TRANSMISSION APPARATUS, RECEPTION APPARATUS, COMMUGATION
METHOD, AND INTEGRATED CIRCUIT

Technical Field
[0001]
The present invention relates to a transmissioraegips, a reception apparatus, a
communication method, and an integrated circuit.
This application claims priority based on Japanatent Application No.
2016-140062 filed on July 15, 2016, the contentsvbich are incorporated herein by
reference.

Background Art
[0002]

In the 3rd Generation Partnership Project (3GPR#dio access method and a
radio network for cellular mobile communication®(hinafter referred to as "Long Term
Evolution (LTE)", or "Evolved Universal Terrestri®adio Access (EUTRA)") have been
considered. In LTE, a base station apparatus © r@ferred to as an evolved NodeB
(eNodeB), and a terminal apparatus is also refetweas a User Equipment (UE). LTE is a
cellular communication system in which multiple aseare deployed in a cellular
structure, with each of the multiple areas beingered by a base station apparatus. A
single base station apparatus may manage multgdls.c
[0003]

In 3GPP, a next generation standard (New Radio: h#&®) been studied for
proposition to International Mobile Telecommuni@ati(IMT)-2020 which is a standard
of a next generation mobile communication systenictvinas been planned by
International Telecommunication Union (ITU) (NPL NR is desired to satisfy demands
assuming three scenarios, enhanced Mobile BroadBaM®&B), massive Machine Type
Communication (mMTC), Ultra Reliable and Low Latgn€ommunication (URLLC), in
the framework of a single technique.

[0004]

To satisfy such demands, error correcting codesl@yeg in NR have been studied

(NPL 2).

Citation List
Non Patent Literature
[0005]
NPL 1: "New SID proposal: Study on New Radio Acc&sshnology”, RP-160671,
NTT docomo, 3GPP TSG RAN Meeting #71, Goteborg, &awe 7th-10th March, 2016.
NPL 2: "3GPP TR 38.802 V0.0.3 (2016-03)", R1-16588th June, 2016.
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Summary of Invention
Technical Problem
[0006]

One aspect of the present invention provides astrassion apparatus which can
efficiently perform error correction coding, a commcation method used for the
transmission apparatus, an integrated circuit gurgd to be mounted in the transmission
apparatus, a reception apparatus which can effilgigrerform error correction decoding,
a communication method used for the reception agtpar and an integrated circuit
configured to be mounted in the reception apparatus

Solution to Problem
[0007]

(1) According to some aspects of the present ineanthe following measures are
provided. Specifically, a first aspect of the pmasgvention is a terminal apparatus
including: a coding unit configured to divide ansport block into one or more code
blocks and generate coded bit(s) by coding theamaore code blocks; and a transmitter
configured to transmit the coded bit(s) by usinghannel, wherein multiplex bit(s) are
given based on at least coupling of the coded bgénerated by coding of the one or
more code blocks, the coding unit maps the mulkifd&(s) to a matrix in a first-axis
prioritized manner and reads the multiplex bit(®ni the matrix in the first-axis
prioritized manner or in a second-axis prioritizednner, and whether the first axis or the
second axis is prioritized in a case that the migt bit(s) are read from the matrix is
given based on at least whether a signal wavefqpiied to a prescribed channel is an
OFDM.

[0008]

(2) A second aspect of the present invention isrminal apparatus including: a
coding unit configured to divide a transport bldoko one or more code blocks and
generate coded bit(s) by coding the one or moresdiidcks; and a transmitter configured
to map transmission symbol(s) to a prescribed chhand transmit the channel, wherein
the transmission symbol(s) are given based onast lemmodulation of a sequence in which
the coded bit(s) generated by coding of the onmore code blocks are coupled, and
whether the transmission symbol(s) are mappedtima-axis prioritized manner or a
frequency-axis prioritized manner is given basedbteast whether a signal waveform
applied to the channel is an OFDM.

[0009]

(3) A third aspect of the present invention is adatation apparatus including: a
receiver configured to receive a channel; and adixg unit configured to decode one or
more code blocks transmitted using the channel rainanultiplex bit(s) are given based
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on at least coupling of coded bit(s) generated dnjieg of the one or more code blocks,
the decoding unit maps the multiplex bit(s) to atmxain the first-axis prioritized manner
and reads the multiplex bit(s) from the matrix e tfirst-axis prioritized manner or in a
second-axis prioritized manner, and whether th&t faxis or the second axis is prioritized
in a case that the multiplex bit(s) are read frdva matrix is given based on at least
whether a signal waveform applied to a prescribleanoel is an OFDM.

[0010]

(4) A fourth aspect of the present invention isasé station apparatus including: a
receiver configured to receive a channel includiragnsmission symbol(s); and a decoding
unit configured to decode one or more code blocksgmitted using the channel, wherein
the transmission symbol(s) are given based onaat Imodulation of a sequence in which
coded bit(s) generated by coding of the one or ntode blocks are coupled, and whether
the transmission symbol(s) are mapped in a tims-pxioritized manner or a
frequency-axis prioritized manner is given basedbteast whether a signal waveform
applied to the channel is an OFDM.

[0011]

(5) A fifth aspect of the present invention is argounication method used by a
terminal apparatus, the communication method iniclgdhe steps of: dividing a transport
block into one or more code blocks and generatioded bit(s) by coding the one or more
code blocks; and transmitting the coded bit(s) biyng a channel, wherein multiplex bit(s)
are given based on at least coupling of the codd)lgenerated by coding of the one or
more code blocks, in the step of generating theedduit(s), the multiplex bit(s) are
mapped to a matrix in a first-axis prioritized manmand the multiplex bit(s) are read
from the matrix in the first-axis prioritized marmmer in a second-axis prioritized manner,
and whether the first axis or the second axis isrjiized in a case that the multiplex
bit(s) are read from the matrix is given based pleast whether a signal waveform
applied to a prescribed channel is an OFDM.

[0012]

(6) A sixth aspect of the present invention is amownication method used by a
terminal apparatus, the communication method iniclgdhe steps of: dividing a transport
block into one or more code blocks and generatioded bit(s) by coding the one or more
code blocks; and mapping transmission symbol($ pvescribed channel and
transmitting the channel, wherein the transmisspmbol(s) are given based on at least
modulation of a sequence in which the coded bigés)erated by coding of the one or
more code blocks are coupled, and whether the tmegssson symbol(s) are mapped in a
time-axis prioritized manner or a frequency-axigogtized manner is given based on at
least whether a signal waveform applied to the cleais an OFDM.

[0013]



(7) A seventh aspect of the present invention ¢@mmunication method used by a
base station apparatus, the communication methdddimg the steps of: receiving a
channel; and decoding one or more code blocks mné&tesd using the channel, wherein a
multiplex bit(s) are given based on at least couplof coded bit(s) generated by coding
of the one or more code blocks, in the step of dauopthe one or more code blocks, the
multiplex bit(s) are mapped to a matrix in the fiexis prioritized manner and reads the
multiplex bit(s) from the matrix in the first-axioritized manner or in a second-axis
prioritized manner, and whether the first axis loe second axis is prioritized in a case
that the multiplex bit(s) are read from the maits>given based on at least whether a
signal waveform applied to a prescribed chann@nFDM.
[0014]

(8) An eight aspect of the present invention issenmunication method used by a
base station apparatus, the communication methdddimg the steps of: receiving a
channel including transmission symbol(s); and déegadne or more code blocks
transmitted using the channel, wherein the transiomssymbol(s) are given based on at
least modulation of a sequence in which coded bgénerated by coding of the one or
more code blocks are coupled, and whether the tmegssson symbol(s) are mapped in a
time-axis prioritized manner or a frequency-axiggtized manner is given based on at
least whether a signal waveform applied to the cleais an OFDM.

Advantageous Effects of Invention
[0015]
According to one aspect of the present inventibe, transmission apparatus can
efficiently perform the error correction coding.rBwermore, the reception apparatus can
efficiently perform the error correction decoding.

Brief Description of Drawings

[0016]

FIG. 1 is a conceptual diagram of a radio commutidecasystem according to the
present embodiment.

FIG. 2 is a conceptual diagram of the radio comroation system according to the
present embodiment.

FIG. 3 is a diagram including an example of a scagenconfiguration of a radio
frame according to the present embodiment.

FIG. 4 is a diagram illustrating an example of Aesmatic configuration of a slot
according to the present embodiment.

FIG. 5 is a diagram illustrating an example of aftguration of a transmission
process 3000 according to the present embodiment.



FIGS. 6A and 6B are diagrams illustrating exampmé&a configuration of a coding
processing unit 3001 according to the present enmbeiit.

FIG. 7 is a diagram illustrating a concept of presiag delay in a reception process
according to the present embodiment.

FIG. 8 is a diagram illustrating an example of codet(s) array change by a
sub-block interleaver unit 4003 according to thegent embodiment.

FIG. 9 is a diagram illustrating a part of a configtion example of a control
information and data multiplexing unit 4007 and ehal interleaver unit 4008 included in
the coding processing unit 3001 in uplink accordiaghe present embodiment.

FIG. 10 is a schematic block diagram illustratingamfiguration of a terminal
apparatus 1 according to the present embodiment.

FIG. 11 a schematic block diagram illustrating afeguration of a base station
apparatus 3 according to the present embodiment.

Description of Embodiments
[0017]

Embodiments of the present invention will be ddsed below. In the following
description, the term "given" may be rephraseddetérmined” or "set".
[0018]

FIG. 1 is a conceptual diagram of a radio commutidecasystem according to the
present embodiment. In FIG. 1, a radio communigatigstem includes terminal
apparatuses 1A to 1C and a base station apparatdsr8inafter, each of the terminal
apparatuses 1A to 1C is also referred to as a m&napparatus 1.

[0019]

Hereinafter, carrier aggregation will be described.
[0020]

In one aspect of the present invention, multiplessgy cells may be configured for
the terminal apparatus 1. A technology in which téeninal apparatus 1 communicates
via the multiple serving cells is referred to a8l eggregation or carrier aggregation. One
aspect of the present invention may be appliedattheof the multiple serving cells
configured for the terminal apparatus 1. Furthempane aspect of the present invention
may be applied to some of the multiple servingsebnfigured. Furthermore, one aspect
of the present invention may be applied to eacthefmultiple serving cells configured.
Furthermore, one aspect of the present invention beaapplied to some of the multiple
serving cell groups configured. Here, one servialj may be configured with a single
band. Furthermore, one serving cell may be condurith an aggregation of multiple
noncontinuous bands.

[0021]



The multiple serving cells may include at least gmienary cell. Here, the multiple
serving cells may include at least one of multipézondary cells. A primary cell may be a
serving cell on which initial connection establiséymh procedure has been performed.
Furthermore, a primary cell may be a serving calmdich connection re-establishment
procedure has been started. Furthermore, a priceltynay be a cell which is instructed
as a primary cell in a handover procedure. Forscether than the primary cell, the
secondary cell may be configured at a point of twreen or after a Radio Resource
Control (RRC) connectivity is established. Heres grimary cell may be a cell complying
with LTE standard. Furthermore, the primary cellynbee a cell complying with NR
standard.

[0022]

A carrier corresponding to a serving cell in thevadink is referred to as a
downlink component carrier. A carrier correspondinga serving cell in the uplink is
referred to as an uplink component carrier. The mlavk component carrier and the
uplink component carrier are collectively refertedas a component carrier.

[0023]

The terminal apparatus 1 can perform simultaneoarssimission and/or reception
on multiple physical channels in multiple servirgjls (component carriers).
Transmission of one physical channel may be peréarim one serving cell (component
carrier) of the multiple serving cells (componeatriers).

[0024]

The terminal apparatus 1 can specify the servidgiceccordance with an index
relating to the serving cell (e.g., ServCellind&Cellindex and the like). The index
relating to the serving cell may be included inigher layer signal transmitted by the
base station apparatus.

[0025]

Dual connectivity is described below.
[0026]

FIG. 2 is a diagram illustrating an example of thdio communication system
according to the present embodiment. The followdiegcribes a case that the terminal
apparatus 1 is connected with multiple base staajparatuses 3A and 3B (the base
station apparatus 3A and 3B are also collectivefgmed to as a base station apparatus 3)
at the same time. It is assumed that the baseostapparatus 3A is a master base station
apparatus (MeNB: Master eNB), and the base statpparatus 3B is a secondary base
station apparatus (SeNB: Secondary eNB). The teah@pparatus 1 connecting to the
base station apparatuses 3 at the same time by tls#nmultiple cells belonging to the
multiple base station apparatuses 3 as describedeals referred to as "dual
connectivity". The cells belonging to the respeethase station apparatuses 3 may be
operated at the same frequency or different freqiesn
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[0027]

Note that the carrier aggregation is different frdm dual connectivity in that a
single one of the base station apparatuses 3 mamagkiple cells and the frequencies of
the respective cells are different from each othenther words, Carrier Aggregation is a
technique for connecting the single terminal appead and a single one of the base
station apparatus 3 via multiple cells having diéiet frequencies, while dual connectivity
is a technique for connecting the single termingdaratus 1 and the multiple base station
apparatuses 3 via multiple cells having the saraguency or different frequencies.
[0028]

From another viewpoint, the dual connectivity maydstablishment of an RRC
connectivity at least two network points by themi@ral apparatus 1. In the dual
connectivity, the terminal apparatus 1 may be cotervia a non-ideal backhaul in RRC
connected (RRC_CONNECTED) state.

[0029]

A group of serving cells associated with a masesebstation apparatus may be
referred to as a Master Cell Group (MCG). Furthemma group of serving cells
associated with a secondary base station appanaysbe referred to as a Secondary Cell
Group (SCG). Note that the cell groups may be seywell groups.

[0030]

In dual connectivity, the primary cell may belorgthe MCG. Moreover, in the
SCG, the secondary cell corresponding to the pryneatl is referred to as "Primary
Secondary Cell" (pSCell). Note that the pSCell rbayreferred to as "special cell" or
"Special Secondary Cell" (Special SCell).

[0031]

In one aspect of the present invention, servingsommplying with the LTE
standard and serving cells complying with the N&nsftard may be connected by the dual
connectivity. For example, the MCG may include avagg cell at least complying with
the LTE standard, and the SCG may include a sereé@ibgat least complying with the NR
standard.

[0032]

An example of a configuration of a radio frame acking to the present
embodiment is described below.
[0033]

FIG. 3 illustrates an example of a schematic camfagion of a radio frame of the
present embodiment. For example, each radio framg lme 10 ms in length. In FIG. 3,
the horizontal axis represents a time axis. Furtteee, for example, each radio frame
may be constituted of 10 subframes. Each subframg Ime 1 ms in length, and may be
defined by two successive slots. Each slot may.bents in length. In other words, 10
subframes may be included in each 10 ms intervateHa subframe is also referred to as

7



a Transmission Time Interval (TTI). The TTI may $eecified by the numbers of
Orthogonal Frequency Division Multiplexing (OFDMyrabols.
[0034]

An example configuration of a slot according to firesent embodiment will be
described below. FIG. 4 illustrates an example stlaematic configuration of a slot in
the present embodiment. FIG. 4 illustrates an exampa slot configuration in one cell.
In FIG. 4, the horizontal axis represents a timessaand the vertical axis represents a
frequency axis. In FIG. 4, | is an OFDM symbol nuantindex, and k is a subcarrier
number/index. Note that the OFDM symbol is alsceregd to simply as a symbol.
Furthermore, also in a case that a cell has a kigaaeform (which includes a signal
waveform based on the OFDM) other than the OFDM syimbol to which the signal
waveform is applied may be referred to as an OFQNIzol.

[0035]

In one aspect of the present invention, the physimmal or the physical channel
transmitted in each of the slots may be expresged tesource grid. In the downlink, the
resource grid may be defined with multiple subangiand multiple OFDM symbols.
Each element within the resource grid is referredg a resource element. The resource
element is expressed by a subcarrier number/indexckan OFDM symbol number/index
l.

[0036]

In one aspect of the present invention, the slog malude multiple OFDM
symbols | (1 =0, 1, ..., Rbgymp) in the time domain. For example Ny, may indicate
the number of OFDM symbols included in one uplihétsFor a normal Cyclic Prefix
(CP), N°"symp may be 7. For an extended CP,"Nmp may be 6.

[0037]

In one aspect of the present invention, the slogy malude multiple subcarriers k
(k=0, 1, ..., Nzg x NB) in the frequency domain.MNrs may be a bandwidth
configuration for the serving cell expressed by atiple of N?%.. N*5;. may be a
(physical) resource block size expressed by thebmrmf subcarriers (subcarrier number)
in the frequency domain. Subcarrier interval Df nbey15 kHz, and RFs. may be 12. In
other words, the bandwidth occupied by one resobtocek may be 180 kHz. Subcarrier
interval Df may be different for each channel, amwdbr each TTI.

[0038]

An example of a method of initial connectivity isstribed below.
[0039]

The terminal apparatus 1 may perform an operatfothetecting a channel
transmitted from the base station apparatus 3das® of establishing connectivity (such
as initial connectivity, a preliminary preprocess Eommunication, preparation of
communication, preliminary connectivity) with thade station apparatus 3. Preferably, a
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channel transmitted from the base station apparatuen be detected even in a condition
in which at least one of communication settingsfsas bandwidth, cell ID, subcarrier
interval, shared channel setting, and control cleasetting) of the base station apparatus
3 is unknown to the terminal apparatus 1. For eXamg channel transmitted from the
base station apparatus 3 may be configured to peatedly transmitted at a certain time
period. The channel detected for connecting theiteal apparatus 1 with the base station
apparatus is also referred to as a synchronizatih@mnel (or Synchronization Signal (SS)
or the like).

[0040]

The synchronization channel may have a functioproiiding channel
information (Channel State Information (CSl)) ofaio resource to which the
synchronization channel is transmitted to the teahapparatus 1. In other words, the
synchronization channel may be a reference sigmatiémodulating information (e.g.,
system information) or the like used for connectimith the base station apparatus 3. For
example, the system information may be a Mastesrintion Block (MIB) or a System
Information Block (SIB). Furthermore, the synchroation channel may be information
(e.g., a Physical Cell ID, a Virtual Cell ID, an kcrambling system information) used
for demodulating system information. In other wqrllg detection of the synchronization
channel, the terminal apparatus 1 may acquireastlene piece of information used for
demodulating the channel information and/or systefarmation.

[0041]

The synchronization channel may be a Primary Symization Signal (PSS),
and/or a Secondary Synchronization Channel (SSgdeaection of the synchronization
channel, the terminal apparatus 1 may acquire biawcel information, and/or the
physical cell ID. The physical cell ID may be infeation for specifying the base station
apparatus 3.

[0042]

The physical channels are described below.
[0043]

The channel transmitted from the base station egipar3 may include a
synchronization channel, a reference signal charanbtoadcast channel, a control
channel, and a shared channel. The synchronizahannel may be transmitted for
synchronization of the terminal apparatus 1 with base station apparatus 3 in frequency
and/or time. The reference signal channel may aesimitted for acquiring the channel
information for demodulating the channel. The broest channel may be a channel
including information applied to multiple terminapparatuses 3 connected with the base
station apparatus 3. The control channel may bleaamel including information applied
to the terminal apparatus 1 (or a group of the teamnapparatuses 1). The shared channel



may be a channel including information appliedhe terminal apparatus 1 (or a group of
the terminal apparatuses 1).
[0044]

For example, the synchronization channel may beddrthe PSS and the SSS.
From another view point, the PSS and the SSS mag tederence signal channel for
demodulating a broadcast channel. The synchromizathannel may have a function of
notifying of identification information relating ta serving cell such as the physical cell
ID, the virtual cell ID and the like.

[0045]

For example, the reference signal channel may lyeoae of a Cell specific
Reference signal (CRS), a DeModuration Referengeai(DMRS), a UE
specific-Reference signal (UE-RS), a Channel Staftermation-Reference signal
(CSI-RS), and a Discovery Reference signal (DRS).

[0046]

For example, the broadcast channel may be a PHyBroadcast CHannel (PBCH).
The broadcast channel may be a channel includinga®y information (MIB) for
communication of the base station apparatus 3 haddarminal apparatus 1.

[0047]

For example, the control channel may be any of wsRlal Downlink Control
CHannel (PDCCH) and an Enhanced Physical Downliokt&| CHannel (EPDCCH).
The control channel may be a channel including rimfation (e.g., scheduling information
and the like) required for demodulation of the gtachannel. The control channel may
include a set of control information. For examplee set of control information may be
Downlink Control Information (DCI).

[0048]

For example, the shared channel may include a BalyBiownlink Shared CHannel
(PDSCH), a Physical Uplink Shared CHannel (PUSCHRPhysical Sidelink Shared
Channel (PSSCH), and a Physical Shared ChannelHp.Skhe shared channel may be a
channel including a higher layer signal. For exaepphe higher layer signal may be
information included in a MAC Control Element (MCEurthermore, for example, the
higher layer signal may be information includedaifRadio Resource Configuration
(RRC) signaling.

[0049]

The channel transmitted from the base station agpar3 and/or the channel
transmitted from the terminal apparatus 1 may leduished in one Transmission Time
Interval (TTI). For example, the TTI length maymay not be 1 ms. The TTI length may
be equal to the length of the slot. Furthermore, TA'l length may be defined by a
constant multiple of symbols (OFDM symbols, or Diste Fourier Transform-spreading
OFDM (DFT-s-OFDM) symbols). Furthermore, the TThigh may be given based on a
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subcarrier interval. Here, the DFT-s-OFDM in thdink may be a Single
Carrier-Frequency Division Multiple Access (SC-FDM#&om a view point of the base
station apparatus 3 (or the radio communicationesy3.

[0050]

The TTI length for the channel including the traodplock may be set based on
information included in a higher layer signal. Thél length for the channel including
the transport block may be configured based onrié&dion included in a control channel.
The TTI length for the channel including the traodpblock may be configured based on
information configured in advance in the terminpparatus 1. Here, the TTI length of the
channel including a transport block channel, areTh| length for the channel including
the transport block may be a length for the chammeuding the transport block in a time
domain. The phrase, configured in advance in theiteal apparatus 1, may be included
in a storage apparatus (or a storage medium) ofettreinal apparatus 1. Furthermore, the
phrase, configured in advance in the terminal apjuesr 1, may be configured based on a
statement in a specification. Furthermore, the péy@onfigured in advance, may be
configured based on a statement in a specification.

[0051]

The base station apparatus 3, or a transmissiocepso3000 included in the
terminal apparatus 1 is described below.
[0052]

FIG. 5 illustrates an example of a configurationttod transmission process 3000
of a physical layer. The Transmission process 3800 configuration including at least
one of a coding processing unit (coding) 3001, rasbling processing unit (Scrambling)
3002, a modulation mapper processing unit (Modaolatnapper) 3003, a layer mapper
processing unit (Layer mapper) 3004, a transmispi@toder processing unit (Transform
precoder) 3005, a precoder processing unit (Pre¢®&096, a resource element mapper
processing unit (Resource element mapper) 3007 admaiseband signal generation
processing unit (OFDM baseband signal generatiotgssing unit) 3008.

[0053]

For example, the coding processing unit 3001 masetafunction of converting,
into coded bit(s), a transport block (or, data klottansport data, transmission data,
transmission code, transmission block, payloadyrimition, information block and the
like) sent (notified, transmitted, transported nsterred or the like) by the higher layer
through an error correction coding process. FomgXa, the error correction coding
includes a Turbo code, a Low Density Parity ChddRRC) code, a Polar code, a
convolutional code (or Tail biting convolutionald® or the like), a block code, a Reed
Muller (RM) code, a reed solomon code, and an ttenacode. The coding processing
unit 3001 has a function of sending coded bit(sbhh® scrambling processing unit 3002.
Details of the operation of the coding processing 8001 are described below.
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[0054]

Here, the transport block converted to the codeé@)pmay be coded bit(s) on
which the error correction coding has been appliadther words, in one aspect of the
present invention, an error correction coding pescef an Outer code may be performed
on the transport block.

[0055]

For example, the scrambling processing unit 3002 heve a function of
converting coded bit(s) into scramble bit(s) bycaasnble process. For example, the
scrambled bit(s) may be obtained by addition moduto the coded bit(s) and the
scramble sequences. In other words, the scrambyebmaddition of modulo 2 to the
coded bit(s) and the scramble sequences. The steasrfuence may be a sequence
generated by a pseudo-random function, based peeafsc sequence (for example a Cell
specific-Radio Network Temporary ldentifier (C-RNJ.I
[0056]

For example, the modulation mapper processing 303 may have a function of
converting scramble bit(s) into modulation bit(g) & modulation mapping process. The
modulation bit(s) may be obtained by a modulatioocess such as Quaderature Phase
Shift Keying (QPSK), 16 Quaderature Amplitude Maahibn (16 QAM), 64 QAM, and
256 QAM on scramble bit(s). Here, the modulatiot{diare also referred to as
modulation symbol(s).

[0057]

For example, the layer mapper processing unit 38@% have a function of
mapping modulation bit(s) to each layer. The laigean index relating to the degree of
overlay of a physical layer signal in a space ragibhis means that no spacial
multiplexing is performed in a case that the numbfethe layers is 1, for example.
Furthermore, this means that spacial multiplexingwmo types of physical layer signals is
performed in a case that the number of the laye(s i
[0058]

For example, the transmission precoder processmitg3®05 may have a function
of generating transmission bit(s) by performingansmission precode process on the
modulation bit(s) mapped to each layer. The modaitabit(s) and the transmission bit(s)
may be complex number symbol(s). For example, thesimission precode process
includes a process of DFT spread (DFT spreading)tha like. Here, in the transmission
precoder processing unit 3005, whether the transionsprecode process is performed
may be given based on information included in éhkiglayer signal. In the transmission
precoder processing unit 3005, whether the transionisprecode process is performed
may be given based on information included in aterchannel. In the transmission
precoder processing unit 3005, whether the transionisprecode process is performed
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may be given based on preliminarily configured mmfiation. Here, the transmission bit(s)
are also referred to as transmission symbol(s).
[0059]

For example, the precoder processing unit 3006 haase a function of generating
the transmission bit(s) of each transmit antenma lpp multiplying transmission bit(s) by
a precoder. The transmit antenna port is a logacaénna port. One transmit antenna port
may be constituted of multiple physical antenndase Togical antenna port may be
identified by the precoder.

[0060]

For example, the resource element mapper processin@007 may have a
function of performing a process of mapping thensrmission bit(s) of each transmit
antenna port to the resource element. Details ®@tlethod of mapping to the resource
element in the resource element mapper processiit3007 are described below.

[0061]

For example, the baseband signal generation prougessit 3008 may have a
function of converting the transmission bit(s) magpo the resource element into a
baseband signal. The process of converting trarsaorishit(s) to a baseband signal may
include Inverse Fast Fourier Transform (IFFT), Womdng, Filter processing, and the
like, for example. In the baseband signal genemapimcessing unit 3008, whether the
process of converting the transmission bit(s) mapyethe resource element into a
baseband signal is performed may be given basddformation included in a higher
layer signal. In the baseband signal generatiorgssing unit 3008, whether the process
of converting the transmission bit(s) mapped torésource element into a baseband
signal is performed may be given based on inforaratncluded in a control channel. In
the baseband signal generation processing unit,390B8ther the process of converting
the transmission bit(s) mapped to the resource ef¢rmto a baseband signal is
performed may be given based on preliminarily coafed information. In the
transmission process 3000, the higher layer signdlthe control channel may be
transmitted by one of the terminal apparatus 1 thedbase station apparatus 3. In the
transmission process 3000, the higher layer signdlthe control channel may be
received by the other of the terminal apparatusd the base station apparatus 3. In the
transmission process 3000, the function informabbithe terminal apparatus 1 including
the transmission process 3000 may be transmittédedase station apparatus 3 by using
the higher layer signal or the control channel.é{e¢he function information of the
terminal apparatus 1 may be information indicatihg function of the terminal apparatus
1. The information indicating the function of therminal apparatus 1 may be information
indicating the error correction coding system supgd by the terminal apparatus 1, for
example. Furthermore, the information indicating tanction of the terminal apparatus 1
may be associated with the time required for pregas(Processing time) a transport
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block transmitted from base station apparatus E ifflormation indicating the function
of the terminal apparatus 1 may be an acceptabhemrmauim value, for the terminal
apparatus 1, as a period until a reception ackndgdenent for the transport block is
expected to be received after the transmissiomefttansport block from the terminal
apparatus 1. The information indicating the funetaf the terminal apparatus 1 may be
an acceptable minimum value, for the terminal appas 1, as a period until a reception
acknowledgement of the transport block is expecttebe transmitted after the reception
of the transport block by the terminal apparatus 1.

[0062]

Now, details of the operation of the coding procegsinit 3001 are described.
[0063]

FIGS. 6A and 6B are diagrams illustrating exampé&a configuration of the
coding processing unit 3001 according to the presembodiment. The coding processing
unit 3001 includes at least one of an CRC attachimait (CRC attachment) 4001, a
segmentation and CRC attachment unit (SegmentammanCRC unit) 401, a coding unit
(Encoder) 4002, a sub-block interleaver unit (Suidck interleaver) 4003, a bit collection
unit (Bit collection) 4004, a bit selection and pimg (Bit selection and pruning) unit
4005, and a concatenation unit (Concatenation) 4068 segmentation and CRC unit
401 includes at least one of a code block segmiemtainit 4011, and one or more CRC
attachment units 4012.

[0064]

A transport block (also referred to ag amay be input to the CRC attachment unit
4001. The CRC attachment unit 4001 may generate GIRE) as an error detecting
redundancy bit(s) based on the input transportkldtie generated CRC bit(s) are added
to the transport block. The transport block to whibhe CRC bit(s) are added (also
referred to as ) is output from the CRC attachment unit 4001.Ha CRC attachment
unit 4001, the number of the CRC bit(s) added ®tiiansport block may be given based
on information included in a higher layer signal.the CRC attachment unit 4001, the
number of the CRC bit(s) added to the transportklmay be given based on information
included in a control channel. In the CRC attachmenit 4001, the number of the CRC
bit(s) added to the transport block may be giveseldaon preliminarily configured
information. In the CRC attachment unit 4001, thenber of the CRC bit(s) added to the
transport block may be given based on the schentkeoérror correction coding.

[0065]

For example, the CRC attachment unit 4001 may addRC bit(s) to the
transport block coded by turbo code, and may ndtthé CRC bit(s) to the transport
block to which the other error correcting codeg(ethe LDPC code) are applied.
Furthermore, for example, the CRC attachment ud@tl4may add the CRC bit(s) of 24
bits to the transport block to which the turbo caslapplied, and may add CRC bit(s)
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which is not 24 bits (smaller than 24 bits, or gegahan 24 bits) to the transport block to
which the other error correcting codes (e.g., tBPC code) are applied.
[0066]

For example, themay be input to the code block segmentation u@itl4 The
code block segmentation unit 4011 may divide théenbo one or more code blocks. For
example, in a case that the datisfies h > Z, the h may be divided into multiple code
blocks. Here, Z is a maximum code block length.

[0067]

The maximum code block length Z may be given basethe transport block size.
Here, the transport block size includes the sizeaoount) of the transport block (or, the
data block, the transport data, the transmissida,d&éie transmission code, the
transmission block, the payload, the informatidre tnformation block and the like). In
other words, the transport block size may be tha @éock size, the transport data size,
the transmission data size, the transmission cae the transmission block size, the
payload size, the information size, the informatimack size, the data block amount, the
transport data amount, the transmission data amadlb@ttransmission code amount, the
transmission block amount, the payload amount atineunt information, the information
block amount and the like. For example, in a cdse & certain transport block sizegy
satisfies Ngs > Z;, the maximum code block length Z may bg @nd in a case thatihks <
Z: is satisfied, the maximum code block length Z rbayz. Here, the £ Z; and Z may
be given based on information included in a higlager signal. Z Z;, Z, may be given
based on information included in a control chan&glZ;, Z, may be given based on
preliminarily configured information. The maximunode block length Z of the transport
block may be given based on the transport bloc& aizd the modulation scheme (QPSK,
16 QAM, 64 QAM and the like). Here, “based on thanisport block size and the
modulation scheme” may be based on the ratio (eglae relating to the modulation
symbol number) of the transport block size andriweulation order of the modulation
scheme applied to the transport block. The modatatirder indicates the number of bits
(scramble bits) corresponding to one modulationsyimThe modulation order for QPSK
is 2. The modulation order for 16 QAM is 4. The mtation order for 64 QAM is 6.
Furthermore, the maximum code block length Z oftitamsport block may be given based
on the ratio of the transport block size of thensport block and the resource element
number included in the channel including the tramgsplock. Here, the transport block
size of the transport block may be representechbysum of at least one code block size
generated from the transport block. Furthermore,rdsource element number included in
the channel including the transport block may b@resented by a resource element
number allocated to the terminal apparatus 1 wisafiven by scheduling information
(e.g., in a case of downlink communication, a danklgrant; and furthermore, in a case
of uplink communication, uplink grant). Here, amasce element number allocated to the
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terminal apparatus 1 may be given by the produdhefallocated subcarrier number and
the symbol number. Furthermore, a resource elemember allocated to the terminal
apparatus 1 may be given as a value obtained biyaxting the resource element
included in a prescribed region from the producths allocated subcarrier number and
the symbol number. Here, the prescribed region bwg region including the reference
signal channel. Furthermore, the prescribed regialy be a region including the
synchronization channel.

[0068]

The maximum code block length Z of the transpoockl may be given based on
the component carrier (or, the bandwidth of the ponent carrier, the serving cell, the
bandwidth of the serving cell and the like). Foapple, the maximum code block length
Z of the transport block may be given based oncttvaponent carrier for the channel
including the transport block. The maximum codecliléength Z of the transport block
may be given based on whether the serving celtHerchannel including the transport
block is the primary cell or the secondary cellrélehe primary cell may include the
primary secondary cell. Furthermore, the secondatiymay include the primary
secondary cell. Furthermore, for example, the maxmtode block length Z of the
transport block may be given based on whether éneirsg cell for the channel including
the transport block is the primary secondary delirthermore, the maximum code block
length Z of the transport block may be given bagedvhich of the SCG and the MCG
includes the serving cell for the channel includthg transport block. The maximum code
block length Z of the transport block may be giv®sed on whether the serving cell for
the channel including the transport block is anised band or an unlicensed band. Here,
the component carrier of the channel may be thepmorant carrier on which the channel
is transmitted. Furthermore, the component caifidethe channel may be the component
carrier on which the channel is transmitted.

[0069]

The maximum transport block length Z of the tram$gdock may be given based
on the ID of the serving cell (e.g., the PhysicallGD (PCID), Virtual Cell ID (VCID)
and the like). The maximum transport block lengtbfZhe transport block may be given
based on the ID of the serving cell for the channeluding the transport block.

[0070]

The maximum code block length Z of the transpodcklmay be given based on
whether the frequency hopping is applied. For ex@min a case that the frequency
hopping is applied to the channel including thensq@ort block, the maximum code block
length Z of the transport block may have a valueager (or, smaller) than a prescribed
value. Furthermore, for example, in a case thatftbguency hopping is not applied to the
channel including the transport block, the maximemde block length Z of the transport
block may have a value smaller (or, larger) thggrescribed value.
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[0071]

The maximum code block length Z of the transpoockl may be given based on
the subcarrier interval. For example, the maximwdeblock length Z of the transport
block may be given based on the subcarrier intefmathe channel including the
transport block. Furthermore, the maximum code blength Z of the transport block
may be a prescribed value in a case that the stibcamterval for the channel including
the transport block is 15 kHz. Furthermore, a vadtieer than the prescribed value may be
configured in a case that the subcarrier interealthe channel including the transport
block is not 15 kHz. Here, the subcarrier intergathe channel may be the subcarrier
interval in the signal waveform of the signal tramed in the channel. Furthermore, the
subcarrier interval for the channel may be the awuber interval in the signal waveform
of the signal transmitted in the channel. Furthemm@ne channel may have multiple
subcarrier intervals.

[0072]

The maximum code block length Z of the transpoockl may be given based on
the TTI length (or the symbol number) for the chahimcluding the transport block. For
example, in a case that the TTI length for the clehincluding the transport block is
smaller than 1 ms, the maximum code block lengthf the transport block may be a
value smaller than a prescribed value. Furthermfmmreexample, in a case that the TTI
length for the channel including the transport llas greater than 1 ms, the maximum
code block length Z of the transport block may beager than a prescribed value.
Furthermore, the maximum code block length Z of titasport block may be a
prescribed value in a case that the symbol numdbethie channel including the transport
block is 14. Furthermore, the maximum code bloakglé Z of the transport block may be
a value other than the prescribed value in a claatthe symbol number for the channel
including the transport block is not 14. Here, T length (or the symbol number) for
the channel including the transport block may be ¢hannel length (symbol number) in a
time domain. Furthermore, the TTI length (or thendpl number) of the channel
including the transport block may be the channebta (symbol number) in a time
domain.

[0073]

The maximum code block length Z of the transpodckl may be determined based
on the signal waveform. For example, the maximumiecblock length Z of the transport
block may be given based on the signal waveforrthefchannel including the transport
block. For example, the maximum code block lengtbf Zhe transport block may be a
prescribed value in a case that the signal wavefofrtihe channel including the transport
block is a prescribed signal waveform, and may lvalae other than the prescribed value
in a case that the signal waveform of the chanmeluiding the transport block is not the
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prescribed signal waveform. Here, for example,ghescribed signal waveform may be
OFDM. Furthermore, the prescribed signal waveforayrbhe DFT-s-OFDM.
[0074]

The maximum code block length Z of the transpoodckl may be given based on
the error correcting code applied to the transptotk (e.g., the type of the error
correcting code, the size of generation matrix, gdeeeration method of the generation
matrix, the size of the check matrix, the genematioethod of the check matrix, the
coding rate, presence/absence of the outer code¢heniike). For example, the maximum
code block length Z of the transport block may bher@scribed value in a case that the
error correcting code applied to the transport klscthe turbo code, and may be a value
other than the prescribed value in a case thaeth® correcting code applied to the
transport block is not the turbo code. Furthermaone, maximum code block length Z of
the transport block may be a prescribed value ¢ase that the coding rate of the error
correcting code applied to the transport block/3, Aand may be a value other than the
prescribed value in a case that the coding ratidn@frror correcting code applied to the
transport block is not 1/3. Furthermore, for examphe maximum code block length Z of
the transport block may be a prescribed value ¢ase that the outer code is not applied
to the transport block, and may be a value othanttne prescribed value in a case that
the outer code is applied to the transport block.

[0075]

The coding output of the LDPC code may be givenrtiplying information
bit(s) (e.g., transport block, code block and tike) by the generation matrix.
Furthermore, the LDPC code decoding may be perfdrbesed on the check matrix. For
example, the decoding process of the LDPC code Ineag process on which belief
propagation is applied based on a graph (e.g.pfagrtaph, Bayesian network and the
like) generated based on the check matrix. For gtamn a case that the generation
matrix is R and the check matrix is|HHP. and H may be given so as to satisfy PH_ =
0. Here, P and H are matrices composed only of O or 1. FurthermBret, H_ is a matrix
operation given by a logical multiplication of Bnd H. By the condition P* H_ = 0,
check matrix H is generated in a case that generation matriss given. Furthermore, by
the condition of P* H_ = 0, generation matrix FHs generated in a case that check matrix
H_ is given.

[0076]

In the LDPC code (or other block code and the likkg code block size may be
given by the check matrix, or the size of genermatiwatrix. In other words, the code block
size may be given based on the check matrix osibe of generation matrix.
Furthermore, the transport block size may be givased on the check matrix or the size
of generation matrix. The information included imigher layer signal may be given
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based on the check matrix or generation matrixtibarmore, the check matrix or
generation matrix may be given based on informatnmtuded in a control channel.
[0077]

The maximum code block length Z of the transpoockl may be given based on
the number of the CRC bit(s) added to the transplatk and/or the code block included
in the transport block. For example, in a case thatnumber of the CRC bit(s) are added
to the transport block and/or the code block ineldidn the transport block, the maximum
code block length Z of the transport block may herescribed value. For example, in a
case that the number of the CRC bit(s) are not dddehe transport block and/or the
code block included in the transport block, the maxm code block length Z of the
transport block may be a value other than the prieed value. Furthermore, for example,
in a case that the CRC bit(s) added to the trandgock and/or the code block included
in the transport block is 24 bits, the maximum cddieck length Z of the transport block
may be a prescribed value. Furthermore, in a dasethe CRC bit(s) added to the
transport block and/or the code block includedha transport block is not 24 bits, the
maximum code block length Z of the transport bloc&y be a value other than the
prescribed value.

[0078]

The maximum code block length Z may be given basethe duplex scheme
applied to the serving cell. Furthermore, the maximcode block length Z of the
transport block may be given based on the duplées® applied to the serving cell for
the channel including the transport block.

[0079]

Here, the prescribed value may be 6144. Furthermbeeprescribed value may be
a value defined by a specification or the like, amaly be known to both the base station
apparatus 3 and the terminal apparatus 1. Furtherntbe prescribed value may be given
based on information transmitted from the base@tadpparatus 3. Furthermore, values
other than the prescribed value may be smaller tharprescribed value. Furthermore,
values other than the prescribed value may be gréhan the prescribed value.
Furthermore, the prescribed value may be a valedmmarily configured in the terminal
apparatus 1.

[0080]

Here, the maximum code block length Z may meanctae block length.
[0081]

The code block lengths of multiple code blocks gated from one transport may
be equal among the block code blocks. Furthermihve code block lengths of multiple
code blocks constituting one transport block mafjediamong code blocks. Here, the
code block lengths of multiple code blocks configgrone transport block is also
referred to as a code block length.
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[0082]

The code block length may be a unit of the errarection coding. In other words,
the error correction coding may be performed orhezade block. As one aspect of the
present invention, a process is described belowdas an example in which error
correction coding is performed on each code bl&@k.the other hand, another aspect of
the present invention may be based on a processiich error correction coding is
performed on multiple code blocks.

[0083]

The code block length is a factor in the abilitytbé error correcting code. For
example, it is generally known that, in the turlumle and the LDPC code, the larger the
code block length, the higher the ability of theogrcorrection. On the other hand, it is
generally known that the greater the code bloclgilerof the error correcting code, the
greater the amount of computation in the error @ction decoding process in the
reception process. In other words, the code blecigth may be designed based on at least
one of the ability of error correction and the cartggion amount of the error correction
decoding process. Here, the reception procespioeess of decoding the transport block
coded based on the transmission process.

[0084]

The code block length may be designed based opriheessing delay in the
reception process. FIG. 7 illustrates a concepirotessing delay in a reception process
of the present embodiment. FIG. 7 illustrates aaneple of a reception process of a case
that the transport block is divided into five coolecks (Code block#0, #1, #2, #3, #4).
FIG. 7A illustrates an example of a case that théecblock length is small (a case that the
code block length is smaller than that of the exkmlustrated in FIG. 7B). FIG. 7B
illustrates an example of a case that the codekbleagth is large (a case that the code
block length is larger than that of the examplagttated in FIG. 7A). Here, the reception
start time of the transport block is. TFurthermore, the reception completion time of €od
block#x is Tx (x is any of O to 4). Furthermore, the decodinggass time of Code
block#x is Tyx. Furthermore, the process completion time in FI&.is Te. Furthermore,
the process completion time in FIG. 7B is. Furthermore, the processing delay in FIG.
TAis To (To = Te - Ts). Furthermore, the processing delay in FIG. 7B1gT1 = Tg - Ty).
[0085]

In view of the code block length,dlis expected to be earlier thap.TTherefore,
the decoding start of Code block#0 is expectedet@#rlier than the decoding start of
Code block#3. In other words, a short length of tbde block achieves an early start of
the decoding process in the reception process.akly start of the decoding process is
expected to contribute to shortening of processialgy To. This is expected to be
significant in a case that the decoding processwoltiple code blocks cannot be
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simultaneously performed, a case that the numbargases which are simultaneously
proceeded as the decoding process of the code iddakited, and the like case.
[0086]

In examples illustrated in FIG. 7A and FIG. 7B, &nd T, are assumed to bg;T=
Trs. In this case, from the relationship of the codleck length, T, < Tg4 holds true, and
T < Tg is expected to hold true. In other words, a sleode block length can be a factor
of achieving early completion of the decoding prexef the reception process. Early
completion of the decoding process is expectedtdrébute to shortening of processing
delay To.

[0087]

The code block segmentation unit 4011 may outputCCis an integer of 1 or
more) code blocks (§& to Cc).
[0088]

The code block may be input to a CRC attachment4®12. The CRC attachment
unit 4012 may generate CRC bit(s) based on the btaoiek. Furthermore, the CRC
attachment unit 4012 may add the generated CR®)kit(the code block. Furthermore,
the CRC attachment unit 4012 may output a sequétgeo ccx) added with the CRC
bit(s) to the code block. Here, in a case that odecblock segmentation has been
performed (a case of C’' = 1), the CRC attachmeiitt 4812 may not add the CRC to the
code block.

[0089]

In the CRC attachment unit 4012, the number of GRC bit(s) added to the code
block may be given based on information included inigher layer signal. In the CRC
attachment unit 4012, the number of the CRC bia(jed to the code block may be given
based on information included in a control chanhelithe CRC attachment unit 4012, the
number of the CRC bit(s) added to the code block b given based on preliminarily
configured information. In the CRC attachment u0tL2, the number of the CRC bit(s)
added to the code block may be given based onyyhe af the error correction coding.
[0090]

Each code block output from the CRC attachment 4@it2 is input to the coding
unit 4002. In a case of C' > 1, input to the codingt 4002 is a sequentially selected code
block. In the following description, each of onedeoblock input to the coding unit 4002
(Cok to Cc) is also referred to asyC
[0091]

The coding unit 4002 has a function of performimgpe correction coding on input
code block &. For example, the error correction coding mayteeturbo code, the LDPC
code, the Polar code, the convolutional code (dail, biting convolutional code (TBCC))
and the like), the Reed-Muller code (RM code), itleeation code, the reed solomon code,
the cyclic code, the parity check code or the likee coding unit 4002 may perform an
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error correction coding process on the code blogka@d output the coded bit(s) (Coded
bit(s)). The coded bit(s) to be output may k&dd® or d?. Here, the d® may be
systematic bit(s). Thet and d® may be parity bit(s). The coded bit(s) are aldemed
to as subblock(s). The number of the subblock outpom the coding unit 4002 may not
be three, d2, d¥ and d®, but may be two or smaller, or four or greater.

[0092]

The LDPC coding may be a Quasi-Cyclic-Low DensitriBy Check (QC-LDPC)
coding. The LDPC coding may be a Low Density Pa@tyeck -Convolutional codes
(LDPC-CC) coding. The LDPC coding may be a codinfgesne for generating a pair of
systematic bits gand a pair of parity bits,dHere, in a case that the scheme of the error
correcting code is a non-systematic code, the agpdoheme may be a scheme for
generating a pair of bitssd
[0093]

The coding unit 4002 may have a function of mapgités) dand/or bit(s) ¢
generated by the LDPC coding tg% d™ and q®. For example, in a case that the
coding rate is 1/3, systematic bit(s) of K bits gratity bit(s) of 2K bits may be generated
for code block length K. For example, the systematt(s) d® may be mapped to @,
the parity bit(s) d (2k) may be mapped ta/#, and the parity bit(s) d(2k+1) may be
mapped to d?. Here, the ¢d(k) is a k-th bit of systematic bit(s).d~urthermore, thedk)
is a k-th bit of the parity bit(s),dIn other words, the bit(s) generated by the LDdd@e
may be mapped based on the number of the sub-lxdeKeavers (or three).

[0094]

The coded bit(s) output from the coding unit 4002ynbe input to the sub-block
interleaver unit 4003. The coded bit(s) output frdm coding unit 4002 may be input to
the bit collection unit 4004. Whether the sub-blacterleaver unit 4003 or the bit
collection unit 4004 receives an input of the cotégs) may be given based on
information included in the control channel or thigher layer signal. Whether the
sub-block interleaver unit 4003 or the bit collectiunit 4004 receives an input of the
coded bit(s) may be given based on at least orieeofength of the symbol, the signal
waveform, the scheme of the error correcting c@dawl the component carrier. Input of
the coded bit(s) output from the coding unit 4002he sub-block interleaver unit 4003
means that the sub-block interleaver is applietheocoded bit(s). Input of the coded
bit(s) output from the coding unit 4002 to the talection unit 4004 means that the
sub-block interleaver is not applied to the codégsh.

[0095]

The error correcting code applied to the code blmaly be given based on
information included in a higher layer signal. Téwor correcting code applied to the
code block may be given based on information inetlith a control channel. The error
correcting code applied to the code block may ewgibased on the signal waveform for
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the channel including the code block. The errorecting code applied to the code block
may be given based on the subcarrier interval ierahannel including the code block.
The error correcting code applied to the code blmaky be given based on preliminarily
configured information.

[0096]

The coded bit(s) may be input to the sub-blockrie@ver unit 4003. The
sub-block interleaver unit 4003 may change theyaofathe coded bit(s). FIG. 8
illustrates an example of change of the coded pé(sy by the sub-block interleaver unit
4003 of the present embodiment. The sub-block ieéeer unit 4003 may map the coded
bit(s) to a two- dimensional block B. Here, thedkdB may be one dimensional, or have
three or greater dimensions. For example, the bBeokay include a first axis and a
second axis. Here, the first axis is also refetieds a horizontal axis, or a column. The
second axis is also referred to as a vertical axig row. In the block B, a point specified
by one certain point on the first axis and one ai@rpoint on the second axis is also
referred to as an element. Here, one element maynbecoded bit (or, may correspond to
one coded bit). The sub-block interleaver unit 4068y prioritize the first axis in
mapping (writing) of the coded bit(s). Here, theppmg method illustrated in FIG. 8A
illustrates an example of a method in which thetfaxis is prioritized in mapping.
Specifically, the mapping which prioritizes thesfitaxis is mapping based on the
following procedure (or, based on repetition basadhe following procedure).

(1) Mapping in the first axis direction with respéo one point (one row) on the
second axis.

(2) Mapping in the first axis direction with respe&o next one point on the second
axis.

[0097]

For example, in a case that the first axis is a@tam®is and the second axis is a
frequency axis, the mapping which prioritizes tirgtfaxis means mapping which
prioritizes the time axis (Time first mapping). Thepping which prioritizes the second
axis means mapping which prioritizes the frequeaxig (Frequency first mapping).
[0098]

Here, the number of columns of the first axis may32, and the number of rows of
the second axis may be a minimum integer value Wwismot smaller than a value
obtained by dividing the coded bit(s) by 32. Inase that the coded bit(s) are mapped in
the first-axis prioritized manner, null(s) (or dumrit(s)) may be mapped to an element
to which the coded bit(s) are not mapped.

[0099]

For example, the sub-block interleaver unit 4003/have a function of
performing a different process based on the input case that the input i or d(?, a
Permutation pattern may not be applied to the bBckon the other hand, in a case that

23



the input is ¢?, the permutation pattern may be applied to thekB. In other words, in
the sub-block interleaver unit 4003, applicationtlodé permutation pattern may be
switched based on the input coded bit(s). The apfilbn of the permutation pattern may
be a process of rearranging the order in the &ixs$. For example, a permutation pattern
P may be P = [0, 16, 8, 24, 4, 20, 12, 28, 2, 18,26, 6, 22, 14, 30, 1, 17, 9, 25, 5, 21, 13,
29, 3,19, 11, 27, 7, 23, 15, 31].

[0100]

For example, the sub-block interleaver unit 4003/ peoritize the second axis in
a case of acquiring (reading) the coded bit(s) neapip the block B. Here, the mapping
method illustrated in FIG. 8B is an example of atlmoel of mapping which prioritizes the
second axis. The sub-block interleaver unit 400fots rearrangement bits (e.gx%

vil and %) acquired in the second-axis prioritized manner.
[0101]

For example, in a case that the coded bit(s) angpme in the first-axis prioritized
manner, and acquired in the second-axis prioritizechner, the order of the
rearrangement bit(s) and the coded bit(s) inpuh&sub-block interleaver unit 4003 is
switched. In other words, the sub-block interleaweit 4003 may have a function of
switching the order of the coded bit(s) and them@agement bit(s). Here, in a case that
the axis prioritized in mapping to the block B aihé axis prioritized in acquisition from
the block B are different from each other, the @pien in the sub-block interleaver unit
4003 is also referred to as arrangement switchamgifterleave, rearrangement or the
like). Note that, in a case that the axis priogtizn mapping to the block B and the axis
prioritized in acquisition from the block B are itécal to each other, the arrangement
switching is not performed in the sub-block intenter unit 4003 (the order of the
rearrangement bit(s) and the coded bit(s) inpuh&sub-block interleaver unit 4003 is
not changed).

[0102]

For example, whether the arrangement switchinghefdoded bit(s) by the
sub-block interleaver unit 4003 is performed maygbeen based on the transport block
size (or, the coded bit(s) number). For examplea oase that the transport block size
Nrtgs satisfies Ngs > Z;, the arrangement switching of the coded bit(s}hm/ sub-block
interleaver unit 4003 may be performed. Furthermarea case that transport block size
Ntgs satisfies Ngs < Z;, the arrangement switching of the coded bit(s}H® sub-block
interleaver unit 4003 may not be performed. Fumih@re, whether the arrangement
switching of the coded bit(s) by the sub-block ngaver unit 4003 is performed may be
given based on the transport block size of thespant block including the coded bit(s)
and the modulation scheme (QPSK, 16 QAM, 64 QAM trallike). Here, “based on the
transport block size and the modulation scheme” maypased on the ratio of the
modulation order of the modulation scheme appl@the transport block and the
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transport block size (or, a value relating to thedmlation symbol number). Furthermore,
whether the arrangement switching of the codedspitf the sub-block interleaver unit
4003 is performed may be given based on the rdtiheresource element number of the
channel including the transport block including tteded bit(s) and the transport block
size of the transport block including the codeddjitHere, the transport block size of the
transport block may be represented by the sum tdesdt one code block size generated
from the transport block. Furthermore, the resowiement number included in the
channel including the transport block may be repn¢sd by a resource element number
allocated to the terminal apparatus 1 which is gibg scheduling information (e.g., in a
case of downlink communication, a downlink gramgddurthermore, in a case of uplink
communication, uplink grant). Here, a resource eletmumber allocated to the terminal
apparatus 1 may be given by the product of thecatiled subcarrier number and the
symbol number. Furthermore, a resource element euralocated to the terminal
apparatus 1 may be given as a value obtained biyaxtihg the resource element
included in a prescribed region from the producths# allocated subcarrier number and
the symbol number. Here, the prescribed region beg region including the reference
signal channel. Furthermore, the prescribed regiay be a region including the
synchronization channel.

[0103]

For example, whether the arrangement switchindhefdoded bit(s) by the
sub-block interleaver unit 4003 is performed maygben based on the component
carrier (or, the serving cell, the bandwidth of #erving cell and the like). For example,
whether the arrangement switching of the codedspitf the sub-block interleaver unit
4003 is performed may be given based on the comparearier for the channel including
the coded bit(s). Whether the arrangement switcloiihthe coded bit(s) by the sub-block
interleaver unit 4003 is performed may be givendohsn whether the serving cell for the
channel including the coded bit(s) is the primaeyl or the secondary cell. Here, the
primary cell may include the primary secondary cElirthermore, the secondary cell may
include the primary secondary cell. Furthermore,drample, whether the arrangement
switching of the coded bit(s) by the sub-block ngaver unit 4003 is performed may be
given based on whether the cell for the channduihog the coded bit(s) is the primary
secondary cell. Whether the arrangement switchinth® coded bit(s) by the sub-block
interleaver unit 4003 is performed may be givendaasn which of the SCG and the MCG
includes the serving cell for the channel includthg coded bit(s). Whether the
arrangement switching of the coded bit(s) by thie-block interleaver unit 4003 is
performed may be given based on whether the semstigfor the channel including the
coded bit(s) is a licensed band or an unlicensediba
[0104]
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Whether the arrangement switching of the codedsphf the sub-block interleaver
unit 4003 is performed may be given based on theflihe serving cell. Whether the
arrangement switching of the coded bit(s) by thie-block interleaver unit 4003 is
performed may be given based on the ID of the sgreell for the channel including the
coded bit(s).

[0105]

Whether the arrangement switching of the codedsplif the sub-block interleaver
unit 4003 is performed may be given based on whethe frequency hopping is applied
to the channel including the coded bit(s). For egheamin a case that the frequency
hopping is applied to the channel including theeadit(s), the arrangement switching of
the coded bit(s) may be performed by the sub-biaté&rleaver unit 4003. Furthermore,
for example, in a case that the frequency hoppsnigoit applied to the channel including
the coded bit(s), the arrangement switching ofabéed bit(s) may not be performed by
the sub-block interleaver unit 4003.

[0106]

Whether the arrangement switching of the codedsphf the sub-block interleaver
unit 4003 is performed may be given based on theauier interval. For example,
whether the arrangement switching of the codedsphtf the sub-block interleaver unit
4003 is performed may be given based on the suiecanterval for the channel including
the coded bit(s). For example, in a case that thearrier interval for the channel
including the coded bit(s) is 15 kHz, the arrangatrewitching of the coded bit(s) may be
performed by the sub-block interleaver unit 400@rtRermore, in a case that the
subcarrier interval for the channel including theeled bit(s) is not 15 kHz, the
arrangement switching of the coded bit(s) may repbrformed by the sub-block
interleaver unit 4003.

[0107]

Whether the arrangement switching of the codedsphify the sub-block interleaver
unit 4003 is performed may be given based on thel&fgth for the channel including
the coded bit(s) (or the symbol number). For exampi a case that the TTI length for the
channel including the coded bit(s) is smaller tdams, the arrangement switching of the
coded bit(s) may be performed by the sub-blockrietever unit 4003. Furthermore, in a
case that the TTI length for the channel including coded bit(s) is greater than 1 ms, the
arrangement switching of the coded bit(s) may repbrformed by the sub-block
interleaver unit 4003. Furthermore, in a case thatTTI length for the channel including
the coded bit(s) is smaller than 1 ms, the arrareggrawitching of the coded bit(s) may
not be performed by the sub-block interleaver di®3. Furthermore, in a case that the
TTI length for the channel including the coded &jt(s greater than 1 ms, the arrangement
switching of the coded bit(s) may be performed g sub-block interleaver unit 4003.
Furthermore, whether the arrangement switchinchefdoded bit(s) by the sub-block
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interleaver unit 4003 is performed may be giveneobsn whether the symbol number for
the channel including the coded bit(s) is 14. Paaraple, in a case that the symbol
number of the channel including the coded bit(3nwller than 14, the arrangement
switching of the coded bit(s) may be performed g sub-block interleaver unit 4003.
Furthermore, in a case that the symbol number efcthannel including the coded bit(s) is
greater than 14, the arrangement switching of taed bit(s) may not be performed by
the sub-block interleaver unit 4003. Furthermoreaicase that the symbol number of the
channel including the coded bit(s) is smaller thdn the arrangement switching of the
coded bit(s) may not be performed by the sub-bliot&rleaver unit 4003. Furthermore, in
a case that the symbol number of the channel inctuthe coded bit(s) is greater than 14,
the arrangement switching of the coded bit(s) mayerformed by the sub-block
interleaver unit 4003.

[0108]

Whether the arrangement switching of the codedsphf the sub-block interleaver
unit 4003 is performed may be given based on tgeadiwaveform. For example, whether
the arrangement switching of the coded bit(s) by ghb-block interleaver unit 4003 is
performed may be given based on the signal waveformthe channel including the
coded bit(s). For example, in a case that the sigiaaeform of the channel including the
coded bit(s) is a prescribed signal waveform, ttraregement switching of the coded
bit(s) may be performed by the sub-block interleaweit 4003. Furthermore, in a case
that the signal waveform of the channel includihg toded bit(s) is a waveform other
than the prescribed signal waveform, the arrangermseitching of the coded bit(s) may
not be performed by the sub-block interleaver 4i03. Here, for example, the
prescribed signal waveform may be OFDM. Furthermoine prescribed signal waveform
may be DFT-s-OFDM.

[0109]

Whether the arrangement switching of the codedsplif the sub-block interleaver
unit 4003 is performed may be given based on thereorrecting code applied to the
transport block including the coded bit(s) (e.te type of the error correcting code, the
size of the check matrix, the generation methothefcheck matrix, the coding rate,
presence/absence of the outer code and the lilk)e¥ample, in a case that the error
correcting code applied to the transport block unichg the coded bit(s) is the turbo code,
the arrangement switching of the coded bit(s) mayerformed by the sub-block
interleaver unit 4003. Furthermore, in a case thaterror correcting code applied to the
transport block including the coded bit(s) is a eadher than the turbo code, the
arrangement switching of the coded bit(s) may repbrformed by the sub-block
interleaver unit 4003. Furthermore, in a case thatcoding rate of the error correcting
code applied to the transport block including tleeled bit(s) is 1/3, the arrangement
switching of the coded bit(s) may be performed g sub-block interleaver unit 4003.
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Furthermore, in a case that the coding rate ofetiner correcting code applied to the
transport block including the coded bit(s) is aoaither than 1/3, the arrangement
switching of the coded bit(s) may not be perfornbgdthe sub-block interleaver unit
4003. Furthermore, in a case that the outer cod®ispplied to the transport block
including the coded bit(s), the arrangement swiighof the coded bit(s) may be
performed by the sub-block interleaver unit 400@rtRermore, in a case that the outer
code is applied to the transport block including ttoded bit(s), the arrangement
switching of the coded bit(s) may not be perfornbgdthe sub-block interleaver unit
4003.

[0110]

Whether the arrangement switching of the codedsphif the sub-block interleaver
unit 4003 is performed may be given based on thaber of the CRC bit(s) added to the
transport block including the coded bit(s) andtoe tode block used for generation of the
coded bit(s). For example, in a case that the CR@G)badded to the transport block
including the coded bit(s) and/or the code blockdifor generation of the coded bit(s) is
added, the arrangement switching of the coded)bit@y be performed by the sub-block
interleaver unit 4003. Furthermore, in a case thatCRC bit(s) added to the transport
block including the coded bit(s) and/or the codeclil used for generation of the coded
bit(s) is not added, the arrangement switchinghef¢coded bit(s) may not be performed by
the sub-block interleaver unit 4003. Furthermoreaicase that the CRC bit(s) added to
the transport block including the coded bit(s) amdhe code block used for generation of
the coded bit(s) is 24 bits, the arrangement sviitgtof the coded bit(s) may be
performed by the sub-block interleaver unit 4008rtkRermore, in a case that the CRC
bit(s) added to the transport block including tloeled bit(s) and/or the code block used
for generation of the coded bit(s) is not 24 bitee arrangement switching of the coded
bit(s) may not be performed by the sub-block irgaxer unit 4003.

[0111]

For example, whether the arrangement switchinghefdoded bit(s) by the
sub-block interleaver unit 4003 is performed maygbeen based on the duplex scheme
for the serving cell. Furthermore, whether the agement switching of the coded bit(s)
by the sub-block interleaver unit 4003 is perfornmeay be given based on the duplex
scheme applied to the serving cell for the chammeluding the transport block including
the coded bit(s).

[0112]

Here, the axis prioritized for the mapping in thhreamgement switching of the
coded bit(s) may be the time axis (Time first maygpi Furthermore, the axis prioritized
for the mapping in the arrangement switching of ¢oeled bit(s) may be the frequency
axis (Frequency first mapping).

[0113]

28



For example, the rearrangement bit(s) may be inpdhe bit collection unit 4004.
The bit collection unit 4004 may have a functiongeinerating a Virtual circular buffer
based on the rearrangement bit(s). The virtualutancbuffer w. may be generated based
on W = Vi, wirr + 2k = viY, and warsake1r = W, Here, K; is the element number of the
entire block B, and K is a value indicated by K= 3Ky. The bit collection unit 4004
outputs the virtual circular bufferw
[0114]

For example, the virtual circular buffer may beunpo the bit selection and
pruning unit 4005. Furthermore, the bit selectiow @runing unit 4005 may have a
function of selecting the bit(s) in the virtual cidar buffer based on the radio resource
number. Here, the radio resource number may a resalement number which is given
based on the scheduling information. Here, theussoelement number may be given by
the product of the allocated subcarrier number twedsymbol number. The allocated
subcarrier number or the allocated symbol humbey beagiven based on the information
included in the DCI transmitted from the base statapparatus 3. Furthermore, the
resource element number may be given as a valusraat by subtracting the resource
element included in a prescribed region from thedpict of the allocated subcarrier
number and the symbol number. Here, the prescnibgobn may be a region including the
reference signal channel. Furthermore, the preedriiegion may be a region including
the synchronization channel. Furthermore, the él¢stion in the virtual circular buffer
may be performed by setting index &s the start point, and by cyclically acquiring th
bit(s) in the virtual circular buffer v Here, the acquired bit(s) are also referred texas
The bit selection and pruning unit 4005 outputskor example, k 0 may be expressed as
k 0=32*(2* Ceil (Ny/(8 * R™)) * rvigx + 2). Here, Ceil (*) is a function that acquires a
minimum integer under a condition not smaller thaihe rvg is a Redundancy version.
The redundancy version is determined by MCS infdramaincluded in the DCI
transmitted from the base station apparatus 3,caredNew Data Indicator (NDI). ThecN
is a soft buffer size. Thedmay be Ny, = min (floor (Ng/C’), Ky) in a case of downlink
communication, and may be:N= Ky, in a case of uplink communication. Here, the min
(A, B) is a function for selecting smaller one obAd B. Furthermore, the floor (*) is a
maximum integer not greater than *.

[0115]

For example, thegemay be input to the concatenation unit 4006. Femtiore, the
concatenation unit 4006 may have a function of gatiieg concatenation bit(s) by
coupling C’ code blocks. The concatenation bit(® also referred to ag.f
[0116]

A process of the coding processing unit 3001 ixdbed below in a case of uplink
as an example. Note that also in a case of dowrdarkmunication, the coding processing
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unit 3001 may include at least one of the Contrad data multiplexing unit 4007 and the
Channel interleaver unit 4008.
[0117]

FIG. 9 illustrates a part of an exemplary configioa of a control information and
data multiplexing unit (Control and data multiplag) 4007, and a channel interleaver
unit (Channel interleaver) 4008 included in the iogdprocessing unit 3001 in uplink of
the present embodiment. In uplink, the coding pssogg unit 3001 may include at least
one of the control information and data multiplexianit (Control and data multiplexing)
4007 and the channel interleaver unit (Channelrieterer) 4008. For example, in uplink,
the concatenation bit(s) butput from the concatenation unit 4006 of theingd
processing unit 3001 may be input to the contrébimation and data multiplexing unit
4007 of the coding processing unit 3001 togethehwiplink Control Information (UCI).
Here, the uplink control information input to therntrol information and data
multiplexing unit 4007 is also referred to as §ihe @ may be coded bit(s) of the Channel
State Information (CSl), for example. The channates information may include Channel
Quality Information (CQIl), Precoding Matrix Indiaat (PMI), and Rank Indicator (RI).
Furthermore, the gmay be coded bit(s) of reception acknowledgemesponse
(Acknowledgement: ACK) in downlink communicatiorgrfexample. Furthermore, the
control information and data multiplexing unit 406iay multiplex £ and @ and output
multiplex bit(s) g. Furthermore, in a case thatig not input to the control information
and data multiplexing unit 4007, the multiplex bit@ output by the control information
and data multiplexing unit 4007 may be3gfx.

[0118]

For example, the multiplex bit(sk gnay be input to the channel interleaver unit
4008 of the coding processing unit 3001. Here,abeed bit(s) g of uplink control
information, and/or the coded bit(s) gf the uplink control information may be input to
the channel interleaver unit. The channel inter&gawnit 4008 may map the multiplex
bit(s) o to the block B. Here, the block Bis identical to the block B except for the
number of columns and rows of the block Bor example, the number of columns of the
first axis Gnux Of the block B is 12. Furthermore, the number of rows of the selcaxis
R’ mux is H/Chux. Here, H may begq; bit number. Furthermore,{x and Rnux may be
given so as to satisfy H =,ax*R’ mux. Furthermore, one element of the blockrBay be
one multiplex bit (or, may correspond to one mudipbit).

[0119]

In a case that;gs input to the channel interleaver unit 4008, thannel
interleaver unit 4008 may map tp a prescribed element of the block Bhe prescribed
element may be an element indicated by a positefimdd in advance. Furthermore, the
prescribed element may be given based on informatioluded in a higher layer signal.
Furthermore, the prescribed element may be givesed@n information included in a
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control channel. In the block;Bn the channel interleaver unit 4008, one elenmeay
correspond to one group. The one group may inchumtked bit(s) of a number equal to a
modulation order of a modulation scheme correspogdd the transport block.

[0120]

The channel interleaver unit 4008 may magathe block B in the first-axis
prioritized manner. The channel interleaver uni@8@nay not map gto an element to
which g is mapped.

[0121]

In a case thatgs input to the channel interleaver unit 4008, thannel
interleaver unit 4008 may map tp a prescribed element. The prescribed elemenythea
a position defined in advance. Furthermore, thesgnibed element may be given based on
information included in a higher layer signal. Fhetmore, the prescribed element may be
given based on information included in a contrchwhel. Here, in a case thatar g is
already mapped to the prescribed elemengrqk may be punctured. Here, the prescribed
element to which gis mapped and the prescribed element to whicis gnapped may
differ from each other.

[0122]

The channel interleaver unit 4008 may acquire &meint mapped in the block B
in the second-axis prioritized manner (i.e., theaagement switching may be performed).
The channel interleaver unit 4008 may acquire tleenent mapped in the block; Bn the
first-axis prioritized manner (i.e., arrangemenitshing may not be performed). The
element acquired by the channel interleaver unt843 also referred to as.h
[0123]

For example, whether the arrangement switchindhefrultiplex bit(s) by the
channel interleaver unit 4008 is performed may ivey based on the transport block size
(or, the coded bit(s) number). For example, in secthat the transport block sizegy
satisfies Ngs > Z;, the arrangement switching of the multiplex bitfy)the channel
interleaver unit 4008 may be performed. Furthermarea case that transport block size
Nrtgs satisfies Ngs < Z;, the arrangement switching of the multiplex bitgy)the channel
interleaver unit 4008 may not be performed. Hehe, Z, Z; and Zz may be given based
on information included in a higher layer signakrd, the £ Z; and 2 may be given
based on information included in a control chankeilithermore, Z Z;, Z, may be given
based on information included in a control chanikeirthermore, whether the
arrangement switching of the multiplex bit(s) by tbhannel interleaver unit 4008 is
performed may be given based on the transport bétmd including the multiplex bit(s)
and the modulation scheme (QPSK, 16 QAM, 64 QAM trallike). Here, “based on the
transport block size and the modulation scheme” imaypased on the ratio of the
modulation order of the modulation scheme applethe transport block and the
transport block size (or, a value relating to thedmlation symbol number). Furthermore,
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whether the arrangement switching of the multipbéXs) by the channel interleaver unit
4008 is performed may be given based on the regoelement number ratio of the
transport block size of the transport block inchglithe multiplex bit(s) and the channel
including the transport block including the muleplbit(s). Here, the transport block size
of the transport block may be represented by the stiat least one code block size
generated from the transport block. Furthermore,résource element number included in
the channel including the transport block may beresented by a resource element
number allocated to the terminal apparatus 1 wisafiven by scheduling information
(e.g., in a case of downlink communication, a danklgrant; and furthermore, in a case
of uplink communication, uplink grant). Here, aoasce element number allocated to the
terminal apparatus 1 may be given by the produdhefallocated subcarrier number and
the symbol number. Furthermore, a resource elemember allocated to the terminal
apparatus 1 may be given as a value obtained btyatting the resource element
included in a prescribed region from the producth# allocated subcarrier number and
the symbol number. Here, the prescribed region bwg region including the reference
signal channel. Furthermore, the prescribed regiay be a region including the
synchronization channel.

[0124]

For example, whether the arrangement switchindhefrultiplex bit(s) by the
channel interleaver unit 4008 is performed may ivey based on the component carrier
(or, the serving cell, the bandwidth of the servaedl and the like). For example, whether
the arrangement switching of the multiplex bit(g)the channel interleaver unit 4008 is
performed may be given based on the componenterdor the channel including the
multiplex bit(s). Whether the arrangement switchafghe multiplex bit(s) by the channel
interleaver unit 4008 is performed may be givenenhsn whether the cell for the channel
including the multiplex bit(s) is the primary calt the secondary cell. Here, the primary
cell may include the primary secondary cell. Furthere, the secondary cell may include
the primary secondary cell. Furthermore, for exammpthether the arrangement switching
of the multiplex bit(s) by the channel interleawsrit 4008 is performed may be given
based on whether the cell for the channel includhmgmultiplex bit(s) is the primary
secondary cell. Whether the arrangement switchinth® multiplex bit(s) by the channel
interleaver unit 4008 is performed may be givendobhsn whether the serving cell for the
channel including the multiplex bit(s) is includadthe SCG or in the MCG. Whether the
arrangement switching of the multiplex bit(s) by tbhannel interleaver unit 4008 is
performed may be given based on whether the semstigfor the channel including the
multiplex bit(s) is a licensed band or an unlicehband.

[0125]

Whether the arrangement switching of the multipbétXs) by the channel

interleaver unit 4008 is performed may be giveneobasn the ID of the serving cell.
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Whether the arrangement switching of the multipbéXs) by the channel interleaver unit
4008 is performed may be given based on the Ihefgerving cell for the channel
including the multiplex bit(s).

[0126]

Whether the arrangement switching of the multipbexs) by the channel
interleaver unit 4008 is performed may be givendohsn whether the frequency hopping
is applied to the channel including the multiplai$). For example, in a case that the
frequency hopping is applied to the channel inahgdihe coded bit(s), the arrangement
switching of the multiplex bit(s) may be performied the channel interleaver unit 4008.
Furthermore, in a case that the frequency hoppsngot applied to the channel including
the multiplex bit(s), the arrangement switchingtloé multiplex bit(s) may not be
performed by the channel interleaver unit 4008.

[0127]

Whether the arrangement switching of the multipbétXs) by the channel
interleaver unit 4008 is performed may be givendolsn the subcarrier interval. For
example, whether the arrangement switching of thétiplex bit(s) by the channel
interleaver unit 4008 is performed may be giveneobsn the subcarrier interval for the
channel including the multiplex bit(s). Furthermpne a case that the subcarrier interval
for the channel including the multiplex bit(s) iS kHz, the arrangement switching of the
multiplex bit(s) may be performed by the channéérteaver unit 4008. Furthermore, in a
case that the subcarrier interval for the channeluiding the multiplex bit(s) is not 15
kHz, the arrangement switching of the multiplex(®itmay not be performed by the
channel interleaver unit 4008.

[0128]

Whether the arrangement switching of the multipbétXs) by the channel
interleaver unit 4008 is performed may be giveneoasn the TTI length for the channel
including the multiplex bit(s) (or the symbol nuniheFor example, in a case that the TTI
length for the channel including the coded bit&¥maller than 1 ms, the arrangement
switching of the multiplex bit(s) may be performied the channel interleaver unit 4008.
Furthermore, in a case that the TTI length for¢hannel including the coded bit(s) is
greater than 1 ms, the arrangement switching ohth#&iplex bit(s) may not be performed
by the channel interleaver unit 4008. Furthermameg case that the TTI length for the
channel including the multiplex bit(s) is smalléah 1 ms, the arrangement switching of
the multiplex bit(s) may not be performed by thechel interleaver unit 4008.
Furthermore, in a case that the TTI length for¢hannel including the multiplex bit(s) is
greater than 1 ms, the arrangement switching ofib#iplex bit(s) may be performed by
the channel interleaver unit 4008. Furthermore, thhbethe arrangement switching of the
multiplex bit(s) by the channel interleaver unito®is performed may be given based on
whether the symbol number for the channel includimg multiplex bit(s) is 14. For
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example, in a case that the symbol number of trechl including the multiplex bit(s) is
smaller than 14, the arrangement switching of thdtimlex bit(s) may be performed by
the channel interleaver unit 4008. Furthermorea itase that the symbol number of the
channel including the multiplex bit(s) is greatkan 14, the arrangement switching of the
multiplex bit(s) may not be performed by the chdringerleaver unit 4008. Furthermore,
in a case that the symbol number of the channédudiag the multiplex bit(s) is smaller
than 14, the arrangement switching of the multigéxs) may not be performed by the
channel interleaver unit 4008. Furthermore, in secthat the symbol number of the
channel including the multiplex bit(s) is greatkan 14, the arrangement switching of the
multiplex bit(s) may be performed by the channeérteaver unit 4008.

[0129]

Whether the arrangement switching of the multipbéXs) by the channel
interleaver unit 4008 is performed may be giveneokasn the signal waveform. For
example, whether the arrangement switching of thétipiex bit(s) by the channel
interleaver unit 4008 is performed may be giveneohsn the signal waveform of the
channel including the multiplex bit(s). For exampie a case that the signal waveform of
the channel including the multiplex bit(s) is a grebed signal waveform, the
arrangement switching of the multiplex bit(s) mag ferformed by the channel
interleaver unit 4008. Furthermore, in a case thatsignal waveform of the channel
including the multiplex bit(s) is not the prescribsignal waveform, the arrangement
switching of the multiplex bit(s) may not be penioed by the channel interleaver unit
4008. Here, for example, the prescribed signal i@ve may be OFDM. Furthermore,
the prescribed signal waveform may be DFT-s-OFDM.

[0130]

Whether the arrangement switching of the multipbétXs) by the channel
interleaver unit 4008 is performed may be giveneobsn the error correcting code
applied to the transport block including the mukip bit(s) (e.g., the type of the error
correcting code, the size of the check matrix,dbaeration method of the check matrix,
the coding rate, presence/absence of the outer aodéhe like). For example, in a case
that the error correcting code applied to the tpmmsblock including the multiplex bit(s)
is a turbo code, the arrangement switching of thitiplex bit(s) may be performed by
the channel interleaver unit 4008. Furthermorea rase that the error correcting code
applied to the transport block including the mukdp bit(s) is a code other than a turbo
code, the arrangement switching of the multipleXs)imay not be performed by the
channel interleaver unit 4008. Furthermore, in secthat the coding rate of the error
correcting code applied to the transport block uidihg the multiplex bit(s) is 1/3, the
arrangement switching of the multiplex bit(s) mag/ feerformed by the channel
interleaver unit 4008. Furthermore, in a case thatcoding rate of the error correcting
code applied to the transport block including theltiplex bit(s) is not 1/3, the
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arrangement switching of the multiplex bit(s) mayt be performed by the channel
interleaver unit 4008. Furthermore, in a case thatouter code is not applied to the
transport block including the multiplex bit(s), taerangement switching of the multiplex
bit(s) may be performed by the channel interleavwst 4008. Furthermore, in a case that
the outer code is applied to the transport bloakuding the multiplex bit(s), the
arrangement switching of the multiplex bit(s) magt be performed by the channel
interleaver unit 4008.

[0131]

Whether the arrangement switching of the multipbeXs) by the channel
interleaver unit 4008 is performed may be giveneohasn the number of the CRC bit(s)
added to the code block used for generation ofnthdéiplex bit(s) and/or the transport
block including the multiplex bit(s). For example,a case that the CRC bit(s) added to
the code block used for generation of the multipgbéxs) and/or the transport block
including the multiplex bit(s) is added, the arranmgent switching of the multiplex bit(s)
may be performed by the channel interleaver un@®G@-urthermore, in a case that the
CRC bit(s) added to the code block used for gemamadf the multiplex bit(s) and the
transport block including the multiplex bit(s) istnadded, the arrangement switching of
the multiplex bit(s) may not be performed by thearhel interleaver unit 4008.
Furthermore, in a case that the CRC bit(s) addeti¢ccode block used for generation of
the multiplex bit(s) and/or the transport blocklunting the multiplex bit(s) is 24 bits, the
arrangement switching of the multiplex bit(s) magy ferformed by the channel
interleaver unit 4008. Furthermore, in a case thatCRC bit(s) added to the code block
used for generation of the multiplex bit(s) and trensport block including the multiplex
bit(s) is not 24 bits, the arrangement switchinghaf multiplex bit(s) may not be
performed by the channel interleaver unit 4008.

[0132]

For example, whether the arrangement switchindhefrultiplex bit(s) by the
channel interleaver unit 4008 is performed may iveg based on the duplex scheme for
the serving cell. Furthermore, whether the arrang@nswitching of the multiplex bit(s)
by the channel interleaver unit 4008 is performealyrhe given based on the duplex
scheme applied to the serving cell for the chammeluding the transport block including
the multiplex bit(s).

[0133]

Here, the axis prioritized for the mapping in theamgement switching of the
multiplex bit(s) may be the time axis (Time firs@apping). In other words, the first axis
may be the time axis. Furthermore, the axis priped for the mapping in the arrangement
switching of the coded bit(s) may be the frequeagis (Frequency first mapping). In
other words, the second axis may be the frequerisy a
[0134]
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For example, the resource element mapper processind@007 may perform a
process of mapping the transmission bit(s) to #eource element. The resource element
may correspond to the element disposed in the bBycldere, the block Bmay be a
subframe (or, a part of a subframe). Furthermdre,ltlock B may be a slot (or, a part of
a slot). Furthermore, the block Bnay correspond to one or more OFDM symbol(s). The
resource element mapper processing unit 3007 maythmtransmission bit(s) in the
first-axis prioritized manner or the second axi®gtized manner. Here, the block Bs
identical to the block B except for the number ofwnns and rows of the block,BAt
least one of the first axis and the second axithefblock B may be the frequency axis.
Furthermore, at least one of the first axis andg@eond axis of the block,Bnay be the
time axis.

[0135]

A process block having a function of mapping andoquiring information
sequence (e.g., coded bit(s), multiplex bit(s)nsmaission bit(s) and the like) to the block
B, the block B, and the block Bis also referred to as a mapping unit. The blo¢ckh®
block B, and the block Bare collectively referred to as a mapping region.

[0136]

The resource element mapper processing unit 3007apply frequency hopping
to the mapping process of the transmission bitfghe resource element. The frequency
hopping may be the slot hopping. The slot hoppirayre a scheme in which radio
signals of two slots included in one subframe aamimitted by respective frequencies.
[0137]

Whether the frequency hopping is applied to the piag process of the resource
element may be based on information included inghadr layer signal. Whether the
frequency hopping is applied to the mapping proadshe resource element may be
based on information included in a control chaniéhether the frequency hopping is
applied to the mapping process of the resource et¢mmay be based on preliminarily
configured information.

[0138]

For example, whether the first axis or the secoxid & prioritized by the resource
element mapper processing unit 3007 in mappindefttansmission bit(s) may be given
based on the transport block size. For example, égase that the transport block sizgsN
satisfies Ngs > Z;, the resource element mapper processing unit 30&7s the
transmission bit(s) in the first-axis prioritizedamnmer. Furthermore, in a case that
transport block size Ms satisfies Ngs < Zy, the resource element mapper processing unit
3007 maps the transmission bit(s) in the second-pribritized manner. Here, the, Z;
and % may be given based on information included inghbkr layer signal. Here, the,Z
Z; and % may be given based on information included in atad channel. Furthermore,
Zi, Z1, Z, may be given based on information included in atom channel. Furthermore,
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whether the first axis or the second axis is ptipeid by the resource element mapper
processing unit 3007 in mapping of the transmisditi(s) may be given based on the
transport block size and the modulation scheme (QR$% QAM, 64 QAM and the like).
Here, “based on the transport block size and thdutadion scheme” may be based on the
ratio of the modulation order of the modulation sote applied to the transport block and
the transport block size (or, a value relatinghte modulation symbol number).
Furthermore, whether the first axis or the secoxid & prioritized by the resource
element mapper processing unit 3007 in mappindefttansmission bit(s) may be given
based on the ratio of resource element numberethannel including the transport
block included in the transmission bit(s) and thensport block size of the transport
block included in the transmission bit(s). Hereg thansport block size of the transport
block may be represented by the sum of at leastcode block size generated from the
transport block. Furthermore, the ratio of the rese element number included in the
channel including the transport block may be repn¢sd by a resource element number
allocated to the terminal apparatus 1, the resoaltement number being given by the
scheduling information (which may be a downlink gran a case of downlink
communication, and may be an uplink grant in a c#seplink communication). Here, a
resource element number allocated to the termippheatus 1 may be given by the
product of the allocated subcarrier number andstyrabol number. Furthermore, a
resource element number allocated to the termippheatus 1 may be given as a value
obtained by subtracting the resource element ireduith a prescribed region from the
product of the allocated subcarrier number andstyrabol number. Here, the prescribed
region may be a region including the reference aliginannel. Furthermore, the
prescribed region may be a region including theckyanization channel.

[0139]

For example, whether the first axis or the secoxid & prioritized by the resource
element mapper processing unit 3007 in mappindefttansmission bit(s) may be given
based on the component carrier (or, the serving ted bandwidth of the serving cell and
the like). For example, whether the first axis loe second axis is prioritized by the
resource element mapper processing unit 3007 inpmgpof the transmission bit(s) may
be given based on the component carrier for thenecdkincluding the transmission bit(s).
Whether the first axis or the second axis is ptipeid by the resource element mapper
processing unit 3007 in mapping of the transmisdii(s) may be given based on whether
the cell for the channel including the transmissloatgs) is the primary cell or the
secondary cell. Here, the primary cell may inclilkde primary secondary cell.
Furthermore, the secondary cell may include thenpry secondary cell. Furthermore, for
example, whether the first axis or the second &xjwioritized by the resource element
mapper processing unit 3007 in mapping of the tmaasion bit(s) may be given based on
whether the cell for the channel including the smmssion bit(s) is the primary secondary
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cell. Whether the first axis or the second axiprieritized by the resource element
mapper processing unit 3007 in mapping of the tm@asion bit(s) may be given based on
whether the serving cell for the channel includihg transmission bit(s) is included in the
SCG or the MCG. Whether the first axis or the sektaris is prioritized by the resource
element mapper processing unit 3007 in mappindefttansmission bit(s) may be given
based on whether the serving cell for the chanm&uiding the transmission bit(s) is a
licensed band or an unlicensed band.

[0140]

Whether the first axis or the second axis is ptipeild by the resource element
mapper processing unit 3007 in mapping of the tr@asion bit(s) may be given based on
the ID of the serving cell. Whether the first agisthe second axis is prioritized by the
resource element mapper processing unit 3007 inpmgpof the transmission bit(s) may
be given based on the ID of the serving cell far t¢hhannel including the transmission
bit(s).

[0141]

Whether the first axis or the second axis is ptipeid by the resource element
mapper processing unit 3007 in mapping of the tmaasion bit(s) may be given based on
whether the frequency hopping is applied to thencteh including the transmission bit(s).
For example, in a case that the frequency hop@rapplied to the channel including the
transmission bit(s), the resource element mappecgssing unit 3007 may map the
transmission bit(s) in the first-axis prioritizedanmer. Furthermore, in a case that the
frequency hopping is not applied to the channeludimg the transport block, the resource
element mapper processing unit 3007 may map thestnéssion bit(s) in the second-axis
prioritized manner.

[0142]

Whether the first axis or the second axis is ptipeild by the resource element
mapper processing unit 3007 in mapping of the tr@asion bit(s) may be given based on
the subcarrier interval. For example, whether ih&t faxis or the second axis is prioritized
by the resource element mapper processing unit 30@Yapping of the transmission
bit(s) may be given based on the subcarrier intefivathe channel including the
transmission bit(s). Furthermore, in a case thatdshibcarrier interval for the channel
including the transmission bit(s) is 15 kHz, theoearce element mapper processing unit
3007 may map the transmission bit(s) in the firsisgrioritized manner. Furthermore, in
a case that the subcarrier interval for the chamm#uding the transmission bit(s) is not
15 kHz, the resource element mapper processing3d®i¥ may map the transmission
bit(s) in the second-axis prioritized manner.

[0143]

Whether the first axis or the second axis is ptipeid by the resource element

mapper processing unit 3007 in mapping of the tmaasion bit(s) may be given based on
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the TTI length (or the symbol number) for the chahimcluding the transmission bit(s).
For example, in a case that the TTI length for¢hannel including the transmission bit(s)
is smaller than 1 ms, the resource element mapmeegsing unit 3007 may map the
transmission bit(s) in the first-axis prioritizedanmer. Furthermore, in a case that the TTI
length for the channel including the transmissiaish is greater than 1 ms, the resource
element mapper processing unit 3007 may map thestnéssion bit(s) in the second-axis
prioritized manner. Furthermore, whether the fasis or the second axis is prioritized by
the resource element mapper processing unit 30@7ajpping of the transmission bit(s)
may be given based on whether the symbol numbethichannel including the
transmission bit(s) is 14. For example, in a cdsd the symbol number of the channel
including the transmission bit(s) is smaller thah) the resource element mapper
processing unit 3007 may map the transmission )oi(¢he first-axis prioritized manner.
Furthermore, in a case that the symbol number efctimnnel including the transmission
bit(s) is greater than 14, the resource elementpeaprocessing unit 3007 may map the
transmission bit(s) in the second-axis prioritizadnner.

[0144]

Whether the first axis or the second axis is ptipeid by the resource element
mapper processing unit 3007 in mapping of the tmaasion bit(s) may be given based on
the signal waveform. For example, whether the fanss or the second axis is prioritized
by the resource element mapper processing unit 3@Yapping of the transmission
bit(s) may be given based on the signal waveforrthefchannel including the
transmission bit(s). For example, in a case thatsignal waveform of the channel
including the transmission bit(s) is a prescribeghal waveform, the resource element
mapper processing unit 3007 may map the transnmgsitgs) in the first-axis prioritized
manner. Furthermore, in a case that the signal feaweof the channel including the
coded bit(s) is a waveform other than the presdiignal waveform, the resource
element mapper processing unit 3007 may map thesmtnéssion bit(s) in the second-axis
prioritized manner. Here, for example, the presedilsignal waveform may be OFDM.
Furthermore, the prescribed signal waveform maypb&-s-OFDM.

[0145]

Whether the first axis or the second axis is ptipeild by the resource element
mapper processing unit 3007 in mapping of the tm@asion bit(s) may be given based on
the error correcting code (e.g., the type of therecorrecting code, the size of the check
matrix, the generation method of the check mattie, coding rate, presence/absence of
the outer code and the like) applied to the transplwck included in the transmission
bit(s). For example, in a case that the error ading code applied to the transport block
included in the transmission is a turbo code, #®ource element mapper processing unit
3007 may map the transmission bit(s) in the firsisgrioritized manner. Furthermore, in
a case that the error correcting code applied ¢otthnsport block included in the

39



transmission bit(s) is a code other than the twbde, the resource element mapper
processing unit 3007 may map the transmission )it(she second-axis prioritized
manner. Furthermore, in a case that the codingaftke error correcting code applied to
the transport block included in the transmissiot{s)iis 1/3, the resource element mapper
processing unit 3007 may map the transmission )oi(¢he first-axis prioritized manner.
Furthermore, in a case that the coding rate ofetiner correcting code applied to the
transport block included in the transmission biiéshot 1/3, the resource element mapper
processing unit 3007 may map the transmission )it(she second-axis prioritized
manner. Furthermore, in a case that the outer c®det applied to the transport block
included in the transmission bit(s), the resourleanent mapper processing unit 3007 may
map the transmission bit(s) in the first-axis piti@ed manner. Furthermore, in a case that
the outer code is applied to the transport bloaktuded in the transmission bit(s), the
resource element mapper processing unit 3007 maythmtransmission bit(s) in the
second-axis prioritized manner.

[0146]

Whether the first axis or the second axis is ptipeid by the resource element
mapper processing unit 3007 in mapping of the tmaasion bit(s) may be given based on
the number of the CRC bit(s) added to the codeklncluded in the transmission bit(s)
and/or the transport block included in the transios bit(s). For example, in a case that
the CRC bit(s) added to the code block includethitransmission bit(s) and/or the
transport block included in the transmission biiésadded, the resource element mapper
processing unit 3007 may map the transmission it(she first-axis prioritized manner.
Furthermore, in a case that the CRC bit(s) addetieccode block included in the
transmission bit(s) and the transport block inchlide the transmission bit(s) is not added,
the resource element mapper processing unit 30¢7map the transmission bit(s) in the
second-axis prioritized manner. Furthermore, iragecthat the CRC bit(s) added to the
code block included in the transmission bit(s) andhe transport block included in the
transmission bit(s) is 24 bits, the resource elemmespper processing unit 3007 may map
the transmission bit(s) in the first-axis priorgi manner. Furthermore, in a case that the
CRC bit(s) added to the code block included intiiamsmission bit(s) and the transport
block included in the transmission bit(s) is notldi#s, the resource element mapper
processing unit 3007 may map the transmission )it(she second-axis prioritized
manner.

[0147]

For example, whether the first axis or the secoxid & prioritized by the resource
element mapper processing unit 3007 in mappindefttansmission bit(s) may be given
based on the duplex scheme for the serving celthEumore, whether the first axis or the
second axis is prioritized by the resource elermeapper processing unit 3007 in
mapping of the transmission bit(s) may be giveneldasn the duplex scheme applied to

40



the serving cell for the channel including the spart block included in the transmission
bit(s).
[0148]

Here, for example, the first axis may be the timesaand the second axis may be
the frequency axis. Furthermore, the first axis rhaythe frequency axis, and the second
axis may be the time axis.

[0149]

A procedure of the terminal apparatus 1 and the Iséation apparatus 3 according
to one aspect of the present invention is descrizddw.
[0150]

The terminal apparatus 1 and the base station appaB may include a
transmission process. The transmission processintdyde at least one process of a
transmitter 107 or a transmitter 307.

[0151]

The terminal apparatus 1 and the base station appaB may include a reception
process. The reception process may include at mastprocess of a receiver 105 or a
receiver 305.

[0152]

The terminal apparatus 1 including the transmisgimotess and the base station
apparatus 3 including the transmission processabs® collectively referred to as a
transmission apparatus 8. The terminal apparatuslliding the reception process and
the base station apparatus 3 including the recegtiocess are also collectively referred
to as a reception apparatus 9. Here, the termipdmatus 1 may be the transmission
apparatus 8 and/or the reception apparatus 9. €untbre, the base station apparatus 3
may be the transmission apparatus 8 and/or thepteeceapparatus 9.

[0153]

The transmission apparatus 8 may switch the setfritpe mapping method and/or
setting of the code block length of the transpdock, based on at least one of the length
of the symbol(s), the signal waveform, the schermthe error correcting code, and the
component carrier. The reception apparatus 9 maymas that the setting of the code
block length relating to the received transportdil@and/or the setting of the mapping
method is switched, based on at least one of thgtheof the symbol(s), the signal
waveform, the scheme of the error correcting c@awl the component carrier.

[0154]

The setting of the code block length may be anthefcode block length and the
maximum code block length Z.

[0155]

The setting of the mapping method may be any ofstite-block interleaver, the
channel interleaver, and the setting of the resm@lement mapping.

41



[0156]

The length of the symbol(s) may be any of the suferainterval (or, the single
carrier, the bandwidth), and the symbol numberTi@ansmission Time Interval (TTI)
length or the like).

[0157]

The signal waveform may be a type of a Waveforme Waveform may be the
OFDM, the DFT-s-OFDM, the frequency hopping and like, for example.

[0158]

The scheme of the error correcting code may beiSpddy the type of the check
matrix. The scheme of the error correcting code m@pecified by the presence/absence
of the CRC bit(s), or the length of the CRC bit(s).

[0159]

The component may be specified by any of the casggving cell, the physical
cell ID, the Scellindex, and the ServCelllndex.
[0160]

The length of the symbol(s), the signal waveforhe scheme of the error
correcting code, and the configuration informatrefating to the component carrier may
be included in the control channel. The termingdaatus 1 may switch the setting of the
code block length and/or the setting of the mappimaghod, based on the length of the
symbol(s), the signal waveform, the scheme of ttierecorrecting code, and the
configuration information relating to the componeatrier included in the control
channel transmitted from the base station appar@tus
[0161]

The length of the symbol(s), the signal waveforhe scheme of the error
correcting code, and the configuration informatrefating to the component carrier may
be included in the higher layer signal. The termis@paratus 1 may switch the setting of
the code block length and/or the setting of the piagp method, based on the length of the
symbol(s), the signal waveform, the scheme of tlterecorrecting code, and the
configuration information relating to the componeatrier included in the higher layer
signal transmitted from the base station apparatus
[0162]

An apparatus configuration of the terminal appasatiaccording to the present
invention is described below.

[0163]

FIG. 10 is a schematic block diagram illustratingaamfiguration of a terminal
apparatus 1 according to the present embodimenill#strated in the diagram, the
terminal apparatus 1 includes at least one of adrigayer processing unit 101, a
controller 103, the receiver 105, the transmitt@¥ And a transmit and receive antenna
109. The higher layer processing unit 101 includekeast one of a radio resource control

42



unit 1011, and a scheduling unit 1013. The receis includes at least one of a
decoding unit 1051, a demodulation unit 1053, a aléipiexing unit 1055, a radio
receiving unit 1057 and a channel measurementi08®. The transmitter 107 includes at
least one of a coding unit 1071, a shared chaneeégtion unit 1073, a control channel
generation unit 1075, a multiplexing unit 1077 adip transmitting unit 1079 and an
uplink reference signal generation unit 10711.

[0164]

The higher layer processing unit 101 outputs upliaka generated by a user
operation and the like to the transmitter 107. higgher layer processing unit 101
performs processing of the Medium Access ControAQJ layer, the Packet Data
Convergence Protocol (PDCP) layer, the Radio Limkttol (RLC) layer, and the Radio
Resource Control (RRC) layer. Furthermore, the érghyer processing unit 101
generates control information for controlling thexeiver 105 and the transmitter 107,
based on downlink control information received hg tontrol channel and the like, and
outputs the information to the controller 103.

[0165]

The radio resource control unit 1011 of the higlagrer processing unit 101
manages various pieces of configuration informatémhe terminal apparatus 1 itself.
For example, the radio resource control unit 10 Hnhayges the set serving cell.
Furthermore, the radio resource control unit 10éhegates information to be mapped to
each uplink channel, and outputs the generatednmdtion to the transmitter 107. In a
case that decoding of the received downlink datsuiscessfully performed, the radio
resource control unit 1011 generates ACK and oustplie ACK to the transmitter 107,
whereas in a case that decoding of the receivecthtiplkvdata is failed, the radio resource
control unit 1011 generates NACK and outputs theO¥Ato the transmitter 107.

[0166]

The scheduling unit 1013 of the higher layer preoeg unit 101 stores received
downlink control information via the receiver 10Bhe scheduling unit 1013 controls the
transmitter 107 via the controller 103 so as tms$rait the PUSCH in accordance with the
received uplink grant in a fourth subframe from tubframe of the received uplink grant.
The scheduling unit 1013 controls the receiver ¢@bthe controller 103 so as to receive
a shared channel in accordance with the receivahtliok grant in the subframe of the
received downlink grant.

[0167]

In accordance with the control information origimat from the higher layer
processing unit 101, the controller 103 generatesrdarol signal for control of the
receiver 105 and the transmitter 107. The contrdll@3 outputs the generated control
signal to the receiver 105 and the transmitter ttOZontrol the receiver 105 and the
transmitter 107.
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[0168]

In accordance with the control signal input frone ttontroller 103, the receiver
105 demultiplexes, demodulates, and decodes a tiecegignal received from the base
station apparatus 3 via the transmit and receiterara 109, and outputs the resulting
information to the higher layer processing unit 101
[0169]

The radio receiving unit 1057 performs orthogonamadulation of a downlink
signal received via the transmit and receive ardelh®9, and converts the orthogonal
demodulated analog signal to a digital signal. &ample, the radio receiving unit 1057
may perform Fast Fourier Transform (FFT) on theitdigsignal, and extract a signal in
the frequency domain.

[0170]

The demultiplexing unit 1055 separates the extmhsignal into a control channel,
a shared channel, and a reference signal chanheld&@multiplexing unit 1055 outputs
the separated reference signal channel to the @lan@asurement unit 1059.

[0171]

The demodulation unit 1053 performs demodulationafenodulation scheme such
as the QPSK, the 16 Quadrature Amplitude Modulat@AM) and the 64 QAM on the
control channel and the shared channel, and outpetslecoded data to the decoding unit
1051.

[0172]

The decoding unit 1051 performs decoding of dowkliata, and outputs the
decoded downlink data to the higher layer procegsimit 101. The channel measurement
unit 1059 calculates an estimation value of a doamknthannel from reference signal
channel, and outputs the result to the demultipigxinit 1055. The channel measurement
unit 1059 calculates channel state information, aangpbuts the channel state information
to the higher layer processing unit 101.

[0173]

The transmitter 107 generates an uplink refereing®as channel in accordance
with the control signal input from the controlled3, codes and modulates the uplink data
and/or the uplink control information input frometligher layer processing unit 101,
multiplexes the shared channel, the control charered the reference signal channel, and
transmits a result of the multiplexing to the bas&tion apparatus 3 via the transmit and
receive antenna 109.

[0174]

The coding unit 1071 codes the uplink control imi@tion and the uplink data
input from the higher layer processing unit 101 awodputs the coded bit(s) to the shared
channel generation unit 1073 and/or the controholeh generation unit 1075.

[0175]
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The shared channel generation unit 1073 may gemematdulation symbol(s) by
modulating the coded bit(s) input from the codingtul 071, generate a shared channel by
performing DFT on the modulation symbol(s), andpuitthe result to the multiplexing
unit 1077. The shared channel generation unit 18@8 generate a shared channel by
modulating the coded bit(s) input from the codingtul 071, and output the result to the
multiplexing unit 1077.

[0176]

The control channel generation unit 1075 generatesntrol channel in
accordance with the SR and/or the coded bit(s) tifijmum the coding unit 1071, and
output the result to the multiplexing unit 1077.

[0177]

The uplink reference signal generation unit 107&heyates an uplink reference
signal and outputs the generated uplink referengeas to the multiplexing unit 1077.
[0178]

In accordance with the control signal input frone ttontroller 103, the
multiplexing unit 1077 multiplexes, to the uplinksource element for each transmit
antenna port, the signal input from the shared nbageneration unit 1073 and/or the
signal input from the control channel generationt 975, and/or the uplink reference
signal input from the uplink reference signal gextem unit 10711.

[0179]

The radio transmitting unit 1079 performs InversstFourier Transform (IFFT)
on the multiplexed signal, generates a basebantatggnal, converts the baseband
digital signal into an analog signal, generatesnaphase component and a quadrature
component of an intermediate frequency from thd@mnaignal, removes a frequency
component unnecessary for the intermediate frequeaad, converts (up converts) the
intermediate frequency signal into a high frequesignal, removes the unnecessary
frequency component, and amplifies the power, amguts and transmits it to the
transmit and receive antenna 109.

[0180]

An apparatus configuration of the base station egpa 3 according to the present
invention is described below.
[0181]

FIG. 11 is a schematic block diagram illustratingamfiguration of a base station
apparatus 3 according to the present embodimenillustrated in the figure, the base
station apparatus 3 is configured to include a arghyer processing unit 301, a control
unit 303, a reception unit 305, a transmission @0IT, and a transmit and receive antenna
309. The higher layer processing unit 301 includeadio resource control unit 3011 and
a scheduling unit 3013. The receiver 305 is comfégiuto include a data
demodulation/decoding unit 3051, a control inforrmatdemodulation/decoding unit
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3053, a demultiplexing unit 3055, a radio receivingt 3057 and a channel measurement
unit 3059. The transmitter 307 is configured tolude a coding unit 3071, a modulation
unit 3073, a multiplexing unit 3075, a radio trangmg unit 3077, and a downlink
reference signal generation unit 3079.

[0182]

The higher layer processing unit 301 performs pssagy of the Medium Access
Control (MAC) layer, the Packet Data Convergencetégol (PDCP) layer, the Radio
Link Control (RLC) layer, and the Radio Resourcen@ol (RRC) layer. Furthermore, the
higher layer processing unit 301 generates comtiformation for control of the receiver
305 and the transmitter 307, and outputs the geaereontrol information to the
controller 303.

[0183]

The radio resource control unit 3011 of the higlagrer processing unit 301
generates, or acquires from the higher node, RR@asing, MAC Control Element (CE)
and downlink data allocated in the downlink shacédnnel, outputs the data to the
HARQ control unit 3013. Furthermore, the radio n@s® control unit 3011 manages
various configuration information for each of thegminal apparatuses 1. For example, the
radio resource control unit 3011 manages the sgre@ll configured in the terminal
apparatus 1 and the like.

[0184]

The scheduling unit 3013 of the higher layer preteg unit 301 manages the radio
resource of the control channel and/or the shaheshcel to be allocated to the terminal
apparatus 1. In a case that the radio resourcbeosihared channel is allocated to the
terminal apparatus 1, the scheduling unit 3013 getes an uplink grant indicating
allocation of the radio resource of the shared adefnand outputs the generated uplink
grant to the transmitter 307.

[0185]

Based on the control information originating frohethigher layer processing unit
301, the controller 303 generates a control sigoatontrolling the receiver 305 and the
transmitter 307. The controller 303 outputs theagated control signal to the receiver
305 and the transmitter 307 to control the receB@s and the transmitter 307.

[0186]

In accordance with the control signal input frone tontroller 303, the receiver
305 demultiplexes, demodulates, and decodes treptian signal received from the
terminal apparatus 1 through the transmit and recantenna 309, and outputs
information resulting from the decoding to the heghayer processing unit 301.

[0187]

The radio receiving unit 3057 performs orthogonamedulation on the uplink

signal received via the transmit and receive anae3®9, and converts the orthogonal
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demodulated analog signal into a digital signale Tadio receiving unit 3057 performs
Fast Fourier Transform (FFT) on the digital sigratiracts a signal in the frequency
domain, outputs the signal to the demultiplexingt 3955.

[0188]

The demultiplexing unit 1055 separates the signput from the radio receiving
unit 3057 into signals of a control channel, a sldachannel, a reference signal channel,
and the like. The demultiplexing is performed basedadio resource allocation
information that is determined in advance by theebatation apparatus 3 using the radio
resource control unit 3011 and that is includedhi@ uplink grant notified to each of the
terminal apparatuses 1. The demultiplexing unit3@fakes a compensation of channels
of the control channel and the shared channel fitoenestimation value of the channel
input from the channel measurement unit 3059. Frrtiore, the demultiplexing unit
3055 outputs the separated reference signal chaartee channel measurement unit
3059.

[0189]

The demultiplexing unit 3055 acquires uplink datadualation symbol(s) and
modulation symbol(s) of uplink control informatighl ARQ-ACK) from the separated
control channel and the shared channel. The depteiing unit 3055 outputs the uplink
data modulation symbol(s) acquired from the sigsfalhe shared channel to the data
demodulation/decoding unit 3051. The demultiplexiurgt 3055 outputs the modulation
symbol(s) of the uplink control information (HARQOX) acquired from the control
channel or the shared channel to the control in&drom demodulation/decoding unit
3053.

[0190]

The channel measurement unit 3059 measures thenehastimate, the channel
quality, and the like, based on the uplink refeeesgnal input from the demultiplexing
unit 3055, and outputs a result of the measureneetiie demultiplexing unit 3055 and
the higher layer processing unit 301.

[0191]

The data demodulation/decoding unit 3051 decoddiskigata from the
modulation symbol(s) of the uplink data input frahe demultiplexing unit 3055. The
data demodulation/decoding unit 3051 outputs thebded uplink data to the higher layer
processing unit 301.

[0192]

The control information demodulation/decoding us®53 decodes a HARQ-ACK
from HARQ-ACK modulation symbol(s) input from thewmhultiplexing unit 3055. The
control information demodulation/decoding unit 30&&puts the decoded HARQ-ACK to
the higher layer processing unit 301.

[0193]
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In accordance with the control signal input frone tontroller 303, the transmitter
307 generates downlink reference signal, codesnamdulates downlink data and the
downlink control information input from the highkxyer processing unit 301, multiplexes
the control channel, the shared channel and thereate signal channel, and transmits the
signal to the terminal apparatus 1 via the transnt receive antenna 309.

[0194]

The coding unit 3071 codes the downlink data areddbwnlink control
information input from the higher layer processingt 301. The modulation unit 3073
modulates the coded bit(s) input from the coding 8671, in compliance with the
modulation scheme such as BPSK, QPSK, 16 QAM, oQB84M. The modulation unit
3073 may apply precoding to the modulation symBol($ie precoding may include a
transmission precode. Note that the precoding neaynhbltiplication (application) of a
precoder.

[0195]

The downlink reference signal generation unit 3gé8erates a downlink reference
signal. The multiplexing unit 3075 multiplexes tdewnlink reference signal and the
modulation symbol(s) of each channel, and generateasmission symbol(s).

[0196]

The multiplexing unit 3075 may apply precoding b ttransmission symbol(s).
The precoding applied to the transmission symbdigsjhe multiplexing unit 3075 may
be applied to the downlink reference signal andier modulation symbol(s).
Furthermore, the precoding applied to the downlielerence signal and the precoding
applied to modulation symbol(s) may be identicaktxh other or different from each
other.

[0197]

The radio transmitting unit 3077 performs InversestFourier Transform (IFFT)
on the multiplexed transmission symbol(s) and ike,land generates time symbol(s).
The radio transmitting unit 3077 performs OFDM mizdion on the time symbol(s),
generates a baseband digital signal, converts dlseliand digital signal into an analog
signal, generates a quadrature component and phdaee component of intermediate
frequency from the analog signal, removes the feaxqy component unnecessary for the
intermediate frequency band, converts (up convehs)signal of the intermediate
frequency into a high frequency signal, removesuheecessary frequency component,
and generates a Carrier signal (Carrier, RF signdlthe like). The radio transmitting
unit 3077 performs power amplification on the carrsignal, and outputs the result to the
transmit and receive antenna 309 for transmission.

[0198]

(1) To accomplish the object described above, aspefcthe present invention are

contrived to provide the following measures. Spieallly, the transmission apparatus 8
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according to a first aspect of the present invanticludes a coding unit configured to
divide a transport block into multiple code blocksd code the code block, and a
transmitter configured to transmit a channel inchgdthe code block, in which the length
of the code block is given based on at least on® fofst element, a second element, a
third element, and a fourth element, the first ed@mis a length of the symbol(s) of the
channel, the second element is a signal waveforthe@fthannel, the third element is a
scheme of the error correction coding applied ®¢bde block, and the fourth element is
the setting of the component carrier of the channel

[0199]

(2) Furthermore, in the first aspect of the presawméntion, the length of the code
block is given based on the maximum code blocktliertransport block given based on at
least one of the first element, the second elentéetthird element, and the fourth
element.

[0200]

(3) Furthermore, the reception apparatus 9 accgrthra second aspect of the
present invention includes a receiver configuredetteive a channel including multiple
code blocks generated by dividing one transportkl@and a decoding unit configured to
decode the multiple code blocks, in which the l&éngt the code block is given based on
at least one of the first element, the second elgnthe third element, and the fourth
element, the first element is a length of the sylfd)af the channel, the second element
is a signal waveform of the channel, the third edaemis a scheme of the error correction
coding applied to the code block, and the fourdnednt is the setting of the component
carrier of the channel.

[0201]

(4) Furthermore, in the second aspect of the ptteiseention, the length of the
code block is given based on the maximum code bfockhe transport block given based
on at least one of the first element, the secortheht, the third element, and the fourth
element.

[0202]

(5) Furthermore, the transmission apparatus 8 aéagrto a third aspect of the
present invention includes a coding unit configutedjenerate coded bit(s) by coding a
transport block, and configured to transmit theratel including the coded bit(s) to a
transmitter, in which mapping of the coded bit@sgiven based on at least one of the first
element, the second element, the third elementtla@dourth element, the first element is
a length of the symbol(s) of the channel, the sdoslement is a signal waveform of the
channel, the third element is a scheme of the aroorection coding applied to the
transport block, and the fourth element is theisgtof the component carrier of the
channel.

[0203]
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(6) Furthermore, in the third aspect of the presewéntion, the mapping is
subblock interleave, and whether the arrangemeitcBimg of the coded bit(s) is
performed is given based on at least one of thet lfement, the second element, the third
element, and the fourth element.

[0204]

(7) Furthermore, in the third aspect of the presemwéntion, the mapping is
channel interleave, and whether the arrangemeritbkimg of the multiplex bit(s)
generated based on the coded bit(s) is performgd/en based on at least one of the first
element, the second element, the third elementtla@dourth element.

[0205]

(8) Furthermore, in the third aspect of the preseméntion, the mapping is a
resource element mapping process, and whetheraherission bit(s) generated based
on the coded bit(s) is mapped in a time-axis ptipeid manner (Time first mapping) or a
frequency-axis prioritized manner (Frequency firepping) is given based on at least
one of the first element, the second element, lifrel element, and the fourth element.
[0206]

(9) Furthermore, the reception apparatus 9 of atfoaspect of the present
invention includes a receiver configured to receive channel including the coded bit(s)
generated by coding of a transport block, and adia unit configured to decode the
coded bit(s), in which mapping of the coded biiéyjiven based on at least one of the
first element, the second element, the third elemnand the fourth element, the first
element is a length of the symbol(s) of the chantted second element is a signal
waveform of the channel, the third element is aescé of the error correction coding
applied to the transport block, and the fourth edatms the setting of the component
carrier of the channel.

[0207]

(10) Furthermore, in the fourth aspect of the pn¢sevention, the mapping is
subblock interleave, and whether the arrangemeitcBimg of the coded bit(s) is
performed is given based on at least one of thet &lement, the second element, the third
element, and the fourth element.

[0208]

(11) Furthermore, in the fourth aspect of the pnésevention, the mapping is
channel interleave, and whether the arrangementhkimg of the multiplex bit(s)
generated based on the coded bit(s) is performgd/en based on at least one of the first
element, the second element, the third elementtl@dourth element.

[0209]

(12) Furthermore, in the fourth aspect of the pn¢sevention, the mapping is
resource element mapping process, and whetherahsrission bit(s) generated based
on the coded bit(s) is mapped in a time-axis ptipeid manner mapped (Time first
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mapping) or a frequency-axis prioritized mannere@trency first mapping) is given based
on at least one of the first element, the secortheht, the third element, and the fourth
element.

[0210]

Here, in the first to fourth aspects, the symbolrba an OFDM symbol, a
DFT-S-OFDM symbol, or an SC-FDMA symbol. Furthermpthe symbol may be given
based on the subcarrier interval.

[0211]

(1A) An aspect of the present invention is a temhi@pparatus including: a coding
unit configured to divide a transport block intoeoar more code blocks and generate
coded bit(s) by coding the one or more code bloaks} a transmitter configured to
transmit the coded bit(s) by using a channel. Mgt bit(s) are given based on at least
coupling of the coded bit(s) generated by codinghef one or more code blocks, the
coding unit maps the multiplex bit(s) to a matnixa first-axis prioritized manner and
reads the multiplex bit(s) from the matrix in thest-axis prioritized manner or in a
second-axis prioritized manner, and whether th&t fais or the second axis is prioritized
in a case that the multiplex bit(s) are read fréva matrix is given based on at least
whether a signal waveform applied to a prescribeanoel is an OFDM.

(2A) An aspect of the present invention is a temhi@pparatus including: a coding
unit configured to divide a transport block intoeoar more code blocks and generate
coded bit(s) by coding the one or more code bloaks} a transmitter configured to map
transmission symbol(s) to a prescribed channelteantsmit the channel. The
transmission symbol(s) are given based on at leastulation of a sequence in which the
coded bit(s) generated by coding of the one or ntode blocks are coupled, and whether
the transmission symbol(s) are mapped in a tims-prioritized manner or a
frequency-axis prioritized manner is given basedbteast whether a signal waveform
applied to the channel is an OFDM.

[0212]

(3A) An aspect of the present invention is a basé@n apparatus including: a
receiver configured to receive a channel; and adixg unit configured to decode one or
more code blocks transmitted using the channel.tijlelx bit(s) are given based on at
least coupling of coded bit(s) generated by codihthe one or more code blocks, the
decoding unit maps the multiplex bit(s) to a mairixhe first-axis prioritized manner and
reads the multiplex bit(s) from the matrix in thesf-axis prioritized manner or in a
second-axis prioritized manner, and whether th&t fais or the second axis is prioritized
in a case that the multiplex bit(s) are read fréva matrix is given based on at least
whether a signal waveform applied to a prescribleanoel is an OFDM.

[0213]
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(4A) An aspect of the present invention is a bas¢éi@an apparatus including: a
receiver configured to receive a channel includiregnsmission symbol(s); and a decoding
unit configured to decode one or more code blocasgmitted using the channel. The
transmission symbol(s) are given based on at leastulation of a sequence in which
coded bit(s) generated by coding of the one or ntode blocks are coupled, and whether
the transmission symbol(s) are mapped in a tims-pxioritized manner or a
frequency-axis prioritized manner is given basedbteast whether a signal waveform
applied to the channel is an OFDM.

[0214]

(5A) An aspect of the present invention is a comination method used by a
terminal apparatus, the communication method iniclgdhe steps of: dividing a transport
block into one or more code blocks and generatioded bit(s) by coding the one or more
code blocks; and transmitting the coded bit(s) byng a channel. Multiplex bit(s) are
given based on at least coupling of the coded bgénerated by coding of the one or
more code blocks, the coding unit maps the mulk#g(s) to a matrix in the first-axis
prioritized manner and reads the multiplex bit@®ni the matrix in the first-axis
prioritized manner or in a second-axis prioritizednner, and whether the first axis or the
second axis is prioritized in a case that the miat bit(s) are read from the matrix is
given based on at least whether a signal wavefqpiied to a prescribed channel is an
OFDM.

[0215]

(6A) An aspect of the present invention is a comination method used by a
terminal apparatus, the communication method inclgdhe steps of: dividing a transport
block into one or more code blocks and generatioded bit(s) by coding the one or more
code blocks; and mapping transmission symbol(s) psescribed channel and
transmitting the channel. The transmission symbai(e given based on at least
modulation of a sequence in which the coded bigés)erated by coding of the one or
more code blocks are coupled, and whether the itmessson symbol(s) are mapped in a
time-axis prioritized manner or a frequency-axigpgtized manner is given based on at
least whether a signal waveform applied to the cleais an OFDM.

[0216]

(7A) An aspect of the present invention is a comioation method used by a base
station apparatus, the communication method inclgdhe steps of: receiving a channel,
and decoding one or more code blocks transmittenguthe channel. Multiplex bit(s) are
given based on at least coupling of coded bit(slegated by coding of the one or more
code blocks, the decoding unit maps the multiplggshto a matrix in the first-axis
prioritized manner and reads the multiplex bit(®ni the matrix in the first-axis
prioritized manner or in a second-axis prioritizednner, and whether the first axis or the
second axis is prioritized in a case that the miat bit(s) are read from the matrix is
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given based on at least whether a signal wavefqpiied to a prescribed channel is an
OFDM.
[0217]

(8A) An aspect of the present invention is a comroation method used by a base
station apparatus, the communication method inclgdhe steps of: receiving a channel
including transmission symbol(s); and decoding onenore code blocks transmitted
using the channel. The transmission symbol(s) arergbased on at least modulation of a
sequence in which coded bit(s) generated by codfrtge one or more code blocks are
coupled, and whether the transmission symbol(sphsapped in a time-axis prioritized
manner or a frequency-axis prioritized manner iegibased on at least whether a signal
waveform applied to the channel is an OFDM.

[0218]

(9A) In an aspect of the present invention, whetihersignal waveform applied to
the channel is the OFDM is given based on at laadgnal of a higher layer.
[0219]

Each of a program running on a terminal apparatus dase station apparatus 3, a
transmission apparatus 8, and a reception appagasiesording to one aspect of the
present invention may be a program that contrd@®eatral Processing Unit (CPU) and the
like, such that the program causes a computer évaip in such a manner as to realize the
functions of the above-described embodiment acogrdd one aspect of the present
invention. The information handled in these deviegemporarily stored in a Random
Access Memory (RAM) while being processed. Therafthe information is stored in
various types of Read Only Memory (ROM) such ataaif ROM and a Hard Disk Drive
(HDD), and when necessary, is read by the CPU tmbdified or rewritten.

[0220]

Note that the terminal apparatus 1, the base stapparatus 3, the transmission
apparatus 8, or the reception apparatus 9 accotditige above-described embodiment
may be partially achieved by a computer. In thatecahis configuration may be realized
by recording a program for realizing such contwahdtions on a computer-readable
recording medium and causing a computer systeredd the program recorded on the
recording medium for execution.

[0221]

Note that it is assumed that the "computer systemahtioned here refers to a
computer system built into the terminal apparatuth& base station apparatus 3, the
transmission apparatus 8, or the reception appsi@tand the computer system includes
an OS and hardware components such as a peripdgparatus. Furthermore, the
"computer-readable recording medium” refers to eglde medium such as a flexible
disk, a magneto-optical disk, a ROM, a CD-ROM, &inel like, and a storage apparatus
such as a hard disk built into the computer system.
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[0222]

Moreover, the "computer-readable recording medimmay include a medium that
dynamically retains a program for a short periodiofe, such as a communication line
that is used to transmit the program over a netvgudh as the Internet or over a
communication line such as a telephone line, any aiso include a medium that retains
a program for a fixed period of time, such as aatitd memory within the computer
system for functioning as a server or a clientuclsa case. Furthermore, the program
may be configured to realize some of the functidascribed above, and also may be
configured to be capable of realizing the functiolescribed above in combination with a
program already recorded in the computer system.

[0223]

Furthermore, the terminal apparatus 1, the basestapparatus 3, the
transmission apparatus 8, or the reception appsi@according to the above-described
embodiment may be achieved as an aggregation (aarafus group) constituted of
multiple apparatuses. Each of the apparatuses ganmfig such an apparatus group may
include at least one of respective functions opeesive functional blocks of the terminal
apparatus 1, the base station apparatus 3, theniiagion apparatus 8, or the reception
apparatus 9 according to the above-described emimdi The apparatus group may
include each general function or each functionakchklof the terminal apparatus 1, the
base station apparatus 3, the transmission apa8ator the reception apparatus 9.
Furthermore, the terminal apparatus 1, the badestapparatus 3, the transmission
apparatus 8, or the reception apparatus 9 accotditige above-described embodiment
can also communicate with the base station appsi@dithe aggregation.

[0224]

Furthermore, the base station apparatus 3, therresion apparatus 8, or the
reception apparatus 9 according to the above-desdrembodiment may serve as an
Evolved Universal Terrestrial Radio Access Netw(EkJTRAN). Furthermore, the base
station apparatus 3, the transmission apparatos #e reception apparatus 9 according
to the above-described embodiment may have at lresof the functions of a node
higher than an eNodeB.

[0225]

Furthermore, some or all portions of each of thenieal apparatus 1, the base
station apparatus 3, the transmission apparatos e reception apparatus 9 according
to the above-described embodiment may be typicadlyieved as an LS| which is an
integrated circuit or may be achieved as a chip Be¢ functional blocks of each of the
terminal apparatus 1, the base station apparatttee3ransmission apparatus 8, or the
reception apparatus 9 may be individually achieasd chip, or some or all of the
functional blocks may be integrated into a chiprtRarmore, a circuit integration
technique is not limited to the LSI, and may belimal with a dedicated circuit or a
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general-purpose processor. Furthermore, in a chgEemwith advances in semiconductor
technology, a circuit integration technology witthiwh an LSl is replaced appears, it is
also possible to use an integrated circuit basethertechnology.

[0226]

Furthermore, each functional block or various cltesstics of the apparatuses
used in the above-described embodiment may be mmgxi¢ed or performed on an electric
circuit, for example, an integrated circuit or mplé integrated circuits. An electric
circuit designed to perform the functions descrilrethe present specification may
include a general-purpose processor, a Digital &8lightocessor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Prognaable Gate Array (FPGA), or other
programmable logic devices, discrete gates or tsémislogic, discrete hardware
components, or a combination thereof. The geneuap@se processor may be a
microprocessor, or may be a processor of known,tgpsontroller, a micro-controller, or
a state machine. The above-mentioned electric tgenay be constituted of a digital
circuit, or may be constituted of an analog circairthermore, in a case that with
advances in semiconductor technology, a circuggnation technology appears that
replaces the present integrated circuits, one aemspects of the present invention can
use a new integrated circuit based on the techrylog
[0227]

Furthermore, according to the above-described enmnteat, the terminal apparatus
has been described as an example of a communicapparatus, but the present invention
is not limited to such a terminal apparatus, andpplicable to a terminal apparatus or a
communication apparatus of a fixed-type or a stetrg-type electronic apparatus
installed indoors or outdoors, for example, suclamaf\udio-Video (AV) apparatus, a
kitchen apparatus, a cleaning or washing machinaigconditioning apparatus, office
equipment, a vending machine, and other househmparatuses.

[0228]

The embodiments of the present invention have lokescribed in detail above
referring to the drawings, but the specific configtion is not limited to the embodiment
and includes, for example, an amendment to a debiginfalls within the scope that does
not depart from the gist of the present inventibarthermore, various modifications are
possible within the scope of one aspect of thegmemvention defined by claims, and
embodiments that are made by suitably combiningriexal means disclosed according to
the different embodiments are also included intdwhnical scope of the present
invention. Furthermore, a configuration in whichnstituent elements, described in the
respective embodiments and having mutually the saffexts, are substituted for one
another is also included in the technical scopthefpresent invention.

Industrial Applicability
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[0229]

One aspect of the present invention can be useddimmmunication systems,
communication apparatuses (e.g., mobile phone appses, base station apparatuses,
wireless LAN apparatuses, and sensor devices)giated circuits (e.g., communication
chips), programs and the like.

Reference Signs List
[0230]
1 (1A, 1B, 1C) Terminal apparatus
3 (3A, 3B) Base station apparatus
8 Transmission apparatus
9 Reception apparatus
101 Higher layer processing unit
103 Controller
105 Receiver
107 Transmitter
109 Transmit and receive antenna
1011 Radio resource control unit
1013 Scheduling unit
1051 Decoding unit
1053 Demodulation unit
1055 Demultiplexing unit
1057 Radio receiving unit
1059 Channel measurement unit
1071 Coding unit
1073 Shared channel generation unit
1075 Control channel generation unit
1077 Multiplexing unit
1079 Radio transmitting unit
10711 Uplink reference signal generation unit
301 Higher layer processing unit
303 Controller
305 Receiver
307 Transmitter
309 Transmit and receive antenna
3000 Transmission process
3001 Coding processing unit
3002 scrambling processing unit
3003 Modulation mapper processing unit

56



3004 Layer mapper processing unit

3005 Transmission precoder processing unit
3006 Precoder processing unit

3007 Resource element mapper processing unit
3008 Baseband signal generation processing unit
3011 Radio resource control unit

3013 Scheduling unit

3051 Data demodulation/decoding unit

3053 Control information demodulation/decoding unit
3055 Demultiplexing unit

3057 Radio receiving unit

3059 Channel measurement unit

3071 Coding unit

3073 Modulation unit

3075 Multiplexing unit

3077 Radio transmitting unit

3079 Downlink reference signal generation unit
401 Segmentation and CRC unit

4001 CRC attachment unit

4002 Coding unit

4003 Sub-block interleaver unit

4004 Bit collection unit

4005 Bit selection and pruning unit

4006 Concatenation unit

4007 Control information and data multiplexing unit
4008 Channel interleaver unit

4011 Code block segmentation unit

4012 CRC attachment unit
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Claims

[Claim 1]

A terminal apparatus comprising:

a coding unit configured to divide a transport aecto one or more code blocks
and generate coded bit(s) by coding the one or mode blocks; and

a transmitter configured to transmit the codeds)ity using a channel, wherein

multiplex bit(s) are given based on at least cauplof the coded bit(s) generated
by coding of the one or more code blocks,

the coding unit maps the multiplex bit(s) to a mratn a first-axis prioritized
manner and reads the multiplex bit(s) from the maitr the first-axis prioritized manner
or in a second-axis prioritized manner, and

whether the first axis or the second axis is ptipeid in a case that the multiplex
bit(s) are read from the matrix is given based breast whether a signhal waveform
applied to a prescribed channel is an OFDM.

[Claim 2]

The terminal apparatus according to claim 1, wherei

whether the signal waveform applied to the chansi¢he OFDM is given based on
at least a signal of a higher layer.

[Claim 3]

A terminal apparatus comprising:

a coding unit configured to divide a transport tdacto one or more code blocks
and generate coded bit(s) by coding the one or mode blocks; and

a transmitter configured to map transmission syr(d)do a prescribed channel and
transmit the channel, wherein

the transmission symbol(s) are given based onastlmodulation of a sequence in
which the coded bit(s) generated by coding of the or more code blocks are coupled,
and

whether the transmission symbol(s) are mappedtime-axis prioritized manner
or a frequency-axis prioritized manner is givendzasn at least whether a signal
waveform applied to the channel is an OFDM.

[Claim 4]

The terminal apparatus according to claim 3, wherei

whether the signal waveform applied to the channi¢he OFDM is given based on
at least a signal of a higher layer.
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[Claim 5]

A base station apparatus comprising:

a receiver configured to receive a channel; and

a decoding unit configured to decode one or moedalocks transmitted using
the channel, wherein

multiplex bit(s) are given based on at least couplof coded bit(s) generated by
coding of the one or more code blocks,

the decoding unit maps the multiplex bit(s) to atmxain the first-axis prioritized
manner and reads the multiplex bit(s) from the matr the first-axis prioritized manner
or in a second-axis prioritized manner, and

whether the first axis or the second axis is ptipeid in a case that the multiplex
bit(s) are read from the matrix is given based pleast whether a signal waveform
applied to a prescribed channel is an OFDM.

[Claim 6]

The base station apparatus according to claim greih

whether the signal waveform applied to the chansi¢ghe OFDM is given based on
at least a signal of a higher layer.

[Claim 7]

A base station apparatus comprising:

a receiver configured to receive a channel inclgdimnsmission symbol(s); and

a decoding unit configured to decode one or moedalocks transmitted using
the channel, wherein

the transmission symbol(s) are given based onast Imodulation of a sequence in
which coded bit(s) generated by coding of the onenore code blocks are coupled, and

whether the transmission symbol(s) are mappedtime-axis prioritized manner
or a frequency-axis prioritized manner is givendzasn at least whether a signal
waveform applied to the channel is an OFDM.

[Claim 8]

The base station apparatus according to claim &reih

whether the signal waveform applied to the chansi¢he OFDM is given based on
at least a signal of a higher layer.

[Claim 9]

A communication method used by a terminal appatatues communication method
comprising the steps of:
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dividing a transport block into one or more codedis and generating coded bit(s)
by coding the one or more code blocks; and

transmitting the coded bit(s) by using a channdierein

multiplex bit(s) are given based on at least cauplof the coded bit(s) generated
by coding of the one or more code blocks,

in the step of generating the coded bit(s), thetipl@x bit(s) are mapped to a
matrix in a first-axis prioritized manner and thelltiplex bit(s) are read from the matrix
in the first-axis prioritized manner or in a seceaxds prioritized manner, and

whether the first axis or the second axis is ptipeid in a case that the multiplex
bit(s) are read from the matrix is given based pleast whether a signal waveform
applied to a prescribed channel is an OFDM.

[Claim 10]

A communication method used by a terminal appatatues communication method
comprising the steps of:

dividing a transport block into one or more codedis and generating coded bit(s)
by coding the one or more code blocks; and

mapping transmission symbol(s) to a prescribed nbhand transmitting the
channel, wherein

the transmission symbol(s) are given based onast Imodulation of a sequence in
which the coded bit(s) generated by coding of the or more code blocks are coupled,
and

whether the transmission symbol(s) are mappedtime-axis prioritized manner
or a frequency-axis prioritized manner is givendzhen at least whether a signal
waveform applied to the channel is an OFDM.

[Claim 11]

A communication method used by a base station appsythe communication
method comprising the steps of:

receiving a channel; and

decoding one or more code blocks transmitted usiegchannel, wherein

multiplex bit(s) are given based on at least couplof coded bit(s) generated by
coding of the one or more code blocks,

in the step of decoding the one or more code blottkes multiplex bit(s) are
mapped to a matrix in the first-axis prioritized mm&r and reads the multiplex bit(s) from
the matrix in the first-axis prioritized manneriara second-axis prioritized manner, and

whether the first axis or the second axis is ptipeid in a case that the multiplex
bit(s) are read from the matrix is given based breast whether a signhal waveform
applied to a prescribed channel is an OFDM.
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[Claim 12]

A communication method used by a base station awpsythe communication
method comprising the steps of:

receiving a channel including transmission symbolénd

decoding one or more code blocks transmitted usiegchannel, wherein

the transmission symbol(s) are given based onastlmodulation of a sequence in
which coded bit(s) generated by coding of the onenore code blocks are coupled, and

whether the transmission symbol(s) are mappedtime-axis prioritized manner
or a frequency-axis prioritized manner is givendzasn at least whether a signal
waveform applied to the channel is an OFDM.
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