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(57) ABSTRACT

A terminal apparatus includes a receiver that receives a
PDCCH to which DCI for scheduling a PUSCH is mapped,
a transmitter that transmits the PUSCH, and a higher layer
processing unit that manages a first higher layer parameter,
a second higher layer parameter, and a third higher layer
parameter, in which frequency hopping is applied for the
PUSCH based at least on the DCI, the first higher layer
parameter is a higher layer parameter for providing whether
DMRS bundling for the PUSCH is enabled, the second
higher layer parameter is a higher layer parameter for
providing a window length of a configured time domain
window, in a case that the first higher layer parameter and
the third higher layer parameter are provided, a hopping
interval for the frequency hopping is determined based on
the third higher layer parameter, in a case that the first higher
layer parameter and the second higher layer parameter are
provided and the third higher layer parameter is not pro-
vided, the hopping interval is determined based on the
second higher layer parameter, and in a case that the first
higher layer parameter is provided and the second higher
layer parameter and the third higher layer parameter are not
provided, no expectation is performed.
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TERMINAL APPARATUS, BASE STATION
APPARATUS, AND COMMUNICATION
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a terminal appara-
tus and a base station apparatus.

[0002] This application claims priority to JP 2021-193829
filed on Nov. 30, 2021, the contents of which are incorpo-
rated herein by reference.

BACKGROUND ART

[0003] The 3" Generation Partnership Project (3GPP) has
studied a radio access method and a radio network for
cellular mobile communications (hereinafter also referred to
as “Long Term Evolution (LTE)” or “Evolved Universal
Terrestrial Radio Access (EUTRA)”). In LTE, a base station
apparatus is also referred to as an evolved NodeB (eNodeB)
and a terminal apparatus is also referred to as User Equip-
ment (UE). LTE is a cellular communication system in
which multiple areas covered by base station apparatuses are
arranged in a form of cells. A single base station apparatus
may manage multiple serving cells.

[0004] The 3GPP has been studying a next generation
standard (New Radio or NR) (NPL 1) to make a proposal for
International Mobile Telecommunication (IMT)-2020, a
standard for a next generation mobile communication sys-
tem developed by the International Telecommunication
Union (ITU). NR is required to satisfy requirements for
three scenarios including enhanced Mobile BroadBand
(eMBB), massive Machine Type Communication (mMTC),
and Ultra Reliable and Low Latency Communication
(URLLC) in a single technology framework.

[0005] The 3GPP has studied extension of services sup-
ported by NR (NPL 2).

CITATION LIST

Non Patent Literature

[0006] NPL 1: “New SID proposal: Study on New Radio
Access Technology”, RP-160671, NTT docomo, 3GPP
TSG RAN Meeting #71, Goteborg, Sweden, Mar. 7 to 10,
2016.

[0007] NPL 2: “Release 17 package for RAN”,
RP-193216, RAN chairman, RAN1 chairman, RAN2
chairman, RAN3 chairman, 3GPP TSG RAN Meeting
#86, Sitges, Spain, Dec. 9 to 12, 2019

SUMMARY OF INVENTION

Technical Problem

[0008] An aspect of the present invention provides a
terminal apparatus that efficiently performs communication,
a communication method used for the terminal apparatus, a
base station apparatus that efficiently performs communica-
tion, and a communication method used for the base station
apparatus.

Solution to Problem

[0009] (1) A first aspect of the present invention is a
terminal apparatus including a receiver that receives a
PDCCH to which DCI for scheduling a PUSCH is mapped,

Oct. 17,2024

a transmitter that transmits the PUSCH, and a higher layer
processing unit that manages a first higher layer parameter,
a second higher layer parameter, and a third higher layer
parameter, in which frequency hopping is applied for the
PUSCH based at least on the DCI, the first higher layer
parameter is a higher layer parameter for providing whether
DMRS bundling for the PUSCH is enabled, the second
higher layer parameter is a higher layer parameter for
providing a window length of a configured time domain
window, in a case that the first higher layer parameter and
the third higher layer parameter are provided, a hopping
interval for the frequency hopping is determined based on
the third higher layer parameter, in a case that the first higher
layer parameter and the second higher layer parameter are
provided and the third higher layer parameter is not pro-
vided, the hopping interval is determined based on the
second higher layer parameter, and in a case that the first
higher layer parameter is provided and the second higher
layer parameter and the third higher layer parameter are not
provided, no expectation is performed.

[0010] (2) A second aspect of the present invention is a
base station apparatus including a transmitter that transmits
a PDCCH to which DCI for scheduling a PUSCH is mapped,
a receiver that receives the PUSCH, and a higher layer
processing unit that manages a first higher layer parameter,
a second higher layer parameter, and a third higher layer
parameter, in which frequency hopping is applied for the
PUSCH based at least on the DCI, the first higher layer
parameter is a higher layer parameter for providing whether
DMRS bundling for the PUSCH is enabled, the second
higher layer parameter is a higher layer parameter for
providing a window length of a configured time domain
window, in a case that the first higher layer parameter and
the third higher layer parameter are provided, a hopping
interval for the frequency hopping is determined based on
the third higher layer parameter, in a case that the first higher
layer parameter and the second higher layer parameter are
provided and the third higher layer parameter is not pro-
vided, the hopping interval is determined based on the
second higher layer parameter, and in a case that the first
higher layer parameter is provided and the second higher
layer parameter and the third higher layer parameter are not
provided, no expectation is performed.

[0011] (3) In addition, a third aspect of the present inven-
tion is a communication method used by a terminal appa-
ratus, the communication method including a step of receiv-
ing a PDCCH to which DCI for scheduling a PUSCH is
mapped, a step of transmitting the PUSCH, and a step of
managing a first higher layer parameter, a second higher
layer parameter, and a third higher layer parameter, in which
frequency hopping is applied for the PUSCH based at least
on the DCI, the first higher layer parameter is a higher layer
parameter for providing whether DMRS bundling for the
PUSCH is enabled, the second higher layer parameter is a
higher layer parameter for providing a window length of a
configured time domain window, in a case that the first
higher layer parameter and the third higher layer parameter
are provided, a hopping interval for the frequency hopping
is determined based on the third higher layer parameter, in
a case that the first higher layer parameter and the second
higher layer parameter are provided and the third higher
layer parameter is not provided, the hopping interval is
determined based on the second higher layer parameter, and
in a case that the first higher layer parameter is provided and
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the second higher layer parameter and the third higher layer
parameter are not provided, no expectation is performed.

[0012] (4) In addition, a fourth aspect of the present
invention is a communication method used by a base station
apparatus, the communication method including a step of
transmitting a PDCCH to which DCI for scheduling a
PUSCH is mapped, a step of receiving the PUSCH, and a
step of managing a first higher layer parameter, a second
higher layer parameter, and a third higher layer parameter, in
which frequency hopping is applied for the PUSCH based at
least on the DCI, the first higher layer parameter is a higher
layer parameter for providing whether DMRS bundling for
the PUSCH is enabled, the second higher layer parameter is
a higher layer parameter for providing a window length of
a configured time domain window, in a case that the first
higher layer parameter and the third higher layer parameter
are provided, a hopping interval for the frequency hopping
is determined based on the third higher layer parameter, in
a case that the first higher layer parameter and the second
higher layer parameter are provided and the third higher
layer parameter is not provided, the hopping interval is
determined based on the second higher layer parameter, and
in a case that the first higher layer parameter is provided and
the second higher layer parameter and the third higher layer
parameter are not provided, no expectation is performed.

Advantageous Effects of Invention

[0013] According to an aspect of the present invention, the
terminal apparatus can efficiently perform communication.
In addition, the base station apparatus can efficiently per-
form communication.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a conceptual diagram of a radio commu-
nication system according to an aspect of the present
embodiment.

[0015] FIG. 2 is an example illustrating a relationship
between the subcarrier spacing configuration p, the number
of OFDM symbols per slot NSZO’Symb, and a cyclic Prefix
(CP) configuration according to an aspect of the present
embodiment.

[0016] FIG. 3 is a diagram illustrating an example of a
configuration method of a resource grid according to an
aspect of the present embodiment.

[0017] FIG. 4 is a diagram illustrating a configuration
example of a resource grid 3001 according to an aspect of
the present embodiment.

[0018] FIG. 5 is a schematic block diagram illustrating a
configuration example of a base station apparatus 3 accord-
ing to an aspect of the present embodiment.

[0019] FIG. 6 is a schematic block diagram illustrating a
configuration example of a terminal apparatus 1 according to
an aspect of the present embodiment.

[0020] FIG. 7 is a diagram illustrating a configuration
example of an SS/PBCH block according to an aspect of the
present embodiment.

[0021] FIG. 8 is a diagram illustrating an example of
monitoring occasions for search space sets according to an
aspect of the present embodiment.

[0022] FIG. 9 is a diagram illustrating an example of
inter-bundle frequency hopping independent of configured
time domain windows according to an aspect of the present
embodiment.

Oct. 17,2024

[0023] FIG. 10 is a diagram illustrating an example of
inter-bundle frequency hopping dependent on configured
time domain windows according to an aspect of the present
embodiment.

DESCRIPTION OF EMBODIMENTS

[0024] An embodiment of the present invention will be
described below.

[0025] floor(C) may be a floor function for a real
number C. For example, floor(C) may be a function that
outputs a maximum integer in a range of not exceeding
the real number C. ceil(D) may be a ceiling function for
a real number D. For example, ceil(D) may be a
function that outputs a minimum integer in a range of
not falling below the real number D. mod(E, F) may be
a function that outputs a remainder obtained by divid-
ing E by F. mod(E, F) may be a function that outputs
a value corresponding to the remainder obtained by
dividing E by F. exp(G)=e"G. Here, e is Napier’s
constant. H'I represents H to the power of 1. max(J, K)
is a function that outputs the maximum value of J and
K. Here, in a case that J and K are equal, max(J, K) is
a function that outputs J or K. min(L., M) is a function
that outputs the maximum value of L and M. Here, in
a case that [ and M are equal, min(L, M) is a function
that outputs L or M. round(N) is a function that outputs

an integer value of a value closest to N. “” represents
multiplication.
[0026] In a radio communication system according to an

aspect of the present embodiment, at least Orthogonal Fre-
quency Division Multiplexing (OFDM) is used. An OFDM
symbol is a unit of the time domain in OFDM. An OFDM
symbol includes at least one or multiple subcarriers. An
OFDM symbol is converted into a time-continuous signal in
generation of a baseband signal. In downlink, at least Cyclic
Prefix-Orthogonal Frequency Division Multiplexing (CP-
OFDM) is used. In uplink, either CP-OFDM or Discrete
Fourier Transform-Spread-Orthogonal Frequency Division
Multiplexing (DFT-s-OFDM) is used. DFT-s-OFDM may be
given by applying transform precoding to CP-OFDM.
[0027] An OFDM symbol may be a term including a CP
added to an OFDM symbol. That is, a certain OFDM symbol
may include the certain OFDM symbol and a CP added to
the certain OFDM symbol.

[0028] FIG. 1 is a conceptual diagram of a radio commu-
nication system according to an aspect of the present
embodiment. In FIG. 1, the radio communication system
includes at least terminal apparatuses 1A to 1C and a base
station apparatus 3 (Base Station #3 (BS #3)). Hereinafter,
the terminal apparatuses 1A to 1C are also referred to as
terminal apparatuses 1 (User Equipment #1 (UE #1)).
[0029] The base station apparatus 3 may include one or
multiple transmission apparatuses (or transmission points,
transmission and/or reception apparatuses, transmission
and/or reception points). In a case that the base station
apparatus 3 includes multiple transmission apparatuses, the
multiple transmission apparatuses may be arranged at dif-
ferent positions.

[0030] The base station apparatus 3 may provide one or
multiple serving cells. Each serving cell may be defined as
a set of resources used for radio communication. In addition,
a serving cell is also referred to as a cell.

[0031] A serving cell may include either or both of one
downlink component carrier (downlink carrier) and one
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uplink component carrier (uplink carrier). The serving cell
may include either or both of two or more downlink com-
ponent carriers, and/or two or more uplink component
carriers. A downlink component carrier and an uplink com-
ponent carrier are also collectively referred to as component
carriers (carriers).

[0032] For example, for each component carrier, one
resource grid may be given. In addition, one resource grid
may be given to each set of one component carrier and a
certain subcarrier spacing configuration p. Here, the subcar-
rier spacing configuration p is also referred to as numerol-
ogy. For example, one resource grid may be given to a set
of a certain antenna port p, a certain subcarrier spacing
configuration i, and a certain transmission direction Xx.
[0033] The resource grid includes N***¥__, N*%__ sub-
carriers. Here, the resource grid starts from a common
resource block N __ . The common resource block
Nl 4 18 also referred to as a reference point of the
resource grid.

[0034] The resource grid includes Ns“bfm’"e’“symb OFDM
symbols.

[0035] The subscript x added to the parameter associated
with the resource grid indicates the transmission direction.
For example, the subscript x may be used to indicate either
of downlink or uplink.

[0036] N=+ ., is an offset configuration indicated by a
parameter provided by the RRC layer (e.g., parameter Car-
rierBandwidth). N __, is a band configuration indi-
cated by a parameter provided by the RRC layer (e.g.,
parameter, OffsetToCarrier). The offset configuration and
the band configuration are configurations used for config-
uring an SCS-specific carrier.

[0037] The SubCarrier Spacing (SCS) Af for a certain
subcarrier spacing configuration | may be Af=2"*15 kHz.
Here, the subcarrier spacing configuration p may indicate
one of 0, 1, 2, 3, or 4.

[0038] FIG. 2 is an example illustrating a relationship
between the subcarrier spacing configuration p, the number
of OFDM symbols per slot NSZO’Symb, and a cyclic Prefix
(CP) configuration according to an aspect of the present
embodiment. In FIG. 2A, for example, in a case that the
subcarrier spacing configuration p is 2 and the CP configu-

ration is a normal cyclic prefix (normal CP), NSZO’Sym =14,
NFamen =40, and N“2*4m:# . —4 Tn addition, in FIG. 2B,

for example, in a case that the subcarrier spacing configu-
ration L is 2 and the CP configuration is an extended cyclic

preIZ}( (extended CP), NSZO’Sym ,=12, Nsbframen  —40 " and
NSll rame,p.SZOt:4.

[0039] The time unit T, may be used to represent the
length of the time domain. The time unit T, is T =1/

(AL, N). Af =480 kHz. N=4096. A constant K is
K=Af NJAL N, =64, Af,-is 15 kHz. N, .is 2048.
[0040] Transmission of a signal in downlink and/or trans-

mission of a signal in uplink may be organized into a radio
frame (system frame, frame) having a length T, T=
(Af,,.N/100) T,=10 ms. The radio frame includes 10 sub-
frames. The length T, of the subframe is (Af,,,.N/1000)
‘T,=1 ms. The number of OFDM symbols per subframe is
Nsubframep :Nslot Nsubframe,p.

symb symb K
[0041] The OFDM symbol is a time domain unit of one
communication scheme. For example, the OFDM symbol
may be a time domain unit of CP-OFDM. In addition, the
OFDM symbol may be a time domain unit of DFT-s-OFDM.

lot*
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[0042] A slot may include multiple OFDM symbols. For
example, NSZO’Symb consecutive OFDM symbols may consti-
tute one slot. For example, in normal CP configuration,
Neet =14 may be satisfied. In extended CP configuration,
N’ _.»=12 may be satisfied.

[0043] For a certain subcarrier spacing configuration 1, the
number of slots and indices included in the subframe may be
given. For example, a slot index n", may be given in
ascending order of integer values in a range of 0 to N*#?/eme:
us0,—1 10 a subframe. For the subcarrier spacing configura-
tion i, the number of slots and indices included in a radio
frame may be given. In addition, a slot index n*; . may be
given in ascending order of integer values in a range of 0 to
NFamek 1 in a radio frame.

[0044] FIG. 3 is a diagram illustrating an example of a
configuration method of a resource grid according to an
aspect of the present embodiment. The horizontal axis of
FIG. 3 represents a frequency domain. FIG. 3 illustrates a
configuration example of a resource grid of a subcarrier
spacing |, in a component carrier 300, and a configuration
example of a resource grid of a subcarrier spacing L, in the
certain component carrier. As described above, for a certain
component carrier, one or multiple subcarrier spacings may
be configured. In FIG. 3, although p,=p,-1 is assumed,
various aspects of the present embodiment are not limited to
the condition of p,=p,—-1.

[0045] The component carrier 300 is a band having a
predetermined width in the frequency domain.

[0046] A point 3000 is an identifier for identifying a
certain subcarrier. The point 3000 is also referred to as a
point A. A set of Common Resource Blocks (CRBs) set 3100
is a set of common resource blocks for a subcarrier spacing
configuration p,.

[0047] Inthe common resource block set 3100, a common
resource block (solid black block in the common resource
block set 3100 in FIG. 3) including the point 3000 is also
referred to as a reference point of the common resource
block set 3100. The reference point of the common resource
block set 3100 may be a common resource block having an
index 0 in the common resource block set 3100.

[0048] An offset 3011 is an offset from the reference point
of the common resource block set 3100 to a reference point
of'aresource grid 3001. The offset 3011 is represented by the
number of common resource blocks for the subcarrier spac-
ing configuration w,. The resource grid 3001 includes N*=*
ngra1 » COmmon resource blocks starting from the reference
point of the resource grid 3001.

[0049] An offset 3013 is an offset from the reference point
of the resource grid 3001 to a reference point (N, )
of a BandWidth Part (BWP) 3003 having an index il.
[0050] A common resource block set 3200 is a set of
common resource blocks for a subcarrier spacing configu-
ration |L,.

[0051] Inthe common resource block set 3200, a common
resource block (solid black block in the common resource
block set 3200 in FIG. 3) including the point 3000 is also
referred to as a reference point of the common resource
block set 3200. The reference point of the common resource
block set 3200 may be a common resource block having an
index 0 in the common resource block set 3200.

[0052] An offset 3012 is an offset from the reference point
of the common resource block set 3200 to a reference point
of'aresource grid 3002. The offset 3012 is represented by the
number of common resource blocks for the subcarrier spac-
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ing W,. The resource grid 3002 includes NSZ'Z‘B’“g,m,z,)C com-
mon resource blocks starting from the reference point of the
resource grid 3002.

[0053] An offset 3014 is an offset from the reference point
of the resource grid 3002 to a reference point (N, )
of a BWP 3004 having an index i2.

[0054] FIG. 4 is a diagram illustrating a configuration
example of the resource grid 3001 according to an aspect of
the present embodiment. In the resource grid of FIG. 4, the
horizontal axis corresponds to an OFDM symbol index 1,
and the vertical axis corresponds to a subcarrier index k.
The resource grid 3001 includes NSiZZ’“g,idl,XNRBSC subcar-
riers, and N*“%* amek mps OFDM symbols. In the resource
grid, a resource identified by the subcarrier index k,_ and the
OFDM symbol index 1, is also referred to as a Resource
Element (RE).

[0055] A Resource Block (RB) includes N*Z__ consecutive
subcarriers. The resource block is a general term for a
common resource block, a Physical Resource Block (PRB),
and a Virtual Resource Block (VRB). Here, N*%_=12.
[0056] A resource block unit is a set of resources corre-
sponding to one OFDM symbol in one resource block. That
is, one resource block unit includes 12 resource elements
corresponding to one OFDM symbol in one resource block.
[0057] The common resource blocks for a certain subcar-
rier spacing configuration p are given indices in ascending
order from 0 in the frequency domain in a certain common
resource block set (indexing). The common resource block
having the index 0 for a certain subcarrier spacing configu-
ration p includes (or collides with or matches) the point
3000. An index n" 5 of the common resource block for a
certain subcarrier spacing configuration p satisfies a rela-
tionship n*.,z=ceil(k, /N®Z_). Here, a subcarrier with
k. =0 is a subcarrier having the same center frequency as the
center frequency of a subcarrier corresponding to the point
3000.

[0058] Physical resource blocks for a certain subcarrier
spacing configuration y are given indices in ascending order
from 0 in the frequency domain in a certain BWP. An index
n*,x5 of the physical resource block for a certain subcarrier
spacing configuration p  satisfies a  relationship
0 g pp gt N Here, N7, . indicates a
reference point of the BWP having an index 1.

[0059] The BWP is defined as a subset of common
resource blocks included in a resource grid. The BWP
includes N, .. common resource blocks starting from
the reference point N, . . of the BWP. A BWP con-
figured for a downlink carrier is also referred to as a
downlink BWP. A BWP configured for an uplink component
carrier is also referred to as an uplink BWP.

[0060] An antenna port is defined such that the channel
over which a symbol on the antenna port is conveyed can be
inferred from the channel over which another symbol on the
same antenna port is conveyed. For example, the channel
may correspond to a physical channel. In addition, the
symbol may correspond to an OFDM symbol. In addition,
the symbol may also correspond to a resource block unit. In
addition, the symbol may correspond to a resource element.
[0061] The fact that a large scale property of a channel
over which a symbol on one antenna port is conveyed can be
inferred from a channel over which a symbol on another
antenna port is conveyed is referred to as the two antenna
ports being Quasi Co-Located (QCL). Here, the large scale
property may include at least a long term performance of a
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channel. The large scale property may include at least some
or all of delay spread, Doppler spread, Doppler shift, an
average gain, an average delay, and a beam parameter
(spatial Rx parameters). The fact that the first antenna port
and the second antenna port are QCL with respect to a beam
parameter may mean that a reception beam assumed by a
receiver side for the first antenna port and a reception beam
assumed by the receiver side for the second antenna port are
the same (or the reception beams correspond to each other).
The fact that the first antenna port and the second antenna
port are QCL with respect to a beam parameter may mean
that a transmission beam assumed by the receiver side for
the first antenna port and a transmission beam assumed by
the receiver side for the second antenna port are the same (or
the transmission beams correspond to each other). In a case
that the large scale property of a channel over which a
symbol on one antenna port is conveyed can be inferred
from a channel over which a symbol on another antenna port
is conveyed, the terminal apparatus 1 may assume that the
two antenna ports are QCL. The fact that two antenna ports
are QCL may mean that the two antenna ports are assumed
to be QCL.

[0062] Carrier aggregation may mean that communication
is performed by using multiple serving cells being aggre-
gated. In addition, carrier aggregation may mean that com-
munication is performed by using multiple component car-
riers being aggregated. Carrier aggregation may mean that
communication is performed by using multiple downlink
component carriers being aggregated. Carrier aggregation
may mean that communication is performed by using mul-
tiple uplink component carriers being aggregated.

[0063] FIG. 5 is a schematic block diagram illustrating a
configuration example of the base station apparatus 3
according to an aspect of the present embodiment. As
illustrated in FIG. 5, the base station apparatus 3 includes at
least a part or all of a radio transmission and/or reception
unit (physical layer processing unit) 30 and/or a Higher
Layer processing unit 34. The radio transmission and/or
reception unit 30 includes at least a part or all of an antenna
unit 31, a Radio Frequency (RF) part 32, and a baseband unit
33. The higher layer processing unit 34 includes at least a
part or all of a medium access control layer processing unit
35 and a Radio Resource Control (RRC) layer processing
unit 36.

[0064] The radio transmission and/or reception unit 30
includes at least a part or all of a radio transmitter 30a and
a radio receiver 30b. Here, apparatus configurations of the
baseband unit included in the radio transmitter 30a and the
baseband unit included in the radio receiver 306 may be the
same as or different from each other. In addition, apparatus
configurations of the RF unit included in the radio trans-
mitter 30a and the RF unit included in the radio receiver 304
may be the same as or different from each other. In addition,
apparatus configurations of the antenna unit included in the
radio transmitter 30a and the antenna unit included in the
radio receiver 305 may be the same as or different from each
other.

[0065] For example, the radio transmitter 30a may gen-
erate and transmit a baseband signal of a PDSCH. For
example, the radio transmitter 30a may generate and trans-
mit a baseband signal of a PDCCH. For example, the radio
transmitter 30a may generate and transmit a baseband signal
of a PBCH. For example, the radio transmitter 30a may
generate and transmit a baseband signal of a synchronization
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signal. For example, the radio transmitter 30a may generate
and transmit a baseband signal of a PDSCH DMRS. For
example, the radio transmitter 30a may generate and trans-
mit a baseband signal of a PDCCH DMRS. For example, the
radio transmitter 30a may generate and transmit a baseband
signal of a CSI-RS. For example, the radio transmitter 30a
may generate and transmit a baseband signal of a DL PTRS.

[0066] For example, the radio receiver 305 may receive a
PRACH. For example, the radio receiver 305 may receive
and demodulate a PUCCH. The radio receiver 306 may
receive and demodulate a PUSCH. For example, the radio
receiver 305 may receive a PUCCH DMRS. For example,
the radio receiver 306 may receive a PUSCH DMRS. For
example, the radio receiver 306 may receive a UL, PTRS.
For example, the radio receiver 305 may receive an SRS.

[0067] The higher layer processing unit 34 outputs down-
link data (a transport block) to the radio transmission and/or
reception unit 30 (or the radio transmitter 30a). The higher
layer processing unit 34 performs processing operations of
a Medium Access Control (MAC) layer, a Packet Data
Convergence Protocol (PDCP) layer, a Radio Link Control
(RLC) layer, and an RRC layer.

[0068] The medium access control layer processing unit
35 included in the higher layer processing unit 34 performs
processing of the MAC layer.

[0069] The radio resource control layer processing unit 36
included in the higher layer processing unit 34 performs
processing of the RRC layer. The radio resource control
layer processing unit 36 manages various pieces of configu-
ration information/parameters (RRC parameters) of the ter-
minal apparatus 1. The radio resource control layer process-
ing unit 36 sets a parameter based on an RRC message
received from the terminal apparatus 1.

[0070] The radio transmission and/or reception unit 30 (or
the radio transmitter 30a) performs processing such as
modulation and encoding. The radio transmission and/or
reception unit 30 (or the radio transmitter 30a) generates a
physical signal through modulation, encoding, and baseband
signal generation (conversion into a time-continuous signal)
on the downlink data, and transmits the physical signal to the
terminal apparatus 1. The radio transmission and/or recep-
tion unit 30 (or the radio transmitter 30a) may map the
physical signal to a certain component carrier and transmit
the physical signal to the terminal apparatus 1.

[0071] The radio transmission and/or reception unit 30 (or
the radio receiver 30b) performs processing such as
demodulation and decoding. The radio transmission and/or
reception unit 30 (or the radio receiver 305) separates,
demodulates, and decodes the received physical signal, and
outputs the decoded information to the higher layer process-
ing unit 34. The radio transmission and/or reception unit 30
(or the radio receiver 30b) may perform a channel access
procedure prior to transmission of the physical signal.

[0072] The RF unit 32 converts (down-converts) a signal
received via the antenna unit 31 into a baseband signal by
means of orthogonal demodulation and removes unneces-
sary frequency components. The RF unit 32 outputs a
processed analog signal to the baseband unit.

[0073] The baseband unit 33 converts the analog signal
input from the RF unit 32 into a digital signal. The baseband
unit 33 removes a portion corresponding to a Cyclic Prefix
(CP) from the converted digital signal, performs a Fast
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Fourier Transform (FFT) on the signal from which the CP
has been removed, and extracts a signal of the frequency
domain.

[0074] The baseband unit 33 performs Inverse Fast Fou-
rier Transform (IFFT) on the data to generate an OFDM
symbol, adds a CP to the generated OFDM symbol, gener-
ates a baseband digital signal, and converts the baseband
digital signal into an analog signal. The baseband unit 33
outputs the converted analog signal to the RF unit 32.
[0075] The RF unit 32 removes an unnecessary frequency
component from the analog signal input from the baseband
unit 33 by using a low-pass filter, up-converts the analog
signal into a signal having a carrier frequency, and transmits
the signal via the antenna unit 31. In addition, the RF unit 32
may have a function of controlling transmission power. The
RF unit 32 is also referred to as a transmission power
controller.

[0076] For the terminal apparatus 1, one or multiple serv-
ing cells (or component carriers, downlink component car-
riers, uplink component carriers) may be configured.
[0077] Each of the serving cells configured for the termi-
nal apparatus 1 may be one of a Primary Cell (PCell), a
Primary SCG Cell (PSCell), or a Secondary Cell (SCell).
[0078] The PCell is a serving cell included in a Master
Cell Group (MCG). The PCell is a cell in which an initial
connection establishment procedure or a connection re-
establishment procedure is performed (has been performed)
by the terminal apparatus 1.

[0079] The PSCell is a serving cell included in a Second-
ary Cell Group (SCG). The PSCell is a serving cell in which
random access is performed by the terminal apparatus 1.

[0080] The SCell may be included in either of the MCG or
the SCG.
[0081] A serving cell group (cell group) is a term at least

including an MCG and an SCG. The serving cell group may
include one or multiple serving cells (or component carri-
ers). One or multiple serving cells (or component carriers)
included in the serving cell group may be operated by means
of carrier aggregation.

[0082] One or multiple downlink BWPs may be config-
ured for each of the serving cells (or downlink component
carriers). One or multiple uplink BWPs may be configured
for each of the serving cells (or uplink component carriers).
[0083] Among one or multiple downlink BWPs config-
ured for the serving cell (or the downlink component car-
rier), one downlink BWP may be configured as an active
downlink BWP (or one downlink BWP may be activated).
Among one or multiple uplink BWPs configured for the
serving cell (or the uplink component carrier), one uplink
BWP may be configured as an active uplink BWP (or one
uplink BWP may be activated).

[0084] The PDSCH, the PDCCH, and the CSI-RS may be
received in the active downlink BWP. The terminal appa-
ratus 1 may attempt to receive the PDSCH, the PDCCH, and
the CSI-RS in the active downlink BWP. The PUCCH and
the PUSCH may be transmitted in the active uplink BWP.
The terminal apparatus 1 may transmit the PUCCH and the
PUSCH in the active uplink BWP. An active downlink BWP
and an active uplink BWP are also collectively referred to as
active BWPs.

[0085] The PDSCH, the PDCCH, and the CSI-RS need
not be received in downlink BWPs (inactive downlink
BWPs) other than an active downlink BWP. The terminal
apparatus 1 need not attempt to receive the PDSCH, the
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PDCCH, and the CSI-RS in downlink BWPs that are not
active downlink BWPs. The PUCCH and the PUSCH need
not be transmitted in uplink BWPs (inactive uplink BWPs)
that are not active uplink BWPs. The terminal apparatus 1
need not transmit the PUCCH and the PUSCH in uplink
BWPs that are not active uplink BWPs. The inactive down-
link BWP and the inactive uplink BWP are also collectively
referred to as inactive BWPs.

[0086] Downlink BWP switch is a procedure for deacti-
vating one active downlink BWP of a certain serving cell
and activating any one of inactive downlink BWPs of the
certain serving cell. The downlink BWP switch may be
controlled by a BWP field included in downlink control
information. The downlink BWP switch may be controlled
based on a parameter of a higher layer.

[0087] Uplink BWP switch is used for deactivating one
active uplink BWP and activating any one of inactive uplink
BWPs that are not the one active uplink BWP. The uplink
BWP switch may be controlled by a BWP field included in
downlink control information. The uplink BWP switch may
be controlled based on a parameter of a higher layer.
[0088] Among one or multiple downlink BWPs config-
ured for a serving cell, two or more downlink BWPs need
not be configured for an active downlink BWP. For the
serving cell, at certain times, one downlink BWP may be
active.

[0089] Among one or multiple uplink BWPs configured
for a serving cell, two or more uplink BWPs need not be
configured for an active uplink BWP. For the serving cell, at
certain times, one uplink BWP may be active.

[0090] FIG. 6 is a schematic block diagram illustrating a
configuration example of the terminal apparatus 1 according
to an aspect of the present embodiment. As illustrated in
FIG. 6, the terminal apparatus 1 includes at least one or all
of a radio transmission and/or reception unit (physical layer
processing unit) 10 and a higher layer processing unit 14.
The radio transmission and/or reception unit 10 includes at
least some or all of an antenna unit 11, an RF unit 12, and
a baseband unit 13. The higher layer processing unit 14
includes at least some or all of a medium access control layer
processing unit 15 and a radio resource control layer pro-
cessing unit 16.

[0091] The radio transmission and/or reception unit 10
includes at least some or all of a radio transmitter 10a and
a radio receiver 105. Here, apparatus configurations of the
baseband unit 13 included in the radio transmitter 10a and
the baseband unit 13 included in the radio receiver 105 may
be the same as or different from each other. In addition,
apparatus configurations of the RF unit 12 included in the
radio transmitter 10a and the RF unit 12 included in the
radio receiver 105 may be the same as or different from each
other. In addition, apparatus configurations of the antenna
unit 11 included in the radio transmitter 10a and the antenna
unit 11 included in the radio receiver 105 may be the same
as or different from each other.

[0092] For example, the radio transmitter 10a may gen-
erate and transmit a baseband signal of the PRACH. For
example, the radio transmitter 10a may generate and trans-
mit a baseband signal of the PUCCH. The radio transmitter
10a may generate and transmit a baseband signal of the
PUSCH. For example, the radio transmitter 10a may gen-
erate and transmit a baseband signal of the PUCCH DMRS.
For example, the radio transmitter 10a may generate and
transmit a baseband signal of the PUSCH DMRS. For
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example, the radio transmitter 10a may generate and trans-
mit a baseband signal of the UL PTRS. For example, the
radio transmitter 10a may generate and transmit a baseband
signal of the SRS.

[0093] For example, the radio receiver 106 may receive
and demodulate the PDSCH. For example, the radio receiver
105 may receive and demodulate the PDCCH. For example,
the radio receiver 106 may receive and demodulate the
PBCH. For example, the radio receiver 105 may receive a
synchronization signal. For example, the radio receiver 105
may receive the PDSCH DMRS. For example, the radio
receiver 106 may receive the PDCCH DMRS. For example,
the radio receiver 1056 may receive the CSI-RS. For
example, the radio receiver 105 may receive the DL PTRS.

[0094] The higher layer processing unit 14 outputs uplink
data (a transport block) to the radio transmission and/or
reception unit 10 (or the radio transmitter 10a). The higher
layer processing unit 14 performs processing operations of
the MAC layer, a packet data convergence protocol layer, a
radio link control layer, and the RRC layer.

[0095] The medium access control layer processing unit
15 included in the higher layer processing unit 14 performs
processing of the MAC layer.

[0096] The radio resource control layer processing unit 16
included in the higher layer processing unit 14 performs
processing of the RRC layer. The radio resource control
layer processing unit 16 manages various types of configu-
ration information/parameters (RRC parameters) of the ter-
minal apparatus 1. The radio resource control layer process-
ing unit 16 sets the RRC parameters based on an RRC
message received from the base station apparatus 3.

[0097] The radio transmission and/or reception unit 10 (or
the radio transmitter 10a) performs processing such as
modulation and encoding. The radio transmission and/or
reception unit 10 (or the radio transmitter 10a) generates a
physical signal through modulation, encoding, and baseband
signal generation (conversion into a time-continuous signal)
of uplink data and transmits the physical signal to the base
station apparatus 3. The radio transmission and/or reception
unit 10 (or the radio transmitter 10a) may map the physical
signal to a certain BWP (an active uplink BWP) and transmit
the physical signal to the base station apparatus 3.

[0098] The radio transmission and/or reception unit 10 (or
the radio receiver 10b) performs processing such as
demodulation and decoding. The radio transmission and/or
reception unit 10 (or the radio receiver 305) may receive the
physical signal in a certain BWP (active downlink BWP) of
a certain serving cell. The radio transmission and/or recep-
tion unit 10 (or the radio receiver 105) separates, demodu-
lates, and decodes the received physical signal and outputs
the decoded information to the higher layer processing unit
14. The radio transmission and/or reception unit 10 (radio
receiver 105) may perform a channel access procedure prior
to the transmission of the physical signal.

[0099] The RF unit 12 converts (down-converts) a signal
received via the antenna unit 11 into a baseband signal by
means of orthogonal demodulation and removes unneces-
sary frequency components. The RF unit 12 outputs a
processed analog signal to the baseband unit 13.

[0100] The baseband unit 13 converts the analog signal
input from the RF unit 12 into a digital signal. The baseband
unit 13 removes a portion corresponding to a Cyclic Prefix
(CP) from the converted digital signal, performs a Fast
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Fourier Transform (FFT) on the signal from which the CP
has been removed, and extracts the signal of the frequency
domain.

[0101] The baseband unit 13 performs an Inverse Fast
Fourier Transform (IFFT) on the uplink data to generate an
OFDM symbol, adds a CP to the generated OFDM symbol,
generates a baseband digital signal, and converts the base-
band digital signal into an analog signal. The baseband unit
13 outputs the converted analog signal to the RF unit 12.
[0102] The RF unit 12 removes unnecessary frequency
components from the analog signal input from the baseband
unit 13 through a low-pass filter, up-converts the analog
signal into a signal having a carrier frequency, and transmits
the signal via the antenna unit 11. In addition, the RF unit 12
may have a function of controlling transmission power. The
RF unit 12 is also referred to as a transmission power
controller.

[0103] The physical signal (signal) will be described
below.
[0104] The physical signal is a general term for a down-

link physical channel, a downlink physical signal, an uplink
physical channel, and an uplink physical channel. The
physical channel is a general term for a downlink physical
channel and an uplink physical channel. The physical signal
is a general term for a downlink physical signal and an
uplink physical signal.

[0105] The uplink physical channel may correspond to a
set of resource elements for conveying information that is
generated in a Higher layer. The uplink physical channel
may be a physical channel used in an uplink component
carrier. The uplink physical channel may be transmitted by
the terminal apparatus 1. The uplink physical channel may
be received by the base station apparatus 3. In the radio
communication system according to an aspect of the present
embodiment, at least some or all of the following uplink
physical channels may be used.

[0106] Physical Uplink Control CHannel (PUCCH)

[0107] Physical Uplink Shared CHannel (PUSCH)

[0108] Physical Random Access CHannel (PRACH)
[0109] The PUCCH may be used to transmit Uplink

Control Information (UCI). The PUCCH may be transmitted
for conveying (delivering or transmitting) uplink control
information. The uplink control information may be mapped
to the PUCCH. The terminal apparatus 1 may transmit the
PUCCH to which the uplink control information is mapped.
The base station apparatus 3 may receive the PUCCH to
which the uplink control information is mapped.

[0110] The uplink control information (uplink control
information bit, uplink control information sequence, or
uplink control information type) includes at least some or all
of Channel State Information (CSI), a Scheduling Request
(SR), and Hybrid Automatic Repeat request ACKnowledge-
ment (HARQ-ACK) information.

[0111] The channel state information is also referred to as
a channel state information bit or a channel state information
sequence. The scheduling request is also referred to as a
scheduling request bit or a scheduling request sequence. The
HARQ-ACK information is also referred to as a HARQ-
ACK information bit or a HARQ-ACK information
sequence.

[0112] The HARQ-ACK information may include at least
a HARQ-ACK corresponding to a Transport Block (TB).
The HARQ-ACK may indicate an acknowledgement (ACK)
or a negative-acknowledgement (NACK) corresponding to a
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transport block. An ACK may indicate that a transport block
has been successtully decoded. A NACK may indicate that
a transport block has not been successfully decoded. The
HARQ-ACK information may include a HARQ-ACK code-
book including one or multiple HARQ-ACK bits.

[0113] A transport block is a sequence of information bits
delivered from a higher layer. Here, a sequence of informa-
tion bits is also referred to as a bit sequence. Here, the
transport block may be delivered through an UpLink-Shared
CHannel (UL-SCH) of a Transport layer.

[0114] A HARQ-ACK for a transport block may be
referred to as a HARQ-ACK for the PDSCH. In this case,
the “HARQ-ACK for the PDSCH” indicates a HARQ-ACK
for the transport block included in the PDSCH.

[0115] A HARQ-ACK may indicate an ACK or a NACK
corresponding to one Code Block Group (CBG) included in
a transport block.

[0116] The scheduling request may be at least used for
requesting a resource of the UL-SCH for new transmission.
The scheduling request bit may be used for indicating either
of a positive SR or a negative SR. A scheduling request bit
indicating the positive SR is also referred to as a “positive
SR being conveyed”. A positive SR may indicate that the
terminal apparatus 1 requests resources of the UL-SCH for
new transmission. The positive SR may indicate that a
scheduling request is triggered by a higher layer. The
positive SR may be conveyed in a case that the higher layer
indicates a scheduling request. A scheduling request bit
indicating the negative SR is also referred to as a “negative
SR being transmitted”. The negative SR may indicate that
the terminal apparatus 1 requests no resources of the UL-
SCH for new transmission. The negative SR may indicate
that no scheduling request is triggered by a higher layer. The
negative SR may be conveyed in a case that the higher layer
indicates no scheduling request.

[0117] Channel state information may include at least
some or all of a Channel Quality Indicator (CQI), a Precoder
Matrix Indicator (PMI), and a Rank Indicator (RI). A CQI is
an indicator related to the quality of a propagation path (for
example, propagation strength) or the quality of a physical
channel, and the PMI is an indicator related to a precoder. An
RI is an indicator related to a transmission rank (or the
number of transmission layers).

[0118] The channel state information is an indicator
related to a reception state of a physical signal (for example,
CSI-RS) at least used for channel measurement. A value of
channel state information may be determined by the terminal
apparatus 1 based on the reception state assumed by the
physical signal at least used for channel measurement.
Channel measurement may include interference measure-
ment.

[0119] The PUCCH may correspond to a PUCCH format.
The PUCCH may be a set of resource elements used for
conveying the PUCCH format. The PUCCH may include the
PUCCH format. The PUCCH may be transmitted with a
certain PUCCH format. Further, the PUCCH format may be
interpreted as a form of information. In addition, the
PUCCH format may be interpreted as a set of information
set for a certain form of information.

[0120] The PUSCH may be used for conveying one or
both of a transport block and uplink control information. The
transport block may be mapped to the PUSCH. The transport
block delivered by the UL-SCH may be mapped to the
PUSCH. The uplink control information may be mapped to
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the PUSCH. The terminal apparatus 1 may transmit the
PUSCH to which one or both of the transport block and the
uplink control information are mapped. The base station
apparatus 3 may receive the PUSCH to which one or both of
the transport block and the uplink control information are
mapped.

[0121] The PRACH may be transmitted for conveying a
random access preamble. The terminal apparatus 1 may
transmit the PRACH. The base station apparatus 3 may
receive the PRACH. A PRACH sequence x,, ,(n) is defined
by x, (m)=x, (mod(n+C,, Ly ,)). Here, x, is a Zadoff Chu
(ZC) sequence. In addition, x,, may be defined by x,=exp(-
jrui(i+1)/Lg ). j is an imaginary unit. In addition, &t is the
circular constant. In addition, C, corresponds to a cyclic shift
of'the PRACH sequence. In addition, L , corresponds to the
length of the PRACH sequence. In addition, L, is 839, or
139. In addition, i is an integer in the range from 0 to L ,—1.
In addition, u is a sequence index for the PRACH sequence.
[0122] For each PRACH occasion, 64 random access
preambles are defined. The random access preambles are
identified based on the cyclic shift C, of the PRACH
sequence and the sequence index u for the PRACH
sequence. Each of the 64 identified random access pre-
ambles may be assigned an index.

[0123] The uplink physical signal may correspond to a set
of resource elements. The uplink physical signal need not be
used to convey information generated in a higher layer.
Further, an uplink physical signal may be used to convey
information generated in the physical layer. The uplink
physical signal may be a physical signal used in an uplink
component carrier. The terminal apparatus 1 may transmit
the uplink physical signal. The base station apparatus 3 may
receive the uplink physical signal. In the radio communica-
tion system according to an aspect of the present embodi-
ment, at least some or all of the following uplink physical
signals may be used.

[0124] UpLink Demodulation Reference Signal (UL
DMRS)
[0125] Sounding Reference Signal (SRS)
[0126] UpLink Phase Tracking Reference Signal (UL
PTRS)
[0127] The UL DMRS is a general term for a DMRS for

the PUSCH and a DMRS for the PUCCH.

[0128] A set of antenna ports of the DMRS for the PUSCH
(DMRS related to the PUSCH, DMRS included in the
PUSCH, DMRS corresponding to the PUSCH) may be
given based on a set of antenna ports for the PUSCH. For
example, the set of antenna ports of the DMRS for the
PUSCH may be the same as a set of antenna ports of the
PUSCH.

[0129] Transmission of the PUSCH and transmission of
the DMRS for the PUSCH may be indicated (or may be
scheduled) in one DCI format. The PUSCH and the DMRS
for the PUSCH may be collectively referred to as a PUSCH.
Transmission of the PUSCH may mean transmission of the
PUSCH and the DMRS for the PUSCH.

[0130] A propagation path of the PUSCH may be inferred
from the DMRS for the PUSCH.

[0131] A set ofantenna ports of the DMRS for the PUCCH
(DMRS related to the PUCCH, DMRS included in the
PUCCH, or DMRS corresponding to the PUCCH) may be
the same as a set of antenna ports of the PUCCH.

[0132] Transmission of the PUCCH and transmission of
the DMRS for the PUCCH may be indicated (or may be
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triggered) by one DCI format. One or both of mapping of the
PUCCH to resource elements and mapping of the DMRS for
the PUCCH to resource elements may be given in one
PUCCH format. The PUCCH and the DMRS for the
PUCCH may be collectively referred to as a PUCCH.
Transmission of the PUCCH may mean transmission of the
PUCCH and the DMRS for the PUCCH.

[0133] A propagation path of the PUCCH may be inferred
from the DMRS for the PUCCH.

[0134] The downlink physical channel may correspond to
a set of resource elements for conveying information gen-
erated in a higher layer. The downlink physical channel may
be a physical channel used in a downlink component carrier.
The base station apparatus 3 may transmit the downlink
physical channel. The terminal apparatus 1 may receive the
downlink physical channel. In the radio communication
system according to an aspect of the present embodiment, at
least some or all of the following downlink physical chan-
nels may be used.

[0135] Physical Broadcast Channel (PBCH)

[0136] Physical Downlink Control Channel (PDCCH)

[0137] Physical Downlink Shared Channel (PDSCH)
[0138] The PBCH may be transmitted for conveying one

or both of a Master Information Block (MIB) and physical
layer control information. Here, the physical layer control
information is information generated in the physical layer.
The MIB is a set of parameters mapped to a Broadcast
Control CHannel (BCCH) that is a logical channel of the
MAC layer. The BCCH is mapped in the BCH that is a
channel of the transport layer. The BCH may be mapped to
the PBCH. The terminal apparatus 1 may receive the PBCH
to which one or both of the MIB and the physical layer
control information are mapped. The base station apparatus
3 may transmit the PBCH to which one or both of the MIB
and the physical layer control information are mapped.

[0139] For example, the physical layer control information
may include 8 bits. The physical layer control information
may include at least some or all of the following 0A to 0D.

[0140] 0A) Radio frame bit
[0141] 0B) Half radio frame (half system frame or half
frame) bit
[0142] 0C) SS/PBCH block index bit
[0143] 0D) Subcarrier offset bit
[0144] The radio frame bit is used for indicating a radio

frame in which the PBCH is transmitted (radio frame
including a slot in which the PBCH is transmitted). The
radio frame bit includes 4 bits. The radio frame bit may
include 4 bits out of a 10-bit radio frame indicator. For
example, the radio frame indicator may be at least used for
identifying radio frames from index O to index 1023.
[0145] The half radio frame bit is used for indicating, out
of the radio frame in which the PBCH is transmitted, which
of the first five subframes or the last five subframes is used
for transmission of the PBCH. Here, the half radio frame
may include five subframes. In addition, the half radio frame
may include the first five subframes out of the 10 subframes
included in the radio frame. In addition, the half radio frame
may include the last five subframes out of the 10 subframes
included in the radio frame.

[0146] An SS/PBCH block index bit is used for indicating
an SS/PBCH block index. The SS/PBCH block index bit
includes 3 bits. The SS/PBCH block index bit may include
3 bits out of a 6-bit SS/PBCH block index indicator. The
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SS/PBCH block index indicator may be at least used for
identifying SS/PBCH blocks from index 0 to index 63.
[0147] A subcarrier offset bit is used for indicating a
subcarrier offset. The subcarrier offset may be used for
indicating a difference between a first subcarrier to which the
PBCH is mapped and a first subcarrier to which the control
resource set having an index 0 is mapped.

[0148] The PDCCH may be transmitted for delivering
Downlink Control Information (DCI). The downlink control
information may be mapped to the PDCCH. The terminal
apparatus 1 may receive the PDCCH to which the downlink
control information is mapped. The base station apparatus 3
may transmit the PDCCH to which the downlink control
information is mapped.

[0149] The downlink control information may be trans-
mitted with a DCI format. Further, the DCI format may also
be interpreted as the format of downlink control informa-
tion. In addition, the DCI format may be interpreted as a set
of downlink control information set to a certain format of
downlink control information.

[0150] A DCI format 0_0, a DCI format 0_1, a DCI format
1_0, and a DCI format 1_1 are DCI formats. An uplink DCI
format is a general term for the DCI format 0_0 and the DCI
format 0_1. A downlink DCI format is a general term for the
DCI format 1_0 and the DCI format 1_1.

[0151] The DCI format 0_0 is at least used for scheduling
of'the PUSCH mapped to a certain cell. The DCI format 0_0
includes at least some or all of fields listed from 1A to 1E.

[0152] 1A) Identifier field for DCI formats

[0153] 1B) Frequency domain resource assignment
field

[0154] 1C) Time domain resource assignment field

[0155] 1D) Frequency hopping flag field

[0156] 1E) Modulation and Coding Scheme (MCS)
field

[0157] The identifier field for DCI formats may indicate

whether the DCI format including the identifier field for DCI
formats is an uplink DCI format or a downlink DCI format.
In other words, each of the uplink DCI format and the
downlink DCI format may include the identifier field for
DCI formats. Here, the identifier field for DCI formats
included in the DCI format 0_0 may indicate 0.

[0158] A frequency domain resource assignment field
included in the DCI format 0_0 may be used for indicating
assignment of frequency resources for the PUSCH.

[0159] A time domain resource assignment field included
in the DCI format 00 may be used for indicating assignment
of time resources for the PUSCH.

[0160] A frequency hopping flag field may be used for
indicating whether frequency hopping is applied to the
PUSCH.

[0161] An MCS field included in the DCI format 0_0 may
be at least used for indicating one or both of a modulation
scheme for the PUSCH and a target encoding rate. The target
encoding rate may be a target encoding rate for a transport
block mapped to the PUSCH. A Transport Block Size (TBS)
of a transport block mapped to the PUSCH may be deter-
mined based on one or both of the target encoding rate and
the modulation scheme for the PUSCH.

[0162] The DCI format 0_0 need not include a field used
for a CSI request.

[0163] The DCI format 0_0 need not include a carrier
indicator field. In other words, the serving cell to which an
uplink component carrier belongs, the uplink component
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carrier to which the PUSCH scheduled by the DCI format
0_0 is mapped, may be the same as the serving cell of an
uplink component carrier to which the PDCCH including the
DCI format 00 is mapped. Based on detection of the DCI
format 0_0 in a certain downlink component carrier of a
certain serving cell, the terminal apparatus 1 may recognize
that the PUSCH scheduled by the DCI format 0_0 is mapped
to the uplink component carrier of the certain serving cell.
[0164] The DCI format 0_0 need not include the BWP
field. Here, the DCI format 0_0 may be a DCI format for
scheduling the PUSCH without changing the active uplink
BWP. The terminal apparatus 1 may recognize that the
PUSCH is transmitted without switching the active uplink
BWP based on detection of the DCI format 0_0 used for the
scheduling of the PUSCH.

[0165] The DCI format 0_1 is at least used for scheduling
of'the PUSCH mapped to a certain cell. The DCI format 0_1
includes at least some or all of fields listed from 2A to 2H.

[0166] 2A) Identifier field for DCI formats

[0167] 2B) Frequency domain resource assignment
field

[0168] 2C) Uplink time domain resource assignment
field

[0169] 2D) Frequency hopping flag field

[0170] 2E) MCS field

[0171] 2F) CSI request field

[0172] 2G) BWP field

[0173] 2H) Carrier indicator field

[0174] The identifier field for DCI formats included in the

DCI format 0_1 may indicate 0.

[0175] The frequency domain resource assignment field
included in the DCI format 01 may be used for indicating
assignment of frequency resources for the PUSCH.

[0176] The time domain resource assignment field
included in the DCI format 0_1 may be used for indicating
assignment of time resources for the PUSCH.

[0177] The MCS field included in the DCI format 0_1 may
be at least used for indicating some or all of a modulation
scheme for the PUSCH and/or a target encoding rate.
[0178] The BWP field of the DCI format 01 may be used
for indicating an uplink BWP to which the PUSCH sched-
uled by the DCI format 01 is mapped. In other words, the
DCI format 0_1 may be accompanied by a change in the
active uplink BWP. The terminal apparatus 1 may recognize
the uplink BWP to which the PUSCH is mapped based on
detection of the DCI format 0_1 used for scheduling of the
PUSCH.

[0179] The DCI format 0_1 not including the BWP field
may be a DCI format for scheduling the PUSCH without
changing the active uplink BWP. The terminal apparatus 1
may recognize that the PUSCH is transmitted without
switching the active uplink BWP based on detection of a
DCI format DO_1 which is the DCI format 0_1 used for the
scheduling of the PUSCH and does not include the BWP
field.

[0180] In a case that the BWP field is included in the DCI
format 0_1 but the terminal apparatus 1 does not support the
function of switching the BWP according to the DCI format
0_1, the terminal apparatus 1 may disregard the BWP field.
In other words, the terminal apparatus 1 which does not
support the function of switching the BWP may recognize
that the PUSCH is transmitted without switching the active
uplink BWP based on detection of the DCI format 0_1
which is the DCI format 0_1 used for the scheduling of the
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PUSCH and includes the BWP field. Here, in a case that the
terminal apparatus 1 supports the function of switching the
BWP, the terminal apparatus 1 may report, in a function
information reporting procedure of the RRC layer, that “the
terminal apparatus 1 supports the function of switching the
BWP”.

[0181] The CSI request field is used for indicating the
report of the CSI.

[0182] In a case that the carrier indicator field is included
in the DCI format 0_1, the carrier indicator field may be used
for indicating the uplink component carrier to which the
PUSCH is mapped. In a case that the carrier indicator field
is not included in the DCI format 0_1, the uplink component
carrier to which the PUSCH is mapped may be the same as
the uplink component carrier to which the PDCCH including
the DCI format 0_1 used for scheduling of the PUSCH is
mapped. In a case that the number of uplink component
carriers configured for the terminal apparatus 1 in a certain
serving cell group is two or more (case that uplink carrier
aggregation is operated in a certain serving cell group), the
number of bits of the carrier indicator field included in the
DCI format 0_1 used for scheduling of the PUSCH mapped
to the certain serving cell group may be 1 bit or more (for
example, 3 bits). In a case that the number of uplink
component carriers configured for the terminal apparatus 1
in a certain serving cell group is one (case that uplink carrier
aggregation is not operated in a certain serving cell group),
the number of bits of the carrier indicator field included in
the DCI format 0_1 used for scheduling of the PUSCH
mapped to the certain serving cell group may be O bits (or
the carrier indicator field need not be included in the DCI
format 0_1 used for scheduling of the PUSCH mapped to the
certain serving cell group).

[0183] The DCI format 1_0 is at least used for scheduling
of'the PDSCH mapped to a certain cell. The DCI format 1_0
includes at least a some or all of 3A to 3F.

[0184] 3A) Identifier field for DCI formats

[0185] 3B) Frequency domain resource assignment
field

[0186] 3C) Time domain resource assignment field

[0187] 3D) MCS field

[0188] 3E)PDSCH to HARQ feedback timing indicator
field

[0189] 3F) PUCCH resource indicator field

[0190] The identifier field for DCI formats included in the

DCI format 1_0 may indicate 1.

[0191] The frequency domain resource assignment field
included in the DCI format 10 may be at least used for
indicating assignment of frequency resources for the
PDSCH.

[0192] The time domain resource assignment field
included in the DCI format 1_0 may be at least used for
indicating assignment of time resources for the PDSCH.
[0193] The MCS field included in the DCI format 1_0 may
be at least used for indicating one or both of the modulation
scheme for the PDSCH and the target encoding rate. The
target encoding rate may be a target encoding rate for the
transport block mapped to the PDSCH. The Transport Block
Size (TBS) of the transport block mapped to the PDSCH
may be determined based on one or both of the target
encoding rate and the modulation scheme for the PDSCH.
[0194] The PDSCH to HARQ feedback timing indicator
field may be used for indicating an offset from the slot
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including the last OFDM symbol of the PDSCH to the slot
including the first OFDM symbol of the PUCCH.

[0195] The PUCCH resource indicator field may be a field
indicating an index of any one of one or multiple PUCCH
resources included in a PUCCH resource set. The PUCCH
resource set may include one or multiple PUCCH resources.
[0196] The DCI format 1_0 need not include the carrier
indicator field. In other words, the downlink component
carrier to which the PDSCH scheduled by the DCI format
1_0 is mapped may be the same as the downlink component
carrier to which the PDCCH including the DCI format 1_0
is mapped. Based on detection of the DCI format 1_0 in a
certain downlink component carrier, the terminal apparatus
1 may recognize that the PDSCH scheduled by the DCI
format 1_0 is mapped to the downlink component carrier.

[0197] The DCI format 1_0 need not include the BWP
field. Here, the DCI format 1_0 may be a DCI format for
scheduling the PDSCH without changing the active down-
link BWP. The terminal apparatus 1 may recognize that the
PDSCH is received without switching the active downlink
BWP based on detection of the DCI format 1_0 used in the
scheduling of the PDSCH.

[0198] The DCI format 1_1 is at least used for scheduling
of'the PDSCH mapped to a certain cell. The DCI format 1_1
includes at least some or all of 4A to 41.

[0199] 4A) Identifier field for DCI formats

[0200] 4B) Frequency domain resource assignment
field

[0201] 4C) Time domain resource assignment field

[0202] 4E) MCS field

[0203] 4F)PDSCH to HARQ feedback timing indicator
field

[0204] 4G) PUCCH resource indicator field

[0205] 4H) BWP field

[0206] 4I) Carrier indicator field

[0207] The identifier field for DCI formats included in the

DCI format 1_1 may indicate 1.

[0208] The frequency domain resource assignment field
included in the DCI format 11 may be at least used for
indicating assignment of frequency resources for the
PDSCH.

[0209] The time domain resource assignment field
included in the DCI format 1_1 may be at least used for
indicating assignment of time resources for the PDSCH.
[0210] The MCS field included in the DCI format 1_1 may
be at least used for indicating one or both of the modulation
scheme for the PDSCH and the target encoding rate.
[0211] In a case that the PDSCH to HARQ feedback
timing indicator field is included in the DCI format 1_1, the
PDSCH to HARQ feedback timing indicator field may be at
least used for indicating an offset from the slot including the
last OFDM symbol of the PDSCH to the slot including the
first OFDM symbol of the PUCCH. In a case that the
PDSCH to HARQ feedback timing indicator field is not
included in the DCI format 1_1, an offset from the slot
including the last OFDM symbol of the PDSCH to the slot
including the first OFDM symbol of the PUCCH may be
identified by a parameter of a higher layer.

[0212] The PUCCH resource indicator field may be a field
indicating an index of any one of one or multiple PUCCH
resources included in a PUCCH resource set.

[0213] The BWP field of the DCI format 11 may be used
to indicate the downlink BWP to which the PDSCH sched-
uled by the DCI format 11 is mapped. In other words, the
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DCI format 1_1 may be accompanied by a change in the
active downlink BWP. The terminal apparatus 1 may rec-
ognize the downlink BWP to which the PUSCH is mapped
based on detection of the DCI format 1_1 used for the
scheduling of the PDSCH.

[0214] The DCI format 1_1 not including the BWP field
may be a DCI format for scheduling the PDSCH without
changing the active downlink BWP. The terminal apparatus
1 may recognize that the PDSCH is received without switch-
ing the active downlink BWP based on detection of the DCI
format 1_1 which is used for the scheduling of the PDSCH
and does not include the BWP field.

[0215] Ina case that the DCI format 1_1 includes the BWP
field but the terminal apparatus 1 does not support the
function of switching the BWP according to the DCI format
11, the terminal apparatus 1 may disregard the BWP field. In
other words, the terminal apparatus 1 which does not support
the function of switching the BWP may recognize that the
PDSCH is received without switching the active downlink
BWP based on detection of the DCI format 1_1 which is
used for the scheduling of the PDSCH and includes the BWP
field. Here, in a case that the terminal apparatus 1 supports
the function of switching the BWP, the terminal apparatus 1
may report, in a function information reporting procedure of
the RRC layer, that “the terminal apparatus 1 supports the
function of switching the BWP”.

[0216] In a case that the carrier indicator field is included
in the DCI format 1_1, the carrier indicator field may be used
for indicating the downlink component carrier to which the
PDSCH is mapped. In a case that the carrier indicator field
is not included in the DCI format 1_1, the downlink com-
ponent carrier to which the PDSCH is mapped may be the
same as the downlink component carrier to which the
PDCCH including the DCI format 1_1 used for scheduling
of the PDSCH is mapped. In a case that the number of
downlink component carriers configured for the terminal
apparatus 1 in a certain serving cell group is two or more
(case that downlink carrier aggregation is operated in a
certain serving cell group), the number of bits of the carrier
indicator field included in the DCI format 1_1 used for
scheduling of the PDSCH mapped to the certain serving cell
group may be 1 bit or more (for example, 3 bits). In a case
that the number of downlink component carriers configured
for the terminal apparatus 1 in a certain serving cell group
is one (case that downlink carrier aggregation is not operated
in a certain serving cell group), the number of bits of the
carrier indicator field included in the DCI format 1_1 used
for scheduling of the PDSCH mapped to the certain serving
cell group may be 0 bits (or the carrier indicator field need
not be included in the DCI format 1_1 used for scheduling
of the PDSCH mapped to the certain serving cell group).
[0217] The PDSCH may be transmitted for conveying a
transport block. The PDSCH may be used for transmitting
the transport block delivered on the DL-SCH. The PDSCH
may be used for conveying the transport block. The transport
block may be mapped to the PDSCH. The transport block
corresponding to the DL-SCH may be mapped to the
PDSCH. The base station apparatus 3 may transmit the
PDSCH. The terminal apparatus 1 may receive the PDSCH.
[0218] The downlink physical signal may correspond to a
set of resource elements. The downlink physical signal need
not carry information generated in a higher layer. The
downlink physical signal may be a physical signal used in
the downlink component carrier. The downlink physical
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signal may be transmitted by the base station apparatus 3.
The downlink physical signal may be transmitted by the
terminal apparatus 1. In the radio communication system
according to an aspect of the present embodiment, at least
some or all of the following downlink physical signals may
be used.

[0219] Synchronization signal (SS)

[0220] DownlLink DeModulation Reference Signal (DL
DMRS)

[0221] Channel State Information-Reference Signal
(CSI-RS)

[0222] Downlink Phase Tracking Reference Signal

(DL PTRS)
[0223] The synchronization signal may be used for the
terminal apparatus 1 to take synchronization in one or both
of the frequency domain and the time domain in downlink.
The synchronization signal is a general term for Primary
Synchronization Signal (PSS) and Secondary Synchroniza-
tion Signal (SSS).
[0224] FIG. 7 is a diagram illustrating a configuration
example of SS/PBCH blocks according to an aspect of the
present embodiment. In FIG. 7, the horizontal axis corre-
sponds to time axis (OFDM symbol index 1,,), and the
vertical axis represents frequency domain. In addition, a
block 700 represents a set of resource elements for the PSS.
In addition, a block 720 represents a set of resource elements
for the SSS. In addition, four blocks (blocks 710, 711, 712,
and 713) represent a set of resource elements for the PBCH
and the DMRS for the PBCH (DMRS related to the PBCH,
DMRS included in the PBCH, and DMRS corresponding to
the PBCH).
[0225] As illustrated in FIG. 7, the SS/PBCH blocks
include the PSS, the SSS, and the PBCH. In addition, the
SS/PBCH blocks include four consecutive OFDM symbols.
The SS/PBCH blocks include 240 subcarriers. The PSS is
mapped to the 57th to 183rd subcarriers of the first OFDM
symbol. The SSS is mapped to the 57th to 183rd subcarriers
of the third OFDM symbol. Zero may be set to the 1st to
56th subcarriers of the first OFDM symbol. Zero may be set
to the 184th to 240th subcarriers of the first OFDM symbol.
Zero may be set to the 49th to 56th subcarriers of the third
OFDM symbol. Zero may be set to the 184th to 192nd
subcarriers of the third OFDM symbol. The PBCH is
mapped to subcarriers which are the 1st to 240th subcarriers
of'the second OFDM symbol and to which the DMRS for the
PBCH is not mapped. The PBCH is mapped to subcarriers
which are the 1st to 48th subcarriers of the third OFDM
symbol and to which the DMRS for the PBCH is not
mapped. The PBCH is mapped to subcarriers which are the
193rd to 240th subcarriers of the third OFDM symbol and to
which the DMRS for the PBCH is not mapped. The PBCH
is mapped to subcarriers which are the 1st to 240th subcar-
riers of the fourth OFDM symbol and to which the DMRS
for the PBCH is not mapped.
[0226] Antenna ports of the PSS, the SSS, the PBCH, and
the DMRS for the PBCH may be the same.
[0227] The PBCH over which the symbol of the PBCH on
a certain antenna port is conveyed may be inferred from the
DMRS for the PBCH mapped to the slot to which the PBCH
is mapped and the DMRS for the PBCH included in the
SS/PBCH blocks including the PBCH.
[0228] The DL DMRS is a general term for a DMRS for
the PBCH, a DMRS for the PDSCH, and a DMRS for the
PDCCH.
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[0229] A set of antenna ports of the DMRS for the PDSCH
(DMRS related to the PDSCH, DMRS included in the
PDSCH, DMRS corresponding to the PDSCH) may be
given based on a set of antenna ports for the PDSCH. In
other words, the set of antenna ports of the DMRS for the
PDSCH may be the same as the set of antenna ports for the
PDSCH.

[0230] Transmission of the PDSCH and transmission of
the DMRS for the PDSCH may be indicated (or may be
scheduled) in one DCI format. The PDSCH and the DMRS
for the PDSCH may be collectively referred to as PDSCHs.
Transmission of the PDSCH may be transmission of the
PDSCH and the DMRS for the PDSCH.

[0231] A propagation path of the PDSCH may be inferred
from the DMRS for the PDSCH. In a case that a set of
resource elements in which a symbol of a certain PDSCH is
conveyed and a set of resource elements in which a symbol
of the DMRS for the certain PDSCH is conveyed are
included in the same Precoding Resource Group (PRG), the
PDSCH over which the symbol of the PDSCH on a certain
antenna port is conveyed may be inferred from the DMRS
for the PDSCH.

[0232] The antenna port of the DMRS for the PDCCH
(DMRS related to the PDCCH, DMRS included in the
PDCCH, or DMRS corresponding to the PDCCH) may be
the same as the antenna port for the PDCCH.

[0233] The PDCCH may be inferred from the DMRS for
the PDCCH. In other words, a propagation path of the
PDCCH may be inferred from the DMRS for the PDCCH.
In a case that the same precoder is (assumed to be) applied
to a set of resource elements in which the symbol of a certain
PDCCH is conveyed and a set of resource elements in which
the symbol of the DMRS for the certain PDCCH is con-
veyed, the PDCCH over which the symbol of the PDCCH on
a certain antenna port is conveyed may be inferred from the
DMRS for the PDCCH.

[0234] A Broadcast CHannel (BCH), an UpLink-Shared
CHannel (UL-SCH), and a Downlink-Shared CHannel (DL-
SCH) are transport channels. A transport channel defines the
relationship between a physical layer channel and a MAC
layer channel (also referred to as a logical channel).
[0235] The BCH of the transport layer is mapped to the
PBCH of'the physical layer. In other words, a transport block
conveyed on the BCH of the transport layer is delivered to
the PBCH of the physical layer. In addition, the UL-SCH of
the transport layer is mapped to the PUSCH of the physical
layer. In other words, the transport block conveyed on the
UL-SCH of the transport layer is delivered to the PUSCH of
the physical layer. In addition, the DL-SCH of the transport
layer is mapped to the PDSCH of the physical layer. In other
words, the transport block conveyed on the DL-SCH of the
transport layer is delivered to the PDSCH of the physical
layer.

[0236] One UL-SCH and one DL-SCH may be given to
each serving cell. The BCH may be given to a PCell. The
BCH need not be given to a PSCell and a SCell.

[0237] The MAC layer controls a Hybrid Automatic
Repeat reQuest (HARQ) for each transport block.

[0238] A Broadcast Control CHannel (BCCH), a Common
Control CHannel (CCCH), and a Dedicated Control CHan-
nel (DCCH) are logical channels. For example, the BCCH is
a channel of the RRC layer used for transmitting a MIB or
system information. In addition, the Common Control
CHannel (CCCH) may be used for transmitting a common
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RRC message by multiple terminal apparatuses 1. Here, the
CCCH may be, for example, used for the terminal apparatus
1 that is not in am RRC connection. In addition, the
Dedicated Control CHannel (DCCH) may be at least used
for transmitting an RRC message dedicated to the terminal
apparatus 1. Here, the DCCH may be, for example, used for
the terminal apparatus 1 that is in an RRC connection.
[0239] A higher layer parameter common to multiple
terminal apparatuses 1 is also referred to as a common
higher layer parameter. Here, a common higher layer param-
eter may be defined as a parameter unique to a serving cell.
Here, the parameter unique to the serving cell may be a
parameter common to terminal apparatuses configured by
the serving cell (for example, terminal apparatuses 1-A, 1-B,
and 1-C).

[0240] For example, an RRC message delivered to the
BCCH may include the common higher layer parameter. For
example, an RRC message delivered on the DCCH may
include the common higher layer parameter.

[0241] Among certain higher layer parameters, a higher
layer parameter different from the common higher layer
parameter is also referred to as a dedicated higher layer
parameter. Here, the dedicated higher layer parameter may
provide a dedicated RRC parameter to the terminal appara-
tus 1-A configured by the serving cell. In other words, the
dedicated RRC parameter is a higher layer parameter
capable of providing a unique configuration to each of the
terminal apparatuses 1-A, 1-B, and 1-C.

[0242] The BCCH of a logical channel may be mapped to
the BCH or the DL-SCH of the transport layer. For example,
a transport block including the information of the MIB is
delivered to the BCH of the transport layer. In addition, a
transport block including system information other than the
MIB is delivered to the DL-SCH of the transport layer. In
addition, the CCCH is mapped to the DL-SCH or the
UL-SCH. In other words, a transport block mapped to the
CCCH is delivered to the DL-SCH or the UL-SCH. In
addition, the DCCH is mapped to the DL-SCH or the
UL-SCH. In other words, a transport block mapped to the
DCCH is delivered to the DL-SCH or the UL-SCH.
[0243] The RRC message includes one or multiple param-
eters managed in the RRC layer. Here, the parameters
managed in the RRC layer are also referred to as RRC
parameters. For example, the RRC message may include the
MIB. In addition, the RRC message may include the system
information. In addition, the RRC message may include a
message corresponding to the CCCH. In addition, the RRC
message may include a message corresponding to the
DCCH. The RRC message including a message correspond-
ing to the DCCH is also referred to as a dedicated RRC
message.

[0244] The higher layer parameter (a parameter of a higher
layer) is an RRC parameter or a parameter included in a
Medium Access Control Control Element (MAC CE). In
other words, the higher layer parameter is a general term for
the MIB, the system information, a message corresponding
to the CCCH, a message corresponding to the DCCH, and
parameters included in the MAC CE. The parameters
included in the MAC CE are transmitted by a MAC Control
Element (CE) command.

[0245] Procedures performed by the terminal apparatus 1
include at least some or all of the following 5A to 5C.

[0246] 5A) Cell search
[0247] 5B) Random access
[0248] 5C) Data communication
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[0249] Cell search is a procedure used for the terminal
apparatus 1 synchronizing with a certain cell related to the
time domain and the frequency domain and detecting a
physical cell identity (physical cell ID). In other words, by
means of cell search, the terminal apparatus 1 may perform
synchronization with a certain cell in the time domain and
the frequency domain and detect a physical cell ID.

[0250] A sequence of the PSS is given based at least on the
physical cell ID. A sequence of the SSS is given based at
least on the physical cell ID.

[0251] An SS/PBCH block candidate indicates a resource
allowed to (being able to, scheduled to, configured to,
defined to, or having a possibility to) transmit a SS/PBCH
block.

[0252] A set of SS/PBCH block candidates in a certain
half radio frame is also referred to as an SS burst set. An SS
burst set is also referred to as a transmission window, an SS
transmission window, or a Discovery Reference Signal
transmission window (DRS transmission window). An SS
burst set is a general term including at least a first SS burst
set and a second SS burst set.

[0253] The base station apparatus 3 transmits SS/PBCH
blocks with one or multiple indices at a prescribed period-
icity. The terminal apparatus 1 may detect at least one
SS/PBCH block out of the SS/PBCH blocks with one or
multiple indices and attempt decoding of the PBCH included
in the SS/PBCH block.

[0254] Random access is a procedure including at least
some or all of a message 1, a message 2, a message 3, and
a message 4.

[0255] The message 1 is a procedure in which the PRACH
is transmitted by the terminal apparatus 1. The terminal
apparatus 1 transmits the PRACH in one PRACH occasion
selected out of one or multiple PRACH occasions based at
least on the index of an SS/PBCH block candidate detected
based on cell search. Each of the PRACH occasions is
defined based at least on resources of the time domain and
the frequency domain.

[0256] The terminal apparatus 1 transmits one random
access preamble selected out of the PRACH occasions
corresponding to the indices of the SS/PBCH block candi-
dates in which the SS/PBCHs blocks are detected.

[0257] The message 2 is a procedure for attempting to
detect a DCI format 1_0 with Cyclic Redundancy Check
(CRC) scrambled by a Random Access-Radio Network
Temporary Identifier (RA-RNTI) by the terminal apparatus
1. The terminal apparatus 1 attempts detection of the
PDCCH including the DCI format in a control resource set
given based on the MIB, which is included in the PBCH
included in the SS/PBCH block detected based on cell
search, and in resources indicated based on a configuration
of a search space set. The message 2 is also referred to as a
random access response.

[0258] The message 3 is a procedure for transmitting the
PUSCH scheduled by using a random access response grant
included in the DCI format 1_0 detected through the pro-
cedure of the message 2. Here, the random access response
grant is indicated by a MAC CE included in the PDSCH
scheduled by using the DCI format 1_0.

[0259] The PUSCH scheduled based on the random access
response grant is either a message 3 PUSCH or a PUSCH.
The message 3 PUSCH includes a contention resolution
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identifier (contention resolution ID) MAC CE. The conten-
tion resolution ID MAC CE includes a contention resolution
1D.

[0260] Retransmission of the message 3 PUSCH is sched-
uled by using a DCI format 0_0 with a CRC scrambled
based on a Temporary Cell-Radio Network Temporary Iden-
tifier (TC-RNTI).

[0261] The message 4 is a procedure for attempting to
detect the DCI format 1_0 with a CRC scrambled based on
either of a Cell-Radio Network Temporary Identifier
(C-RNTI) or a TC-RNTI. The terminal apparatus 1 receives
a PDSCH scheduled based on the DCI format 1_0. The
PDSCH may include a contention resolution ID.

[0262] Data communication is a general term for downlink
communication and uplink communication.

[0263] In data communication, the terminal apparatus 1
attempts detection of the PDCCH (monitors the PDCCH or
supervises the PDCCH) in a control resource set and
resources identified based on a search space set.

[0264] The control resource set is a set of resources
including a certain number of resource blocks and a certain
number of OFDM symbols. In the frequency domain, the
control resource set may include consecutive resources
(non-interleaved mapping) or may include distributed
resources (interleaver mapping).

[0265] A set of resource blocks constituting the control
resource set may be indicated by the higher layer parameter.
The number of OFDM symbols constituting the control
resource set may be indicated by the higher layer parameter.
[0266] The terminal apparatus 1 attempts detection of the
PDCCH in a search space set. Here, an attempt to detect the
PDCCH in the search space set may be an attempt to detect
a candidate of the PDCCH in the search space set, may be
an attempt to detect a DCI format in the search space set,
may be an attempt to detect the PDCCH in the control
resource set, may be an attempt to detect a candidate of the
PDCCH in the control resource set, or may be an attempt to
detect a DCI format in the control resource set.

[0267] The search space set is defined as a set of candi-
dates for the PDCCH. The search space set may be a
Common Search Space (CSS) set or may be a UE-specific
Search Space (USS) set. The terminal apparatus 1 attempts
detection of candidates for the PDCCH in some or all of a
Type 0 PDCCH common search space set, a Type Oa
PDCCH common search space set, a Type 1 PDCCH
common search space set, a Type 2 PDCCH common search
space set, a Type 3 PDCCH common search space set,
and/or a UE-specific PDCCH search space set (UE-specific
search space set).

[0268] The Type 0 PDCCH common search space set may
be used as a common search space set having an index 0.
The Type 0 PDCCH common search space set may be a
common search space set having the index O.

[0269] A CSS set is a general term for the Type 0 PDCCH
common search space set, the Type 0Oa PDCCH common
search space set, the Type 1 PDCCH common search space
set, the Type 2 PDCCH common search space set, and the
Type 3 PDCCH common search space set. A USS set is also
referred to as a UE-specific PDCCH search space set.
[0270] A certain search space set is related to (is included
in or corresponds to) a certain control resource set. An index
of'a control resource set related to a search space set may be
indicated by a higher layer parameter.
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[0271] For a certain search space set, some or all of 6A to
6C may be indicated by at least a higher layer parameter.

[0272] 6A) PDCCH monitoring periodicity
[0273] 6B) PDCCH monitoring pattern within a slot
[0274] 6C) PDCCH monitoring offset

[0275] A monitoring occasion of a certain search space set

may correspond to an OFDM symbol to which the first
OFDM symbol of a control resource set related to the certain
search space set is mapped. The monitoring occasion of the
certain search space set may correspond to a resource of the
control resource set starting from the first OFDM symbol of
the control resource set related to the certain search space
set. The monitoring occasion of the search space set is given
based at least on some or all of the monitoring periodicity of
the PDCCH, the monitoring pattern of the PDCCH in a slot,
and the monitoring offset of the PDCCH.

[0276] FIG. 8 is a diagram illustrating an example of
monitoring occasions for search space sets according to an
aspect of the present embodiment. In FIG. 8, a search space
set 91 and a search space set 92 are configured in a primary
cell 301, a search space set 93 is configured in a secondary
cell 302, and a search space set 94 is configured in a
secondary cell 303.

[0277] InFIG. 8, solid white blocks in the primary cell 301
represent a search space set 91, solid black blocks in the
primary cell 301 represent a search space set 92, blocks in
the secondary cell 302 represent a search space set 93, and
blocks in the secondary cell 303 represent a search space set
94.

[0278] The monitoring periodicity of the search space set
91 is set to one slot, the monitoring offset of the search space
set 91 is set to zero slots, and the monitoring pattern of the
search space set 91 is setto [1, 0,0, 0,0, 0,0, 1,0, 0, 0, 0,
0, 0]. In other words, the monitoring occasion for the search
space set 91 corresponds to the first OFDM symbol (OFDM
symbol #0) and the eighth OFDM symbol (OFDM symbol
#7) in each of the slots.

[0279] The monitoring periodicity of the search space set
92 is set to two slots, the monitoring offset of the search
space set 92 is set to zero slots, and the monitoring pattern
of the search space set 92 is set to [1, 0, 0,0, 0, 0, 0, 0, O,
0,0, 0, 0, 0]. In other words, the monitoring occasion for the
search space set 92 corresponds to the first OFDM symbol
(OFDM symbol #0) in each of the even-numbered slots.
[0280] The monitoring periodicity of the search space set
93 is set to two slots, the monitoring offset of the search
space set 93 is set to zero slots, and the monitoring pattern
of the search space set 93 is set to [0, 0,0, 0,0, 0,0, 1, 0,
0,0, 0, 0, 0]. In other words, the monitoring occasion for the
search space set 93 corresponds to the eighth OFDM symbol
(OFDM symbol #7) in each of the even-numbered slots.
[0281] The monitoring periodicity of the search space set
94 is set to two slots, the monitoring offset of the search
space set 94 is set to one slot, and the monitoring pattern of
the search space set 94 is set to [1, 0, 0, 0, 0, 0, 0, 0, 0, O,
0, 0, 0, 0]. In other words, the monitoring occasion for the
search space set 94 corresponds to the first OFDM symbol
(OFDM symbol #0) in each of the odd-numbered slots.
[0282] The Type 0 PDCCH common search space set may
be at least used for the DCI format with a Cyclic Redun-
dancy Check (CRC) sequence scrambled by a System Infor-
mation-Radio Network Temporary Identifier (SI-RNTI).
[0283] The Type 0a PDCCH common search space set
may be at least used for the DCI format with a Cyclic

Oct. 17,2024

Redundancy Check (CRC) sequence scrambled by a System
Information-Radio Network Temporary Identifier (SI-
RNT).

[0284] The Type 1 PDCCH common search space set may
be at least used for the DCI format with a CRC sequence
scrambled by a Random Access-Radio Network Temporary
Identifier (RA-RNTI) and/or a CRC sequence scrambled by
a Temporary Cell-Radio Network Temporary Identifier (TC-
RNT).

[0285] The Type 2 PDCCH common search space set may
be used for the DCI format with a CRC sequence scrambled
by a Paging-Radio Network Temporary Identifier (P-RNTT).
[0286] The Type 3 PDCCH common search space set may
be used for the DCI format with a CRC sequence scrambled
by a Cell-Radio Network Temporary Identifier (C-RNTI).
[0287] The UE-specific PDCCH search space set may be
at least used for the DCI format with a CRC sequence
scrambled by a C-RNTI.

[0288] In downlink communication, the terminal appara-
tus 1 detects a downlink DCI format. The detected downlink
DCI format is at least used for PDSCH resource assignment.
The detected downlink DCI format is also referred to as a
downlink assignment. The terminal apparatus 1 attempts
reception of the PDSCH. Based on the PUCCH resource
indicated based on the detected downlink DCI format, a
HARQ-ACK corresponding to the PDSCH (HARQ-ACK
corresponding to the transport block included in the
PDSCH) is reported to the base station apparatus 3.
[0289] In uplink communication, the terminal apparatus 1
detects an uplink DCI format. The detected DCI format is at
least used for resource assignment of the PUSCH. The
detected uplink DCI format is also referred to as an uplink
grant. The terminal apparatus 1 performs transmission of the
PUSCH.

[0290] In configured scheduling (configured grant), an
uplink grant for scheduling the PUSCH is configured for
each transmission periodicity of the PUSCH. A part or all of
pieces of information indicated by an uplink DCI format in
a case that the PUSCH is scheduled by the uplink DCI
format may be indicated by the uplink grant configured in a
case of the configured scheduling.

[0291] PUSCH-Config may be a dedicated higher layer
parameter. PUSCH-ConfigCommon may be a common
higher layer parameter. PUSCH-Config may be configured
per BWP for PUSCH transmission. PUSCH-Config may
include multiple higher layer parameters related to the
PUSCH transmission. PUSCH-Config may be a UE-specific
configuration. For example, PUSCH-Config parameters or
multiple higher layer parameters included in PUSCH-Config
may be different among the terminal apparatus 1A, and the
terminal apparatus 1B, the terminal apparatus 1C in one cell.
PUSCH-ConfigCommon may be configured per BWP for
the PUSCH transmission. PUSCH-ConfigCommon may
include multiple higher layer parameters related to the
PUSCH transmission. PUSCH-ConfigCommon may be a
cell-specific configuration. For example, PUSCH-Config-
Common for the terminal apparatus 1A, and the terminal
apparatus 1B, the terminal apparatus 1C in one cell may be
common. For example, PUSCH-ConfigCommon may be
provided in system information.

[0292] Repetition transmission may be applied to the
PUSCH scheduled by DCI. In addition, repetition transmis-
sion may be applied to the PUSCH scheduled by a config-
ured uplink grant. A PUSCH repetition type may be one of
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a PUSCH repetition type A and a PUSCH repetition type B.
The PUSCH repetition type may be configured by a higher
layer parameter. The PUSCH repetition type may be based
on the DCI format. For example, the first PUSCH repetition
type for the PUSCH scheduled by the DCI format 0_1 may
be different from the second PUSCH repetition type for the
PUSCH scheduled by a DCI format 0_2.

[0293] The number of repetitions for PUSCH repetition
transmission may be configured by a higher layer parameter.
For example, the higher layer parameter numberOfRepeti-
tions may be a parameter including the number of repetitions
for the PUSCH repetition transmission. For the PUSCH
repetition transmission corresponding to the PUSCH repeti-
tion type A, the number of repetitions for the PUSCH
repetition transmission may be determined according to the
value of the higher layer parameter numberOfRepetitions. In
the PUSCH repetition type A, for the PUSCH for which
transmission is indicated by the DCI format with the CRC
scrambled by any one of a C-RNTI, and an MCS-C-RNTI,
and a CS-RNTI, in a case that a resource assignment table
includes numberOfRepetitions, the number of repetitions
may be equal to numberOfRepetitions. In a case that one
PUSCH-TimeDomainResourceAllocation includes one or
multiple PUSCH-Allocations, the higher layer parameter
numberOfRepetitions may be configured for each PUSCH-
Allocation. In addition, PUSCH-TimeDomainResourceAl-
location may be referred to as a resource assignment table.
[0294] The higher layer parameter pusch-Aggregation-
Factor may be a parameter indicating the number of repeti-
tions for the PUSCH repetition transmission. For the
PUSCH repetition transmission corresponding to the
PUSCH repetition type A, the number of repetitions for the
PUSCH repetition transmission may be determined accord-
ing to the value of the higher layer parameter pusch-
AggregationFactor. In the PUSCH repetition type A, for the
PUSCH for which transmission is indicated by the DCI
format with the CRC scrambled by any one of a C-RNTI,
and an MCS-C-RNTI, and a CS-RNTI, in a case that
pusch-AggregationFactor is configured, the number of rep-
etitions may be equal to pusch-AggregationFactor. pusch-
AggregationFactor may be configured for PUSCH-Config.
[0295] The number of repetitions corresponding to the
PUSCH repetition type A may be the number of slots for the
PUSCH repetition transmission. In addition, one TB may be
repeated in one or multiple slots. Assignment of the same
OFDM symbol may be applied to PUSCH repetitions trans-
mitted in different slots.

[0296] The PUSCH repetition transmission corresponding
to the PUSCH repetition type B may be based on a Nominal
Repetition and an Actual Repetition.

[0297] A scheme for frequency hopping may be config-
ured by a higher layer parameter. Higher layer parameters
frequencyHopping, frequencyHoppingDCI-0-1, and fre-
quencyHoppingDCI-0-2 may be parameters for providing a
frequency hopping scheme for the PUSCH. For example, the
frequency hopping scheme corresponding to the frequency
hopping for the PUSCH may be configured by frequency-
HoppingDCI-0-2 in PUSCH-Config. In addition, the fre-
quency hopping scheme corresponding to the frequency
hopping for the PUSCH may be configured by frequency-
Hopping in PUSCH-Config. In addition, the frequency hop-
ping scheme corresponding to the frequency hopping for the
PUSCH transmission configured by frequencyHopping in
configuredGrantConfig may be configured. The frequency
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hopping scheme may be any one of intra-slot frequency
hopping, inter-slot frequency hopping, inter-repetition fre-
quency hopping, and inter-bundle frequency hopping. In
addition, the frequency hopping interval corresponding to
the intra-slot frequency hopping may be within one slot. The
frequency hopping interval corresponding to the inter-slot
frequency hopping may be one slot. The frequency hopping
interval corresponding to the inter-repetition frequency hop-
ping may be based on nominal repetition. The frequency
hopping interval corresponding to the inter-bundle fre-
quency hopping may be one or multiple slots. For example,
one or multiple slots may be consecutive. A Bundle may be
a unit of time including multiple slots. For example, the
multiple slots may be consecutive. A bundle may be the
number of slots corresponding to a frequency hopping
interval. A bundle may be referred to as a Hopping Interval.
In a case that a frequency hopping interval for frequency
hopping is one slot or more, the frequency hopping may be
referred to as inter-bundle frequency hopping. In a case that
a frequency hopping interval for frequency hopping is
greater than one slot, the frequency hopping may be referred
to as inter-bundle frequency hopping.

[0298] For example, in a case that a first higher layer
parameter for providing the frequency hopping scheme for
the PUSCH provides the inter-slot frequency hopping and a
hopping interval (or a bundle) is provided by a second higher
layer parameter, the inter-bundle frequency hopping may be
applied to the PUSCH. For example, in a case that the higher
layer parameter for providing the frequency hopping scheme
for the PUSCH provides the inter-bundle frequency hop-
ping, the inter-bundle frequency hopping may be applied to
the PUSCH.

[0299] For example, the hopping interval may be provided
by a higher layer parameter. For example, the higher layer
parameter may be a dedicated higher layer parameter. For
example, in a case that the higher layer parameter provides
a hopping interval N, a bundle of N slots may be applied for
the PUSCH to which inter-bundle frequency hopping is
applied. The N may be an integer greater than 1. For
example, in a case that the higher layer parameter provides
a hopping interval N, a bundle of N slots need not be applied
for the PUSCH to which inter-bundle frequency hopping is
not applied. For example, in a case that the higher layer
parameter includes one value, the one value may be pro-
vided for one or both of the PUSCH and the PUCCH to
which inter-bundle frequency hopping is applied. The one
value may be an integer greater than 1. In addition, the one
value may be a window length of a configured time domain
window.

[0300] Whether to perform frequency hopping may be
determined based at least on DCI. Whether to apply fre-
quency hopping for the PUSCH over which transmission is
indicated by the DCI format may be determined based at
least on the value of a frequency hopping flag field included
in the DCI format. Whether to apply frequency hopping for
the PUSCH for which transmission is indicated by the
random access response grant may be determined based at
least on the value of the frequency hopping flag field
included in the random access response grant. For example,
the frequency hopping for the PUSCH may be performed
based at least on the value of the frequency hopping flag
field being 1.

[0301] In a case that the value of the frequency hopping
flag field included in the DCI format is 1, frequency hopping
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for the PUSCH for which transmission is indicated by the
DCI format need not be performed. For example, in a case
that the value of the frequency hopping flag field provided
by one or multiple higher layer parameter and included in
the DCI format is 1, frequency hopping for the PUSCH for
which transmission is indicated by the DCI format need not
be performed. One of the one or multiple higher layer
parameters may be a first higher layer parameter for deter-
mining whether DMRS bundling is applied. One of the one
or multiple higher layer parameters may be a second higher
layer parameter for determining a window length of a
configured time domain window. One of the one or multiple
higher layer parameters may be a third higher layer param-
eter for determining a hopping interval for frequency hop-
ping. One of the one or multiple higher layer parameters
may be a fourth higher layer parameter for determining a
frequency hopping scheme for frequency hopping.

[0302] The intra-slot frequency hopping may be applied to
PUSCH transmission in one or multiple slots. For example,
the intra-slot frequency hopping may be applied to PUSCH
repetition transmission. For the PUSCH to which the intra-
slot frequency hopping is applied, mapping may be switched
for each OFDM symbol or for every multiple OFDM
symbols. For example, for the PUSCH to which the intra-
slot frequency hopping is applied, mapping of the resource
blocks may be switched for each OFDM symbol or for every
multiple OFDM symbols between a first hop and a second
hop. In addition, in a case that intra-slot frequency hopping
is performed for the PUSCH, switching between the first hop
and the second hop may be performed for each OFDM
symbol or for every multiple OFDM symbols. There may be
a difference of RB,, , between the position of the first
resource block of the first hop and the position of the first
resource block of the second hop. RB,;,, may be configured
by a higher layer parameter. The one or multiple OFDM
symbols may be one slot or less. The one or multiple OFDM
symbols may be half the number of OFDM symbols for the
PUSCH in one slot. The intra-slot frequency hopping may
be applied to the PUSCH corresponding to the PUSCH
repetition type A.

[0303] The inter-slot frequency hopping may be applied to
PUSCH transmission in multiple slots. For the PUSCH to
which inter-slot frequency hopping is applied, mapping of
the resource blocks may be switched for each slot. For
example, the inter-slot frequency hopping may be applied to
the PUSCH repetition transmission. In addition, in a case
that the inter-slot frequency hopping is performed for the
PUSCH, mapping of the resource blocks may be switched
for every slot between the first hop and the second hop. For
example, in a case that a certain slot has a slot index n” ,that
is even-numbered, the PUSCH transmission in the slot may
correspond to the first hop. For example, in a case that the
certain slot has a slot index n", . that is odd-numbered, the
PUSCH transmission in the slot may correspond to the
second hop. The inter-slot frequency hopping may be
applied to the PUSCH corresponding to one of the PUSCH
repetition type A and the PUSCH repetition type B.

[0304] The inter-repetition frequency hopping may be
applied to the PUSCH corresponding to the PUSCH repeti-
tion type B. For the PUSCH to which the inter-repetition
frequency hopping is applied, switching between the first
hop and the second hop may be performed based on nominal
repetition.
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[0305] The inter-bundle frequency hopping may be
applied to the PUSCH transmission in multiple slots. For
example, the inter-bundle frequency hopping may be
applied to the PUSCH repetition transmission. For the
PUSCH to which inter-bundle frequency hopping is applied,
mapping of the resource blocks may be switched for each
bundle. In addition, in a case that the inter-bundle frequency
hopping is performed for the PUSCH, mapping of resource
blocks may be switched for every bundle between the first
hop and the second hop. A bundle may be one or multiple
slots. For example, a bundle may be determined by a higher
layer parameter. For example, a bundle may be determined
based on the number of repetitions. For example, a bundle
may include consecutive UL slots. For example, a bundle
may include a special slot and a UL slot. The inter-bundle
frequency hopping may be applied to the PUSCH corre-
sponding to one of the PUSCH repetition type A and the
PUSCH repetition type B.

[0306] For the PUSCH to which inter-bundle frequency
hopping is applied, mapping of the resource blocks may be
switched based on the bundle and the slot index n", . For the
PUSCH to which the inter-bundle frequency hopping is
applied, mapping of resource blocks may be switched
between the first hop and the second hop, based on the slot
index n*, -and the bundle. For example, in a case that the
bundle is N, a PUSCH repetition transmitted in slots corre-
sponding to the n-th slot index to the (n+N-1)th slot index
may correspond to one of the first hop and the second hop.
n may be an integer equal to or greater than 0. N may be an
integer equal to or greater than 1.

[0307] The UL slot may be a slot including UL symbols.
The special slot may be a slot including a UL symbol, a
flexible symbol, and a DL symbol. The DL slot may be a slot
including DL symbols.

[0308] The UL symbol may be an OFDM symbol config-
ured or indicated for uplink in time division duplex. The UL
symbol may be an OFDM symbol configured or indicated
for the PUSCH, the PUCCH, the PRACH, or the SRS. The
UL symbol may be provided by a higher layer parameter
tdd-UL-DL-ConfigurationCommon. The UL symbol may be
provided by a higher layer parameter tdd-UL-DL-Configu-
rationDedicated. The UL slot may be provided by the higher
layer parameter tdd-UL-DL-ConfigurationCommon. The
UL slot may be provided by the higher layer parameter
tdd-UL-DL-ConfigurationDedicated.

[0309] The DL symbol may be an OFDM symbol config-
ured or indicated for downlink in time division duplex. The
DL symbol may be an OFDM symbol configured or indi-
cated for the PDSCH or the PDCCH. The DL symbol may
be provided by a higher layer parameter tdd-UL-DL-Con-
figurationCommon. The DL symbol may be provided by a
higher layer parameter tdd-UL-DL-ConfigurationDedicated.
The DL slot may be provided by the higher layer parameter
tdd-UL-DL-ConfigurationCommon. The DL slot may be
provided by the higher layer parameter tdd-UL-DL-Con-
figurationDedicated.

[0310] The flexible symbol may be an OFDM symbol that
is not configured or indicated as a UL symbol or a DL
symbol among the OFDM symbols within a certain period-
icity. The certain periodicity may be a periodicity given by
a higher layer parameter dl-UL-TransmissionPeriodicity.
The flexible symbol may be an OFDM symbol configured or
indicated for the PDSCH, the PDCCH, the PUSCH, the
PUCCH, or the PRACH.
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[0311] The higher layer parameter tdd-UL-DL-Configura-
tionCommon may be a parameter for configuring any one of
a UL slot, a DL slot, and a special slot for each of one or
multiple slots. The higher layer parameter tdd-UL-DL-
ConfigurationDedicated may be a parameter for configuring
any one of a UL symbol, a DL symbol, and a flexible symbol
for a flexible symbol in each of the one or multiple slots.
tdd-UL-DL-ConfigurationCommon may be a common
higher layer parameter. tdd-UL-DL-ConfigurationDedicated
may be a dedicated higher layer parameter.

[0312] A Time Domain Window may indicate a time
domain period. For example, the time domain window may
be used for DMRS Bundling. The terminal apparatus 1 to
which DMRS bundling is applied may enable channel
estimation by using DMRSs included in two or more
PUSCHs in a period based on the time domain window. The
terminal apparatus 1 to which DMRS bundling is applied
may be expected to maintain one or both of phase continuity
and power consistency between two PUSCHs in the period
based on the time domain window. DMRS bundling may be
referred to as Joint Channel Estimation. Frequency hopping
in the case that DMRS bundling is applied may be referred
to as inter-bundle frequency hopping.

[0313] The time domain window may be a collective term
for a Configured Time Domain Window and an Actual Time
Domain Window. The configured time domain window may
be referred to as a Nominal Time Domain Window.

[0314] Whether to apply DMRS bundling may be config-
ured by a higher layer parameter. That DMRS bundling is
applied may be that one or both of the configured time
domain window and the actual time domain window are
enabled. For example, that DMRS bundling is applied may
be that a higher layer parameter PUSCH-DMRS-Bundling is
provided. For example, that DMRS bundling is not applied
may be that the higher layer parameter PUSCH-DMRS-
Bundling is not provided.

[0315] The configured time domain window may include
one or multiple consecutive slots. The configured time
domain window may be configured by one or multiple
higher layer parameters. For example, the one or multiple
higher layer parameters may include one or multiple param-
eters that can enable the configured time domain window.
For example, the one or multiple higher layer parameters
may include one or multiple parameters indicating the length
of the configured time domain window. The length of the
configured time domain window may be referred to as a
window length. The configured time domain window may
include slots corresponding to the window length. A start
position of the configured time domain window may be
determined based on the first PUSCH of PUSCH repetition
transmission. For example, the start position of the config-
ured time domain window may be the first slot of the
PUSCH repetition transmission. For example, the start posi-
tion of the configured time domain window may be the first
slot in which the PUSCH to which the PUSCH repetition
type A is applied is transmitted. For example, the start
position of the configured time domain window may be a
slot corresponding to the first transmission occasion for the
PUSCH to which the PUSCH repetition type A is applied.
The length of the configured time domain window may be
determined based on a window length. The length of the
configured time domain window may be determined based
at least on the number of repetitions of the PUSCH to which
the configured time domain window is applied.

Oct. 17,2024

[0316] The window length may be provided by a higher
layer parameter. The window length may be one or multiple
slots. The window length may be one or multiple consecu-
tive slots. In a case that the window length is provided, the
configured time domain window may be determined based
on the window length. The window length may be used as
a bundle for inter-bundle frequency hopping. For example,
one of the first hop and the second hop may correspond to
multiple PUSCH transmission operations in the configured
time domain window. Some or both of the configured time
domain window and the window length may be used for
precoding. For example, the same precoding may be applied
to multiple PUSCH transmission operations in the config-
ured time domain window. Some or both of the configured
time domain window and the window length may be used
for terminal adjustment of the terminal apparatus 1. For
example, a shift in frequency synchronization in the con-
figured time domain window need not be corrected. For
example, in the configured time domain window, a shift in
time synchronization need not be corrected. For example,
antenna virtualization need not be adjusted in the configured
time domain window. For example, an analog circuit con-
trolled by digital signals in the configured time domain
window need not be adjusted. For example, a high frequency
circuit in the configured time domain window need not be
adjusted. The adjustment of the high frequency circuit may
include some or all of a change of an operating point in a
power amplifier, a change of a gain in the power amplifier,
phase synchronization in an oscillator, phase adjustment in
two carriers, phase adjustment in a phase shifter, and sus-
pending power supply to the high frequency circuit.

[0317] A length of the configured time domain window
may have a predetermined maximum period. The window
length may have a predetermined maximum period. For
example, the terminal apparatus 1 may report the maximum
period to the base station apparatus 3.

[0318] One or multiple window lengths may be configured
in PUSCH-Config. In addition, one or multiple window
lengths may be configured in PUSCH-ConfigCommon. For
example, one of the one or multiple window lengths may be
determined based on the DCI format. For example, one of
the one or multiple window lengths may be determined
based on a time domain resource assignment field included
in the DCIL

[0319] In Frequency Division Duplex, two or more con-
figured time domain windows may be consecutive. For
example, the last slot in a first configured time domain
window may be consecutive with the first slot in a second
configured time domain window.

[0320] In time division duplex, two or more configured
time domain windows may be consecutive. In addition, in
time division duplex, two or more configured time domain
windows need not be consecutive. For example, the start
position of the configured time domain window may be
determined based at least on one or both of tdd-UL-DL-
ConfigurationCommon and tdd-UL-DL-ConfigurationDedi-
cated. For example, the start position of the configured time
domain window may include no DL slots.

[0321] The first configured time domain window of the
one or multiple configured time domain windows may end
immediately before a DL slot. In addition, configured time
domain windows of the one or multiple configured time
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domain windows excluding the first configured time domain
window may be aligned with a periodicity given dl-UL-
TransmissionPeriodicity.

[0322] The configured time domain window may end
based on a certain slot index. For example, in a case that n*,
is a first value, the configured time domain window may end
at the end of the slot corresponding to n*, . The configured
time domain window may be applied to the PUSCH trans-
mitted in the slot. The first value may be 0. The first value
may be configured by a higher layer parameter. The first
value may be determined based on a certain periodicity. For
example, the certain periodicity may be used for processing
to be performed at the certain periodicity. The certain
periodicity may be an integer multiple of the window length
of the configured time domain window. The first value may
be determined by the certain periodicity and the offset. In
addition, in a case that n*, ,is the second value, the config-
ured time domain window may end at the end of the slot
corresponding to n*, . The difference between the first value
and the second value may be the certain periodicity.
[0323] The last one of the one or multiple configured time
domain windows may end at the slot corresponding to the
last PUSCH in the PUSCH repetition transmission.

[0324] One or more actual time domain windows may be
determined in the configured time domain windows. The
multiple actual time domain windows need not be consecu-
tive with each other. The terminal apparatus 1 may be
expected to maintain phase continuity and power consis-
tency in the actual time domain windows. The actual time
domain windows may include one or multiple slots. The
actual time domain windows may include one or multiple
OFDM symbols.

[0325] The actual time domain windows may be deter-
mined based on an event occurring within a configured time
domain window. The actual time domain windows may be
determined based on the slot or the OFDM symbol corre-
sponding to the event in the configured time domain win-
dow. The actual time domain windows need not include the
slot or the OFDM symbol corresponding to the event in the
configured time domain window. For example, the event
may include some or all of reception of a downlink physical
channel, and transmission of a high-priority channel, a slot
format indication, frequency hopping, and a cancellation
indication.

[0326] For example, the slot or the OFDM symbol corre-
sponding to the event may be a slot or an OFDM symbol in
which PUSCH repetition transmission is canceled. For
example, the slot corresponding to the event may be a DL
slot. For example, the slot or the OFDM symbol correspond-
ing to the event may be a slot or an OFDM symbol including
a DL reception occasion. For example, the slot or the OFDM
symbol corresponding to the event may be a slot or an
OFDM symbol in which a high-priority channel is trans-
mitted. For example, the slot corresponding to the event may
be a slot indicated as a DL slot or a special slot by a slot
format indication. For example, the OFDM symbol corre-
sponding to the event may be an OFDM symbol indicated as
a DL symbol or a flexible symbol by the slot format
indication. For example, in a case that an (n-1)th slot is
associated with the first hop, the slot corresponding to the
event may be an n-th slot associated with the second hop.
For example, in a case that the (n—1)th slot is associated with
the second hop, the slot corresponding to the event may be
the n-th slot associated with the first hop. For example, in a
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case that an (n-1)th OFDM symbol is associated with the
first hop, the OFDM symbol corresponding to the event may
be an n-th OFDM symbol associated with the second hop.
For example, in a case that the (n—1)th slot is associated with
the second hop, the OFDM symbol corresponding to the
event may be the nth OFDM symbol associated with the first
hop.

[0327] The actual time domain windows may include an
OFDM symbol in which no PUSCH is transmitted. For
example, the actual time domain windows may include 13
consecutive OFDM symbols, and the terminal apparatus 1
need not transmit an uplink physical channel and an uplink
physical signal in the 13 consecutive OFDM symbols.

[0328] The terminal apparatus 1 may maintain phase con-
tinuity and transmission power consistency in the actual
time domain windows based on requirements for phase
continuity and transmission power consistency. For
example, the terminal apparatus 1 may be expected to
maintain phase continuity and transmission power consis-
tency in the actual time domain windows. For example, in
the actual time domain windows, two OFDM symbols in
which an uplink physical channel and an uplink physical
signal are transmitted may correspond to the same antenna
port. For example, the terminal apparatus 1 may determine
whether a first channel on which a symbol in a certain
antenna port is conveyed should be transmitted to be esti-
mated from a second channel on which another symbol in
the certain antenna port is conveyed based on whether a
certain actual time domain window includes the first channel
and the second channel. For example, in a case that the
certain actual time domain window includes the first channel
and the second channel, the terminal apparatus 1 may
transmit the first channel on which the symbol in the certain
antenna port is conveyed to be estimated from the second
channel on which the other symbol in the certain antenna
port is conveyed. In addition, in a case that the certain actual
time domain window does not include the first channel or the
second channel, the terminal apparatus 1 need not transmit
the first channel on which the symbol in the certain antenna
port is conveyed to be estimated from the second channel on
which the other symbol in the certain antenna port is
conveyed. Here, the first channel may be different from the
second channel. Alternatively, the first channel may be the
same as the second channel. In addition, the first channel
may be a certain Repetition of a third channel, and the
second channel may be another repetition of the third
channel. For example, the terminal apparatus 1 need not
change the parameter related to precoding for the PUCCH
and/or the PUSCH within the actual time domain window.
For example, the parameter related to precoding may be a
precoding matrix for spatial multiplexing. In addition, the
parameter related to precoding may be a higher layer param-
eter txConfig. In addition, the parameter related to precoding
may be a Transmitted Precoding Matrix Indicator (TPMI).
The TPMI may be given in the DCI format. In addition, the
parameter related to precoding may be an SRS Resource
Indicator (SRI). In addition, the terminal apparatus 1 may
apply one precoding operation to the repetition of the
PUSCH in the actual time domain window. For example,
power control may be performed for the first PUSCH in the
actual time domain window. In addition, power need not be
controlled for one or multiple PUSCHs except for the first
PUSCH in the actual time domain window. For example, the
value of a TPC command field may be applied for the first
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PUSCH in the actual time domain window. In addition, the
value of the TPC command field need not be applied for one
or multiple PUSCHs except for the first PUSCH in the actual
time domain window. The TPC command field for the
PUSCH may be included in some or all of the DCI format
0_0, the DCI format 01, the DCI format 0_2, the DCI format
2_2, the DCI format 2_3, and a random access response
grant. In addition, the terminal apparatus 1 need not perform
frequency hopping for a repetition of the PUSCH in the
actual time domain window. Not performing the frequency
hopping may mean that a repetition of the PUCCH in the
actual time domain window is at least provided to one of the
first hop or the second hop. In addition, the terminal appa-
ratus 1 need not perform beam switching on the PUSCH
within the actual time domain window. In addition, the
terminal apparatus 1 need not change configuration of the
modulation scheme and the modulation order for the
PUSCH transmission in the actual time domain window. In
addition, the terminal apparatus 1 need not change the index
of the first resource block and the number of resource blocks
for PUSCH transmission in the actual time domain window.
In addition, one or multiple PUSCHs within the actual time
domain window may correspond to the same time domain
resource assignment. In addition, the same precoding may
be applied to one or multiple PUSCHs within the actual time
domain window. In addition, the same transmission power
control may be applied to one or multiple PUSCHs within
the actual time domain window. In addition, one or multiple
PUSCHs within the actual time domain window may be at
least mapped to the same resource block. In addition, the
terminal apparatus 1 may transmit a baseband signal with an
amplitude of 0 between two non-consecutive PUSCHs
within the actual time domain window.

[0329] Whether DMRS bundling is to be applied may be
provided by a first higher layer parameter. The window
length for the configured time domain window may be
provided by a second higher layer parameter. A hopping
interval for frequency hopping may be provided by a third
higher layer parameter. A frequency hopping scheme for
frequency hopping may be provided by a fourth higher layer
parameter. The first higher layer parameter, the first higher
layer parameter, the second higher layer parameter, the third
higher layer parameter, and the fourth higher layer param-
eter may be different higher layer parameters.

[0330] FIG. 9 is a diagram illustrating an example of
inter-bundle frequency hopping independent of configured
time domain windows according to an aspect of the present
embodiment. In an uplink BWP on an uplink carrier, the
terminal apparatus 1 transmits a PUSCH 920 in a slot 910,
transmits a PUSCH 921 in a slot 911, transmits a PUSCH
922 in a slot 912, transmits a PUSCH 923 in a slot 913,
transmits a PUSCH 924 in a slot 914, transmits a PUSCH
925 in a slot 915, transmits a PUSCH 926 in a slot 916, and
transmits a PUSCH 927 in a slot 917.

[0331] In FIG. 9, a configured time domain window 930
includes the PUSCH 920, the PUSCH 921, the PUSCH 922,
and the PUSCH 923. A configured time domain window 931
includes the PUSCH 924, the PUSCH 925, the PUSCH 926,
and the PUSCH 927. An actual time domain window 940
includes the PUSCH 920 and the PUSCH 921. An actual
time domain window 941 includes the PUSCH 922 and the
PUSCH 923. An actual time domain window 942 includes
the PUSCH 924 and the PUSCH 925. An actual time domain
window 943 includes the PUSCH 926 and the PUSCH 927.
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For example, a length of each configured time domain
window in FIG. 9 may be 4. In addition, the length may be
provided by a higher layer parameter.

[0332] The PUSCH 920, the PUSCH 921, the PUSCH
922, the PUSCH 923, the PUSCH 924, the PUSCH 925, the
PUSCH 926, and the PUSCH 927 may indicate PUSCH
repetition transmission. For example, the number of repeti-
tions corresponding to the PUSCH repetition transmission in
FIG. 9 may be 8. For example, the PUSCH repetition
transmission in FIG. 9 may correspond to the PUSCH
repetition type A.

[0333] The PUSCH 920, the PUSCH 921, the PUSCH
924, and the PUSCH 925 are mapped to the resource block
including a PRB 900. The PUSCH 922, the PUSCH 923, the
PUSCH 926, and the PUSCH 927 are mapped to the
resource block including a PRB 901. For example, a hop-
ping interval for frequency hopping in FIG. 9 may be 2. For
example, a slot 910 may correspond to a slot index 0. For
example, a hopping interval for frequency hopping may be
provided by a higher layer parameter.

[0334] No frequency hopping may be performed in the
slot 911, frequency hopping may be performed in the slot
912, no frequency hopping may be performed in the slot 911,
frequency hopping may be performed in the slot 912, no
frequency hopping may be performed in the slot 911,
frequency hopping may be performed in the slot 912, and no
frequency hopping may be performed in the slot 911.
[0335] FIG. 10 is a diagram illustrating an example of
inter-bundle frequency hopping dependent on configured
time domain windows according to an aspect of the present
embodiment. In an uplink BWP on an uplink carrier, the
terminal apparatus 1 transmits a PUSCH 1020 in a slot 1010,
transmits a PUSCH 1021 in a slot 1011, transmits a PUSCH
1022 in a slot 1012, transmits a PUSCH 1023 in a slot 1013,
transmits a PUSCH 1024 in a slot 1014, transmits a PUSCH
1025 in a slot 1015, and transmits a PUSCH 1027 in a slot
1017. The terminal apparatus 1 need not transmit the
PUSCH 1026 in the slot 1016.

[0336] InFIG. 10, a configured time domain window 1030
includes the PUSCH 1020, the PUSCH 1021, the PUSCH
1022, and the PUSCH 1023. A configured time domain
window 1031 includes the PUSCH 1024, the PUSCH 1025,
the PUSCH 1026, and the PUSCH 1027. An actual time
domain window 1040 includes the PUSCH 1020, the
PUSCH 1021, the PUSCH 1022, and the PUSCH 1023. An
actual time domain window 1041 includes the PUSCH 1024
and the PUSCH 1025. An actual time domain window 942
includes the PUSCH 1027.

[0337] The PUSCH 1020, the PUSCH 1021, the PUSCH
1022, the PUSCH 1023. the PUSCH 1024, the PUSCH
1025, the PUSCH 1026, and the PUSCH 1027 may be
PUSCH repetition transmission. For example, the number of
repetitions corresponding to the PUSCH repetition transmis-
sion in FIG. 10 may be 8. For example, the PUSCH
repetition transmission in FIG. 10 may correspond to the
PUSCH repetition type A.

[0338] The PUSCH 1020, the PUSCH 1021, the PUSCH
1022, and the PUSCH 1023 are mapped to the resource
block including a PRB 1000. The PUSCH 1024, the PUSCH
1025, the PUSCH 1026, and the PUSCH 1027 are mapped
to the resource block including a PRB 1001. For example, a
hopping interval for frequency hopping in FIG. 10 may be
4. For example, the hopping interval for frequency hopping
may be the same as the length of a configured time domain
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window. For example, the hopping interval for frequency
hopping may be the same as the length of the configured
time domain window. For example, the PUSCHs in the
configured time domain windows may correspond to one of
the first hop and the second hop.

[0339] The PUSCH 1026 need not be transmitted in the
slot 1016. For example, the PUSCH 1026 may overlap with
an uplink channel having a high priority. For example,
cancellation of the transmission of the PUSCH 1026 may be
indicated. For example, the slot 1016 may be a slot corre-
sponding to an event.

[0340] For example, in a case that a first higher layer
parameter for enabling DMRS bundling is provided, a
second higher layer parameter for determining a configured
time domain window is provided, and a third higher layer
parameter is provided, a hopping interval corresponding to
frequency hopping for the PUSCH may be determined based
at least on the third higher layer parameter. However, in
order to perform communication efficiently, a hopping inter-
val of frequency hopping may be determined based at least
on a combination of the first higher layer parameter, the
second higher layer parameter, and the third higher layer
parameter. Means 1 may be used to determine hopping of
frequency hopping based at least on the combination. For
example, the efficient communication may mean that a
DMRS bundling gain is increased. For example, the efficient
communication may mean that a large number of terminal
apparatuses are multiplexed.

[0341] In Means 1, the first higher layer parameter may be
a higher layer parameter for determining whether DMRS
bundling is enabled. The first higher layer parameter may be
a higher layer parameter for determining whether DMRS
bundling is applied for a PUSCH.

[0342] In Means 1, the second higher layer parameter may
be a higher layer parameter used in determination of a
configured time domain window. For example, the second
higher layer parameter may be a higher layer parameter that
provides a window length.

[0343] In Means 1, the third higher layer parameter may
be a higher layer parameter used to determine a hopping
interval for frequency hopping. For example, the third
higher layer parameter may provide a bundle for inter-
bundle frequency hopping. For example, the third higher
layer parameter may provide a hopping interval for fre-
quency hopping.

[0344] In Means 1, a hopping interval for frequency
hopping may be determined based at least on a combination
of some or all of whether the first higher layer parameter is
provided, whether the second higher layer parameter is
provided, and whether the third higher layer parameter is
provided.

[0345] For example, a hopping interval for frequency
hopping may be determined based at least on a combination
of whether the first higher layer parameter is provided,
whether the second higher layer parameter is provided, and
whether the third higher layer parameter is provided.
[0346] In Means 1, frequency hopping may be applied for
the PUSCH. For example, in Means 1, frequency hopping
may be applied for the PUSCH based at least on DCI. For
example, in Means 1, the value of the frequency hopping
flag field included in the DCI indicating transmission of the
PUSCH may be 1. In Means 1, a frequency hopping scheme
for frequency hopping may be provided by a fourth higher
layer parameter. For example, in Means 1, one of inter-slot
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frequency hopping and inter-bundle frequency hopping may
be enabled by the fourth higher layer parameter. For
example, in Means 1, the frequency hopping scheme corre-
sponding to the frequency hopping for the PUSCH may be
determined based at least on the DCI format indicating
transmission of the PUSCH.

[0347] For example, in a case that the first higher layer
parameter and the third higher layer parameter are provided
in Means 1, the hopping interval corresponding to the
frequency hopping for the PUSCH may be determined based
on the third higher layer parameter. That is, in a case that
DMRS bundling is applied to the PUSCH and the hopping
interval corresponding to the frequency hopping for the
PUSCH is provided by a higher layer parameter, the hopping
interval may be applied.

[0348] For example, in a case that the first higher layer
parameter and the second higher layer parameter are pro-
vided and the third higher layer parameter is not provided in
Means 1, the hopping interval may be determined based at
least on the second higher layer parameter. For example, the
hopping interval in FIG. 10 may be determined based on the
second higher layer parameter. That is, in a case that DMRS
bundling is applied to the PUSCH, a window length is
provided for a configured time domain window for the
DMRS bundling, and a hopping interval for frequency
hopping for the PUSCH is not provided by a higher layer
parameter, the hopping interval for frequency hopping may
be the same as the window length.

[0349] For example, in a case that the second higher layer
parameter is provided and the first higher layer parameter
and the third higher layer parameter are not provided in
Means 1, the hopping interval for frequency hopping may be
one slot. The hopping scheme corresponding to the fre-
quency hopping may be inter-slot frequency hopping. That
is, in a case that DMRS bundling is not applied to the
PUSCH, a window length is provided, and a hopping
interval for frequency hopping is not provided by a higher
layer parameter, the frequency hopping may be inter-slot
frequency hopping.

[0350] For example, in a case that the first higher layer
parameter is not provided in Means 1, the hopping interval
corresponding to the frequency hopping for the PUSCH may
be one slot. The frequency hopping scheme corresponding to
the frequency hopping may be inter-slot frequency hopping.
[0351] For example, in a case that the first higher layer
parameter is provided and the second higher layer parameter
and the third higher layer parameter are not provided in
Means 1, the hopping interval corresponding to frequency
hopping may be one slot. The frequency hopping scheme
corresponding to the frequency hopping may be inter-slot
frequency hopping.

[0352] For example, in a case that the first higher layer
parameter is provided and the second higher layer parameter
and the third higher layer parameter are not provided in
Means 1, the hopping interval for frequency hopping may be
one value. The one value may be the same as a length of a
configured time domain window. The one value may be half
a length of a configured time domain window. The one value
may be the same as the number of repetitions of the PUSCH
to which frequency hopping is applied. The one value may
be half the number of repetitions of the PUSCH to which
frequency hopping is applied. The one value may be the
same as the maximum length of a configured time domain
window. The one value may be half the maximum length of
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the configured time domain window. The one value may be
the number of slots equal to or greater than two. For
example, the one value may be two slots. For example, the
one value may be five slots.

[0353] For example, in a case that the first higher layer
parameter, the second higher layer parameter, and the third
higher layer parameter are not provided in Means 1, the
hopping interval for frequency hopping may be one slot.
[0354] For example, in a case that any one of the first
higher layer parameter, the second higher layer parameter,
and the third higher layer parameter is provided in Means 1,
the hopping interval for frequency hopping may be greater
than one slot.

[0355] For example, in Means 1, one or more combina-
tions among combinations of whether the first higher layer
parameter is provided, whether the second higher layer
parameter is provided, and whether the third higher layer
parameter is provided need not be expected. For example,
the terminal apparatus 1 need not expect the one or multiple
combinations. For example, the base station apparatus 3
need not perform configuration by a higher layer parameter
to have the one or multiple combinations. One of the one or
multiple combinations may be a combination in which the
first higher layer parameter is provided and the second
higher layer parameter and the third higher layer parameter
are not provided. One of the one or multiple combinations
may be a combination in which the first higher layer
parameter is not provided and the second higher layer
parameter and the third higher layer parameter are provided.
One of the one or multiple combinations may be a combi-
nation in which the first higher layer parameter and the third
higher layer parameter are not provided and the second
higher layer parameter is provided. One of the one or
multiple combinations may be a combination in which the
first higher layer parameter and the second higher layer
parameter are not provided and the third higher layer param-
eter is provided. Provision of higher layer parameters cor-
responding to the one or multiple combinations need not be
expected. Alternatively, in a case that the higher layer
parameters corresponding to the one or multiple combina-
tions are provided, the terminal apparatus 1 need not expect
application of frequency hopping.

[0356] For example, in Means 1, frequency hopping for
the PUSCH need not be applied based on a combination of
whether the first higher layer parameter is provided, whether
the second higher layer parameter is provided, and whether
the third higher layer parameter is provided. For example, in
a case that the first higher layer parameter is provided and
the second higher layer parameter and the third higher layer
parameter are not provided, frequency hopping need not be
applied.

[0357] Various aspects of apparatuses according to an
aspect of the present embodiment will be described below.
[0358] (1) In order to accomplish the object described
above, an aspect of the present invention is contrived to
provide the following means. That is, a first aspect of the
present invention is a terminal apparatus including a receiver
that receives a PDCCH including DCI indicating transmis-
sion of a PUSCH, a transmitter that transmits the PUSCH,
and a higher layer processing unit that manages a first higher
layer parameter, a second higher layer parameter, and a third
higher layer parameter, in which frequency hopping is
applied for the PUSCH based at least on the DCI, the first
higher layer parameter is a higher layer parameter for
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determining whether DMRS bundling is enabled for the
PUSCH, the second higher layer parameter is a higher layer
parameter used for determining a configured time domain
window, in a case that the first higher layer parameter and
the third higher layer parameter are provided, a hopping
interval for the frequency hopping is determined based on
the third higher layer parameter, and the hopping interval is
determined based at least on a combination of whether the
first higher layer parameter is provided, whether the second
higher layer parameter is provided, and whether the third
higher layer parameter is provided. In a case that the first
higher layer parameter and the second higher layer param-
eter are provided and the third higher layer parameter is not
provided, the hopping interval may be determined based on
the second higher layer parameter, and in a case that the
second higher layer parameter is provided and the first
higher layer parameter and the third higher layer parameter
is not provided, the hopping interval may be one slot. In a
case that the first higher layer parameter is not provided, the
hopping interval may be one slot, and in a case that the first
higher layer parameter is provided and the second higher
layer parameter and the third higher layer parameter are not
provided, the hopping interval may be one slot. In a case that
the first higher layer parameter is provided and the second
higher layer parameter and the third higher layer parameter
are not provided, the hopping interval may be one of two
slots and five slots. In a case that the first higher layer
parameter is provided and the second higher layer parameter
and the third higher layer parameter are not provided, the
hopping interval may be determined based at least on the
number of repetitions for the PUSCH. In a case that any of
the first higher layer parameter, the second higher layer
parameter, and the third higher layer parameter is provided,
the hopping interval may be greater than one slot. One or
multiple combinations among the combinations of whether
the first higher layer parameter is provided, whether the
second higher layer parameter is provided, and whether the
third higher layer parameter is provided need not be
expected.

[0359] (2) A second aspect of the present invention is a
base station apparatus including a transmitter that transmits
a PDCCH including DCI indicating transmission of a
PUSCH, a receiver that receives the PUSCH, and a higher
layer processing unit that manages a first higher layer
parameter, a second higher layer parameter, and a third
higher layer parameter, in which frequency hopping is
applied for the PUSCH based at least on the DCI, the first
higher layer parameter is a higher layer parameter for
determining whether DMRS bundling is enabled for the
PUSCH, the second higher layer parameter is a higher layer
parameter used for determining a configured time domain
window, in a case that the first higher layer parameter and
the third higher layer parameter are provided, a hopping
interval for the frequency hopping is determined based on
the third higher layer parameter, and the hopping interval is
determined based at least on a combination of whether the
first higher layer parameter is provided, whether the second
higher layer parameter is provided, and whether the third
higher layer parameter is provided. In a case that the first
higher layer parameter and the second higher layer param-
eter are provided and the third higher layer parameter is not
provided, the hopping interval may be determined based on
the second higher layer parameter, and in a case that the
second higher layer parameter is provided and the first
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higher layer parameter and the third higher layer parameter
is not provided, the hopping interval may be one slot. In a
case that the first higher layer parameter is not provided, the
hopping interval may be one slot, and in a case that the first
higher layer parameter is provided and the second higher
layer parameter and the third higher layer parameter are not
provided, the hopping interval may be one slot. In a case that
the first higher layer parameter is provided and the second
higher layer parameter and the third higher layer parameter
are not provided, the hopping interval may be one of two
slots and five slots. In a case that the first higher layer
parameter is provided and the second higher layer parameter
and the third higher layer parameter are not provided, the
hopping interval may be determined based at least on the
number of repetitions for the PUSCH. In a case that any of
the first higher layer parameter, the second higher layer
parameter, and the third higher layer parameter is provided,
the hopping interval may be greater than one slot. One or
multiple combinations among the combinations of whether
the first higher layer parameter is provided, whether the
second higher layer parameter is provided, and whether the
third higher layer parameter is provided need not be
expected.

[0360] A program running on the base station apparatus 3
and the terminal apparatus 1 according to an aspect of the
present invention may be a program (a program that causes
a computer to function) that controls a Central Processing
Unit (CPU) and the like so as to implement the functions of
the above-described embodiment according to an aspect of
the present invention. The information handled in these
apparatuses is temporarily loaded into a Random Access
Memory (RAM) while being processed, is then stored in a
Hard Disk Drive (HDD) and various types of Read Only
Memory (ROM) such as a Flash ROM, and is read, modi-
fied, and written by the CPU, as necessary.

[0361] Note that the terminal apparatus 1 and the base
station apparatus 3 according to the above-described
embodiment may be partially implemented by a computer.
In that case, this configuration may be implemented by
recording a program for implementing such control func-
tions on a computer-readable recording medium and causing
a computer system to read the program recorded on the
recording medium for execution.

[0362] Note that it is assumed that the “computer system”
mentioned here refers to a computer system built into the
terminal apparatus 1 or the base station apparatus 3, and the
computer system includes an OS and hardware components
such as peripheral devices. A “computer-readable recording
medium” refers to a portable medium such as a flexible disk,
a magneto-optical disk, a ROM, and a CD-ROM, and a
storage apparatus such as a hard disk built into the computer
system.

[0363] Moreover, the “computer-readable recording
medium” may include a medium that dynamically stores a
program for a short period of time, such as a communication
line in a case that the program is transmitted over a network
such as the Internet or over a communication line such as a
telephone line, and may also include a medium that stores
the program for a certain period of time, such as a volatile
memory included in the computer system functioning as a
server or a client in such a case. The above-described
program may be one for implementing a part of the above-
described functions, and also may be one capable of imple-
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menting the above-described functions in combination with
a program already recorded in a computer system.

[0364] Furthermore, the base station apparatus 3 accord-
ing to the aforementioned embodiment may be implemented
as an aggregation (apparatus group) including multiple
apparatuses. Each of the apparatuses included in such an
apparatus group may include a part or all of each function or
each functional block of the base station apparatus 3 accord-
ing to the aforementioned embodiment. As the apparatus
group, it is only necessary to have all of functions or
functional blocks of the base station apparatus 3. Moreover,
the terminal apparatus 1 according to the aforementioned
embodiment can also communicate with the base station
apparatus as the aggregation.

[0365] Also, the base station apparatus 3 according to the
aforementioned embodiment may be an Evolved Universal
Terrestrial Radio Access Network (EUTRAN) and/or a
NextGen RAN (NG-RAN or NR RAN). Moreover, the base
station apparatus 3 according to the aforementioned embodi-
ment may have a part or all of the functions of a higher node
for an eNodeB and/or a gNB.

[0366] Also, a part or all portions of each of the terminal
apparatus 1 and the base station apparatus 3 according to the
aforementioned embodiment may be implemented as an
LSIL, which is typically an integrated circuit, or may be
implemented as a chip set. The functional blocks of each of
the terminal apparatus 1 and the base station apparatus 3
may be individually implemented as a chip, or a part or all
of the functional blocks may be integrated into a chip.
Furthermore, a circuit integration technique is not limited to
the LSI and may be implemented with a dedicated circuit or
a general-purpose processor. Moreover, in a case that a
circuit integration technology that substitutes an L.SI appears
with the advance of the semiconductor technology, it is also
possible to use an integrated circuit based on the technology.
[0367] In addition, although the aforementioned embodi-
ments have described the terminal apparatus as an example
of a communication apparatus, the present invention is not
limited to such a terminal apparatus, and is also applicable
to a terminal apparatus or a communication apparatus that is
a stationary type or a non-movable type electronic apparatus
installed indoors or outdoors, for example, such as an AV
device, a kitchen device, a cleaning or washing machine, an
air-conditioning device, office equipment, a vending
machine, and other household appliances.

[0368] Although, the embodiments of the present inven-
tion have been described in detail above referring to the
drawings, the specific configuration is not limited to the
embodiments and includes, for example, design changes
within the scope that does not depart from the gist of the
present invention. For an aspect of the present invention,
various modifications are possible within the scope of the
claims, and embodiments that are made by suitably com-
bining technical means disclosed according to the different
embodiments are also included in the technical scope of the
present invention. In addition, a configuration in which
elements described in the respective embodiments and hav-
ing mutually the similar effects are substituted for one
another is also included.

INDUSTRIAL APPLICABILITY

[0369] An aspect of the present invention can be utilized,
for example, in a communication system, communication
equipment (for example, a cellular phone apparatus, a base
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station apparatus, a wireless LAN apparatus, or a sensor
device), an integrated circuit (for example, a communication
chip), or a program.

REFERENCE SIGNS LIST

[0370] 1 (1A, 1B, 11C) Terminal apparatus

[0371] 3 Base station apparatus

[0372] 10, 30 Radio transmission and/or reception unit

[0373] 10a, 30a Radio transmitter

[0374] 105, 305 Radio receiver

[0375] 11, 31 Antenna unit

[0376] 12, 32 RF unit

[0377] 13, 33 Baseband unit

[0378] 14, 34 Higher layer processing unit

[0379] 15, 35 Medium access control layer processing
unit

[0380] 16, 36 Radio resource control layer processing
unit

[0381] 91, 92, 93, 94 Search space set

[0382] 300 Component carrier

[0383] 301 Primary cell

[0384] 302, 303 Secondary cell

[0385] 700 Set of resource elements for PSS

[0386] 710, 711, 712, 713 Set of resource elements for
PBCH and DMRS for PBCH

[0387] 720 Set of resource elements for SSS

[0388] 3000 Point

[0389] 3001, 3002 Resource grid

[0390] 3003, 3004 BWP

[0391] 3011, 3012, 3013, 3014 Offset

[0392] 3100, 3200 Common resource block set

[0393] 900, 901, 1000, 1001 PRB

[0394] 910, 911, 912, 913, 914, 915, 916, 917, 1010,
1011, 1012, 1013, 1014, 1015, 1016, 1017 Slot

[0395] 920, 921, 922, 923, 924, 925, 926, 927, 1020,
1021, 1022, 1023, 1024, 1025, 1026, 1027 PUSCH

[0396] 930, 931, 1030, 1031 Configured time domain
window

[0397] 940, 941, 942, 943, 1040, 1041, 1042 Actual
time domain window

1. A terminal apparatus comprising:

a receiver configured to receive a PDCCH to which DCI
for scheduling a PUSCH is mapped;

a transmitter configured to transmit the PUSCH; and

a higher layer processing unit configured to manage a first
higher layer parameter, a second higher layer param-
eter, and a third higher layer parameter, wherein

frequency hopping is applied for the PUSCH based at
least on the DCI,

the first higher layer parameter is a higher layer parameter
for providing whether DMRS bundling for the PUSCH
is enabled,

the second higher layer parameter is a higher layer
parameter for providing a window length of a config-
ured time domain window,

in a case that the first higher layer parameter and the third
higher layer parameter are provided, a hopping interval
for the frequency hopping is determined based on the
third higher layer parameter,

in a case that the first higher layer parameter and the
second higher layer parameter are provided and the
third higher layer parameter is not provided, the hop-
ping interval is determined based on the second higher
layer parameter, and
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in a case that the first higher layer parameter is provided
and the second higher layer parameter and the third
higher layer parameter are not provided, no expectation
is performed.

2. A base station apparatus comprising:

a transmitter configured to transmit a PDCCH to which
DCI for scheduling a PUSCH is mapped;

a receiver configured to receive the PUSCH; and

a higher layer processing unit configured to manage a first
higher layer parameter, a second higher layer param-
eter, and a third higher layer parameter, wherein

frequency hopping is applied for the PUSCH based at
least on the DCI,

the first higher layer parameter is a higher layer parameter
for providing whether DMRS bundling for the PUSCH
is enabled,

the second higher layer parameter is a higher layer
parameter for providing a window length of a config-
ured time domain window,

in a case that the first higher layer parameter and the third
higher layer parameter are provided, a hopping interval
for the frequency hopping is determined based on the
third higher layer parameter,

in a case that the first higher layer parameter and the
second higher layer parameter are provided and the
third higher layer parameter is not provided, the hop-
ping interval is determined based on the second higher
layer parameter, and

in a case that the first higher layer parameter is provided
and the second higher layer parameter and the third
higher layer parameter are not provided, no expectation
is performed.

3. A communication method used by a terminal apparatus,

the communication method comprising:

receiving a PDCCH to which DCI for scheduling a
PUSCH is mapped;

transmitting the PUSCH; and

managing a first higher layer parameter, a second higher
layer parameter, and a third higher layer parameter,
wherein

frequency hopping is applied for the PUSCH based at
least on the DCI,

the first higher layer parameter is a higher layer parameter
for providing whether DMRS bundling for the PUSCH
is enabled,

the second higher layer parameter is a higher layer
parameter for providing a window length of a config-
ured time domain window,

in a case that the first higher layer parameter and the third
higher layer parameter are provided, a hopping interval
for the frequency hopping is determined based on the
third higher layer parameter,

in a case that the first higher layer parameter and the
second higher layer parameter are provided and the
third higher layer parameter is not provided, the hop-
ping interval is determined based on the second higher
layer parameter, and

in a case that the first higher layer parameter is provided
and the second higher layer parameter and the third
higher layer parameter are not provided, no expectation
is performed.



