first band in the first band combination is not 

configured for the terminal device; and the second transmission mode (for 

example, the transmission mode 4) for the PDSCH transmission for the first 15 

downlink component carrier is configured for the terminal device, the fifth 

maximum number of the layers assumed for determining the bit width for the RI is 

determined in accordance with a smallest of (i) the number of second ports and (ii) 

the first maximum number of the layers corresponding to the first information. 

Here, the second port is a transmit antenna port for the Physical Broadcast 20 

CHannel (PBCH). 

[0149] 

(2-8) In the second example, the reception unit 305 receives the RI on the 

Physical Uplink Shared CHannel (PUSCH). 

[0150] 25 

Hereinafter, a third example associated with the method of specifying the 

bit width for the RI in step S165 of FIG. 16 will be described. The third example is 

applied to the terminal device 1. In the third example, the third information 

(supportedMIMO-CapabilityDL-r10) is included in the capability information 

(UECapabilityInformation). In the third example, the capability information 30 

(UECapabilityInformation) may not need to include the fourth information 

(supportedMIMO-CapabilityDL-v10xx). 

[0151] 
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(3-1) In the third example, the terminal device 1 includes: a transmission 

unit 107 configured to transmit a Rank Indicator (RI) determined by a terminal 

device, the RI corresponding to Physical Downlink Shared CHannel (PDSCH) 

transmission in a downlink component carrier corresponding to a first band in a 

first band combination and corresponding to the number of layers; and a reception 5 

unit 105 configured to receive the PDSCH. Here, a first maximum number of the 

layers assumed for determining a bit width for the RI is based on the number of 

downlink component carriers configured in the first band in the first band 

combination. 

[0152] 10 

(3-2) In the third example, the first band combination includes only the first 

band. 

[0153] 

(3-3) In the third example, the terminal device is configured with the 

transmission mode 9 or 10 for the PDSCH transmission.  15 

[0154] 

(3-4) In the third example, the transmission unit 107 transmits capability 

information (UECapabilityInformation) including first information 

(ca-BandwidthClassDL-r10), second information 

(supportedMIMO-CapabilityDL-r10), third information 20 

(ca-BandwidthClassDL-r10), and fourth information 

(supportedMIMO-CapabilityDL-r10). Here, the first information 

(ca-BandwidthClassDL-r10) indicates a first bandwidth class that is for the first 

band in the first band combination and indicates a first number of the downlink 

component carriers supported by the terminal device. Here, the second 25 

information (supportedMIMO-CapabilityDL-r10) is applied to all of the first 

number of downlink component carriers corresponding to the first band width 

class of the first band in the first band combination, and indicates the first 

maximum number of the layers supported by the terminal device in the downlink. 

Here, the third information (ca-BandwidthClassDL-r10) indicates a second 30 

bandwidth class that is for the first band in the first band combination and 

indicates a second number of the downlink component carriers supported by the 

terminal device. Here, the fourth information (supportedMIMO-CapabilityDL-r10) 
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is applied to all of the second number of downlink component carriers 

corresponding to the second bandwidth class of the first band in the first band 

combination, and indicates the second maximum number of the layers supported 

by the terminal device in the downlink. Here, the third maximum number of the 

layers assumed for determining the bit width for the RI is given, based on whether 5 

the number of downlink component carriers configured in the first band in the first 

band combination is either the first number or the second number, by referring to 

any one of the first maximum number of the layers and the second maximum 

number of the layers. 

[0155] 10 

(3-5) In the third example, the transmission unit 107 transmits the RI on the 

Physical Uplink Shared CHannel (PUSCH). 

[0156] 

(3-6) In the third example, in a case that the number of downlink 

component carriers configured in the first band in the first band combination is the 15 

first number, the third maximum number of the layers assumed for determining the 

bit width for the RI is the first maximum number of the layers. Here, in a case that 

the number of downlink component carriers configured in the first band in the first 

band combination is the second number, the third maximum number of the layers 

assumed for determining the bit width for the RI is the second maximum number 20 

of the layers. 

[0157] 

Hereinafter, a fourth example associated with the method of specifying the 

bit width for the RI in step S165 of FIG. 16 will be described. The fourth example 

is applied to the base station device 3. In the fourth example, the third information 25 

(supportedMIMO-CapabilityDL-r10) is included in the capability information 

(UECapabilityInformation). In the fourth example, the capability information 

(UECapabilityInformation) may not need to include the fourth information 

(supportedMIMO-CapabilityDL-v10xx). 

[0158] 30 

(4-1) In the fourth example, the base station device 3 includes: a reception 

unit 305 configured to receive, from a terminal device, a Rank Indicator (RI) 

determined by the terminal device, the RI corresponding to Physical Downlink 
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Shared CHannel (PDSCH) transmission in a downlink component carrier 

corresponding to a first band in a first band combination and corresponding to the 

number of layers; and a transmission unit 307 configured to transmit the PDSCH 

to the terminal device. Here, a first maximum number of the layers assumed for 

determining the bit width for the RI is based on the number of downlink 5 

component carriers to which the terminal device is configured in the first band in 

the first band combination. 

[0159] 

(4-2) In the fourth example, the first band combination includes only the 

first band. 10 

[0160] 

(4-3) In the fourth example, the terminal device is configured with the 

transmission mode 9 or 10 for the PDSCH transmission.  

[0161] 

(4-4) In the fourth example, the reception unit 305 receives, from the 15 

terminal device, capability information (UECapabilityInformation) including first  

information (ca-BandwidthClassDL-r10), second information 

(supportedMIMO-CapabilityDL-r10), third information 

(ca-BandwidthClassDL-r10), and fourth information 

(supportedMIMO-CapabilityDL-r10). Here, the first information 20 

(ca-BandwidthClassDL-r10) indicates a first bandwidth class that is for the first 

band in the first band combination and indicates a first number of the downlink 

component carriers supported by the terminal device. Here, the second 

information (supportedMIMO-CapabilityDL-r10) is applied to all of the first 

number of downlink component carriers corresponding to the first band width 25 

class of the first band in the first band combination, and indicates the first 

maximum number of the layers supported by the terminal device in the downlink. 

Here, the third information (ca-BandwidthClassDL-r10) indicates a second 

bandwidth class that is for the first band in the first band combination and 

indicates a second number of the downlink component carriers supported by the 30 

terminal device. Here, the fourth information (supportedMIMO-CapabilityDL-r10) 

is applied to all of the second number of downlink component carriers 

corresponding to the second bandwidth class of the first band in the first band 
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combination, and indicates the second maximum number of the layers supported 

by the terminal device in the downlink. Here, the third maximum number of the 

layers assumed for determining the bit width for the RI is given, based on whether 

the number of downlink component carriers configured in the first band in the first 

band combination is either the first number or the second number, by referring to 5 

any one of the first maximum number of the layers and the second maximum 

number of the layers. 

[0162] 

(4-5) In the fourth example, the reception unit 305 receives the RI on the 

Physical Uplink Shared CHannel (PUSCH). 10 

[0163] 

(4-6) In the fourth example, in a case that the number of downlink 

component carriers configured in the first band in the first band combination is the 

first number, the third maximum number of the layers assumed for determining the 

bit width for the RI is the first maximum number of the layers. Here, in a case that 15 

the number of downlink component carriers configured in the first band in the first 

band combination is the second number, the third maximum number of the layers 

assumed for determining the bit width for the RI is the second maximum number 

of the layers. 

[0164] 20 

Hereinafter, one example of a method of specifying a rate matching for a 

code block of a transport block in step S167 of FIG. 16 will be described. 

[0165] 

FIG. 17 is a diagram illustrating one example of a rate matching according 

to the present embodiment. The rate matching is executed in S602 of FIG. 6. That 25 

is, the rate matching is applied to a code block of a transport block.  

[0166] 

One rate matching (S602) includes three interleaves (S1700), one bit 

collection (S1701), and one bit selection and pruning (S2002). Three information 

bit streams (d’k, d”k, d’’’k) are input to the one rate matching (S602) from the 30 

channel coding (S601). Each of the three information bit streams (d’k, d”k, d’’’k) is 

interleaved in accordance with a sub-block interleaver in the interleaves (S1700). 
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Three output sequences (v’k, v”k, v’’’k) are obtained by interleaving each of the 

three information bit streams (d’k, d”k, d’’’k). 

[0167] 

A number Csubblock of a column of the subframe interleaver is 32. A number 

Rsubblock of a row of the sub-block interleaver is a smallest integer satisfying 5 

Inequality (1) below, where D is a bit number of each of the information bit 

streams (d’k, d”k, d’’’k). 

[Math. 1] 

 

 10 

[0168] 

A bit number KΠ of each of the output sequences (v’k, v”k, v’’’k) of the 

subframe interleaver is given by Equation (2) below. 

[Math. 2] 

 15 

 

[0169] 

In the bit collection (S2001), wk (virtual circular buffer) is obtained from 

three output sequences (v’k, v”k, v’’’k). wk is given by Equation (3) below. A bit 

number Kw of the wk is three times KΠ. 20 

[Math. 3] 

 

 

[0170] 
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In the bit selection and pruning (S1702) of FIG. 17, a rate matching output 

bit sequence ek is obtained from wk. A bit number of the rate matching output bit 

sequence ek is E. FIG. 18 illustrates one example of the bit selection and pruning 

according to the present embodiment. rv idx of FIG. 18 is a redundancy version 

(RV) number for transmission of a corresponding transport block. The RV number 5 

is indicated by information included in a DCI format. Ncb of FIG. 18 is a soft 

buffer size for a corresponding code block and is expressed by the bit number. N cb 

is given by Equation (4) below. 

[Math. 4] 

 10 

 

[0171] 

In the equation, C is the number of code blocks in which one transport 

block is divided in the code block segmentation (S600) of FIG. 6. In the equation, 

NIR is a soft buffer size for the corresponding transport block and is expressed by 15 

the bit number. NIR is given by Equation (5) below. 

[Math. 5] 

 

 

[0172] 20 

In the equation, KMIMO is 2 in a case that the terminal device 1 is 

configured to receive the PDSCH transmission based on the transmission mode 3, 

4, 8, 9, or 10. Otherwise, KMIMO is 1. KMIMO is same as the maximum number of 

transport blocks that can be included by one PDSCH transmission received based 

on the transmission mode with which the terminal device 1 is configured.  25 

[0173] 
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In the equation, MDL_HARQ is a maximum number of downlink HARQ 

processes managed concurrently in one corresponding serving cell. MDL_HARQ may 

be 8 for an FDD serving cell. For a TDD serving cell, MDL_HARQ may correspond 

to the uplink-downlink configuration. In the equation, M limit is 8. 

[0174] 5 

In the equation, Kc is any one of 1, 3/2, 2, 3, and 5. A method of 

configuring Kc will be described after a method of configuring N soft. 

[0175] 

In the equation, Nsoft is a total number of a UE category or a total number 

of soft channel bits in accordance with a downlink UE category. N soft is given by 10 

any one of the capability parameter ue-Category (without suffix), the capability 

parameter ue-Category-v1020, the capability parameter ue-Category-v1170, and 

the capability parameter ue-CategoryDL-r12. 

[0176] 

Nsoft may be specified based on (i) which one of the capability parameter 15 

ue-Category (without suffix), the capability parameter ue-Category-v1020, the 

capability parameter ue-Category-v1170, and the capability parameter 

ue-CategoryDL-r12 is transmitted, (ii) whether a parameter LayersCount-v10xx is 

received/configured, and/or (iii) whether a parameter altCQI-Table-r12 is 

received/configured. 20 

[0177] 

In a case that the parameter altCQI-Table-r12 is not configured for the 

terminal device 1, the terminal device 1 derives a CQI, based on a first table 

indicating an association of a CQI with a combination of a modulation scheme and 

a coding rate for a single transport block transmitted on the PDSCH. In a case that 25 

the parameter altCQI-Table-r12 is configured for the terminal device 1, the 

terminal device 1 derives a CQI, based on a second table indicating an association 

of a CQI with a combination of a modulation scheme and a coding rate for a single 

transport block transmitted on the PDSCH. The first table may be a table designed 

assuming that a 256 QAM is not applied to the PDSCH. The second table may be a 30 

table designed assuming that the 256 QAM is applied to the PDSCH.  

[0178] 
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FIG. 19 is a diagram illustrating one example of a flow chart associated 

with a determination of the total number Nsoft of the soft channel bits according to 

the present embodiment. The flow of FIG. 19 may be applied to each of the 

downlink component carriers (cells). In a case of satisfying a first condition, first 

processing is performed. In a case of not satisfying the first condition, the flow 5 

proceeds to a second condition. In a case of satisfying the second condition, 

second processing is performed. In a case of not satisfying the second condition, 

the flow proceeds to a third condition. In a case of satisfying the  third condition, 

third processing is performed. In a case of not satisfying the third condition, 

fourth processing is performed. After performing the first processing, the second 10 

processing, the third processing, or the fourth processing, the flow associa ted with 

the determination of the total number Nsoft of the soft channel bits is ended. 

[0179] 

In the first condition of FIG. 19, (i) in a case where the terminal device 1 

signals the capability parameter ue-CategoryDL-r12 indicating the downlink UE 15 

category 0, or (ii) in a case where the terminal device 1 signals the capability 

parameter ue-CategoryDL-r12 not indicating the downlink UE category 0 and the 

terminal device 1 is configured with the parameter altCQI-Table-r12 for the 

downlink component carrier (cell) by the higher layer (YES), Nsoft is the total 

number of the soft channel bits in accordance with the downlink UE category 20 

indicated by the capability parameter ue-CategoryDL-r12 (first processing). 

[0180] 

In the second condition of FIG. 19, in a case where the terminal device 1 

signals the capability parameter ue-Category-v11a0 and in a case where the 

terminal device 1 is configured with the parameter altCQI-Table-r12 for the 25 

downlink component carrier (cell) by the higher layer (YES), N soft is the total 

number of the soft channel bits in accordance with the UE category indicated by 

the capability parameter ue-Category0v11a0 (second processing). 

[0181] 

In the third condition of FIG. 19, in a case where the terminal device 1 30 

signals the capability parameter ue-Category-v1020 and in a case where the 

terminal device 1 is configured with the first transmission mode (for example, the 

transmission mode 9 or the transmission mode 10) for the downlink component 
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carrier (cell) (YES), Nsoft is the total number of the soft channel bits in accordance 

with the UE category indicated by the capability parameter ue-Category-v1020 

(third processing). Here, the terminal device 1 may or may not signal the 

capability parameter ue-Category-v1170. 

[0182] 5 

In the third condition of FIG. 19, in a case where the terminal device 1 

signals the capability parameter ue-Category-v1020 and in a case where the 

terminal device 1 is configured with the parameter LayersCount -v10xx for the 

downlink component carrier (cell) by the higher layer (YES), Nsoft is the total 

number of the soft channel bits in accordance with the UE category indicated by 10 

the capability parameter ue-Category-v1020 (first processing). Here, the terminal 

device 1 may be configured with a transmission mode other than the first 

transmission mode. Here, the terminal device 1 may or may not signal the 

capability parameter ue-Category-v1170. 

[0183] 15 

In a case of not satisfying the first condition, the second condition, and the 

third condition of FIG. 19, Nsoft is the total number of the soft channel bits in 

accordance with the UE category indicated by the capability parameter 

ue-Category (without suffix) (fourth processing). For example, in a case where the 

terminal device 1 signals the capability parameter ue-Category-v11a0, the 20 

capability parameter ue-Category-v1120, the capability parameter 

ue-Category-v1020, and the capability parameter ue-Category (without suffix), in 

a case where the terminal device 1 is not configured with the parameter 

altCQI-Table-r12 for the downlink component carrier (cell) by the higher layer, in 

a case where the terminal device 1 is not configured with the parameter 25 

LayersCount-v10xx for the downlink component carrier (cell) by the higher layer, 

and in a case where the terminal device 1 is configured with a transmission mode 

other than the first transmission mode, Nsoft is the total number of the soft channel 

bits in accordance with the UE category indicated by the capability parameter 

ue-Category (without suffix). Furthermore, for example, in a case  where the 30 

terminal device 1 signals the capability parameter ue-Category-v1120, the 

capability parameter ue-Category-v1020, and the capability parameter 

ue-Category (without suffix), in a case where the terminal device 1 is not 
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configured with the parameter LayersCount-v10xx for the downlink component 

carrier (cell) by the higher layer, and in a case where the terminal device 1 is 

configured with a transmission mode other than the first transmission mode, N soft 

is the total number of the soft channel bits in accordance with the UE category 

indicated by the capability parameter ue-Category (without suffix). 5 

[0184] 

FIG. 20 illustrates one example of a method of configuring K c according to 

the present embodiment. Kc is given based on (i) Nsoft specified in FIG. 19, (ii) 

whether the terminal device 1 is configured with the parameter altCQI-Table-r12 

for the downlink component carrier (cell) by the higher layer, and/or (iii) the 10 

maximum number of layers for the downlink component carrier (cell). Here, the 

maximum number of layers may be given by referring to (i) the number of layers 

supported, for the downlink component carrier (cell), by a PDSCH transmission 

scheme corresponding to the transmission mode with which the terminal device 1 

is configured and/or (ii) the maximum number of layers assumed for specifying 15 

the bit width for the RI in S165 of FIG. 16. For example, the maximum number of 

layers may be given in accordance with a smallest of (i) the number of layers 

supported, for the downlink component carrier (cell), by the PDSCH transmission 

scheme corresponding to the transmission mode with which the terminal device 1 

is configured and (ii) the maximum number of layers assumed for specifying the 20 

bit width for the RI in S165 of FIG. 16. 

[0185] 

That is, the soft buffer size Ncb for the corresponding code block and the 

rate matching for the corresponding code block may be given by referring to some 

or all of (i) to (v) below: 25 

(i) which one of the capability parameter ue-Category (without suffix), the 

capability parameter ue-Category-v1020, the capability parameter 

ue-Category-v1170, and the capability parameter ue-CategoryDL-r12 is 

transmitted; 

(ii) whether the parameter LayersCount-v10xx for the downlink component 30 

carrier is received/configured; 

(iii) whether the parameter altCQI-Table-r12 for the downlink component 

carrier is received/configured; 
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(iv) the number of layers supported, for the downlink component carrier, by 

the PDSCH transmission scheme corresponding to the transmission mode with 

which the terminal device is configured; and 

(v) the maximum number of layers assumed for specifying the bit width for 

the RI 5 

[0186] 

Hereinafter, a fifth example associated with the method of specifying a rate 

matching for a code block size of the transport block in step S167 of FIG. 16 will 

be described. The fifth example is applied to the terminal device 1.  

[0187] 10 

(5-1) In the fifth example, the terminal device 1 includes: a transmission 

unit 107 configured to transmit a Rank Indicator (RI) for Physical Downlink 

Shared CHannel (PDSCH) transmission; a reception unit 105 configured to receive 

first information (an RRCConnectionReconfiguration message) used for 

determining a first maximum number of layers that is a first maximum number 15 

assumed for determining a bit width for the RI and to receive a transport block on 

the PDSCH, and a decoding unit 1051 configured to decode a code block of the 

transport block. Here, a rate matching for the code block is based at least on a soft 

buffer size for the code block. Here, the soft buffer  size for the code block is 

based at least on the first information (RRCConnectionReconfiguration message) 20 

used for determining the first maximum number of the layers.  

[0188] 

(5-2) In the fifth example, the transmission unit 107 transmits the RI on a 

Physical Uplink Shared CHannel (PUSCH). 

[0189] 25 

(5-3) In the fifth example, the terminal device 1 is configured with a 

prescribed transmission mode associated with the PDSCH transmission.  

[0190] 

(5-4) In the fifth example, the transmission unit 107 transmits capability 

information (UECapabilityInformation) including second information 30 

(ue-Category (without suffix)) and third information (ue-Category-v1020). Here, 

the second information (ue-Category (without suffix)) indicates a second 

maximum number of the layers supported by the terminal device in a downlink, 
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and a first UE category corresponding to a first total number of soft channel bits 

capable of being utilized for Hybrid Automatic Repeat reQuest (HARQ) 

processing in the downlink. Here, the third information (ue-Category-v1020) 

indicates a third maximum number of the layers supported by the terminal device 

in the downlink, and a second UE category corresponding to a second total 5 

number of soft channel bits capable of being utilized for Hybrid Automatic Repeat  

reQuest (HARQ) processing in the downlink. Here, the soft buffer size for the 

code block is given by referring to any one of the first total number and the second 

total number, based on whether the first information 

(RRCConnectionReconfiguration message) used for determining the first 10 

maximum number of the layers indicates a fourth maximum number of the layers. 

That is, the soft buffer size for the code block is given by referring to any one of 

the first total number and the second total number, based on whether the first 

information used for determining the first maximum number of the layers is 

configured to a value indicating the fourth maximum number of the layers.  15 

[0191] 

(5-5) In the fifth example, in a case that the first information 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers indicates the fourth maximum number of the 

layers, the soft buffer size for the code block is given by referring to the first total 20 

number. Here, in a case that the first information (RRCConnectonReconfiguration 

message) used for determining the first maximum number of the layers does not 

indicate the fourth maximum number of the layers, the soft buffer size for the code 

block is given by referring to the second total number. Here, “the first information 

(RRCConnectionReconfiguration message) does not indicate the fourth maximum 25 

number of the layers” includes “the parameter LayersCount-v10xx is not included 

in the first information (RRCConnectionReconfiguration message)”. That is, in a 

case that the first information used for determining the first maximum number of 

the layers is configured to the value indicating the fourth maximum number of the 

layers, the soft buffer size for the code block is given by referring to the first to tal 30 

number, and in a case that the first information used for determining the first 

maximum number of the layers is not configured by the value indicating the fourth 
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maximum number of the layers, the soft buffer size for the code block is given by 

referring to the second total number. 

[0192] 

(5-6) In the fifth example, in a case that the first information 

(RRCConnectionReconfiguration message) used for determining the first 5 

maximum number of the layers indicates the fourth maximum number of the 

layers, the first maximum number of the layers is given by referring to the fourth 

maximum number of the layers. Here, the “first information 

(RRCConnectionReconfiguration message) indicates the fourth maximum number 

of the layers” includes “the parameter LayersCount-v10xx included in the first 10 

information (RRCConnectionReconfiguration message) indicates the fourth 

maximum number of the layers”. That is, in a case that the first information is 

received, the first maximum number of the layers is given by referring to the first 

information. 

[0193] 15 

(5-7) In the fifth example, in a case that the first information 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers does not indicate the fourth maximum number of 

the layers, the first maximum number of the layers is given by referring to any one 

of a plurality of maximum numbers of layers including at least the second 20 

maximum number of the layers and the third maximum number of the layers. That 

is, in a case that the first information is not received, the first maximum number of 

the layers is given by referring to any one of the second information and the third 

information. 

[0194] 25 

Hereinafter, a sixth example associated with the method of specifying the 

rate matching for the code block size of the transport block in step S167 of FIG. 

16 will be described. The sixth example is applied to the base station device 3.  

[0195] 

(6-1) In the sixth example, the base station device 3 includes: a reception 30 

unit 305 configured to receive a Rank Indicator (RI) for Physical Downlink 

Shared CHannel (PDSCH) transmission from a terminal device; a transmission 

unit 307 configured to transmit, to the terminal device, first information 
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(RRCConnectionReconfiguration message) used by the terminal device for  

determining a first maximum number of layers assumed by the terminal device for 

determining a bit width for the RI and to transmit a transport block to the terminal 

device on the PDSCH; and a coding unit 3071 configured to code a code block of 

the transport block. Here, the rate matching for the coded code block is based at 5 

least on the soft buffer size for the code block. Here, the soft buffer size for the 

code block is based at least on first information (an 

RRCConnectionReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers.  

[0196] 10 

(6-2) In the sixth example, the reception unit 305 receives the RI from the 

terminal device on a Physical Uplink Shared CHannel (PUSCH).  

[0197] 

(6-3) In the sixth example, the terminal device 1 is configured with a 

prescribed transmission mode associated with the PDSCH transmission.  15 

[0198] 

(6-4) In the sixth example, the reception unit 305 receives capability 

information (UECapabilityInformation) including second information 

(ue-Category (without suffix)) and third information (ue-Category-v1020) from 

the terminal device. Here, the second information (ue-Category (without suffix)) 20 

indicates the second maximum number of the layers supported by the terminal 

device in a downlink, and a first UE category corresponding to a first total number 

of soft channel bits capable of being utilized for Hybrid Automatic Repeat reQuest 

(HARQ) processing in the downlink. Here, the third information 

(ue-Category-v1020) indicates the third maximum number of the layers supported 25 

by the terminal device in the downlink, and a second UE category corresponding 

to a second total number of soft channel bits capable of being utilized for Hybrid 

Automatic Repeat reQuest (HARQ) processing in the downlink. Here, the soft 

buffer size for the code block is given by referring to any one of the first total 

number and the second total number, based on whether the first information 30 

(RRCConnectionReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers indicates the fourth maximum 

number of the layers. That is, the soft buffer size for the code block is given by 
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referring to any one of the first total number and the second total number, based 

on whether the first information used for determining the first maximum number 

of the layers is configured to a value indicating the fourth maximum number of the 

layers. 

[0199] 5 

(6-5) In the sixth example, in a case that the first information 

(RRCConnectionReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers indicates the fourth maximum 

number of the layers, the soft buffer size for the code block is given by referring 

to the first total number. Here, in a case that the first information 10 

(RRCConnectionReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers does not indicate the fourth 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the second total number. Here, “the first information 

(RRCConnectionReconfiguration message) does not indicate the fourth maximum 15 

number of the layers” includes “the parameter LayersCount-v10xx is not included 

in the first information (RRCConnectionReconfiguration message)”. That is, in a 

case that the first information used for determining the first maximum number of 

the layers is configured to the value indicating the fourth maximum number of the 

layers, the soft buffer size for the code block is given by referring to the first total 20 

number, and in a case that the first information used for determining the first 

maximum number of the layers is not configured to the value indicating the fourth 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the second total number. 

[0200] 25 

(6-6) In the sixth example, in a case that the first information 

(RRCConnectonReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers indicates the fourth maximum 

number of the layers, the first maximum number of the layers is given by referring 

to the fourth maximum number of the layers. Here, the “first information 30 

(RRCConnectionReconfiguration message) indicates the fourth maximum number 

of the layers” includes “the parameter LayersCount-v10xx included in the first 

information (RRCConnectionReconfiguration message) indicates the fourth 
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maximum number of the layers”. That is, in a case that the first information is 

received, the first maximum number of the layers is given by referring to the first 

information. 

[0201] 

(6-7) In the sixth example, in a case that the first information 5 

(RRCConnectionReconfiguration message) used by the terminal device for 

determining the first maximum number of the layers does not indicate the fourth 

maximum number of the layers, the first maximum number of the layers is given 

by referring to any one of a plurality of maximum numbers of the layers including 

at least the second maximum number of the layers and the thi rd maximum number 10 

of the layers. That is, in a case that the first information is not received, the first 

maximum number of the layers is given by referring to any one of the second 

information and the third information. 

[0202] 

In S169 of FIG. 16, soft channel bits of a code block of a transport block 15 

stored by the terminal device 1 are based on the soft buffer size N cb for the code 

block of the transport block. In a case that the terminal device 1 fails to decode the 

code block of the transport block, the terminal device 1 stores the received soft 

channel bits at least corresponding to a range of <wk, wk + 1,..., w(k + nSB - 1) mod Ncb>. 

k of <wk, wk + 1,..., w(k + nSB - 1) mod Ncb> is determined by the terminal device 1. 20 

Here, in determination of k of <wk, wk + 1,..., w(k + nSB - 1) mod NcB>, it is preferable 

that the terminal device 1 prioritize storing soft channel bits corresponding to a 

lower value of k. 

[0203] 

FIG. 21 is a diagram illustrating one example of a range of <wk, wk + 1,..., 25 

w(k + nSB - 1) mod Ncb> according to the present embodiment. Here, nSB is given by 

referring to the soft buffer size Ncb for a code block of a transport block. nSB is 

given by Equation (6) below. 

[Math. 6] 

 30 
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[0204] 

In the equation, C is defined in Equation (4). In the equation, KMIMO, 

MDL_HARQ, and Mlimit are defined in Equation 5. In the equation, NDL_cells is the 

number of downlink component carriers (cells) configured for the terminal device 

1. In the equation, N’soft is the total number of soft channel bits in accordance with 5 

the UE category or the downlink UE category. N’soft is given by any one of the 

capability parameter ue-Category (without suffix), the capability parameter 

ue-Category-v1020, the capability parameter ue-Category 1170, and the capability 

parameter ue-CategoryDL-r12. Note that Nsoft and N’soft are separately defined. 

[0205] 10 

FIG. 22 is a diagram illustrating one example of a flow chart associated 

with a determination of the total number N’soft of the soft channel bits according to 

the present embodiment. The flow of FIG. 22 may be applied to each of the 

downlink component carriers (cells). In a case of satisfying a fourth condition, 

fifth processing is performed. In a case of not satisfying the fourth condition, the 15 

flow proceeds to the fifth condition. In a case of satisfying a fifth condition, sixth 

processing is performed. In a case of not satisfying the fifth condition, the flow 

proceeds to a sixth condition. In a case of satisfying the sixth condition, seventh 

processing is performed. In a case of not satisfying the sixth condition, the flow 

proceeds to a seventh condition. In a case of satisfying the seventh condition, 20 

eighth processing is performed. In a case of not satisfying the seventh condition, 

ninth processing is performed. After performing the fifth processing, the sixth 

processing, the seventh processing, the eighth processing or the ninth processing, 

the flow associated with the determination of the total number N’ soft of the soft 

channel bits is ended. 25 

[0206] 

In the fourth condition of FIG. 22, in a case where the terminal device 1 

signals the capability parameter ue-CategoryDL-r12 (YES), Nsoft is the total 

number of soft channel bits in accordance with the downlink UE category 

indicated by the capability parameter ue-CategoryDL-r12 (fifth processing). 30 

[0207] 

In the fifth condition of FIG. 22, in a case where the terminal device 1 

signals the capability parameter ue-Category-v11a0 and does not signal the 
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capability parameter ue-CategoryDL-r12 (YES), Nsoft is the total number of soft 

channel bits in accordance with the UE category indicated by the capability 

parameter ue-Category-v11a0 (sixth processing). 

[0208] 

In the sixth condition of FIG. 22, in a case where the terminal device 1 5 

signals the capability parameter ue-Category-v1170 and does not signal the 

capability parameter ue-Category-v11a0 and the capability parameter 

ue-CategoryDL-r12 (YES), Nsoft is the total number of soft channel bits in 

accordance with the UE category indicated by the capability parameter 

ue-Category-v1170 (seventh processing). 10 

[0209] 

In the seventh condition of FIG. 22, in a case where the terminal device 1 

signals the capability parameter ue-Category-v1020 and does not signal the 

capability parameter ue-Category-v1170, the capability parameter 

ue-Category-v11a0, and the capability parameter ue-CategoryDL-r12 (YES), Nsoft 15 

is the total number of soft channel bits in accordance with the UE category 

indicated by the capability parameter ue-Category-v1020 (eighth processing). 

[0210] 

In the seventh condition of FIG. 22, in a case where the terminal device 1 

signals the capability parameter ue-Category (without suffix) and does not signal 20 

the capability parameter ue-Category-v1020, the capability parameter 

ue-Category-v1170, the capability parameter ue-Category-v11a0, and the 

capability parameter ue-CategoryDL-r12 (NO), Nsoft is the total number of soft 

channel bits in accordance with the UE category indicated by the capability 

parameter ue-Category (without suffix) (ninth processing).  25 

[0211] 

That is, in a case that the terminal device 1 fails to decode a code block of a 

transport block, soft channel bits to be stored by the terminal device 1 may be 

given by referring to some or all of (i) to (v) below: 

(i) which one of the capability parameter ue-Category (without suffix), the 30 

capability parameter ue-Category-v1020, the capability parameter 

ue-Category-v1170, and the capability parameter ue-CategoryDL-r12 is 

transmitted; 
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(ii) whether the parameter LayersCount-v10xx for the downlink component 

carrier is received/configured; 

(iii) whether the parameter altCQI-Table-r12 for the downlink component 

carrier is received/configured; 

(iv) the number of layers supported by a PDSCH transmission scheme 5 

corresponding to a transmission mode with which the terminal device 1 is 

configured for the downlink component carrier; and 

(v) the maximum number of layers assumed for specifying the bit width for 

an RI 

[0212] 10 

Hereinafter, a seventh example associated with a method of storing the soft 

channel bits for the code block size of the transport block in step S169 of FIG. 16 

will be described. The seventh example is applied to the terminal device 1.  

[0213] 

(7-1) In the seventh example, the terminal device 1 includes: a transmission 15 

unit 107 configured to transmit a Rank Indicator (RI) for Physical Downlink 

Shared CHannel (PDSCH) transmission; a reception unit 105 configured to receive 

first information (an RRCConnectionReconfiguration message) used for 

determining a first maximum number of layers that is a first maximum number 

assumed for determining a bit width for the RI and to receive a transport block on 20 

the PDSCH, and a decoding unit 1051 configured to decode a code block of the 

transport block. Here, in a case that the decoding unit 1051 fails to decode the 

code block, the decoding unit 1051 stores at least soft channel bits corresponding 

to a range of prescribed soft channel bits out of soft channel bits of the code block. 

Here, the prescribed soft channel bits are based on the soft buffer size for the code 25 

block. Here, the soft buffer size for the code block is based at least on the first 

information (RRCConnectionReconfiguration message) used for determining the 

first maximum number of the layers. 

[0214] 

(7-2) In the seventh example, the transmission unit 107 transmits the RI on 30 

the Physical Uplink Shared CHannel (PUSCH). 

[0215] 
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(7-3) In the seventh example, the terminal device 1 is configured with a 

prescribed transmission mode associated with the PDSCH transmission.  

[0216] 

(7-4) In the seventh example, the transmission unit 107 transmits capabi lity 

information (UECapabilityInformation) including second information 5 

(ue-Category (without suffix)) and third information (ue-Category-v1020). Here, 

the second information (ue-Category (without suffix)) indicates the second 

maximum number of the layers supported by the terminal device in a downlink, 

and a first UE category corresponding to a first total number of soft channel bits 

capable of being utilized for Hybrid Automatic Repeat reQuest (HARQ) 10 

processing in the downlink. Here, the third information (ue-Category-v1020) 

indicates the third maximum number of the layers supported by the terminal 

device in the downlink, and a second UE category corresponding to a second total 

number of soft channel bits capable of being utilized for Hybrid Automatic Repea t 

reQuest (HARQ) processing in the downlink. Here, the soft buffer size for the 15 

code block is given by referring to any one of the first total number and the second 

total number, based on whether the first information 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers indicates the fourth maximum number of the 

layers. That is, the soft buffer size for the code block is given by referring to any 20 

one of the first total number and the second total number, based on whether the 

first information used for determining the first maximum number of the layers is 

configured to a value indicating the fourth maximum number of the layers.  

[0217] 

(7-5) In the seventh example, in a case that the first information 25 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers indicates the fourth maximum number of the 

layers, the soft buffer size for the code block is given by referring to the first total 

number. Here, in a case that the first information (RRCConnectonReconfiguration 

message) used for determining the first maximum number of the layers does not 30 

indicate the fourth maximum number of the layers, the soft buffer size for the code 

block is given by referring to the second total number. Here, “the first information 

(RRCConnectionReconfiguration message) does not indicate the fourth maximum 
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number of the layers” includes “the parameter LayersCount-v10xx is not included 

in the first information (RRCConnectionReconfiguration message)”. That is, in a 

case that the first information used for determining the first maximum number of 

the layers is configured to the value indicating the fourth maximum number of the 

layers, the soft buffer size for the code block is given by referring to the fir st total 5 

number, and in a case that the first information used for determining the first 

maximum number of the layers is not configured to the value indicating the fourth 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the second total number. 

[0218] 10 

(7-6) In the seventh example, in a case that the first information 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers indicates the fourth maximum number of the 

layers, the first maximum number of the layers is given by referring to the fourth 

maximum number of the layers. Here, the “first information 15 

(RRCConnectionReconfiguration message) indicates the fourth maximum number 

of the layers” includes “the parameter LayersCount-v10xx included in the first 

information (RRCConnectionReconfiguration message) indicates the fourth 

maximum number of the layers”. That is, in a case that the first information is 

received, the first maximum number of the layers is given by referring to the first 20 

information. 

[0219] 

(7-7) In the seventh example, in a case that the first information 

(RRCConnectionReconfiguration message) used for determining the first 

maximum number of the layers does not indicate the fourth maximum number of 25 

the layers, the first maximum number of the layers is given by referring to any one 

of a plurality of maximum numbers of the layers including at least the second 

maximum number of the layers and the third maximum number of the layers. That 

is, in a case that the first information is not received, the first maximum number of 

the layers is given by referring to any one of the second information and the third 30 

information. 

[0220] 
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The present embodiment has been described in detail with references to the 

first example to the seventh example and FIG. 1 to FIG. 22, but various 

modifications are possible within the scope indicated in the first example to the 

seventh example and FIG. 1 to FIG. 22, and the technical means/method that are 

made by suitably combining technical means/methods disclosed each in the 5 

different examples and drawings are also included in the technical scope of the 

present invention. 

[0221] 

Therefore, the terminal device 1 can efficiently communicate with the base 

station device 3, even in a case of not knowing the release and the version of LTE 10 

supported by the base station device 3. Furthermore, the base station device 3 can 

efficiently communicate with the terminal device 1, even in a case of not knowing 

the release and the version of LTE supported by the terminal device 1. 

[0222] 

A program running on each of the base station device 3 and the terminal 15 

device 1 according to the present invention may be 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 realize the functions according to the 

above-described embodiments of the present invention. The information handled 

in these devices is temporarily stored in a Random Access Memory (RAM) while 20 

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.  

[0223] 

Moreover, the terminal device 1 and the base station device 3 according to 25 

the above-described embodiments may be partially realized by a computer. This 

configuration may be realized by recording a program for realizing such control 

functions on a computer-readable medium and causing a computer system to read 

the program recorded on the recording medium for execution.  

[0224] 30 

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 
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"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.  

[0225] 

Moreover, the "computer-readable recording medium" may include a 5 

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 circuit such as a telephone circuit, 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 10 

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. 

[0226] 15 

Furthermore, the base station device 3 according to the above-described 

embodiments can be realized as an aggregation (a device group) constituted of 

multiple devices. Devices constituting the 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 embodiments. It is only required 20 

that the device group itself include general functions 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. 

[0227] 25 

Furthermore, the base station device 3 according to the above-described 

embodiments may be an Evolved Universal Terrestrial Radio Access Network 

(EUTRAN). Furthermore, the base station device 3 according to the 

above-described embodiments may have some or all portions of the function of a 

node higher than an eNodeB. 30 

[0228] 

Furthermore, some or all portions of each of the terminal device 1 and the 

base station device 3 according to the above-described embodiments may be 
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realized as an LSI that is a typical integrated circuit or may be realized as a chip 

set. The functional blocks of each of the terminal device 1 and the base station 

device 3 may be individually realized as a chip, or some or all of the functional 

blocks may be integrated into a chip. Furthermore, the circuit integration 

technique is not limited to the LSI, and the integrated circuit may be realized with 5 

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. 

[0229] 10 

Furthermore, according to the above-described embodiment, the terminal 

device is described as one example of a terminal device or a communication 

device, but the present invention is not limited to this, and can be applied to a 

fixed-type or a stationary-type electronic apparatus installed indoors or outdoors, 

for example, a terminal device or a communication device, such as an audio-video 15 

(AV) apparatus, a kitchen apparatus, a cleaning or washing machine, an 

air-conditioning apparatus, office equipment, a vending machine, and other 

household apparatuses. 

[0230] 

The embodiments of the present invention have been described in detail 20 

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 25 

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.  30 

 

INDUSTRIAL APPLICABILITY 

[0231] 
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The present invention can be applied to terminal devices or communication 

devices such as a mobile phone, a personal computer, a tablet computer, 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. 5 

 

DESCRIPTION OF REFERENCE NUMERALS 

[0232] 

1 (1A, 1B, 1C) Terminal device 

3 Base station device 10 

101 Higher layer processing unit 

103 Control unit 

105 Reception unit 

107 Transmission unit 

301 Higher layer processing unit 15 

303 Control unit 

305 Reception unit 

307 Transmission unit 

1011 Radio resource control unit 

1013 Scheduling information interpretation unit  20 

1015 CSI report control unit 

3011 Radio resource control unit 

3013 Scheduling unit 

3015 CSI report control unit 

25 
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CLAIMS 

 

[Claim 1] 

A terminal device, comprising:  

a transmission unit configured to transmit a Rank Indicator (RI) for 5 

Physical Downlink Shared CHannel (PDSCH) transmission;  

a reception unit configured to receive first information used for 

determining a first maximum number of layers being a first maximum number 

assumed for determining a bit width for the RI and to receive a transport block on 

the PDSCH; and 10 

a decoding unit configured to decode a code block of the transport block,  

wherein in a case that the decoding unit fails to decode the code block, the 

decoding unit stores at least soft channel bits corresponding to a range of 

prescribed soft channel bits, 

the prescribed soft channel bits are based on a soft buffer size for the code 15 

block, and 

the soft buffer size for the code block is based at least on the first 

information used for determining the first maximum number of the layers. 

 

[Claim 2] 20 

The terminal device according to claim 1,  

wherein the transmission unit transmits the RI on a Physical Uplink Shared 

CHannel (PUSCH). 

 

[Claim 3] 25 

The terminal device according to claim 1,  

wherein the terminal device is configured with a first transmission mode 

for the PDSCH transmission. 

 

[Claim 4] 30 

The terminal device according to claim 1,  

wherein the transmission unit transmits capability information including 

second information and third information, 
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the second information indicates a second maximum number of the layers 

supported by the terminal device in a downlink and a first UE category 

corresponding to a first total number of soft channel bits capable of being utilized 

for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink, 

the third information indicates a third maximum number of the layers 5 

supported by the terminal device in the downlink, and a second UE category 

corresponding to a second total number of soft channel bits capable of being 

utilized for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink, 

and 

the soft buffer size for the code block is given by referring to any one of 10 

the first total number and the second total number, based on whether the first 

information used for determining the first maximum number of the layers is 

configured to a value indicating a fourth maximum number of the layers.  

 

[Claim 5] 15 

The terminal device according to claim 4,  

wherein in a case that the first information used for determining the first 

maximum number of the layers is configured to the value indicating the fourth 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the first total number, and 20 

in a case that the first information used for determining the first maximum 

number of the layers is not configured to the value indicating the fourth maximum 

number of the layers, the soft buffer size for the code block is given by referring 

to the second total number. 

 25 

[Claim 6] 

The terminal device according to claim 4,  

wherein in a case that the first information is received, the first maximum 

number of the layers is given by referring to the first information.  

 30 

[Claim 7] 

The terminal device according to claim 4,  
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wherein in a case that the first information is not received, the first 

maximum number of the layers is given by referring to the third information.  

 

[Claim 8] 

A communication method used for a terminal device, the method 5 

comprising the steps of: 

transmitting a Rank Indicator (RI) for Physical Downlink Shared CHannel 

(PDSCH) transmission; 

receiving first information used for determining a first maximum number of 

layers being a first maximum number assumed for determining a bit width for the 10 

RI; 

receiving a transport block on the PDSCH; 

decoding a code block of the transport block; and 

storing, in a case of failing to decode the code block, at least soft channel 

bits corresponding to a range of prescribed soft channel bits;  15 

wherein the prescribed soft channel bits are based on a soft buffer s ize for 

the code block, and 

the soft buffer size for the code block is based at least on first information 

used for determining the first maximum number of the layers.  

 20 

[Claim 9] 

The communication method according to claim 8,  

wherein the RI is transmitted on a Physical Uplink Shared CHannel 

(PUSCH). 

 25 

[Claim 10] 

The communication method according to claim 8,  

wherein the terminal device is configured with a first transmission mode 

for the PDSCH transmission. 

 30 

[Claim 11] 

The communication method according to claim 8, comprising the step of: 
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transmitting capability information including second information and third 

information, 

wherein the second information indicates a second maximum number of the 

layers supported by the terminal device in a downlink and a fi rst UE category 

corresponding to a first total number of soft channel bits capable of being utilized 5 

for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink,  

the third information indicates a third maximum number of the layers 

supported by the terminal device in the downlink, and a second UE category 

corresponding to a second total number of soft channel bits capable of being 

utilized for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink, 10 

and 

the soft buffer size for the code block is given by referring to any one of 

the first total number and the second total number, based on whether the first 

information used for determining the first maximum number of the layers is 

configured to a value indicating a fourth maximum number of the layers. 15 

 

[Claim 12] 

The communication method according to claim 11,  

wherein in a case that the first information used for determining the first 

maximum number of the layers is configured to the value indicating the fourth 20 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the first total number, and 

in a case that the first information used for determining the first maximum 

number of the layers is not configured to the value indicating the fourth maximum 

number of the layers, the soft buffer size for the code block is given by referring 25 

to the second total number. 

 

[Claim 13] 

The communication method according to claim 11,  

wherein in a case that the first information is received, the first maximum 30 

number of the layers is given by referring to the first information.  

 

[Claim 14] 
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The communication method according to claim 11,  

wherein in a case that the first information is not received, the first 

maximum number of the layers is given by referring to the third in formation. 

 

[Claim 15] 5 

An integrated circuit causing a terminal device to exhibit a series of 

functions including the functions of: 

transmitting a Rank Indicator (RI) for Physical Downlink Shared CHannel 

(PDSCH) transmission; 

receiving first information used for determining a first maximum number of 10 

layers being a first maximum number assumed for determining a bit width for the 

RI; 

receiving a transport block on the PDSCH; 

decoding a code block of the transport block; and 

storing, in a case of failing to decode the code block, at least soft channel 15 

bits corresponding to a range of prescribed soft channel bits,  

wherein the prescribed soft channel bits are based on a soft buffer size for 

the code block, and 

the soft buffer size for the code block is based at least on first information 

used for determining the first maximum number of the layers.  20 

 

[Claim 16] 

The integrated circuit according to claim 15,  

wherein the RI is transmitted on a Physical Uplink Shared CHannel 

(PUSCH). 25 

 

[Claim 17] 

The integrated circuit according to claim 15,  

wherein the terminal device is configured with a first transmission mode 

for the PDSCH transmission. 30 

 

[Claim 18] 
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The integrated circuit according to claim 15, causing the terminal device to 

exhibit a function of transmitting capability information including second 

information and third information, 

wherein the second information indicates a second maximum number of the 

layers supported by the terminal device in a downlink and a first UE category 5 

corresponding to a first total number of soft channel bits capable of being utilized 

for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink,  

the third information indicates a third maximum number of the layers 

supported by the terminal device in the downlink, and a second UE category 

corresponding to a second total number of soft channel bits capable of being 10 

utilized for Hybrid Automatic Repeat reQuest (HARQ) processing in the downlink, 

and 

the soft buffer size for the code block is given by referring to any one of 

the first total number and the second total number, based on whether the first 

information used for determining the first maximum number of the layers is 15 

configured to a value indicating a fourth maximum number of the layers.  

 

[Claim 19] 

The integrated circuit according to claim 18,  

wherein in a case that the first information used for determining the first 20 

maximum number of the layers is configured to the value indicating the fourth 

maximum number of the layers, the soft buffer size for the code block is given by 

referring to the first total number, and 

in a case that the first information used for determining the first maximum 

number of the layers is not configured to a value indicating the fourth maximum 25 

number of the layers, the soft buffer size for the code block is given by referring 

to the second total number. 

 

[Claim 20] 

The integrated circuit according to claim 18,  30 

wherein in a case that the first information is received, the first maximum 

number of the layers is given by referring to the first information.  
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[Claim 21] 

The integrated circuit according to claim 18,  

wherein in a case that the first information is not received, the first maximum number of 

the layers is given by referring to the third information. 

5 


