BASE STATION APPARATUS, TERMINAL APPARATUS, AND COMUNICATION
METHOD FOR BASE STATION APPARATUS AND TERMINAL APPRATUS

Technical Field
[0001]
The present invention relates to a base statiomgips, a terminal apparatus, and
a communication method for the same.
This application claims priority based on JP 20118840 filed on February 3,
2017, the contents of which are incorporated hebgimeference.

Background Art
[0002]

In a mobile communication system such as Long TExuolution (LTE), which is
standardized by the Third Generation Partnershigeet (3GPP), wireless multiple
access based on Orthogonal Frequency Division dieixing (OFDM) is employed
(referred to as Orthogonal Frequency Division MulkiAccess (OFDMA)). By inserting
Cyclic Prefixes (CPs), the OFDM can maintain sigpatiodicity in a frequency selective
fading channel. In the OFDMA in LTE, a base statapparatus uses subcarriers with the
same subcarrier spacing to communicate with athieal apparatuses in a cell, and thus,
orthogonality between the subcarriers is maintained
[0003]

In 3GPP, multiple access of a fifth generation n@isiommunication system (5G)
using the OFDMA have also been studied. In 5G, meitbrt has been made to specify
wireless multiple access that meets requirementshiee use cases: enhanced Mobile
Broadbands (eMBBs) for high-capacity communicatwth high frequency utilization
efficiency, massive Machine Type Communication (m&)Taccommodating a
multiplicity of terminals, and Ultra-Reliable andW Latency Communication (URLLC)
realizing reliable, low-latency communication (NRB)L Thus, in the OFDMA in 5G, an
OFDM symbol length and subcarrier spacings suitdbieeach use case are used. For
example, a smaller OFDM symbol length is used her tRLLC than for the eMBB to
achieve low-latency communication. In additionthe same use case, different subcarrier
spacings and OFDM symbol lengths may be configuiegending on frequency
fluctuation, time fluctuation, frequency band usadd the like. The OFDM symbol
length can be adjusted by varying the subcarriacsms (NPL 2).

[0004]

In a mobile communication system, Quality of Seev(iQo0S, reception quality) in
each use case is controlled by retransmission obosing a Hybrid Automatic Repeat
reQuest (HARQ). For example, in a case that the Iséation apparatus transmits
downlink data to the terminal apparatus, the teghapparatus transmits a positive
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acknowledgement (ACK)/negative acknowledgement (KA@ the downlink data to the
base station apparatus at a prescribed timing.

Citation List
Non Patent Literature
[0005]

NPL 1: "3rd Generation Partnership Project; TechhiBpecification Group Radio
Access Network; Study on Scenarios and Requiremf@ntSlext Generation Access
Technologies; (Release 14)", 3GPP TR 38.913 v142006-10)

NPL 2: R1-167529, 3GPP TSG RAN WG1 Meeting #86,@oburg, Sweden,
22nd - 26th August 2016

Summary of Invention
Technical Problem
[0006]

However, due to the difference in subcarrier spgsinetween an uplink and a
downlink, or the like, the OFDM symbol length foahsmission of downlink data differs
from the OFDM symbol length for transmission of h€K/NACK in the uplink. In such
a case, transmission timings/reception timingstfer ACK/NACK need to be adjusted
between the base station apparatus and the termpparatus.

[0007]

An aspect of the present invention is made in vidwuch circumstances, and an
object of an aspect of the present invention ipriavide a base station apparatus, a
terminal apparatus, and a communication methoddoramunication system in which the
base station apparatus communicates with the tednaipparatus by using symbol lengths
varying between uplink and downlink, the terminpparatus, the base station apparatus,
and the communication method enabling a transmissioing for data and a transmission
timing for an ACK/NACK for the data to be appropedy fitted (adjusted) to each other.

Solution to Problem
[0008]

To address the above-mentioned drawbacks, a baserstpparatus, a terminal
apparatus, and a communication method accordiramtaspect of the present invention
are configured as follows.

[0009]

(1) An aspect of the present invention is a terrhagparatus for communicating
with a base station apparatus by using a first camept carrier and a second component
carrier through carrier aggregation, the termingbaratus including: a receiver
configured to receive first downlink data mappedhe first component carrier and
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second downlink data mapped to the second compareenier; and a transmitter
configured to transmit a signal for indicating deliy confirmation of the first downlink
data and the second downlink data, wherein a tinidnggansmit the signal for indicating
the delivery confirmation is defined by a prescdbmumber of time slots, and a length of
each of the time slots is configured based on &auker spacing of the first component
carrier and a subcarrier spacing of the second cowapt carrier.

[0010]

(2) In an aspect of the present invention, thednaitter transmits the signal for
indicating the delivery confirmation by using eithtée first component carrier or the
second component carrier, and the length of eadhetime slots is configured based on
the subcarrier spacing of the component carriet tittasmits the signal for indicating the
delivery confirmation.

[0011]

(3) In an aspect of the present invention, thegnaitter transmits the signal for
indicating the delivery confirmation by using thecend component carrier; and the
length of each of the time slots is configured lshee the subcarrier spacing of the first
component carrier.

[0012]

(4) In an aspect of the present invention, thegnaitter transmits the signal for
indicating the delivery confirmation by using eithtbe first component carrier or the
second component carrier, and the length of eadhetime slots is configured based on
a larger one of the subcarrier spacing of the imhponent carrier that receives the first
downlink data and the subcarrier spacing of theosdaccomponent carrier that receives
the second downlink data.

[0013]

(5) In an aspect of the present invention, thednaitter transmits the signal for
indicating the delivery confirmation by using eitht@e first component carrier or the
second component carrier, and the length of eadhetime slots is configured based on
a smaller one of the subcarrier spacing of theé imnponent carrier that receives the first
downlink data and the subcarrier spacing of theosdacomponent carrier that receives
the second downlink data.

[0014]

(6) In an aspect of the present invention, the inerereceives, in the first
component carrier, information for indicating thebsarrier spacing of the second
component carrier.

[0015]

(7) An aspect of the invention is a base statiopaagtus for communicating with a
terminal apparatus by using a first component earand a second component carrier
through carrier aggregation, the base station agiparincluding: a transmitter configured
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to transmit first downlink data mapped to the ficeimponent carrier and second downlink
data mapped to the second component carrier; aedaver configured to receive a
signal for indicating delivery confirmation of tHegst downlink data and the second
downlink data, wherein a timing to transmit thersgfor indicating the delivery
confirmation is defined by a prescribed numberiofet slots, and a length of each of the
time slots is configured based on a subcarrier isyggaaf the first component carrier and a
subcarrier spacing of the second component carrier.

[0016]

(8) An aspect of the present invention is a comroation method for a terminal
apparatus for communicating with a base statioragggois by using a first component
carrier and a second component carrier througheraaggregation, the communication
method including the steps of: receiving first ddwk data mapped to the first
component carrier and second downlink data mappetd second component carrier;
and transmitting a signal for indicating delivergndéirmation of the first downlink data
and the second downlink data, wherein a timingams$mit the signal for indicating the
delivery confirmation is defined by a prescribednher of time slots, and a length of
each of the time slots is configured based on &auker spacing of the first component
carrier and a subcarrier spacing of the second oot carrier.

[0017]

(9) An aspect of the present invention is a comroation method for a base
station apparatus for communicating with a termiagparatus by using a first component
carrier and a second component carrier througheraaggregation, the communication
method including the steps of: transmitting firewahlink data mapped to the first
component carrier and second downlink data mappdtd second component carrier;
and receiving a signal for indicating delivery confation for the first downlink data and
second downlink data, wherein a timing to transtiné signal for indicating the delivery
confirmation is defined by a prescribed numberioiet slots, and a length of each of the
time slots is configured based on a subcarrier isyggaaf the first component carrier and a
subcarrier spacing of the second component carrier.

Advantageous Effects of Invention
[0018]

According to one or more aspects of the presergntion, in a communication
system in which the base station apparatus andetineinal apparatus communicate with
each other by using symbol lengths varying betwagimk and downlink, a transmission
timing for information data and a transmission tgifor an ACK/NACK for the
information data can be appropriately fitted (ad@ad to each other.

Brief Description of Drawings
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[0019]

FIG. 1 is a diagram illustrating an example of aftguration of a communication
system according to a first embodiment.

FIG. 2 is a diagram illustrating an example of aftguration of a radio frame in
the communication system according to the first ediiment.

FIG. 3 is a diagram illustrating an example of phgsresources for the
communication system according to the first embahin

FIG. 4 is a diagram illustrating an example of AGKYCK transmission timings
according to the first embodiment.

FIG. 5 is a diagram illustrating another exampleA&K/NACK transmission
timings according to the first embodiment.

FIGS. 6A and 6B are diagrams illustrating anotheareple of ACK/NACK
transmission timings according to the first emboelirn

FIGS. 7A and 7B are diagrams illustrating anotheaxraple of ACK/NACK
transmission timings according to the first emboelirn

FIGS. 8A and 8B are diagrams illustrating anothearaple of ACK/NACK
transmission timings according to the first emboelin

FIG. 9 is a schematic block diagram illustratingamfiguration of a terminal
apparatus according to the first embodiment.

FIG. 10 is a schematic block diagram illustratingaafiguration of a base station
apparatus according to the first embodiment.

FIG. 11 is a diagram illustrating an example ofomfiguration of a communication
system according to a second embodiment.

FIGS. 12A to 12C are diagrams illustrating an exbargdf ACK/NACK
transmission timings in carrier aggregation accogdio the second embodiment.

FIGS. 13A to 13C are diagrams illustrating anoteeample of ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

FIGS. 14A to 14D are diagrams illustrating anotagample of the ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

FIGS. 15A to 15C are diagrams illustrating anoteeample of the ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

FIGS. 16A to 16C are diagrams illustrating anoteeample of the ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

FIGS. 17A to 17C are diagrams illustrating anoteeample of the ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

FIGS. 18A to 18D are diagrams illustrating anotbgrample of the ACK/NACK
transmission timings in the carrier aggregationoading to the second embodiment.

Description of Embodiments
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[0020]

A communication system according to the followingl®diments includes a base
station apparatus (cell, small cell, serving ceimponent carrier, eNodeB, Home
eNodeB, gNodeB, or access point) and a terminadegips (User Equipment (UE),
terminal, mobile station, mobile terminal, or subBer unit). In the communication
system, in a case of downlink, the base statioraegips serves as a transmission device
(transmission point, transmit antenna group, ongrait antenna port group), and the
terminal apparatus serves as a reception devioet®on point, reception terminal,
receive antenna group, or receive antenna port@rda a case of uplink, the base station
apparatus serves as a reception device, and tment@lrapparatus serves as a transmission
device. The communication system is also applicadlB2D (Device-to-Device)
communication. In this case, the terminal apparagrses as both the transmission device
and the reception device. Note that the base stapparatus includes a Remote Radio
Head (RRH, a device that is smaller than the béstos apparatus and that includes an
outdoor radio unit, also referred to as a Remotdi®R&nit (RRU)). The RRH is also
referred to as a remote antenna or a distributéerena. The RRH is also considered as a
special form of the base station apparatus. Fomgta, the RRH can be considered as a
base station apparatus that includes only a sigrdessing unit and for which other base
station apparatuses, for example, configure parareatsed for the RRH and determine a
schedule for the RRH.

[0021]

The communication system is not limited to data oamication between a
terminal apparatus and a base station apparatwhich human beings intervene, and is
also applicable to forms of data communication sastMachine Type Communication
(MTC), Machine-to-Machine Communication (M2M commigcation), communication for
Internet of Things (IoT), and Narrow Band-loT (NBl), which do not require human
intervention (these forms of communication are hreatter referred to as MTC). In this
case, the terminal apparatus is also referred @nagdTC terminal.

[0022]

The wireless multiple access of the communicatigstesm can use, in the uplink
and the downlink, Orthogonal Frequency Multiple Ass (OFDMA) based on an
Orthogonal Frequency Division Multiplexing (OFDMansmission scheme. The wireless
multiple access of the communication system caa ate SC-FDMA based on a Discrete
Fourier Transform-Spread-OFDM (DFT-S-OFDM) or Clrgd DFT-S-OFDM
transmission scheme. The communication system kssnuwse Filter Bank Multi Carrier
(FBMC) to which a filter is applied, Filtered-OFDM-OFDM), Universal
Filtered-OFDM (UF-OFDM), Windowing-OFDM (W-OFDM),rcSparse Code Multiple
Access (SCMA) which uses sparse codes. Furthernifd, precoding may be applied to
the communication system, and signal waveformsiabthusing the filters described
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above may be used for the communication systemthEtmore, the communication
system may apply code spreading, interleaving, spaodes, and the like in the
transmission scheme. Note that, in the followingoediments, DFT-S-OFDM

transmission is used for the uplink, whereas OFD&éhs$mission is used for the downlink
but that the embodiments are not limited to thid any other transmission scheme can be
applied to the embodiments.

[0023]

The base station apparatus and the terminal apmaeaicording to the following
embodiments can communicate using a frequency bahed a licensed band for which
permission for use (a license) is obtained fronoantry or region where a radio operator
provides a service, and/or a frequency band calednlicensed band requiring no
permission for use (a license) from the countryegion.

[0024]

According to the present embodiment, “X/Y” includéa® meaning of “X or Y”.
According to the present embodiment, “X/Y” includis® meaning of “X and Y.
According to the present embodiment, “X/Y” includiéa® meaning of “X and/or Y.
[0025]

First Embodiment

FIG. 1 is a diagram illustrating an example of afiguration of a communication
system according to the present embodiment. Thenmamication system according to the
present embodiment includes a base station apmai#Xand a terminal apparatus 20.
Coverage 10a is a range (a communication areahinhmhe base station apparatus 10
can connect to the terminal apparatus 20 (the rangéso referred to as a cell). The
terminal apparatus 20 transmits, in an uplink ni@link physical channels and uplink
physical signals to the base station apparatu§té.base station apparatus 10 transmits,
in a downlink r20, downlink physical channels armwhlink physical signals to the
terminal apparatus 20. Note that, in the coverdige the base station apparatus 10 is
capable of accommodating multiple terminal appasasu20 and that the number of
terminal terminals accommodated is not limitedtie humber illustrated in FIG. 1.
[0026]

The communication system of FIG. 1 includes théofwing uplink physical
channels. The uplink physical channels are usdadattsmit information output from a
higher layer.

- Physical uplink control channel

- Physical uplink shared channel

- Physical random access channel
[0027]

The physical uplink control channel is a physichaonel used to transmit Uplink
Control Information (UCI).



[0028]

The uplink control information includes a positimeknowledgement (ACK) / a
negative acknowledgement (NACK) for downlink dasadownlink transport block, a
Downlink-Shared Channel (DL-SCH)). The ACK/NACKasso referred to as a signal
indicating delivery confirmation, an HARQ-ACK, orARQ feedback. The uplink control
information can also include a Scheduling Requ8&)(

[0029]

The uplink control information can include Chan®éte Information (CSI) for
the downlink. The channel state information refers Rank Indicator (RI) indicating a
preferable spatial multiplexing number (number afdrs), a Precoding Matrix Indicator
(PMI) indicating a preferable precoder, a Channealy Indicator (CQIl) specifying a
preferable transmission rate, and the like. The Hidicates a codebook determined by
the terminal apparatus. The codebook is assocmiddprecoding of a physical downlink
shared channel. The CQI can be a preferable madanlatheme (for example, Binary
Phase Shift Keying (BPSK), quadrature Phase Sreffikg (QPSK), 16 quadrature
amplitude modulation (16QAM), 64QAM, or 256QAM) preferable coding rate for a
prescribed band.

[0030]

The physical uplink shared channel is a physicalnetel used to transmit uplink
data (an uplink transport block, UL-SCH). The plogdiuplink shared channel may be
used to transmit the ACK/NACK for downlink data #odthe channel state information.
The physical uplink shared channel may be usedatesmit the uplink control
information. The physical uplink shared channel rbaygenerated by adding a Cyclic
Redundancy Check (CRC) to uplink data. The CRC bmgcrambled using a sequence
representing an identifier of the terminal appasafaiso referred to as a User Equipment
Identifier (UE ID)) (the scrambling is also refedréo as an exclusive logical sum
operation, masking, or encryption). As the UE IDy af the following is used: a
Cell-Radio Network Temporary ldentifier (C-RNTI),T@mporary C-RNTI (T C-RNTI), a
Semi Persistent Scheduling C-RNTI (SPS C-RNTI), #mllike. For example, the UE ID
is allocated to the terminal apparatus by the Isaagon apparatus in a case that the
terminal apparatus accesses a new cell using aupdlite procedure. The base station
apparatus notifies each terminal apparatus of tBd The UE ID can also be included
in message 2 (Random Access Response (RAR)/meds@@entention Resolution) in a
random access procedure. The UE ID can also beded in a Radio Resource Control
(RRC) message.

[0031]

The physical uplink shared channel is used to trahan RRC message. The RRC
message is information/signal that is processedl iadio resource control layer. The RRC
message can include UE Capability of the termimpgdaaatus. The UE Capability is
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information indicating functions supported by teeninal apparatus. The physical uplink
shared channel is used to transmit a MAC Contrehidnt (CE). The MAC CE is
information/signal that is processed (transmittexdy Medium Access Control (MAC)
layer. For example, a power headroom may be indudehe MAC CE and may be
reported via the physical uplink shared channebtimer words, a MAC CE field is used
for indicating a level of the power headroom. Theink data can include the RRC
message and the MAC CE.

[0032]

The physical random access channel is used tortridmspreamble used for
random access.
[0033]

In the uplink, an Uplink Reference Signal (UL RS)used as an uplink physical
signal. The uplink physical signal is not used ti@nsmission of information output from
higher layers, but is used by the physical layédre Tplink reference signal includes a
Demodulation Reference Signal (DMRS) and a Soun@aterence Signal (SRS).
[0034]

The demodulation reference signal is associatet wansmission of the physical
uplink shared channel or the physical uplink cohttvannel. For example, the base
station apparatus 10 uses the demodulation refersigmal to perform channel
compensation in a case of demodulating the physipihk shared channel or the
physical uplink control channel. A demodulationaefnce signal sequence may be
generated in association with a cell ID of the bstsion apparatus 10. The demodulation
reference signal sequence may be generated bycapiph of cyclic shifts and Orthogonal
Cover Codes (OCCs).

[0035]

The sounding reference signal is not associated wansmission of the physical
uplink shared channel or the physical uplink cohtdwannel. For example, the base
station apparatus 10 uses the sounding referegoalsior measurement (CSI
Measurement) of the uplink channel state such aidcRResource Management
measurement (RRM measurement).

[0036]

In the communication system in FIG. 1, the follogidownlink physical channels
are used. The downlink physical channels are usetrdnsmitting information output
from the higher layer.

- Physical broadcast channel

- Physical control format indicator channel

- Physical hybrid automatic repeat request indicatannel

- Physical downlink control channel

- Physical downlink shared channel
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[0037]

The physical broadcast channel is used for broadupsa Master Information
Block (MIB, a Broadcast Channel (BCH)) that is sévhby terminal apparatuses. The
MIB is system information. The physical broadcasawenel includes control information
to be broadcasted. For example, the physical brastdchannel includes information such
as a downlink system band, a System Frame NumiéxX)Sand the number of transmit
antennas used by the base station apparatus.

[0038]

The physical control format indicator channel igddor notifying regions to
which the downlink control information can be trariged. For example, the physical
control format indicator channel indicates the nembf OFDM symbols reserved starting
from the beginning of each subframe in order tmsrait the downlink control
information.

[0039]

The physical hybrid automatic repeat request inicahannel is used to transmit
the ACK/NACK for the physical uplink shared chann€he terminal apparatus can
transmit the ACK/NACK at a transmission timing thatpredetermined or/and notified
from the base station apparatus to the terminadegips by using the RRC/DCI.

[0040]

The physical downlink control channel is used @ngmit Downlink Control
Information (DCI). The downlink control informatiotiefines multiple formats (also
referred to as DCI formats) based on applicatioa transmission mode. Each format is
used depending on the application or the transmmssiode. The downlink control
information includes control information for downk data transmission (control
information related to downlink data transmissiamd control information for uplink
data transmission (control information related pdink data transmission). The
transmission mode is configured based on the nurab&#ansmit antenna ports, or a
difference in transmission method such as diversapsmission (Space-Frequency Block
Coding (SFBC), Frequency Switched Transmit Diver§gSTD), Cyclic Division
Diversity (CDD)) or beamforming.

[0041]

A DCI format for downlink data transmission is usied scheduling of the physical
downlink shared channel. The DCI format for the déiwk data transmission is also
referred to as downlink grant (DL Grant or downliagsignment). The DCI format for the
downlink data transmission includes downlink cohirdormation such as information
related to resource allocation of the physical dibmknshared channel, information
related to a Modulation and Coding Scheme (MCS)tlier physical downlink shared
channel, an HARQ process number, information reldateretransmission of the downlink
data. The DCI format for the downlink data transsiog can include Transmit Power
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Control (TPC) for the physical uplink channels (Btample, the physical uplink control
channel and the physical uplink shared channel)taedeference signals (for example,
the sounding reference signal).

[0042]

A DCI format for uplink data transmission is usedniotify the terminal apparatus
of control information related to transmission bétphysical uplink shared channel. The
DCI format for the uplink data transmission is ateberred to as uplink grant (UL Grant
or uplink assignment). The DCI format for uplinktdd@ransmission includes uplink
control information such as information relatedie resource allocation of the physical
uplink shared channel, information related to th€ $/for the physical uplink shared
channel, information related to retransmission plink data (physical uplink shared
channel), transmit power control for the physicplink channel, information related to
cyclic shifts for a demodulation reference sigradwnlink Channel State Information
(CSI) (also referred to as reception quality infation), a request (CSI request), the
HARQ process number, and the like. Note that onmore pieces of information included
in the DCI format for the uplink data transmissimay be included in the DCI format for
the downlink data transmission.

[0043]

The physical downlink control channel is generabgdadding a Cyclic
Redundancy Check (CRC) to the downlink control rnfation. In the physical downlink
control channel, the CRC is scrambled using thatifier (UE ID) of the terminal
apparatus. For example, the CRC is scrambled usi@gll-Radio Network Temporary
Identifier (C-RNTI).

[0044]

The physical downlink shared channel is used togmait downlink data (a
downlink transport block, DL-SCH). The physical dowk shared channel is used to
transmit a system information message (System mé&bion Block (SIB)). The SIB can be
transmitted in common (cell-specific) to multipkerminal apparatuses in a cell. Terminal
apparatus-specific (user-specific) informationresnsmitted by using an SIB dedicated to
a given terminal apparatus. Note that some orfatlystem information messages can be
included in the RRC message.

[0045]

The physical downlink shared channel is used togmait the RRC message. The
RRC message transmitted from the base station apmamay be common (cell-specific)
to multiple terminal apparatuses in a cell. Infotrna common to the terminal
apparatuses in the cell may be transmitted usitigspecific RRC messages. The RRC
message transmitted from the base station appanadayshe a message dedicated to a
given terminal apparatus (also referred to as dadit signaling). Terminal
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apparatus-specific (user-specific) information nieytransmitted by using an RRC
message dedicated to the given terminal apparatus.
[0046]

The physical downlink shared channel is used togmait a MAC CE. The RRC
message and/or the MAC CE is also referred to gkdrilayer signaling. The physical
downlink shared channel is used for the base stajparatus to transmit information
data to each terminal apparatus.

[0047]

The physical downlink shared channel is generatedddition of the Cyclic
Redundancy Check (CRC). The CRC is scrambled ugiagdentifier (UE ID) of the
terminal apparatus. The terminal apparatus detféotsexample, demodulates or decodes)
the physical downlink shared channel, based ordthvenlink control information
scrambled with the same UE ID.

[0048]

In the downlink in FIG. 1, a Synchronization Sigi{&8IS) and a Downlink
Reference Signal (DL RS) are used as downlink maissignals. The downlink physical
signals are not used for transmission of informatoitput from the higher layers, but are
used by the physical layer.

[0049]

The synchronization signal is used for the termim@baratus to acquire/track
synchronization in a frequency domain and a timmdim in the downlink. For example,
two synchronization signals: a Primary SynchrorimatSignal (PSS) and a Secondary
Synchronization Signal (SSS) are used. The termapgharatus uses the PSS to acquire
symbol synchronization. The terminal apparatus ukesSSS to acquire frame
synchronization. The PSS and the SSS are assoaciatiedhe cell ID. The terminal
apparatus can acquire the cell ID using the PSStlaa&SS. A base station apparatus
downlink reference signal is used for the termiapparatus to perform channel
compensation on the downlink physical channel. &ample, the downlink reference
signal is used to demodulate the physical broaddasnnel, the physical downlink shared
channel, and the physical downlink control chaniiéle downlink reference signal is
used for the terminal apparatus to preform calcotameasurement) of the downlink
Channel State Information such as RRM measurenmeraddition, reference signals used
to demodulate various channels may differ from refee signals used for measurement
(for example, the Demodulation Reference Signal @8 in LTE is used as the reference
signal used to demodulate the various channelstle€SI-RS is used for measurement.
The reference signals used to demodulate the varbannels may be the same as the
reference signals used for measurement. (For ex@mapCell-specific Reference Signal
(CRYS)).

[0050]
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The downlink physical channel and the downlink ghgésignal are also
collectively referred to as a downlink signal. Tinglink physical channel and the uplink
physical signal are also collectively referred toaam uplink signal. The downlink physical
channel and the uplink physical channel are aldtectvely referred to as a physical
channel. The downlink physical signal and the uplaiysical signal are also collectively
referred to as a physical signal.

[0051]

The BCH, the UL-SCH, and the DL-SCH are transpbdrmnels. Channels used in
the MAC layer are referred to as transport chann®lsnit of transport channel used in
the MAC layer is also referred to as a transpoockl(TB) or a MAC Protocol Data Unit
(PDU). The transport block is a unit of data tHa MAC layer delivers to the physical
layer. In the physical layer, the transport bloskmapped to a codeword, and coding
processing or the like is performed for each codewo
[0052]

In FIG. 1, the base station apparatus 10 and theital apparatus 20 support
multiple access based on grant (also referred wrast-based multiple access, scheduled
multiple access) in the uplink/downlink. In the dovnk, the base station apparatus 10
transmits the downlink physical channel by usinghgsical resource (notified using the
information related to the resource allocation) déimel MCS notified to the terminal
apparatus 20 by using the downlink grant. In thenkp the terminal apparatus 20
transmits the uplink physical channel by using ggital resource (notified using the
information related to the resource allocationg MCS, and the like indicated in the
uplink grant by the base station apparatus 10.dHesical resource is a resource defined
in the time domain (OFDM symbols or SC-FDMA symbadsid in the frequency domain
(subcarriers).

[0053]

The base station apparatus 10 and the terminalrapma20 can also support
grant-free multiple access (also referred to asglass multiple access, contention based
multiple access) in the uplink/downlink. For exampin uplink grant free multiple
access, the terminal apparatus 20 transmits thiekughta (such as the uplink physical
link channel) regardless of the reception of thénkpgrant from the base station
apparatus 10 (without reception of the uplink gjamhe base station apparatus 10 can
notify the terminal apparatus 20 of informationiicating that the grant-free multiple
access is supported, by using the broadcast chgWiB)/RRC message/system
information (e.g., SIB). The terminal apparatusrni28@y notify the base station apparatus
10 of the UE Capability indicating that the granéd multiple access is supported.
[0054]

In the uplink grant free multiple access, the teratiapparatus 20 may randomly
select a physical resource for transmission ofupkenk data. For example, the terminal
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apparatus 20 is notified by the base station agpard0 of multiple available candidates
for the physical resource as a resource pool. Eseurce pool is notified in the broadcast
channel/RRC message/system information. The terdnaipparatus 20 randomly selects a
physical resource from the resource pool.

[0055]

In the uplink grant free multiple access, an uplnulti-access resource is defined
by a signature resource (Multi Access SignatureoRe=e) and the physical resource
(Multi Access Physical Resource). The physical tgse and the signature resource may
be used to identify the uplink physical channehsmitted by each terminal apparatus.
Candidates for the signature resource are includede resource pool. The terminal
apparatus 20 selects a signature resource fromemurce pool. The signature resource
includes at least one multi-access signature frognoaip of multiple multi-access
signatures (also referred to as a multi-accessasige pool). The multi-access signature
is information indicating a feature (mark or indicg that distinguishes (identifies) the
uplink physical channel transmitted by each terrhamparatus. The multi-access
signature includes a spatial multiplexing pattearspreading code pattern (Walsh code,
Orthogonal Cover Code (OCC), cyclic shifts for dapgeading, sparse code, etc.), an
interleave pattern, a demodulation reference siga#tiern (reference signal sequence or
cyclic shifts), transmit power, and the like. Iretgrant free multiple access, the terminal
apparatus transmits the uplink data by using seteohe or more multi-access signatures.
[0056]

The base station apparatus 10 transmits the dowsiignal to the terminal
apparatus 20 by using OFDM with a subcarrier spaéirscs. The terminal apparatus 20
transmits the uplink signal to the base stationaagfus 10 by using DFT-s-OFDM with
the subcarrier spacing f_scs. In the communicasigstem illustrated in FIG. 1, multiple
subcarrier spacings f_scs are defined for each®fuplink and the downlink. For
example, the subcarrier spacing f_scs is defined kscs x f_scs_o.f_scs_ois a
subcarrier spacing [Hz] used as a reference. niss#s or 2@ (a is a natural number).
n_scs may be defined a8 @ is a natural number, b is 1 or -1).

[0057]

FIG. 2 is a diagram illustrating an example of aftguration of a radio frame in
the communication system according to the pressrtogliment. Increasing the subcarrier
spacing by a factor of n reduces an OFDM symbogibrio 1/n. FIG. 2 is an example of
n_scs =1 (f_scs =15 kHz) and n_scs = 4 (f_sc® kHbz) at f_scs_o = 15 kHz. The
OFDM symbol length at f_scs_o0 = 15 kHz is 1/4 of tbtFDM symbol length at f_scs =
60 kHz. Note that, in a case that DFT-s-OFDM isdjsacreasing the subcarrier spacing
by a factor of n reduces an SC-FDMA symbol lengtiitn (in FIG. 2, the OFDM symbol
length is replaced with the SC-FDMA symbol length).

[0058]
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In the downlink and the uplink, one radio frameludes multiple subframes. FIG.
2 is an example in which one radio frame includ@sdbframes. A subframe length is
configured to be constant regardless of the submraspacing. For example, in a case that
the radio frame length is 10 ms, the subframe spaE constant at 1 ms regardless of the
subcarrier spacing. The subframe length is conBduwrith reference to the OFDM
symbol length at the reference subcarrier spacisgd_o = 15 kHz. FIG. 2 illustrates an
example in which the subframe length is equal torderval of 14 OFDM symbols at
f_scs_o0 =15 kHz (FIG. 12A). In a case of f_scsO=k6lz, one subframe includes 56
OFDM symbols (FIG. 12B).

[0059]

One slot includes multiple OFDM symbols generated aubcarrier spacing used
for the base station apparatus 10 and the ternaipparatus 20 to transmit the physical
channels. The number of OFDM symbols constitutimg $lot is constant regardless of the
subcarrier spacing (the slot length at each subsraspacing is determined by the number
of OFDM symbols). FIG. 2 illustrates an examplenihich one slot includes seven OFDM
symbols. The slot length at f_scs = 15 kHz is foores as large as the slot length of f_scs
= 60 kHz.

[0060]

One mini-slot includes multiple OFDM symbols (e.tyvp or four) generated at the
subcarrier spacing used for the base station appsd® and the terminal apparatus 20 to
transmit the physical channels. The number of OF®Mbols constituting the mini-slot
is constant regardless of the subcarrier spacimg iftini-slot length at each subcarrier
spacing is determined by number of OFDM symbol$)e iumber of OFDM symbols
constituting the mini-slot is less than the numbeOFDM symbols constituting the slot.
At each subcarrier spacing, the mini-slot lengtrsaller than the slot length. FIG. 2 is
an example in which one mini-slot includes two OFB¥mbols. The mini-slot length at
f_scs = 15 kHz is four times the mini-slot lengthfoscs = 60 kHz.

[0061]

The base station apparatus 10 can configure thébauwmf OFDM symbols
constituting the slot/mini-slot. The base stati@paratus 10 can independently configure,
at each subcarrier spacing, the number of OFDM symbonstituting the slot/mini-slot.
For the number of OFDM symbols constituting thetsioni-slot, the base station
apparatus 10 may configure different numbers of ®IFEymbols for respective subcarrier
spacings. The base station apparatus 10 may sigealumber of OFDM symbols
constituting the slot/mini-slot, and may notify therminal apparatus 20 of the number by
using the RRC message/system information/downlioktiol information.

[0062]

In the communication system according to the presetbodiment, a prescribed

resource allocation unit for mapping of a physichhnnel is defined. The resource
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allocation unit is defined as the number of subieasrand the number of OFDM symbols
(the number of SC-FDMA symbols in a case that thHd{3-OFDM is used). For example,
the base station apparatus 10 can notify, in teofithe number of resource allocation
units, information related to the resource allogatin the uplink grant and the downlink
grant. In a case that the number of subcarrietbenresource allocation unit at each
subcarrier spacing is configured to be the same friaquency bandwidth of the resource
allocation unit varies according to the subcarspacing. For example, in the resource
allocation unit, the frequency bandwidth with f_st60 kHz is four times as large as the
frequency bandwidth with f_scs = 15 kHz.

[0063]

The number of OFDM symbols in the resource allamatinit can be configured to
have different values according to Quality of Seev(Qo0S), Transmission Time Interval
(TTI), and application (eMBB, mMTC, or uRLLC). Thesource allocation unit can be
configured in units of subframes/slots/mini-slotsthe time domain. In a case that the
resource allocation unit is configured in unitssobframes, the number of OFDM
symbols constituting the resource allocation usifi4. The communication system
according to the present embodiment may use theasl@a minimum unit to which the
base station apparatus 10 and the terminal appagftumap the physical channel (e.qg.,
the physical data shared channel, the physicalrobohannel). In this case, the number of
OFDM symbols constituting the resource allocatiovit is equal to the number of OFDM
symbols constituting the slot. The communicatiosteyn according to the present
embodiment may use the mini-slot as the minimunt tomivhich the terminal apparatus
20 maps the physical channel (e.g., the physictd dhared channel, the physical control
channel). In this case, the number of OFDM symizolsstituting the resource allocation
unit is equal to the number of OFDM symbols consiitg the mini-slot.

[0064]

The base station apparatus 10 can configure theastibr spacing for each system
band. The base station apparatus 10 may configi@eubcarrier spacing used for each of
the system bands according to the Quality of Ser@oS, TTI, and application (eMBB,
mMTC, or uRLLC) of the uplink and the downlink phgal channels for the terminal
apparatus 20. The TTI is the minimum time unit ofiesduling. The enhanced Mobile
Broadband (eMBB) is used for high-capacity commatimn with high frequency
efficiency. The massive Machine Type CommunicatiioMTC) is used to accommodate
a multiplicity of terminals and to transmit smaHltd to each terminal. The Ultra-Reliable
and Low Latency Communication (URLLC) is used formamunication with high
reliability and low latency.

[0065]

The communication system according to the presertogliment can also

configure the subcarrier spacing for each frequdranyd used to transmit the physical
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channel. For example, in a case that two frequdranyds are used, the subcarrier spacing
in the higher frequency band is configured to lrgéa than the subcarrier spacing in the
lower frequency band. The base station apparatusntithe terminal apparatus 20
transmit the physical channel by using the subeapacing based on the frequency
band.

[0066]

The base station apparatus 10 may configure melgpbcarrier spacings in one
system band. FIG. 3 is a diagram illustrating aaregle of physical resources for the
communication system according to the present enmb@kt. FIG. 3 is an example where
subcarrier spacings f_scs = 15 kHz and 30 kHz srgquency-division-multiplexed
(Frequency Division Multiplexing (FDM)) within ongystem band. FIG. 3 is a case where
the subcarrier spacing allocated to both ends efsistem band is smaller than the
subcarrier spacing allocated to the inner sidehefdystem band. The resource element is
a region consisting of one subcarrier and one OFy&bol (or one SC-FDMA symbol).
A resource allocation unit A is a unit to which,arregion having a subcarrier spacing of
15 kHz, the physical channel is mapped. A resoattmation unit B is a unit to which, in
a region having a subcarrier spacing of 30 kHz,ghgsical channel is mapped. The
resource allocation unit A and the resource all@eatinit B are examples in which the
time domain is configured in units of slots (themher of OFDM symbols = 7). In this
case, a time slot length of the resource allocation A is twice as large as a time slot
length of the resource allocation unit B. In thgiom having a subcarrier spacing of 30
kHz, two physical channels can be mapped into & thot interval of the resource
allocation unit A.

[0067]

The base station apparatus 10 schedules, accoralithgg QoS and application,
resources to which the uplink and downlink physicladnnels for the terminal apparatus
20 are mapped. For example, in FIG. 3, in a caatettie terminal apparatus 20 transmits
the uplink physical channel for the eMBB applicatiaghe base station apparatus 10
allocates, to the terminal apparatus 20, the reatlocation unit A in the region with
the subcarrier spacing f_scs = 15 kHz. In a caaettie terminal apparatus 20 transmits
the uplink physical channel for the URLLC applicatj the base station apparatus 10
allocates, to the terminal apparatus 20, the reoatiocation unit B in the region with
the subcarrier spacing f_scs = 30 kHz.

[0068]

The base station apparatus 10 may configure thewiaith with each subcarrier
spacing constituting the system band. The bas@stapparatus 10 notifies the terminal
apparatus 20 of the configuration information abitne bandwidth with each subcarrier
spacing by using the broadcast channel/RRC mesSHgleA dedicated physical channel
(subcarrier spacing format index channel) may biende for notification of the
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configuration information about the bandwidth weahch subcarrier spacing. The
configuration information about the bandwidth wéhch subcarrier spacing can be
independently configured for each of the uplink ahe downlink. Note that, within one
system band, the bandwidth at each subcarrier sganay be preset in the
communication system.

[0069]

In the uplink/downlink of the communication systéliastrated in FIG. 1, multiple
subcarrier spacings are used. The base statiorraoigalO transmits a downlink signal to
the terminal apparatus 20 by using any of the rpldtsubcarrier spacings. The terminal
apparatus 20 transmits an uplink signal to the IsaszBon apparatus 10 by using any of
the multiple subcarrier spacings.

[0070]

The terminal apparatus 20 notifies the base stajmaratus 10 of the UE
Capability indicating that transmission using mpliéi subcarrier spacings is supported.
The terminal apparatus 20 can notify the base@tapparatus 10 of information
included in the UE Capability and indicating thepparted subcarrier spacings. The base
station apparatus 10 notifies the terminal appar2tuof the subcarrier spacing used for
the physical channels in the uplink and the dowlifhe subcarrier spacing is notified
using the broadcast channel/RRC message/systemmiafmn/DCIl. For example, the
terminal apparatus 20 interprets, as a referenbeaguier spacing, the subcarrier spacing
of the resource elements to which the received lssartzation signals (PSS/SSS) are
mapped. The base station apparatus 10 uses thenrRR€age/system information to
notify multiple candidates for the subcarrier spac({subcarrier spacing set) that can be
used (configured) for the uplink/downlink by therenal apparatus 20 to the terminal
apparatus 20 supporting transmission using multspliecarrier spacings (transmission of
the subcarrier spacing set may be avoided for teampparatuses not supporting
transmission using multiple subcarrier spacings). &ample, in a case that the terminal
apparatus receives a downlink subcarrier spacihg §8c15, sc30, sc60, sc120}, the
subcarrier spacing set indicates that the downsigkal is likely to be transmitted using
the four subcarrier spacings of 15 kHz, 30 kHz k6é{x, 120 kHz in the downlink. The
subcarrier spacing set is also considered to indiaegailable candidates for an OFDM
symbol length (or an SC-FDMA symbol length). Inase of uplink grant-free multiple
access, the terminal apparatus 20 transmits thiekupignal by using one subcarrier
spacing selected from the subcarrier spacing set.

[0071]

In a case of grant-based multiple access, the $asn apparatus 10 selects, from
the subcarrier spacing set, a subcarrier spacirgetosed for each physical downlink
shared channel. The base station apparatus 10awotife selected one subcarrier spacing
by using the downlink control information. The témal apparatus 20 identifies the
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subcarrier spacing of the resource to which thesptal downlink shared channel is
mapped, based on downlink control information imthg information about the
subcarrier spacing. Note that the base stationrapps 10 may transmit the subcarrier
spacing set in a cell-specific manner by usinggh&tem information. In this case, the
terminal apparatus supporting transmission usingfipia subcarrier spacings reads the
subcarrier spacing set from the system informafibe terminal apparatus supporting
transmission using multiple subcarrier spacingssdoet read the subcarrier spacing set).
[0072]

The communication system according to the presaritogliment allows the
configuration of the subcarrier spacing to be vaetween the uplink and the downlink.
For example, the subcarrier spacing used for th&/NACK transmission for the
physical downlink shared channel can be configucede different from the subcarrier
spacing used to transmit the physical downlink edazhannel. The subcarrier spacing set
can be configuration information common to the okland the downlink. The subcarrier
spacing set may be information configured indepeatigeor the uplink and for the
downlink. The information included in the downliglntrol information and related to
the carrier interval can be, both for the upliniddor the downlink, control information
indicating the carrier spacing. The informationlirded in the downlink control
information and related to the carrier interval nisycontrol information notified
independently for the uplink and for the downlirtkég downlink control information
includes separate fields respectively indicatinguahink carrier interval and a downlink
carrier interval).

[0073]

FIG. 4 is a diagram illustrating an example of AGKYCK transmission timings
according to the present embodiment. A downlinketishot is a time slot (time domain of
the resource allocation unit) to which the physiclahnnel is mapped in the downlink. An
uplink time slot is a time slot to which the phyaichannel is mapped in the uplink. Units
of the uplink time slots and the downlink time sl@tre configured with reference to the
slot/mini-slot. One downlink physical channel (¢.gne transport block) is mapped in
downlink time slot unit. One uplink physical chahimemapped in uplink time slot unit.
FIG. 4 is an example in which the downlink subocarispacing is configured to be 15 kHz
and the uplink subcarrier spacing is configured@o60 kHz. In other words, a downlink
time slot length is longer than an uplink time dietgth. np. is a downlink time slot to
which the physical downlink shared channel is mappe
[0074]

In FIG. 4, with reference to (using, as units) thee slots with the subcarrier
spacing used for the downlink data transmissioa,liise station apparatus 10 configures
a latency time k for the reception of ACK/NACK thet data. With reference to the time
slots with the subcarrier spacing used for the dovkndata transmission, the terminal
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apparatus 20 counts the latency time k for thesmsiesion of ACK/NACK to the data.

n yc is uplink time slots in which the ACK/NACK is tramitted. Note that the time slot at
the subcarrier spacing used for the downlink dedadmission is interchangeable with the
length of OFDM symbol length used for the downligéta transmission.

[0075]

It is assumed that the physical downlink sharedhaledhas been transmitted in a
time slot np. (shaded portion). In this case, the ACK/NACK foetphysical downlink
shared channel is transmitted within the range ef+k time slots. FIG. 4 is an example
of k = 3 (upward-sloping diagonal portion). The badation apparatus 10 uses the RRC
message/DCI to notify the terminal apparatus 2€heflatency time k (slot timing k)
when the ACK/NACK is transmitted. The base statamparatus can configure the latency
time k at each subcarrier spacing. The base stafpparatus can configure the latency
time k for each of the uplink and downlink. NotetlFIG. 4 is an example in which the
ACK/NACK is transmitted in a leading uplink timeoslincluded in an by +3 interval but
that a trailing or any other uplink time slot ireth p +3 interval may be used for the
transmission. For example, which of the uplink tislets in the np +3 interval is used to
transmit the ACK/NACK may be associated with the WIE a transmit antenna port
number, a downlink resource allocation positionthe like. Thus, the uplink time slot in
which the ACK/NACK is transmitted can be randomizé&daddition, in time division
multiplexing using the same frequency in the dowkland in the uplink, the latency time
k when the ACK/NACK for the data is transmitted mtag similarly counted with
reference to the time slot at the subcarrier sgaased for the downlink data
transmission. In this case, the time slot at therlay time k cannot always be used in the
uplink, and thus, the ACK/NACK may be transmittedan uplink time slot that is
available at the earliest timing at or after thierecy time k.

[0076]

FIG. 5 is a diagram illustrating another examplahed ACK/NACK transmission
timing according to the present embodiment. FIGs &n example in which the downlink
subcarrier spacing is configured to be 60 kHz and/hich the uplink subcarrier spacing
is configured to be 15 kHz. In other words, the dtink time slot length is smaller than
the uplink time slot length. In FIG. 5, the ACK/NAQransmission timing for the
physical downlink shared channel (shaded portismanfigured as the interval of a
downlink time slot np +k. FIG. 5 is an example in which the latency timleen the
ACK/NACK is received is configured as k = 3. Thedrval of a downlink time slot
n p.+3 is within the interval of the same uplink timletsas the time slot @ in which the
physical downlink shared channel is transmittedtfi@ interval of an uplink time slot
n uc). This precludes the ACK/NACK from being transredtwithin the interval of the
downlink time slot np +3. In this case, the ACK/NACK is transmitted (up@esloping
diagonal portion) in a next uplink time slotya+ 1 to the uplink time slot .. Thus, in a
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case that the ACK/NACK fails to be transmitted e tuplink time slot ny.
corresponding to the interval of the time slop+k, the ACK/NACK is transmitted at a
predetermined timing after the uplink time slot;n Note that in the example of FIG. 5,
in a case of k < 4, the ACK/NACK is similarly trangted in the uplink time slot g +1.
[0077]

On the other hand, in a case that the time slgt m which the physical downlink
shared channel is transmitted is not included @ittterval of the uplink time slot g, in
which the ACK/NACK is transmitted (in FIG. 5, inaase of k > 3), in other words, in a
case that the interval of the downlink time slog+k is within the interval of an uplink
time slot interval different from the time slotga in which the physical downlink shared
channel is transmitted, the ACK/NACK is transmitt@dthe uplink time slot n,.. Note
that FIG. 4 and FIG. 5 are examples in which tlierlay time for the transmission of
ACK/NACK to the downlink data is counted but ars@bpplicable to the latency time for
the transmission of ACK/NACK to uplink data.

[0078]

FIGS. 6A and 6B are diagrams illustrating anothearaple of the ACK/NACK
transmission timing according to the present eminadit. FIG. 6A illustrates an example
in which the downlink subcarrier spacing is configd to be 15 kHz and the uplink
subcarrier spacing is configured to be 60 kHz. F88.is an example in which the
downlink subcarrier spacing is configured to bek&{x and the uplink subcarrier spacing
is configured to be 15 kHz. g, is a downlink time slot in which the physical dovmk
shared channel is transmitted (shaded portion). i$ an uplink time slot in which the
ACK/NACK for the physical downlink shared channsltransmitted (upward-sloping
diagonal portion).

[0079]

In FIGS. 6A and 6B, the base station apparatusalfligures the latency time k
when the ACK/NACK is received, with reference tsifwg, as units) the time slots at the
subcarrier spacing used for the ACK/NACK transnossiThe terminal apparatus 20
counts the latency time k when the ACK/NACK is tsartted, with reference to the time
slot at the subcarrier spacing used for the ACK/NKAi€Cansmission. Note that the time
slot at the subcarrier spacing used for the ACK/NAI€ansmission is interchangeable
with the length of the OFDM symbol length used ansmit the ACK/NACK.

[0080]

The time slot ny. in which the ACK/NACK for the physical downlink ahed
channel is transmitted is the k-th uplink time dimm the uplink time slot (ny.-k)
including the end point of the . (the ny.-k-th uplink time slot interval overlaps with
the downlink slot np ). FIGS. 6A and 6B are examples of a case of k N@&e that FIGS.
6A and 6B are examples in which the latency timethe transmission of ACK/NACK to
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the downlink data is counted but are also appliedblthe latency time for the
transmission of ACK/NACK to uplink data.
[0081]

FIGS. 7A and 7B are diagrams illustrating anothearaple of the ACK/NACK
transmission timing according to the present emimadht. FIG. 7A is an example in which
the downlink subcarrier spacing is configured tollsekHz and in which the uplink
subcarrier spacing is configured to be 60 kHz. FI8.is an example in which the
downlink subcarrier spacing is configured to beké{x and in which the uplink subcarrier
spacing is configured to be 15 kHz.pp_is a downlink time slot in which the physical
downlink shared channel is transmitted (shadedi@o)t n_y. is an uplink time slot in
which the ACK/NACK for the physical downlink sharetiannel is transmitted
(upward-sloping diagonal portion).

[0082]

In FIGS. 7A and 7B, the base station apparatusolfigures the latency time k
when the ACK/NACK is received, with reference tsifwg, as a unit) one of the uplink
and downlink time slots having a larger subcarspacing (smaller OFDM symbol
length). The terminal apparatus 20 counts the ategime k when the ACK/NACK is
transmitted, with reference to the one of the uplmd downlink time slots having a
larger subcarrier spacing. FIGS. 7A and 7B are gdamof k = 3.

[0083]

In FIG. 7A, the uplink subcarrier spacing is largean the downlink subcarrier
spacing. In this case, the latency time k is camfégl with reference to the uplink time
slot. The time slot ny_ in which the ACK/NACK for the physical downlink ahed
channel is transmitted is the k-th uplink time shth reference to an uplink time slot
n uL-k (in FIG. 7B, k = 3) overlapping with the timeosin p.. In other words, the time
slot n y in which the ACK/NACK for the physical downlink ahed channel is
transmitted is the kth uplink time slot with refac® to the end point of the®.

[0084]

In FIG. 7B, the downlink subcarrier spacing is karghan the uplink subcarrier
spacing. In this case, the latency time k is camfégl with reference to the downlink time
slot. In FIG. 7B, as is the case with FIG. 5, theerval of the downlink time slot g +k
(k = 3) is within the same uplink time slot intehas the time slot m, in which the
physical downlink shared channel is transmittedifuptime slot ny.), and thus, the
ACK/NACK is transmitted in a next uplink time slaty +1 to the uplink time slot .
(upward-sloping diagonal portion). Note that inase that the time slot g in which the
physical downlink shared channel is transmittedas included in the interval of the
uplink time slot ny, in which the ACK/NACK is transmitted (in FIGS. 7énd 7B, in a
case of k > 3), the ACK/NACK is transmitted in thplink time slot ny.. Note that FIGS.
7A and 7B are examples in which the latency timethe transmission of ACK/NACK to
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the downlink data is counted but are also appliedblthe latency time for the
transmission of ACK/NACK to uplink data.
[0085]

FIGS. 8A and 8B are diagrams illustrating anothearaple of the ACK/NACK
transmission timing according to the present emimadht. FIG. 8A is an example in which
the downlink subcarrier spacing is configured tollsekHz and in which the uplink
subcarrier spacing is configured to be 60 kHz. RB8.is an example in which the
downlink subcarrier spacing is configured to beké{x and in which the uplink subcarrier
spacing is configured to be 15 kHzpnis a downlink time slot in which the physical
downlink shared channel is transmitted (shadedi@o)t n y. is an uplink time slot in
which the ACK/NACK for the physical downlink sharetiannel is transmitted
(upward-sloping diagonal portion).

[0086]

In FIGS. 8A and 8B, the base station apparatusalfigures the latency time k
when the ACK/NACK is received, with reference tsifwg, as a unit) one of the uplink
and downlink time slots having a smaller subcarsigacing (larger OFDM symbol
length). The terminal apparatus 20 counts the ategime k when the ACK/NACK is
transmitted, with reference to the one of the uplmd downlink time slots having a
smaller subcarrier spacing. FIGS. 7A and 7B illastran example of k = 3.

[0087]

In FIG. 8A, the downlink subcarrier spacing is staathan the uplink subcarrier
spacing. In this case, the latency time k is camfégl with reference to the downlink time
slot. The ACK/NACK for the physical downlink shareiannel is transmitted within the
range of np, +k time slots. FIGS. 8A and 8B are examples in \white ACK/NACK is
transmitted in the leading uplink time slotya_included in the np, +3 interval. However,
as is the case with FIG. 4, the trailing or anyesthplink time slot in the ny +3 interval
may be used for the transmission.

[0088]

In FIG. 8B, the uplink subcarrier spacing is smatlean the downlink subcarrier
spacing. In this case, the latency time k is camfégl with reference to the uplink time
slot. The time slot ny_ in which the ACK/NACK for the physical downlink ahed
channel is transmitted is the k-th uplink time shath reference to the uplink time slot
n u-k (in FIG. 8(B), k = 3) overlapping with the timstot n p.. Note that FIGS. 8A and
8B examples in which the latency time for the trarssion of ACK/NACK to the
downlink data is counted but are also applicablénlatency time for the transmission
of ACK/NACK to uplink data.

[0089]

The base station apparatus 10 uses the RRC mesgagan information/downlink

control information to notify the subcarrier spaginsed for the uplink and downlink
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transmission. The terminal apparatus 20 identifbesed on the subcarrier spacing, the
subcarrier spacings of the resources to which giak and downlink physical channels
are mapped. Alternatively, the terminal apparatdsray identify the subcarrier spacing
of the resources to which the uplink and downlitlygical channels are mapped based on
the subcarrier spacing of the synchronization sigj(a combination of some of or all of
the Primary Synchronization Signal, the SecondamycBronization Signal, and the
Tertiary Synchronization Signal). The terminal aggas 20 can identify, from the
subcarrier spacing, units of uplink time slots awdvnlink time slots. In FIG. 4 to FIGS.
8A and 8B, the terminal apparatus 20 interpretseldaon a result of identification of the
subcarrier spacing, the time slot reference useadanting the latency time k when the
ACK/NACK is transmitted. The base station appardtQauses the subcarrier spacing
notified using the RRC message/system informatiowfdink control information, to
implicitly indicate the time slot reference used tmunting the latency time k when the
ACK/NACK is transmitted.

[0090]

The base station apparatus 10 can notify the OFPiMb®I length (SC-FDMA
symbol length) used for the uplink and downlinknsanission, using the RRC
message/system information/downlink control infotioa. The terminal apparatus 20
may identify, from the OFDM symbol length, units wblink time slots and downlink time
slots. The base station apparatus 10 can alsodéitiglindicate the time slot reference
used for counting the latency time k when the ACKUOX is transmitted, using the
OFDM symbol length notified using the RRC messagslsm information/downlink
control information. Note that the base stationappus 10 can also explicitly notify the
time slot reference used for counting the latenmes k when the ACK/NACK is
transmitted, using the RRC message/system infoom&townlink control information.
[0091]

FIG. 9 is a schematic block diagram illustratinganfiguration of the terminal
apparatus 20 according to the present embodimém@.t&rminal apparatus 20 includes a
receive antenna 202, a receiver (receiving sted) athigher layer processing unit (higher
layer processing step) 206, a controller (conttep}¥ 208, a transmitter (transmitting step)
210, and a transmit antenna 212. The receiver @6dides a radio receiving unit (radio
receiving step) 2040, a demapping unit (demultipigxstep) 2042, a demodulation unit
(demodulating step) 2044, and a decoding unit (deapstep) 2046. The transmitter 210
includes a coding unit (coding step) 2100, a motlofaunit (modulating step) 2102, a
DFT unit (DFT step) 2104, a spreading unit (spregditep) 2106, a mapping unit
(mapping step) 2108, a radio transmitting unit {(oatlansmitting step) 2110, and an
uplink reference signal generation unit (uplinkenefnce signal generating step) 2112.
[0092]
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The receiver 204 receives the downlink signals (dlowk physical channel,
downlink physical signal) transmitted by the bat®isn apparatus 10 via the receive
antenna 202, and separates, demodulates, and detteddownlink signals. The receiver
204 demodulates and decodes the physical downlmirol channel separated from the
downlink signal, and then outputs the resultantgitgl downlink control channel to the
controller 208. The receiver 204 outputs the deegdesult for the downlink physical
channel to the higher layer processing unit 206.

[0093]

The radio receiving unit 2040 converts, by down-gening, a downlink signal
received through the receive antenna 202 into &lesd signal, removes unnecessary
frequency components, controls the amplificatioveleén such a manner as to suitably
maintain a signal level, performs orthogonal dematian (orthogonal detection) based
on an in-phase component and an orthogonal comparfehe received signal, and
converts the resulting orthogonally-demodulatedl@gaignal into a digital signal. The
radio receiving unit 2040 removes a portion cormsting to a Cyclic Prefix (CP) from
the digital signal resulting from the conversioeriorms fast Fourier transform
(demodulating processing for OFDM modulation) or ttownlink signal from which the
CP has been removed, and extracts a frequency dosignal.

[0094]

The demapping unit 2042 separates and extractddtvalink physical channels
(physical downlink control channel, physical dowrdishared channel, physical broadcast
channel, subcarrier spacing format indicator chinaed the like), the downlink
reference signal, synchronization signal, and tke, lincluded in the extracted frequency
domain downlink signal. The demapping unit 2042ules a channel measurement
function (channel measurement unit) that uses antiaw reference signal. The
demapping unit 2042 includes a channel compensdtination (channel compensation
unit) for a downlink signal using the channel maasuent result. The demapping unit
outputs the downlink physical channels to the deat@tion unit 2044.

[0095]

The demodulation unit 2044 performs demodulatiomcpssing on each of the
modulation symbols of each downlink physical chdnm@ng a modulation scheme such
as BPSK, QPSK, 16QAM, 64QAM, or 256QAM that is peeefmined or notified in
advance using the downlink grant.

[0096]

The decoding unit 2046 performs decoding processimgoded bits of each of the
demodulated downlink physical channels at a codatg of a predetermined coding
scheme which rate is predetermined or notifieddmwaace using the downlink grant. The
decoding result for the downlink physical chanreebutput to the higher layer processing
unit 206 and the controller 208.
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[0097]

The controller 208 acquires, from the receiver hglier layer processing unit
206, broadcast information/system information/RR€sgage and the like included in the
physical broadcast channel/physical downlink shareannel and the like. The broadcast
information/system information/RRC message andlitteecan include the uplink and
downlink subcarrier spacing sets/bandwidth inforimatfor each subcarrier
spacing/configuration information about a time domanit (slot, mini-slot, or subframe)
of the resource allocation unit/latency time k/dgnfation information such as the
OFDM symbol length related to the downlink transsne® and the uplink transmission.
The configuration information related to the dowrklitransmission is information related
to the configuration of the downlink signal to rarismitted to the terminal apparatus by
the base station apparatus. The configuration médion related to the uplink
transmission is information related to the confagiwn of the uplink signal to be
transmitted to the base station apparatus by thmin@l apparatus. The subcarrier spacing
sets/bandwidth information for each subcarrier spgiconfiguration information about a
time domain unit of the resource allocation unitlacy time k/OFDM symbol length and
the like can be information configured independgmdlr the uplink and for the downlink.
[0098]

The controller 208 acquires, from the receiver 2@ddwnlink control information
included in the physical downlink control channEhe downlink control information
includes control information related to the dowklitmansmission and control information
related to the uplink transmission. The controbmmfiation related to the downlink
transmission is information related to the confagiwn of the downlink signal to be
transmitted to the terminal apparatus by the b&stos apparatus. The control
information related to the uplink transmissionngormation related to the configuration
of the uplink signal to be transmitted by the temaliapparatus to the base station
apparatus. The control information related to tbevdlink transmission includes
information related to the subcarrier spacing & thsource to which the physical
downlink shared channel is mapped/allocation ofrégsource to which the physical
downlink shared channel is mapped/MCS for the ptalsiownlink shared channel and
the like.

[0099]

The control information related to the uplink trarission can include information
related to the subcarrier spacing of the resouscehich the uplink physical channel is
mapped/allocation of the resource to which thenlpphysical channel is mapped/MCS
for the uplink physical channel/latency time k toaansmission of the ACK/NACK and the
like. The controller 208 controls each block incdddin the receiver 204 by using the
control information related to downlink data trarission included in the downlink
control information/configuration information re&d to downlink reception. The
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controller 208 controls each block included in thensmitter 210 by using the control
information related to the uplink transmission undéd in the downlink control
information/the configuration information relateal the uplink transmission.

[0100]

For example, the controller 208 acquires the domknBubcarrier spacing and the
uplink subcarrier spacing, based on the subcaspecing set acquired using the RRC
message and information acquired using the downdimktrol information and related to
the subcarrier spacing. Then, the controller 208 gares the downlink and uplink
subcarrier spacings based on the references in#I6 FIGS. 8A and 8B. Based on the
comparison results, the controller 208 interpréts time slot reference in which the
physical uplink control channel including the ACKARK is transmitted, and inputs the
time slot reference to the mapping unit.

[0101]

The controller 208 may use the downlink and upl®&kDM symbol lengths to
interpret the time slot reference in which the pbgkuplink control channel including the
ACK/NACK is transmitted, and input the time slofeéeence to the mapping unit. In this
case, the controller 208 uses the OFDM symbol lergtguired using the RRC
message/downlink control information to compare diognlink and uplink OFDM
symbol lengths based on the references in FIG. BI@&S. 8A and 8B.

[0102]

The time slot reference in which the physical ukladontrol channel including the
ACK/NACK is transmitted may be any of the referende FIG. 4 to FIGS. 8A and 8B
indicated by the base station apparatus 10. Intaxddithe time slot reference in which the
physical uplink control channel including the ACKARK is transmitted may be
predetermined in the communication system. Notg, fimaa case that the transmitter 210
transmits the physical uplink control channel, dostroller 208 generates Uplink Control
Information (UCI) and outputs the generated infotima to the transmitter 210. Note that
some of the functions of the controller 208 canroduded in the higher layer processing
unit 206.

[0103]

The higher layer processing unit 206 performs pssoey for 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. The higher layer
processing unit 206 outputs, to the transmitter,2afbrmation (UE capability) related to
terminal apparatus functions supported by the teainapparatus. For example, the higher
layer processing unit 206 signals, in the RRC lattee information (UE Capability)
related to the functions of the terminal apparatus.

[0104]
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The information related to the functions of themé@ral apparatus includes
information indicating whether the terminal appasasupports a prescribed function, or
information indicating that the terminal apparahas completed the introduction and
testing of the prescribed function. Whether thesprébed function is supported includes
whether the introduction and testing of the prdsedi function have been completed. In a
case that the terminal apparatus supports the pbescfunction, the terminal apparatus
transmits information (parameters) indicating wiestthe prescribed function is
supported. In a case that the terminal apparates dot support the prescribed function,
the terminal apparatus need not transmit the inédrom (parameters) indicating whether
the prescribed function is supported. In other veondhether the prescribed function is
supported is reported by whether information (pagtars) for indicating whether the
prescribed function is supported is transmittedoimation (parameters) for indicating
whether a prescribed function is supported maydported by using one bit of 1 or 0.
[0105]

For example, the information related to the funeti®f the terminal apparatus
includes information indicating supported subcargpacings (including a subcarrier
spacing set)/information related to supported featpy bands. The information indicating
the supported subcarrier spacings can be associdtedhe information related to the
supported frequency bands. For example, the basmistapparatus 10 can identify the
supported subcarrier spacings using the informattiansmitted by the terminal apparatus
20 and related to the frequency bands.

[0106]

The higher layer processing unit 206 manages vartgpes of configuration
information about the terminal apparatus itselfeTtigher layer processing unit 206
inputs the various types of configuration infornoatito the controller 208/transmitter
210. The higher layer processing unit 206 inputsthie controller 208, configuration
information related to the uplink transmission/dgafation information related to the
downlink transmission, both types of configuratioaformation being acquired from the
downlink physical channel. The higher layer procegsunit 206 uses the configuration
information related to the uplink transmission/tmnfiguration information related to the
downlink transmission to calculate configuratiorrgraeters for controlling each block of
the receiver 204/transmitter 210, and inputs tHewated configuration parameters to the
controller 208. The higher layer processing unié 2@nerates configuration information
(the UE Capalbility, a Buffer Status Report (BSRpaaver headroom report, and the like)
to be notified to the base station apparatus 16,iaputs the generated information to the
transmitter 210.

[0107]

The higher layer processing unit 206 outputs, ®tidansmitter 210, uplink data

(e.g., the DL-SCH) generated by a user operatiotheilike. The higher layer processing
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unit 206 can also output, to the transmitter 21flink data generated without any user
operation (for example, data acquired by a sengdrg. uplink data may include a field in
which the UE ID is stored. The higher layer prodegaunit 206 adds the CRC to the
uplink data. Parity bits for the CRC are generaisuhg the uplink data. The parity bits
for the CRC are scrambled with the UE ID allocatedhe terminal apparatus itself (the
scrambling is also referred to as an exclusivedagsum operation, masking, or
encryption).

[0108]

In a case that uplink data occurs in the grant-Baseltiple access, the transmitter
210 generates information used to make a Sched&smuest (SR) to the base station
apparatus 10 or to request the base station apsatétto allocate uplink resources such
as the BSR. The transmitter 210 transmits the maysiplink shared channel and the
physical link control channel, based on the coninébrmation related to the uplink
transmission/configuration information related be tuplink transmission, both types of
configuration information being included in the dolmk control information. In a case
that uplink data occurs in the grant free multipteess, the transmitter 210 transmits the
physical uplink shared channel without receiving tiplink grant. The transmitter 210
transmits the physical uplink shared channel inoadance with information input from
the controller 208 and related to the subcarrierxcapy.

[0109]

The coding unit 2100 uses a coding scheme thateédgiermined/configured by
the controller 208 to code the uplink control infation including the uplink data, the
ACK/NACK, and the like input from the higher layprocessing unit 206 (the coding
includes repetitions). Examples of the applicaldding scheme include convolutional
coding, turbo coding, Low Density Parity Check (LOPcoding, and Polar coding. For
the coding, in addition to a coding rate of 1/3nather code such as a low coding rate of
1/6 or 1/12 may be used. The modulation unit 21@2lnlates the coded bits input from
the coding unit 2100, in compliance with a modwatscheme such as BPSK, QPSK,
16QAM, 64QAM, or 256QAM (which may include/2 shift BPSK ora/2 shift QPSK)
that is notified using the downlink control inforti@n or that is predetermined for each
channel.

[0110]

In a case that a configuration for a spreading ceatpuence is input from the
controller 208, the spreading unit 2106 multipleesequence output from the modulation
unit 2102, by the spreading code sequence in aaoae with the configuration. For
example, in a case that a spreading code is corgfor a signature resource in the grant
free multiple access, the spreading unit 2106 persospreading processed based on the
configuration. In a case that interleaving is cgnfied as a signature resource, the
spreading unit 2106 can be replaced with an ingeteunit. The interleave unit performs
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interleave processing on a sequence output fronDfE unit in accordance with a
configuration for an interleave pattern input frohe controller 208. Even in a case that
any other signature resources are applied, simédplacement can be performed. Note
that the spreading processing may be performed ssgaence resulting from the DFT
processing.

[0111]

The DFT unit 2104 rearranges, in parallel, modolatymbols, resulting from the
spreading, that are output from the spreading @Esiog unit 2106, and then performs
Discrete Fourier Transform (DFT) on the rearrangestiulation symbols. Here, by
adding a sequence of zero symbols to the modulayombols and then performing the
DFT, a signal waveform is obtained that includesozatervals instead of CPs in a time
signal resulting from IFFT. Additionally, by addiregspecific sequence such as a Gold
sequence or a Zadoff-Chu sequence to the modulagorbols and then performing the
DFT, a signal waveform may be obtained that includespecific pattern in place of CPs
in a time signal resulting from the IFFT. Howevaer,a case that the signal waveform
corresponds to the OFDM, the DFT is not applied.

[0112]

The uplink reference signal generation unit 2118egates a demodulation
reference signal in accordance with the configmmainformation about the demodulation
reference signal input from the controller 208. TWomfiguration information about the
demodulation reference signal includes a physie#llidentity (PCI, Cell ID, or the like)
for identification of the base station apparatusth@ number of subcarriers (bandwidth)
to which the uplink reference signal is mapped, nbenber of OFDM symbols, the cyclic
shift, the OCC sequence, and the like. The contion information about the
demodulation reference signal is acquired fromdbetrol information related to the
uplink transmission/the configuration informatioglated to the uplink transmission.
[0113]

The mapping unit 2108 maps (time/frequency/spatialtiplexing) the uplink
physical channel (output signal from the DFT urii02) and the uplink reference signal
to resource elements in accordance with the regoallocation/information related to the
subcarrier spacing/latency time k included in tloatcol information related to the uplink
transmission. For example, the mapping unit 210@srthe physical uplink control
channel including ACK/NACK to the uplink time slaty,, based on the time slot
reference interpreted from the information relatedhe subcarrier spacing.

[0114]

The radio transmitting unit 2110 performs InversestFourier Transform (IFFT)
on the multiplexed signal to perform DFT-s-OFDM-gymodulation, thus generating
SC-FDMA symbols. The radio transmitting unit 211érforms the inverse fast Fourier
transform in accordance with the configuration ttee subcarrier spacing. For example, in
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a case that an IFFT point number of 2048 is usatieasubcarrier spacing f_scs = 15 kHz,
the radio transmitting unit 2110 uses an IFFT poininber of 512 at the subcarrier
spacing f_scs = 60 kHz. Note that it is only reqdithat the inverse fast Fourier
transform results in SC-FDMA symbols with multigdabcarrier spacings and that the
present embodiment is not limited by the generatimihod.

[0115]

The radio transmitting unit 2110 adds CPs to theFRBJA symbols to generate a
baseband digital signal. Furthermore, the radiagnsitting unit 2110 converts the
baseband digital signal into an analog signal, neesaunnecessary frequency
components, converts the resultant signal intoraexafrequency by up-converting,
amplifies power, and transmits a DFT-S-OFDM sigtwathe base station apparatus 10 via
the transmit antenna 212. The radio transmitting 2h10 performs the power
amplification in accordance with the configuratifmr the terminal apparatus transmit
power included in the control information relatedthe uplink transmission.

[0116]

FIG. 10 is a schematic block diagram illustratingaamfiguration of the base
station apparatus 10 according to the present emisod. The base station apparatus 10
includes a higher layer processing unit (higheelagrocessing step) 102, a transmitter
(transmitting step) 104, a transmit antenna 106¢raroller (control step) 108, a receive
antenna 110, and a receiver (receiving step) 1h2.tfansmitter 104 includes a coding
unit (coding step) 1040, a modulation unit (modurgtstep) 1042, a mapping unit
(mapping step) 1044, a downlink control channeleggation unit (downlink channel
signal generating step) 1046, a downlink referesigaal generation unit (downlink
reference signal generating step) 1048, and a radismitting unit (radio transmitting
step) 1050. The receiver 112 includes a radio segiunit (radio receiving step) 1120, a
channel estimation unit (channel estimating stef®21 a demapping unit (demapping
step) 1124, and an equalization unit 1126 (equadiztep), an IDFT unit 1128 (IDFT
step), a despreading unit 1130 (despreading steggmodulation unit 1132
(demodulating step), and a decoding unit 1134 (deapstep).

[0117]

The higher layer processing unit 102 performs pssagy for layers higher than the
physical layer such as the Medium Access ControA@Jl layer, the Packet Data
Convergence Protocol (PDCP) layer, the Radio Limki€ol (RLC) layer, and the Radio
Resource Control (RRC) layer. The higher layer psstng unit 102 generates
information necessary for control of the transmitt®4 and the receiver 112, and outputs
the generated information to the controller 108e Figher layer processing unit 102
outputs the downlink data (e.g., the DL-SCH), tmedulcast information (e.g., the BCH),
the system information, the RRC message, and Keetti the transmitter 104.

[0118]
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The higher layer processing unit 102 receives imi@tion about the terminal
apparatus such as the functions of the terminadegips (UE capability), from the
terminal apparatus 20 (via the receiver 112). Tumecfions of the terminal apparatus
include information indicating supported subcarseacings and the like. The higher
layer processing unit 102 receives, from the teahapparatus 20, higher layer signaling
such as the BSR, the power headroom report, antdkée
[0119]

The higher layer processing unit 102 generatessyshformation (MIB, SIB) to
be broadcasted or acquires the system informatiom fa higher node. The higher layer
processing unit 102 outputs, to the transmitter, 1Bé system information to be
broadcasted. Note that a part of the SIB can bestrdtted uniquely to the terminal
apparatus.

[0120]

The higher layer processing unit 102 generates tiownlata (transport block),
system information (SIB), an RRC message, a MAC &t the like to be mapped to the
physical downlink shared channel, or acquires sdata from a higher node, and outputs
such data to the transmitter 104. The higher lgyecessing unit 102 can include, in
these higher layer signals, a part or all of thefguration information related to the
uplink transmission/the configuration informatioor the downlink transmission. The
higher layer processing unit 102 outputs these sygfeconfiguration information to the
controller 108/transmitter 104. The configuratioriormation related to the uplink
transmission/the configuration information relatedhe downlink transmission can
include information related to the uplink and doimil subcarrier spacings/allocated
bandwidth information for each subcarrier spacing.

[0121]

The higher layer processing unit 102 determineslearrier spacing set available
to the terminal apparatus 20. The higher layer @ssing unit 102 determines the coding
rate for the physical channel (physical downlinlkasdd channel, physical uplink shared
channel, or the like), the modulation scheme (@ MCS), the subcarrier spacing, the
uplink time slot (latency time k) for the ACK/NACKhe transmit power, and the like.
The higher layer processing unit 102 outputs thairg rate, the modulation scheme, the
subcarrier spacing, the uplink time slot for the®MRACK, and transmit power to the
transmitter 104/controller 108/receiver 112. Thghar layer processing unit 102
configures a time domain unit (subframe/slot/milatsof subcarrier spacing and
resource allocation unit used for the uplink andvdbnk transmission, according to the
application of the physical channel (eMBB, mMTC,uRLLC)/frequency fluctuation in
channel/time fluctuation/frequency band used. Tighér layer processing unit 102 can
configure a time domain unit of the resource alta@aunit to be the same for the uplink
and for the downlink.
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[0122]

Based on the various types of configuration infotio@ input from the higher
layer processing unit 102, the controller 108 colstithe transmitter 104 and the receiver
112. The controller 108 schedules the uplink datselol on the BSR, the power headroom
report, and the like. The controller 108 generatstents of the uplink grant to be
transmitted to the terminal apparatus 20 (the resmallocation for the uplink data for
each terminal apparatus, the subcarrier spacireguptink time slot for the ACK/NACK,
the MCS, and the like). The controller 108 contrile receiver 112, based on the
contents of the uplink grant. The controller 10&@eates downlink control information,
based on the configuration information relatedhte downlink transmission and the
configuration information related to the uplink nsaission, both types of configuration
information being input from the higher layer presang unit 102, and outputs the
generated information to the transmitter 104. Thevalink control information may
include control information related to the uplinkdadownlink subcarrier spacings. Note
that the functions of the controller 108 can bduded in the higher layer processing unit
102.

[0123]

The transmitter 104 codes and modulates, for thmiteal apparatus 20, the
broadcast information, the downlink control infortioa, the downlink shared channels,
and the like input from the higher layer processimit 102, and generates a physical
broadcast channel, a physical downlink control e¢tedpand a physical downlink shared
channel. The coding unit 1040 uses a coding schiateis predetermined/determined by
the higher layer processing unit 102 to code thmatcast information and the downlink
shared channel (the coding includes repetitionganiples of the applicable coding
scheme include convolutional coding, turbo codibgw Density Parity Check (LDPC)
coding, and Polar coding. The modulation unit 1@d@dulates the coded bits input from
the coding unit 1040, in compliance with a modwatscheme such as BPSK, QPSK,
16QAM, 64QAM, or 256QAM that is predetermined/detémed by the higher layer
processing unit 102.

[0124]

The downlink control channel generation unit 1046sithe CRC to the downlink
control information input from the controller 10Burthermore, the downlink control
channel generation unit 1046 codes and modulasiolvnlink control information, and
generates a physical downlink control channel. @aenlink reference signal generation
unit 1048 generates a downlink reference signal.

[0125]

The mapping unit 1044 maps the modulation symbbksach modulated downlink
physical channel, the physical downlink control shal, and the downlink reference
signal to the resource elements. The mapping W¥dImaps the physical downlink
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shared channel and the physical downlink contra@rctel to physical resources allocated
to each terminal apparatus. Based on the configurdor the downlink subcarrier
spacing, the mapping unit 1044 maps the physicaindiok shared channel, the physical
downlink control channel, and the like to the plogdiresources.

[0126]

The radio transmitting unit 1050 generates OFDM kgta by performing Inverse
Fast Fourier Transform (IFFT) on the modulation pis of each multiplexed downlink
physical channel. The radio transmitting unit 1@&dforms inverse high-speed Fourier
transformations based on the subcarrier spacingd tséransmit each downlink physical
channel. The radio transmitting unit 1050 adds icyptefixes (CPs) to the OFDM
symbols to generate a baseband digital signal.heamtore, the radio transmitting unit
1050 converts the digital signal into an analoghaigremoves unnecessary frequency
components by filtering, up-converts the resultsighal into the carrier frequency,
amplifies power, and outputs the resultant sigoahe transmit antenna 106 to transmit
an OFDM signal.

[0127]

The radio receiving unit 1120 converts, by downaoeming, an uplink signal
received through the receive antenna 110 into aliesd signal, removes unnecessary
frequency components, controls the amplificatiovelen such a manner as to suitably
maintain the signal level, performs orthogonal d&éten based on an in-phase component
and an orthogonal component of the received sigarad, converts the resulting
orthogonally-detected analog signal into a digdiginal. The radio receiving unit 1120
removes portions corresponding to the CPs fromdigéal signal resulting from the
conversion. The radio receiving unit 1120 perforffast Fourier Transform (FFT) on the
signal from which the CPs have been removed, atichets a frequency domain signal.
The radio receiving unit 1120 performs the fast ff@utransform based on the subcarrier
spacing at which each uplink signal is mapped. Shigcarrier spacing at which each
uplink signal is mapped is notified from the corilieo 108.

[0128]

The channel estimation unit 1122 uses the demoiduaeference signal to
perform channel estimation for signal detectiortted uplink physical channel. The
channel estimation unit 1122 uses the demodulatéerence signal sequence to measure
a channel state between the base station appat@tasd the terminal apparatus 20.
[0129]

The demapping unit 1124 extracts, for each termapgdaratus, the uplink physical
channel (physical uplink shared channel, physigdink control channel, or the like) and
the uplink physical signal (synchronization sigoalthe like) from the frequency domain
signal input from the radio receiving unit 1120.eTthemapping unit 1124 extracts the
uplink physical channels for each terminal appasdiased on the uplink scheduling
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information input from the controller 108. The dgmpang unit 1124 extracts the uplink
physical channel including the ACK/NACK, based twe ttonfiguration for the uplink
time slot for the ACK/NACK transmission (latencyni# k) and the time slot unit for the
ACK/NACK interpreted from the subcarrier spacindneTdemapping unit 1124 may
extract the uplink physical channel including thE®WNACK, based on the configuration
for the uplink time slot for the ACK/NACK transmiss (latency time k) and the time slot
unit for the ACK/NACK interpreted from the OFDM syrul length. Hereinafter, the
equalization unit 1126, the IDFT unit 1128, the plesding unit 1130, the demodulation
unit 1132, and the decoding unit 1134 perform pssogg for each uplink data for each
terminal apparatus.

[0130]

The equalization unit 1126 performs channel comp&aos on signals for each
terminal apparatus input from the demapping un4Lising results of channel
estimation input from the channel estimation udi2. For example, the equalization unit
1126 multiplies the frequency domain signal by gnaization weight based on the
MMSE rule.

[0131]

The IDFT unit 1128 converts the equalized frequedaognain signal for each
terminal apparatus into a time domain signal. Nbeg the IDFT unit 1128 corresponds to
processing performed by the DFT unit 2104 of thenieal apparatus 20.

[0132]

The despreading unit 1130 multiplies, by the spmegdode sequence, the time
domain signal for each terminal apparatus resultinogn the IDFT (despreading
processing). In the terminal apparatus 20, in & ¢hat the spreading processing has been
performed on the signal resulting from the DFT, gteading processing is performed on
the signal not subjected to the IDFT yet. Note tlathe terminal apparatus 20, in a case
that interleaving has been performed, de-interlegyrocessing is performed.

[0133]

The demodulation unit 1132 receives, from the coligr 108, information about
the modulation scheme for each terminal appardtasis notified in advance or
predetermined. The demodulation unit 1132 perfodeasiodulation processing on the
despread signal, based on the information aboubtbéulation scheme, and outputs a
Log Likelihood Ratio (LLR) of a bit sequence.

[0134]

The decoding unit 1134 receives, from the controlle8, information about the
coding rate that is notified in advance or predmieed. The decoding unit 1134 performs
decoding processing on the LLR sequence output fiemdemodulation unit 1132.

[0135]
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The higher layer processing unit 102 acquires theoded uplink data for each
terminal apparatus (bit sequence resulting frondtdcision) from the decoding unit
1134. The higher layer processing unit 102 perfodmscrambling (exclusive logical sum
operation) on the CRC included in the decoded dptiata for each terminal apparatus, by
using the UE ID allocated to each terminal. In aec¢hat error detection based on the
descrambling results in no error in the uplink ddkee higher layer processing unit 102
determines that the identification of the termiagparatus has been correctly completed
and that the uplink data transmitted from the tevahiapparatus can have been correctly
received.

[0136]

As described above, in the communication systenoming to the present
embodiment, the base station apparatus and therter@pparatus communicate using
different symbol lengths for the uplink and for tlewnlink. As a result, the ACK/NACK
for the information data is transmitted using acarier spacing different from the
subcarrier spacing for the information data (tlsatan OFDM symbol length different
from the OFDM symbol length for the information datThe ACK/NACK transmission
timing (latency time k) is counted in a unit of enslots selected based on the subcarrier
spacing or the OFDM symbol length. This may adjhst ACK/NACK time slot length
difference between the information data and therimfation data. Furthermore, by
providing multiple time slot references, a diffecenin time slot length between the
information data and the ACK/NACK for the informati data can be flexibly adjusted
depending on applications of the base station aggparand the terminal apparatus and the
like.

[0137]
Second Embodiment

The present embodiment is an example in whichamier aggregation, different
subcarrier spacings are configured for respectalescomponent carriers)/for the uplink
and for the downlink. FIG. 11 is a diagram illusing an example of a configuration of a
communication system according to the present emmb@at. The communication system
in the present embodiment includes base statiomrappses 10 and 11 and a terminal
apparatus 20. Each of coverages 10a and 1la isge i@ communication area) in which
the base station apparatuses 10 and 11 can cotmn#wt terminal apparatus 20 (the
coverage is also referred to as a cell or a compboarrier). The area of the coverage 10a
constitutes a Primary Cell (Pcell, first componeatrier). The area of the coverage 1la
constitutes a Secondary Cell (Scell, second compooarrier). The terminal apparatus 20
can transmit the uplink signal through carrier aggtion by using an uplink r10 of the
Pcell and an uplink r11 of the Scell. The termiapparatus 20 can transmit the downlink
signal through carrier aggregation using a downl2® of the Pcell and a downlink r21 of
the Scell. Note that, in FIG. 11, different basatisin apparatuses constitute the Pcell and
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the Scell but that one base station apparatus raagtitute the Pcell and the Scell. The
base station apparatus 10 and base station apparatun FIG. 11 include a configuration
illustrated in FIG. 10. The terminal apparatus @6ludes a configuration illustrated in
FIG. 9. Differences from/additions to the first eodiment will be mainly described
below. Note that the coverages 10a and 1la camanoalate multiple terminal
apparatuses 20 and that the number of accommodggingnals is not limited to the
number illustrated in FIG. 11. The number of comgoincarriers (number of Scells) for
carrier aggregation is not limited to the numbéurstrated in FIG. 11.

[0138]

In the communication system according to the preserbodiment, different
subcarrier spacings can be configured for the rethpe component carriers (Pcell and
Scell). The base station apparatus 10 constitutiegPcell comprehensively configures a
subcarrier spacing set for the component carrierefch terminal apparatus (subcarrier
spacing set common to the component carriers)hismdase, for the Scell, the same uplink
and downlink subcarrier spacing set sets as thoségured for the Pcell are configured.
The terminal apparatus 20 and the base stationrapgll constituting the Scell use, for
the Scell, the subcarrier spacing set configuredhe Pcell. Furthermore, the base station
apparatus 10 can comprehensively configure an k@ubcarrier spacing set for (uplink
subcarrier spacing set that is common to) the Raadl the Scell and a downlink
subcarrier spacing set for (downlink subcarriercipg set that is common to) the Pcell
and the Scell. In this case, the same subcarrigeisg set is configured for the uplink and
for the downlink regardless of the component carrie
[0139]

The base station apparatus 10 notifies the termapphratus 20 of configuration
information related to the Scell using the downlptkysical channel such as the RRC
message. The configuration information relatedni $cell can include a cell
ID/frequency band/subcarrier spacing set of an @aitkl Scell. In a case that the
subcarrier spacing set is included in the configorainformation related to the Scell, the
subcarrier spacing set may be updated for bothl Roel Scell. Note that the subcarrier
spacing set is considered to indicate configuratiod update of available candidates for
the OFDM symbol length (or the SC-FDMA symbol lemgt
[0140]

The base station apparatus 10 constituting thel Rtay configure the subcarrier
spacing set for each component carrier (Pcell,Ipb@l each terminal apparatus. In this
case, different subcarrier spacing sets may beigordd for the respective component
carriers (for Pcell or Scell). The subcarrier spacset for each Scell is notified to the
terminal apparatus by using configuration inforroatrelated to the Scell. Furthermore,
the subcarrier spacing set for each Scell may ndigored independently for the uplink
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and for the downlink. Note that the subcarrier spgcet for the Scell may be notified to
the terminal apparatus using the downlink physatennel in each component carrier.
[0141]

The terminal apparatus 20 receives the downlinkrdnnformation in the
Pcell/Scell. The downlink control information indes information related to one
subcarrier spacing selected from the subcarriecisgaset. The terminal apparatus 20
determines a subcarrier spacing for the receptidhe@downlink physical channel and the
mapping of the uplink physical channel, based anitfiormation included in the
downlink control information and related to the salrier spacing. The base station
apparatus 10 constituting the Pcell can notify tdreninal apparatus 20 of the information
used in the uplink and downlink of the Scell anthted to the subcarrier spacing. The
base station apparatus 11 constituting the Scellnmdify the terminal apparatus 20 of the
information used in the uplink and downlink of tReell and related to the subcarrier
spacing. The information included in the downlindntrol information and related to the
subcarrier spacing is considered to indicate th®MFKymbol length (SC-FDMA symbol
length) for the reception of the downlink physichlannel and the mapping of the uplink
physical channel.

[0142]

The terminal apparatus 20 transmits, on the physiphnk control channel, the
ACK/NACK for the physical downlink shared channednismitted in the Pcell and the
Scell. The base station apparatus 10 uses the R&3age/downlink control information
to notify the terminal apparatus 20 whether to $rait the ACK/NACK on one or both of
the Pcell and Scell physical uplink control charsndlhe base station apparatus 10 can
indicate that the physical uplink control channeklhe Pcell or Scell is used to
collectively notify the ACK/NACKSs for the physicalownlink shared channels
transmitted in the Pcell and Scell.

[0143]

FIGS. 12A to 12C are diagrams illustrating exampméshe ACK/NACK
transmission timing in the carrier aggregation adatg to the present embodiment.
FIGS. 12A to 12C are examples in which the basgmtapparatus 10 configures Pcell
downlink and uplink subcarrier spacings to be 1% ldthd configures Scell downlink and
uplink subcarrier spacings to be 60 kHz. FIG. 1B#ésitrates a downlink time slot in the
Pcell. FIG. 12B illustrates a downlink time slottime Scell. FIG. 12C illustrates an uplink
time slot in the Pcell. Note that an uplink timetsin the Scell is the same as the time slot
in FIG. 12C.

[0144]

The terminal apparatus 20 receives the downlinkspdat downlink shared channel
in the Pcell downlink and in the Scell downlink digh carrier aggregation. The
downlink time slot length corresponds to the tinmgin of the downlink resource
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allocation unit. The downlink physical downlink skd channel (e.g., a downlink
transport block) is allocated for each downlink ¢islot. FIGS. 12A to 12C are examples
in which one downlink transport block is transmittia the Pcell downlink and in which
two downlink transport blocks are transmitted ie thcell downlink (shaded portions).
The terminal apparatus 20 collectively transmits,tloe Pcell physical uplink control
channel, the ACK/NACKSs for the downlink physicalwiolink shared channels received
in the Pcell and the Scell (upward-sloping diaggmaition). np.1 is a downlink time slot
in which the Pcell downlink physical downlink shdrehannel is transmitted. g1 is an
uplink time slot in which the ACK/NACK is transméd in the Pcell.

[0145]

In FIGS. 12A to 12C, the base station apparatusdifigures the latency time k
when the ACK/NACK is received, with reference tsifwg, as units) the time slots with
the subcarrier spacing used for the componenteaimiwhich the ACK/NACK is
transmitted. The terminal apparatus 20 counts albenicy time k when the ACK/NACK is
transmitted, with reference to the time slot at shibcarrier spacing used for the
component carrier in which the ACK/NACK is transted. FIGS. 12A to 12C examples
of k =3. In FIGS. 12A to 12C, the ACK/NACK is tramitted in the Pcell, and thus, the
base station apparatus 10 and the terminal appagftunterpret the latency time k with
reference to the Pcell uplink time slot (i.e., tBEDM symbol length at a subcarrier
spacing of 15 kHz). An end point of gi;1-k corresponds to a timing at which the terminal
apparatus 20 completes, inyp, the reception of the physical downlink sharedrotel
transmitting the ACK/NACK. Note that the presentlmdiment can also be applied to
time division multiplexing in which the same freaquoy is used in the downlink and in the
uplink. For example, in a case that each of thdlRavnlink and uplink subcarrier
spacings is 15 kHz and each of the Scell downlin& aplink subcarrier spacings is 60
kHz, the terminal apparatus counts the latency tnie which the ACK/NACK is
transmitted, with reference to the time slot at Boll subcarrier spacing.

[0146]

FIGS. 13A to 13C are diagrams illustrating anoteeample of the ACK/NACK
transmission timing in the carrier aggregation adatg to the present embodiment.
FIGS. 13A to 13C are examples in which the basgmtapparatus 10 configures the
Pcell downlink and Scell uplink subcarrier spacing$e 15 kHz and configures the Scell
downlink and Pcell uplink subcarrier spacings toké{z. FIG. 13A illustrates a downlink
time slot in the Pcell. FIG. 13B illustrates a ddimk time slot in the Scell. FIG. 13C
illustrates an uplink time slot in the Pcell. Ndtat the uplink time slot in the Scell is the
same as the time slot in FIG. 13A.

[0147]

The terminal apparatus 20 receives the downlinkspdat downlink shared channel

in the Pcell downlink and in the Scell downlink ¢dluigh carrier aggregation. FIGS. 13A to
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13C are examples in which one downlink transpoothklis transmitted in the Pcell
downlink and in which four downlink transport bleckre transmitted in the Scell
downlink (shaded portions). The terminal appar&@sollectively transmits, on the Pcell
physical uplink control channel, the ACK/NACKs ftire downlink physical downlink
shared channels received in the Pcell and the $aepWard-sloping diagonal portion).

N pr1 is a downlink time slot in which the Pcell dowrkiphysical downlink shared
channel is transmitted. g1 is an uplink time slot in which the ACK/NACK is
transmitted in the Pcell.

[0148]

In FIGS. 13A to 13C, the base station apparatusdiflfigures the latency time k
when the ACK/NACK is received, with reference tsifug, as units) the time slots with
the subcarrier spacing used for the componenteamiwhich the ACK/NACK is
transmitted. The terminal apparatus 20 counts d@henicy time k when the ACK/NACK is
transmitted, with reference to the time slot at sibcarrier spacing used for the
component carrier in which the ACK/NACK is transted. FIGS. 13A to13C are
examples of k = 3. In FIGS. 13A to 13C, the ACK/NK G transmitted in the Pcell, and
thus, the base station apparatus 10 and the telmpparatus 20 interpret the latency time
k with reference to the Pcell uplink time slot (j.ehe OFDM symbol length at a
subcarrier spacing of 60 kHz). The end point of the ;1-k corresponds to the timing at
which the terminal apparatus 20 completes, in thginthe reception of the physical
downlink shared channel transmitting the ACK/NACK.

[0149]

FIGS. 14A to 14D are diagrams illustrating anotagample of the ACK/NACK
transmission timings in the carrier aggregationcading to the present embodiment.
FIGS. 14A to 14D are examples in which the bast@taapparatus 10 configures the
Pcell downlink and Pcell uplink subcarrier spacing$e 15 kHz and configures the Scell
downlink and Scell uplink subcarrier spacings to8@ekHz. FIG. 14A illustrates a
downlink time slot in the Pcell. FIG. 14B illustest a downlink time slot in the Scell.
FIG. 14C illustrates an uplink time slot in the RcEIG. 14D illustrates an uplink time
slot in the Scell.

[0150]

The terminal apparatus 20 receives the downlinkspdat downlink shared channel
in the Pcell downlink and in the Scell downlink ¢dluigh carrier aggregation. FIGS. 14A to
14D are examples in which one downlink transpooicklis transmitted in the Pcell
downlink and in which four downlink transport blackre transmitted in the Scell
downlink (shaded portions). The terminal appar&0sollectively transmits, on the
physical uplink control channel in the Scell, thEWNACKS for the downlink physical
downlink shared channels received in the Pcell 8céll (upward-sloping diagonal
portion). np.1 is a downlink time slot in which the Pcell dowrktiphysical downlink

40



shared channel is transmittedyp is an uplink time slot in which the ACK/NACK is
transmitted in the Scell. p.1 is an uplink time slot in a case that the baséi@ta
apparatus 10 selects to transmit the ACK/NACK ia Bcell.

[0151]

In FIGS. 14A t014D, the base station apparatusdifigures the latency time k
when the ACK/NACK is received, with reference tsifwg, as units) the time slots with
the subcarrier spacing used for the Pcell. The itreatrapparatus 20 counts the latency
time k when the ACK/NACK is transmitted, with reésrce to the time slot at the
subcarrier spacing used for the Pcell. In otherdspregardless of the component carrier
to which a collective ACK/NACK is mapped, the latgrtime k is configured with
reference to (using, as a unit) the time slot atgbbcarrier spacing used for the Pcell.
FIGS. 14A to 14D are examples of k = 3. In FIGSA1d 14D, the Pcell uplink time slot
has the time slot length determined by the subearpacing of 15 kHz. Thus, the base
station apparatus 11 and the terminal apparatust2@oret the latency time k with
reference to the time slot length determined bydhlecarrier spacing of 15 kHz. The
terminal apparatus 20 transmits the ACK/NACK in theerval of the uplink time slot
n uL1. FIG. 14D indicates a case where the time slgtxin which the ACK/NACK is
transmitted is configured to be a leading Sceliniptime slot in the ny;; interval. Note
that the end point of the g ;-k corresponds to a timing when the terminal apper20
completes the reception of the physical downlinkreld channel. FIGS. 14A to 14D are
examples in which the ACK/NACK is transmitted iretreading Scell uplink time slot in
the ny.1 interval. However, the trailing or any other uitime slot in the ny.; interval
may be used for the transmission. For example, wiicell uplink time slot in the p.1
interval is used to transmit the ACK/NACK may besasiated with the UE ID, the
transmit antenna port number, the downlink reso@itecation position, or the like. Thus,
the uplink time slot in which the ACK/NACK is tramstted can be randomized.

[0152]

FIGS. 15A to 15C are diagrams illustrating anoteeample of the ACK/NACK
transmission timing in the carrier aggregation adatg to the present embodiment.
FIGS. 15A to 15C are examples in which the basBmtapparatus 10 configures the
Pcell downlink and Pcell uplink subcarrier spacing$e 15 kHz and configures the Scell
downlink and Scell uplink subcarrier spacings tod@ekHz. FIG. 15A illustrates a
downlink time slot in the Pcell. FIG. 15B illustest a downlink time slot in the Scell.
FIG. 15C illustrates an uplink time slot in the Rcblote that the uplink time slot in the
Scell is the same as the time slot in FIG. 15B.

[0153]

The terminal apparatus 20 receives the physicalndiow downlink shared channel
in the Pcell downlink and the Scell downlink thrdutihe carrier aggregation. FIGS. 15A
and 15C are examples in which one downlink transplarck is transmitted in the Pcell
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downlink and in which four downlink transport blackre transmitted in the Scell
downlink (shaded portions). The terminal appar&0sollectively transmits, on the Pcell
physical uplink control channel, the ACK/NACKs ftite downlink physical downlink
shared channels received in the Pcell and the $apWard-sloping diagonal portion).

N pr1 is a downlink time slot in which the Pcell dowrkiphysical downlink shared
channel is transmitted. g1 is an uplink time slot in which the ACK/NACK is
transmitted in the Pcell.

[0154]

In FIGS. 15A to 15C, the base station apparatusdifligures the latency time k
when the ACK/NACK is received, with reference t®ifug, as units) the time slots for one
of the component carriers in which the physical dbmk shared channel has been
transmitted, the one component carrier having allemaubcarrier spacing (or a larger
OFDM symbol length). The terminal apparatus 20 d¢euhe latency time k when the
ACK/NACK is transmitted, with reference to (usinag units) the time slots for one of the
component carriers in which the physical downlimlaed channel has been transmitted,
the one component carrier having a smaller subeaspacing (or a larger OFDM symbol
length). FIGS. 15A to 15C are examples of k = 3FIGS. 15A to 15C, the Pcell
downlink subcarrier spacing is smaller than thellS@wnlink subcarrier spacing (the
Scell downlink OFDM symbol length is larger tharetRcell downlink OFDM symbol
length). Thus, the base station apparatus 11 amdettminal apparatus 20 interpret the
latency time k with reference to the time slot ldndetermined by the Pcell downlink
subcarrier spacing of 15 kHz. Note that the endpof the ny.1-k corresponds to the
timing when the terminal apparatus 20 completesréeeption of the physical downlink
shared channel.

[0155]

FIGS. 16A to 16C are diagrams illustrating anoteeample of the ACK/NACK
transmission timing in the carrier aggregation adagg to the present embodiment.
FIGS. 16A to 16C are examples in which the basgmtapparatus 10 configures the
Pcell downlink and Pcell uplink subcarrier spacing$e 15 kHz and configures the Scell
downlink and Scell uplink subcarrier spacings toefekHz. FIG. 16A illustrates a
downlink time slot in the Pcell. FIG. 16B illustest a downlink time slot in the Scell.
FIG. 16C illustrates an uplink time slot in the Rcdlote that the uplink time slot in the
Scell is the same as the time slot in FIG. 16B.

[0156]

The terminal apparatus 20 receives the physicalndiow downlink shared channel
in the Pcell downlink and the Scell downlink thrdutihe carrier aggregation. FIGS. 16A
to 16C are examples in which one downlink transfbotk is transmitted in the Pcell
downlink and in which four downlink transport blackre transmitted in the Scell
downlink (shaded portions). The terminal appar&0sollectively transmits, on the Pcell
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physical uplink control channel, the ACK/NACKs ftite downlink physical downlink
shared channels received in the Pcell and the $apWard-sloping diagonal portion).

N pr1 is a downlink time slot in which the Pcell dowrkiphysical downlink shared
channel is transmitted. g2 is a downlink time slot corresponding to the lakthe
downlink physical downlink shared channels transeditin the Scell through the carrier
aggregation (an end point of thep, coincides with an end point of thegp;). n yps is
an uplink time slot in which the ACK/NACK is transtted in the Pcell.

[0157]

In FIGS. 16A to 16C, the base station apparatusdifliigures the latency time k
when the ACK/NACK is received, with reference tsifug, as units) the time slots for one
of the component carriers in which the physical dbmk shared channel has been
transmitted, the one component carrier having gelasubcarrier spacing (or a smaller
OFDM symbol length). The terminal apparatus 20 d¢euhe latency time k when the
ACK/NACK is transmitted, with reference to (usiragg units) the time slots for one of the
component carriers in which the physical downlimlaed channel has been transmitted,
the one component carrier having a larger subcaspacing (or a smaller OFDM symbol
length). FIGS. 16A to 16C are examples of k = 3FIGS. 16A to 16C, the Scell
downlink subcarrier spacing is larger than the PdeWwnlink subcarrier spacing (the Scell
downlink OFDM symbol length is smaller than the Pdewnlink OFDM symbol length).
Thus, the base station apparatus 11 and the termppearatus 20 interpret the latency
time k with reference to the time slot length datared by the Scell downlink subcarrier
spacing of 60 kHz (time slot length of thepm).

[0158]

The base station apparatus 10 can change an ACKKNAdification means
depending on the subcarrier spacings (or OFDM syrtehgths) of the Pcell and Scell in
which the physical downlink shared channel has e@msmitted. In a case that the
subcarrier spacings (or OFDM symbol lengths) of Breell and Scell in which the
physical downlink shared channel has been tranethidte the same, the base station
apparatus 10 collectively notifies the ACK/NACKsrggp ACK/NACK) using the
physical uplink control channel in the Pcell or Bch a case that the subcarrier spacings
(or OFDM symbol lengths) of the Pcell and ScelWwhich the physical downlink shared
channel has been transmitted are different, the ktstion apparatus 10 transmits the
ACK/NACK for the physical downlink shared channednismitted in the Pcell
independently of the ACK/NACK for the physical dolwik shared channel transmitted in
the Scell. (In a case that the subcarrier spaciid®cell and Scell in which the physical
downlink shared channel has been transmitted dferdnt, collective notification of the
ACK/NACKSs is inhibited). The terminal apparatus @8n change the format of the uplink
control information by using the collective ACK/NACor the independent ACK/NACK.
The format of uplink control information used fdret collective ACK/NACK involves a

43



larger number of bits (or a larger number of figltlsan the format of the independent
ACK/NACK.
[0159]

FIGS. 17A to 17C are diagrams illustrating anoteeample of the ACK/NACK
transmission timing in the carrier aggregation adagg to the present embodiment.
FIGS. 17A to 17C are examples in which the basgmtapparatus 10 configures the
Pcell and Scell downlink subcarrier spacings taleesame value of 15 kHz. The Pcell
and Scell uplink subcarrier spacings are configuretde 60 kHz. FIG. 17A illustrates a
downlink time slot in the Pcell. FIG. 17B illustest a downlink time slot in the Scell.
FIG. 17C illustrates an uplink time slot in the Rcblote that the uplink time slot in the
Scell is the same as the time slot in FIG. 16C.

[0160]

In FIGS. 17Ato 17C, the carrier aggregation isfoagured using the same
subcarrier spacing for the Pcell and for the S¢s&iladed portions). For this reason, the
base station apparatus 10 can select either thectiwle ACK/NACK transmission or the
independent ACK/NACK transmission. In FIGS. 17Ce hCK/NACKSs for the downlink
physical downlink shared channels received in tbellPand Scell are collectively
transmitted on the Pcell physical uplink controbohel (upward-sloping diagonal
portion). The base station apparatus 10 can nthiéyterminal apparatus of which
ACK/NACK transmission is to be used by the RRC nagggdownlink control
information. npr, is a downlink time slot in which the Pcell dowrkiphysical downlink
shared channel is transmittedpip is a downlink time slot in which the Scell dowrkin
physical downlink shared channel is transmittedy nis an uplink time slot in which the
ACK/NACK is transmitted in the Pcell.

[0161]

In FIGS. 17Ato 17C, it is assumed that the baséi@t apparatus 10 has
configured the latency time k when the ACK/NACKrexeived, with reference to (using,
as units) the time slots for one of the componertiers in which the physical downlink
shared channel has been transmitted, the one caenpearrier having a smaller
subcarrier spacing. In this case, since the sulsraspacings of Pcell and Scell are the
same, the base station apparatus and the ternppalratus interpret the latency time k
based on the downlink time slots in common withrhbobmponent carriers. The terminal
apparatus 20 transmits the collective ACK/NACK miaterval of the Pcell downlink
time slot np1+k. FIGS. 17Ato 17C are examples of k = 3.

[0162]

FIGS. 18A to 18D are diagrams illustrating anotbgrample of the ACK/NACK
transmission timing in the carrier aggregation adatg to the present embodiment.
FIGS. 18A to 18D are examples, for the base stadjpmaratus 10, in which the Pcell and
Scell downlink subcarrier spacings are differedt3 F18A illustrates a downlink time slot
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in the Pcell. FIG. 18B illustrates a downlink tirakot in the Scell. FIG. 18C illustrates an
uplink time slot in the Pcell. FIG. 18D illustratas uplink time slot in the Pcell.
[0163]

In FIGS. 18Ato 18D, the carrier aggregation is fegured using different
subcarrier spacings for the Pcell and for the Sghded portions). In this case, the
collective ACK/NACK is inhibited. The ACK/NACK fothe physical downlink shared
channel transmitted in the Pcell is transmittedios Pcell physical uplink control
channel. The ACK/NACK for the physical downlink skd channel transmitted in the
Scell is transmitted on the Scell physical uplidatrol channel. In a case that the
ACK/NACK for the physical downlink shared channednismitted in each component
carrier is independently transmitted, the basemtaapparatus 10 can configure the
latency time k (in FIGS. 18A to 18D, k = 3) wheretACK/NACK is received, with
reference to (using, as units) the time slots i subcarrier spacing configured for each
component carrier. FIGS. 18A to 18D are examplewhich the time slot ny; for the
ACK-NACK transmitted in the Pcell is configured Wwiteference to the Pcell uplink time
slot. The time slot ny» for the ACK/NACK transmitted in the Scell is cogtired with
reference to the Scell uplink time slot. Note thata case that the ACK/NACK for the
physical downlink shared channel transmitted inhree@mponent carrier is transmitted
independently, the base station apparatus 10 cafiguoe the latency time k when the
ACK/NACK is received, by using the time slot refaces described in FIGS. 12A to 12C
to FIGS. 16A to 16C.

[0164]

In FIGS. 12Ato 12C to FIGS. 18A to 18D, the teralimpparatus 20 interprets the
time slot reference used for counting the latenmetk when the ACK/NACK is
transmitted, based on the results of identificatbébrthe Pcell and the Scell and further
identification of the uplink and downlink subcarmrigpacings (or OFDM symbol lengths).
The base station apparatus 10 uses the subcapaeing) notified using the RRC
message/system information/downlink control infotioa, to implicitly indicate the time
slot reference used for counting the latency timehlen the ACK/NACK is transmitted.
[0165]

The base station apparatus 10 can notify the Remlithe Scell and further the
OFDM symbol length (SC-FDMA symbol length) used tbe uplink and downlink
transmission, using the RRC message/system infoomvaiownlink control information.
The terminal apparatus 20 may identify, from theDBFsymbol length, units of uplink
time slots and downlink time slots in the Pcell é&8xkll. The base station apparatus 10
can also implicitly indicate the time slot referengsed for counting the latency time k
when the ACK/NACK is transmitted, using the OFDMndyol length notified using the
RRC message/system information/downlink controbrnfation. Note that the base
station apparatus 10 can also explicitly notify thee slot reference used for counting the
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latency times k when the ACK/NACK is transmitteaging the RRC message/system
information/downlink control information.
[0166]

As described above, in the communication systenomtcg to the present
embodiment, the base station apparatus and therter@pparatus communicate using
different symbol lengths for the respective companearriers in which the carrier
aggregation is performed and for the uplink andtfe downlink. Thus, the ACK/NACK
for the information data is transmitted using acarier spacing different from the
subcarrier spacing for the information data. TheKAFACK transmission timing (latency
time k) is counted in a unit of time slots selecbated on the subcarrier spacing or
OFDM symbol length for each component carrier. Tihisy adjust a difference in counter
between the information data and the ACK/NACK fbe tinformation data. Furthermore,
by providing multiple time slot references, a dr#ace in time slot length between the
information data and the ACK/NACK for the informati data can be flexibly adjusted,
based on the applications of the base station appsand the terminal apparatus and the
like.

[0167]

Note that, in carrier aggregation using multipleelss, the configuration for the
time slot unit for the ACK/NACK transmission accamng to the present embodiment can
be applied. In addition, the configuration for time slot unit for the ACK/NACK
transmission according to the present embodiment afso be applied to Dual
Connectivity (hereinafter referred to as DC). TheelPand the Scell according to the
present embodiment can respectively be replacel aviviaster Cell Group (MCG) and a
Secondary Cell Group (SCG) in DC, and the configorafor the time slot unit for the
ACK/NACK transmission according to the present edibtent can be applied to the
MCG and the SCG. The Pcell and the Scell accortintiie present embodiment can
respectively be replaced with a Primary Scell (Ri$@ad the Scell in DC, and the
configuration for the time slot unit for the ACK/NZX transmission according to the
present embodiment can be applied to the PSceltl&cell.

[0168]
Third Embodiment

The present embodiment is an example in which en@inhal apparatus receives a
downlink signal at the same time using resourcecallion units with multiple subcarrier
spacings. For example, in FIG. 3, the base stamaratus 10 transmits the downlink
signal to the terminal apparatus 20 using a resoatlocation unit A and a resource
allocation unit B (using the resource allocationtsioverlapping with each other in the
time domain). The terminal apparatus 20 collecgiveinsmits the ACK/NACK to
physical downlink shared channels (downlink trarrsfdocks) mapped to the resource
allocation unit A and the resource allocation WBiitThe base station apparatus 10
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according to the present embodiment includes thdigoration illustrated in FIG. 10.
The terminal apparatus 20 includes the configuratilustrated in FIG. 9. Differences
from/additions to the first embodiment will be mbimescribed below.

[0169]

In the communication system according to the presermbodiment, the
transmission timing for the ACK/NACK in FIGS. 12A12C to FIGS. 18A to 18D can
also be used. For example, in the downlink, theslstation apparatus 10 uses the
configuration of the physical resources in FIGo3ransmit the downlink physical
channel to the terminal apparatus 20. In this cde®region with the subcarrier spacing
of 15 kHz in FIG. 3 may be replaced with the Pagivnlink in FIGS. 12A to 12C to
FIGS. 18A to 18D. In addition, the region with thebcarrier spacing of 30 kHz in FIG. 3
may be replaced with the Scell downlink in FIGSA1® 12C to FIGS. 18A to 18D. The
resource allocation unit A in FIG. 3 may be replhedth the Pcell downlink time slot in
FIGS. 12Ato 12C to FIGS. 18A to 18D. The resouatlecation unit B in FIG. 3 may be
replaced with the Scell downlink time slot in FIGRA to 12C to FIGS. 18A to 18D.
[0170]

Furthermore, in the uplink, the terminal appara20suses the configuration of the
physical resources in FIG. 3 to transmit the phgkdownlink control channel to the base
station apparatus 10. The physical downlink contttdnnel includes the ACK/NACK. In
this case, the region with the subcarrier spacingjsokHz in FIG. 3 may be replaced with
the Pcell uplink in FIGS. 12A to 12C to FIGS. 18A18D. In addition, the region with
the subcarrier spacing of 30 kHz in FIG. 3 may éplaced with the Scell uplink in FIGS.
12Ato 12C to FIGS. 18A to 18D. The resource altamaunit A in FIG. 3 may be
replaced with the Pcell uplink time slot in FIGRALto 12C to FIGS. 18A to 18D. The
resource allocation unit B in FIG. 3 may be repthoath the Scell uplink time slot in
FIGS. 12Ato 12C to FIGS. 18A to 18D.

[0171]

A case in which the transmission timing for the AGIACK in FIGS. 12A to 12C
is applied to the present embodiment will be spealfy described. It is assumed that the
base station apparatus 10 transmits the physioahliok shared channel by using the
resource allocation unit A and the resource allmeatnit B in FIG. 3. In this case, the
physical downlink shared channel allocated to #®ource allocation unit A corresponds
to the shaded portion in FIG. 12A indicating theePdownlink. In addition, the physical
downlink shared channel allocated to the resouloeation unit B corresponds to the
shaded portion in FIG. 12B indicating the Scell ddvwk.

[0172]

It is assumed that the terminal apparatus 20 trassime ACK/NACK by using the
resource allocation unit A in FIG. 3. In this catee ACK/NACK allocated to the
resource allocation unit A corresponds to the ughsloping diagonal portion in FIG.
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12C indicating the Pcell uplink. Note that the sarission timings for the ACK/NACK in
FIGS. 13 to 18 can be similarly applied to the bstsgion apparatus 10 and the terminal
apparatus 20 according to the present embodiment.

[0173]

As described above, in the communication systeno@tcg to the present
embodiment, the base station apparatus and therter@pparatus communicate using
resource allocation units with multiple subcarrs@acings at the same time. In this way,
the base station apparatus transmits informatida ttaone terminal apparatus using
different subcarrier spacings at the same time. AGEK/NACK for the information data
may be transmitted using subcarrier spacing difiefeom the information data. The
ACK/NACK transmission timing (latency time k) is @oted in units of time slots selected
based on the subcarrier spacing or OFDM symboltlengeach resource allocation unit.
This may adjust a difference in counter betweenitifiermation data and the ACK/NACK
for the information data. Furthermore, by providimgltiple time slot references, a
difference in time slot length between the inforroatdata and the ACK/NACK for the
information data can be flexibly adjusted, basedhtmapplications of the base station
apparatus and the terminal apparatus and the like.

[0174]

A program running on an apparatus according toaspect of the present
invention may serve as a program that controls ati@é Processing Unit (CPU) and the
like to cause a computer to operate in such a nraas¢o realize the functions of the
above-described embodiment according to one asgeabie present invention. Programs
or the information handled by the programs are teraply read into a volatile memory,
such as a Random Access Memory (RAM) while beimgcpssed, or stored in a
non-volatile memory, such as a flash memory, oraadDisk Drive (HDD), and then read
by the CPU to be modified or rewritten, as necessar
[0175]

Moreover, the apparatuses in the above-describdzbdiment may be partially
enabled by a computer. In that case, a programefalizing the functions of the
embodiments may be recorded in a computer readableding medium. The functions
may be realized by causing a computer system td tle@ program recorded in the
recording medium for execution. It is assumed that"computer system" refers to a
computer system built into the apparatuses, ancomeputer system includes an
operating system and hardware components suclpasigheral device. Furthermore, the
"computer-readable recording medium" may be ang sémiconductor recording
medium, an optical recording medium, a magnetiordimg medium, and the like.
[0176]

Moreover, the "computer-readable recording medimmaly include a medium that
dynamically retains a program for a short periodiofe, such as a communication line
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that is used to transmit the program over a netvsagh as the Internet or over a
communication line such as a telephone line, ang 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.

[0177]

Furthermore, each functional block or various clbtegstics of the apparatuses
used in the above-described embodiments may beemmghted or performed on an
electric circuit, that is, typically an integratedcuit or multiple integrated circuits. An
electric circuit designed to perform the functiatesscribed in the present specification
may include a general-purpose processor, a Di§tghal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), aefld Programmable Gate Array
(FPGA), or other programmable logic devices, disemgates or transistor logic, discrete
hardware components, or a combination thereof. Jdreeral-purpose processor may be a
microprocessor or may be a processor of known tgpegntroller, a micro-controller, or a
state machine instead. The above-mentioned elecittait may be constituted of a
digital circuit or an analog circuit. Furthermoigr,a case that with advances in
semiconductor technology, a circuit integrationhiealogy appears that replaces the
present integrated circuits, it is also possibleise an integrated circuit based on the
technology.

[0178]

Note that the invention of the present patent agtion is not limited to the
above-described embodiments. In the embodimenfgrapuses have been described as
an example, but the invention of the present ajppion is not limited to these
apparatuses, and is applicable to a terminal appsi@ a communication apparatus of a
fixed-type or a stationary-type electronic appasatstalled indoors or outdoors, for
example, an AV apparatus, a kitchen apparatuseanehg or washing machine, an
air-conditioning apparatus, office equipment, adieg machine, and other household
apparatuses.

[0179]

The embodiments of the present invention have loeseribed in detail above
referring to the drawings, but the specific configtion is not limited to the embodiments
and includes, for example, an amendment to a debigifalls 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 combiningréxal means disclosed according to
the different embodiments are also included intgEhnical scope of the present
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invention. Furthermore, a configuration in whichnstituent elements, described in the
respective embodiments and having mutually the seffezts, are substituted for one
another is also included in the technical scopthefpresent invention.

Industrial Applicability
[0180]

An aspect of the present invention can be prefgrabkd in a base station
apparatus, a terminal apparatus, and a communicatiethod. An aspect of the present
invention can be utilized, for example, in a comncation system, communication
equipment (for example, a cellular phone apparausase station apparatus, a radio LAN
apparatus, or a sensor device), an integrateditiffmr example, a communication chip),
or a program.

Reference Signs List
[0181]
10, 11 Base station apparatus
20 Terminal apparatus
10a Area in which the base station apparatus 10coanect to the terminal apparatus 20
11a Area in which the base station apparatus 1llcoanect to the terminal apparatus 20
102 Higher layer processing unit
104 Transmitter
106 Transmit antenna
108 Controller
110 Receive antenna
112 Receiver
1040 Coding unit
1042 Modulation unit
1044 Mapping unit
1046 Downlink control channel generation unit
1048 Downlink reference signal generation unit
1050 Radio transmitting unit
1120 Radio receiving unit
1122 Channel estimation unit
1124 Demapping unit
1126 Equalization unit
1128 IDFT unit
1130 Despreading unit
1132 Demodulation unit
1134 Decoding unit
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202 Receive antenna

204 Receiver

206 Higher layer processing unit
208 Controller

210 Transmitter

212 Transmit antenna

2100 Coding unit

2102 Modulation unit

2104 DFT unit

2106 Spreading unit

2108 Mapping unit

2110 Radio transmitting unit
2112 Uplink reference signal generation unit
2040 Radio receiving unit

2042 Demapping unit

2044 Demodulation unit

2046 Decoding unit
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Claims

[Claim 1]

A terminal apparatus for communicating with a batdion apparatus by using a
first component carrier and a second componeniaratinrough carrier aggregation, the
terminal apparatus comprising:

a receiver configured to receive first downlink @ahapped to the first component
carrier and second downlink data mapped to thersecomponent carrier; and

a transmitter configured to transmit a signal fodicating delivery confirmation of
the first downlink data and the second downlinkagatherein

a timing to transmit the signal for indicating tdelivery confirmation is defined
by a prescribed number of time slots, and

a length of each of the time slots is configureddzhon a subcarrier spacing of the
first component carrier and a subcarrier spacinthefsecond component carrier.

[Claim 2]

The terminal apparatus according to claim 1, wherei

the transmitter transmits the signal for indicatithg delivery confirmation by
using either the first component carrier or theasgtcomponent carrier, and

the length of each of the time slots is configubaded on the subcarrier spacing of
the component carrier that transmits the signalifidicating the delivery confirmation.

[Claim 3]

The terminal apparatus according to claim 1, wherei

the transmitter transmits the signal for indicatithg delivery confirmation by
using the second component carrier, and

the length of each of the time slots is configubeded on the subcarrier spacing of
the first component carrier.

[Claim 4]

The terminal apparatus according to claim 1, whrerei

the transmitter transmits the signal for indicatthg delivery confirmation by
using either the first component carrier or theasgbcomponent carrier, and

the length of each of the time slots is configubaged on a larger one of the
subcarrier spacing of the first component carriexttreceives the first downlink data and
the subcarrier spacing of the second componenterairat receives the second downlink
data.

[Claim 5]
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The terminal apparatus according to claim 1, wherei

the transmitter transmits the signal for indicatthg delivery confirmation by
using either the first component carrier or theasebcomponent carrier, and

the length of each of the time slots is configubaged on a smaller one of the
subcarrier spacing of the first component carriexttreceives the first downlink data and
the subcarrier spacing of the second componentierairat receives the second downlink
data.

[Claim 6]

The terminal apparatus according to claim 1, whrerei

the receiver receives, in the first component earrinformation for indicating the
subcarrier spacing of the second component carrier.

[Claim 7]

A base station apparatus for communicating witkraninal apparatus by using a
first component carrier and a second componeniaratiirough carrier aggregation, the
base station apparatus comprising:

a transmitter configured to transmit first downlid&ata mapped to the first
component carrier and second downlink data mappdtda second component carrier;
and

a receiver configured to receive a signal for irdicg delivery confirmation of the
first downlink data and the second downlink datagevein

a timing to transmit the signal for indicating ttelivery confirmation is defined
by a prescribed number of time slots, and

a length of each of the time slots is configureddzhon a subcarrier spacing of the
first component carrier and a subcarrier spacinthefsecond component carrier.

[Claim 8]

A communication method for a terminal apparatusdemmunicating with a base
station apparatus by using a first component caara a second component carrier
through carrier aggregation, the communication rmétbomprising the steps of:

receiving first downlink data mapped to the firsingponent carrier and second
downlink data mapped to the second component camaiel

transmitting a signal for indicating delivery comfiation of the first downlink data
and the second downlink data, wherein

a timing to transmit the signal for indicating tdelivery confirmation is defined
by a prescribed number of time slots, and

a length of each of the time slots is configureddzhon a subcarrier spacing of the
first component carrier and a subcarrier spacinthefsecond component carrier.
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[Claim 9]

A communication method for a base station apparfdusommunicating with a
terminal apparatus by using a first component earand a second component carrier
through carrier aggregation, the communication rmétbomprising the steps of:

transmitting first downlink data mapped to the fickmponent carrier and second
downlink data mapped to the second component caaied

receiving a signal for indicating delivery confirtien of the first downlink data
and second downlink data, wherein

a timing to transmit the signal for indicating ttelivery confirmation is defined
by a prescribed number of time slots, and

a length of each of the time slots is configureddzhon a subcarrier spacing of the
first component carrier and a subcarrier spacinthefsecond component carrier.
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