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[DESCRIPTION]

[Title of Invention]

USER EQUIPMENTS, BASE STATIONS AND METHODS

[Technical Field]

[0001] The present invention relates to a user equipment, a base station and a method.
[Background Art]

[0002] In the 3rd Generation Partnership Project (3GPP), a radio access method and
a radio network for cellular mobile communications (hereinafter, referred to as Long
Term Evolution, or Evolved Universal Terrestrial Radio Access) have been studied. In
LTE (Long Term Evolution), a base station device is also referred to as an evolved NodeB
(eNodeB), and a terminal device is also referred to as a User Equipment (UE). LTE is a
cellular communication system in which multiple areas are deployed in a cellular
structure, with each of the multiple areas being covered by a base station device. A single
base station device may manage multiple cells. Evolved Universal Terrestrial Radio
Access is also referred as E-UTRA.

[0003] In the 3GPP, the next generation standard (New Radio: NR) has been studied
in order to make a proposal to the International-Mobile-Telecommunication-2020 (IMT-
2020) which is a standard for the next generation mobile communication system defined
by the International Telecommunications Union (ITU). NR has been expected to satisfy
a requirement considering three scenarios of enhanced Mobile BroadBand (eMBB),
massive Machine Type Communication (mMTC), and Ultra Reliable and Low Latency
Communication (URLLC), in a single technology framework.

[0004] For example, wireless communication devices may communicate with one or

more devices using a communication structure. However, the communication structure



WO 2024/070993 2 PCT/JP2023/034614

used may only offer limited flexibility and/or efficiency. As illustrated by this discussion,
systems and methods that improve communication flexibility and/or efficiency may be
beneficial.

[Brief Description of the Drawings]

[0005] Figure 1 is a conceptual diagram of a wireless communication system
according to an aspect of the present embodiment;

[0006] Figure 2 is an example showing the relationship between subcarrier-spacing
configuration u, the number of OFDM symbols per slot N¥%ymy, and the CP configuration
according to an aspect of the present embodiment;

[0007] Figure 3 is a diagram showing an example of a method of configuring a
resource grid according to an aspect of the present embodiment;

[0008] Figure 4 is a diagram showing a configuration example of a resource grid 3001
according to an aspect of the present embodiment;

[0009] Figure 5 is a schematic block diagram showing a configuration example of the
base station device 3 according to an aspect of the present embodiment;

[0010] Figure 6 is a schematic block diagram showing a configuration example of the
terminal device 1 according to an aspect of the present embodiment;

[0011] Figure 7 is a diagram showing a configuration example of an SS/PBCH block
according to an aspect of the present embodiment;

[0012] Figure 8 is a diagram showing an example of the monitoring occasion of the
search-space-set according to an aspect of the present embodiment;

[0013] Figure 9 is an example configuration of a frame structure according to an

aspect of the present embodiment;
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[0014] Figure 10 is an example configuration of a slot configuration according to an
aspect of the present embodiment;

[0015] Figure 11 shows an example of a method for a UE; and

[0016] Figure 12 shows an example of a method for a base station.

[[Description of Embodiments]

[0017] A user equipment (UE) is described. The UE may comprise high-layer
processing circuitry configured to acquire at least a first RRC parameter for indicating
whether or not a transform precoder is enabled. The UE may also comprise reception
circuitry configured to receive a DCI format for scheduling of a PUSCH. The UE may
further comprise transmission circuitry configured to transmit the PUSCH scheduled by
the DCI format. In a case that the first RRC parameter set to enable is acquired, a
transform precoding indicator field is included in the DCI format if the higher-layer
processing circuitry acquires a second RRC parameter for indicating the transform
precoding indicator field is included in the DCI format. In a case that the first RRC
parameter set to enable is not acquired, a transform precoding indicator field is not
included in the DCI format.

[0018] A base station is described. The base station may comprise high-layer
processing circuitry configured to send at least a first RRC parameter for indicating
whether or not a trénsform precoder is enabled. The base station may also comprise
transmission circuitry configured to transmit a DCI format for scheduling of a PUSCH.
The base station may further comprise reception circuitry configured to receive the
PUSCH scheduled by the DCI format. In a case that the first RRC parameter set to enable
is acquired, a transform precoding indicator field is included in the DCI format if the

higher-layer processing circuitry sends a second RRC parameter for indicating the
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transform precoding indicator field is included in the DCI format. In a case that the first
RRC parameter set to enable is not acquired, a transform precoding indicator field is not
included in the DCI format.

[0019] A method for a user equipment (UE) is described. The method may comprise
acquiring at least a first RRC parameter for indicating whether or not a transform precoder
is enabled. The method may also comprise receiving a DCI format for scheduling of a
PUSCH. The method may further comprise transmitting the PUSCH scheduled by the
DCI format. In a case that the first RRC parameter set to enable is acquired, a transform
precoding indicator field is included in the DCI format if the UE acquires a second RRC
parameter for indicating the transform precoding indicator field is included in the DCI
format. In a case that the first RRC parameter set to enable is not acquired, a transform
precoding indicator field is not included in the DCI format.

[0020] A method for a base station is described. The method may comprise sending
at least a first RRC parameter for indicating whether or not a transform precoder is
enabled. The method may aiso comprise transmitting a DCI format for scheduling of a
PUSCH. The method may further comprise receiving the PUSCH scheduled by the DCI
format. In a case that the first RRC parameter set to enable is acquired, a transform
precoding indicator field is included in the DCI format if the base station sends a second
RRC parameter for indicating the transform precoding indicator field is included in the
DCI format. In a case that the first RRC parameter set to enable is not acquired, a
transform precoding indicator field is not included in the DCI format.

[0021] “The available slot-based counting (PUSCH repetition counting) is configured’

may be referred to as ‘the slot-based counting (PUSCH repetition counting) set to enabled
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is configured’ or ‘the slot-based counting (PUSCH repetition counting) is enabled’ or ‘an
RRC parameter AvailableSlotCounting is enabled’.

10022] ‘The available slot-based counting (PUSCH repetition counting) is not
configured’ may be referred to as ‘the slot-based counting (PUSCH repetition counting)
set to disabled is configured’ or ‘the slot-based counting (PUSCH repetition counting) is
disabled’ or ‘an RRC parameter for indicating the available slot-based counting (PUSCH
repetition counting) is not configured’ or ‘an RRC parameter AvailableSlotCounting is
disabled’. |

[0023] floor (CX) may be a floor function for real number CX. For example, floor
(CX) may be a function that provides the largest integer within a range that does not
exceed the real number CX. ceil (DX) may be a ceiling function to a real number DX.
For example, ceil (DX) may be a function that provides the smallest integer within the
range not less than the real number DX. mod (EX, FX) may be a function that provides
the remainder obtained by dividing EX by FX. mod (EX, FX) may be a function that
provides a value which corresponds to the remainder of dividing EX by FX. It is exp (GX)
= ¢ " GX. Here, e is Napier number. (HX) * (IX) indicates IX to the power of HX.
[0024] In a wireless communication system according to one aspect of the present
embodiment, at least OFDM (Orthogonal Frequency Division Multiplex) is used. An
OFDM symbol is a unit of time domain of the OFDM. The OFDM symbol includes at
least one or more subcarriers. An OFDM symbol is converted to a time-continuous signal
in baseband signal generation. In downlink, at least CP-OFDM (Cyclic Prefix-Orthogonal
Frequency Division Multiplex) is used. In uplink, either CP-OFDM or DFT-s-OFDM

(Discrete Fourier Transform-spread-Orthogonal Frequency Division Multiplex) is used.
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DFT-s-OFDM may be given by applying transform precoding to CP-OFDM. CP-OFDM
is OFDM using CP (Cyclic Prefix). |

[0025] Either DFT-s-OFDM or CP-OFDM may be given based whether or not
transform precoder (or transform precoding) is enabled. DFT-s-OFDM may be given if
the transform precoder (or transform precoding)vis enabled. CP-OFDM may be given if
the transform precoder (or transform precoding) is disabled. E.g. either enabled transform
precoder or disabled transform precoder for PUSCH may be indicated based on RRC
parameters transformPrecoder in PUSCH-Config or. ,Conﬁguf_edGrantConﬁg and/or
msg3-transformPrecoder in RACH-ConfigCommon.

[0026] The RRC parameter transformPrecoder indicates the UE specific selection of
the transform precoder for a PUSCH. If the transformPrecoder is absent/not configured,
the UE applies the value of the msg3-transformPrecoder to the transform precoder for the
PUSCH.

[0027] The msg3-transformPrecoder indicates that the UE enables the transform
precoder for Msg3 transmission. If the msg3-transformPrecoder is provided/configured,
the UE enables the transform precoder for the Msg3 transmission. If the msg3-
transformPrecoder is absent/not configured/not provided, the UE disables the transform
precoder for Msg3 transmission.

[0028] The OFDM symbol may be a designation including a CP added to the OFDM
symbol. That is, an OFDM symbol may be configured to include the OFDM symbol and
a CP added to the OFDM symbol.

[0029] Figure 1 is a conceptual diagram of a wireless communication system
according to an aspect of the present embodiment. In Figure 1, the wireless

communication system includes at least terminal device 1A to 1C and a base station
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device 3 (BS # 3: Base station # 3). Hereinafter, the terminal devices 1A to 1C are also
referred to as a terminal device 1 (UE # 1: User Equipment # 1).

[0030] The base station device 3 may be configured to include one or more
transmission devices (or transmission points, transmission devices, reception devices,
transmission points, reception points). When the base station deviée 3 is configured by a
plurality of transmission devices, each of the plurality of transmission devices may be
arranged at a differént position.

[0031] The base station device 3 may provide one or more serving cells. A serving
cell may be defined as a set of resources used for wireless communication. A serving cell
is also referred to as a cell. |

[0032] A serving cell may be configured to include at least one downlink component
carrier (downlink carrier) and/or one uplink component carrier (uplink carrier). A serving
cell may be configured to include at least two or more downlink component carriers
and/or tWo or more uplink component carriers. A downlink component carrier and an
uplink component carrier are also referred to as component carriers (carriers).

[0033] For example, one resource grid may be provided for one component carrier.
For example, one resource grid may be provided for one component carrier and a
subcarrier-spacing configuration u. A subcarrier-spacing configuration u is also referred
to as numerology. A resource grid includes N®% g x\NRB; subcarriers. The resource grid
starts from a common resource block with index N Y4, The common resource block
with the index N¥¥" Y4 is also referred to as a reference point of the resource grid. The
resource grid includes Nevfame v\ OFDM symbols. The subscript x indicates the

transmission direction and indicates either downlink or uplink. One resource grid is
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provided for an antenna port p, a subcarrier-spacing configuration u, and a transmission
direction x.

[0034] Resource grid is also referred to as carrier.

[0035]  N®2 V4« and N Ygq are given based at least on an RRC parameter (e.g.
referred to as RRC parameter CarrierBandwidth). The RRC parameter is used to define
one or more SCS (SubCarrier-Spacing) specific carriers. One resource grid corresponds
to one SCS specific carrier. One component carrier may comprise one or more SCS
specific carriers. The SCS specific carrier may be included in a system information block
(SIB). For each SCS specific carrier, a subcarrier-spacing configuration u may be
provided.

[0036] Figure 2 is an example showing the relationship between subcarrier-spacing
configuration u, the number of OFDM symbols per slot N¥*'ymp, and the CP conﬁguration
according to an aspect of the present embodiment. In Figure 2A, for example, when the
subcarrier-spacing configuration u is set to 2 and the CP configuration is set to normal CP
(normal cyclic prefix), N*ymp = 14, Nffame. vy = 40, Nsubframe.u . = 4 Further, in Figure
2B, for example, when the subcarrier-spacing configuration u is set to 2 and the CP
configuration is set to an extended CP (extended cyclic prefix), N¥%ynp, = 12, Name tgy,
= 40, Nsuoframe,ug =4,

[0037] In the wireless communication system according to an aspect of the present
embodiment, a time unit T may be used to represent the length of the time domain. The
time unit T¢ is Tc = 1 / (dfmax * Ny). It is dfnax = 480 kHz. It is Nr=4096. The constant k
is k = dfinax * N¢/ (dfrefN£, ref) = 64. dfieris 15 kHz. N ref is 2048.

[0038] Transmission of signals in the downlink and/or transmission of signals in the

uplink may be organized into radio frames (system frames, frames) of length Tr. It is Tr=
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(dfmax Nr/ 100) * Ts = 10 ms. One radio frame is configured to include ten subframes.
The subframe length is Tss = (dfmaxNr/ 1000) Ts = 1 ms. The number of OFDM symbols
per subframe is NSwofame. vy = Nsloty, p Nsubframe., v

[0039] For a subcarrier-spacing configuration u, the number of slots included in a
subframe and indexes may be given. For example, slot index n% may be given in
ascending order with an integer value ranging from 0 to Nsubfameg . _1 in a subframe. For
subcarrier-spacing configuration u, the number of slots included in a radio frame and
indexes of slots included in the radio frame may be given. Also, the slot index n%; r may
be given in ascending order with an integer value ranging from 0 to Nmet -1 in the
radio frame. Consecutive N*°4y, OFDM symbols may be included in one slot. It is
NSt mp = 14,

[0040] Figure 3 is a diagram showing an example of a method of configuring a
resource grid accqrding to an aspect of the present embodiment. The horizontal axié in
Figure 3 indicates frequency domain. Figure 3 shows a configuration example of a
resource grid of subcarrier-spacing configuration u = u; in the component carrier 300 and
a configuration example of a resource grid of subcarrier-spacing configuration u = uz in
a component carrier. One or more subcarrier-spacing configuration may be set for a
component carrier. Although it is assumed in Figure 3 that u; = uz-1, various aspects of
this embodiment are not limited to the condition of u; = uz-1.

[0041] The component carrier 300 is a band having a predetermined width in the
frequency domain. |

[0042] Point 3000 is an identifier for identifying a subcarrier. Point 3000 is also
referred to as point A. The common resource block (CRB) set 3100 is a set of common

resource blocks for the subcarrier-spacing configuration u.
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[0043] Among the common resource block-set 3100, the common resource block
including the point 3000 (the block indicated by the upper right diagonal line in Figure 3)
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
with index 0 in the common resource block-set 3100.

[0044] - The offset 3011 is an offset from the reference point of the common resource
block-set 3100 to the reference point of the resource grid 3001. The offset 3011 is
indicated by the number of common resource blocks which is relative to the subcarrier-
spacing configuration ui. The resource grid 3001 includes NSIZeU,i41 x COMMON resource
blocks starting from the reference point of the resource grid 3001.

[0045] The offset 3013 is an offset from the reference point of the resource grid 3001
to the reference point (N**“¥gwp;1) of the BWP (BandWidth Part) 3003 of the index il.
[0046] Common resource block-set 3200 is a set of common resource blocks with
respect to subcarrier-spacing configuration uz.

[0047] A common resource block including the point 3000 (a block indicated by a |
upper left diagonal line in Figure 3) in the common resource block-set 3200 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 with
index 0 in the common resource block-set 3200.

[0048] The offset 3012 is an offset from the reference point of the common resource
block-set 3200 to the reference point of the resource grid 3002. The offset 3012 is
indicated by the number of common resource blocks for subcarrier-spacing configuration
u = uy. The resource grid 3002 includes N*%Y;4> x common resource blocks starting from

the reference point of the resource grid 3002.
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[0049] The offset 3014 is an offset from the reference point of the resource grid 3002
to the reference point (N***gwp;2) of the BWP 3004 with index i.

[0050] Figure 4 is a diagram showing a configuration example of a resource grid 3001
according to an aspect of the present embodiment. In the resource grid of Figure 4, the
horizontal axis indicates OFDM symbol index lsym, and the vertical axis indicates the
subcarrief index k. The resource grid 3001 includes N%Yq; xXNRBs. subcarriers, and
includes Nswbframesu. OFDM symbols. A resource specified by the subcarrier index ksc
and the OFDM symbol index lsym in a resource grid is also referred to as a resource
element (RE).

[0051] A resource block (RB) includes NRBy; consecutive subcarriers. A resource
block is a generic name of a common resource block, a physical resource block (PRB),
and a virtual resource block (VRB). It is NRBg; = 12.

[0052] A resource block unit is a set of resources that corresponds to one OFDM
symbol in one resource block. That is, one resource block unit includes 12 resource
elements which corresponds to one OFDM symbol in one resource block.

[0053] Common resource blocks for a subcarrier-spacing configuration u are indexed
in ascending order from 0 in the frequency domain in a common resource block-set. The
common resource block with index 0 for the subcarrier-spacing conﬁguraﬁon u includes
(or collides with, matches) the point 3000. The index n“cra of the common resource block
with respect to the subcarrier-spacing configuration u satisfies the relationship of n"crs =
ceil (kse / NRB;). The subcarrier with ks = 0 is a subcarrier with the same center frequency
as the center frequency of the subcarrier which corresponds to the point 3000.

[0054] Physical resource blocks for a subcarrier-spacing conﬁguration u are indexed

in ascending order from 0 in the frequency domain in a BWP. The index n"prs of the



WO 2024/070993 v 12 , PCT/JP2023/034614

physical resource block with respect to the subcarrier-spacing configuration u satisfies
the relationship of n’crs = n'pre + N**"*“gwp,. The N**"“gwp; indicates the reference point
of BWP with index i.

[0055] A BWP is defined as a subset of common resource blocks included in the
resource grid. The BWP includes N°% Ygwp; common resource blocks starting from the
reference points N¥*ayp;. A BWP for the downlink component carrier is also referred
to as a downlink BWP. A BWP for the uplink component carrier is also referred to as an
uplink BWP.

[0056] 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 symbql on
the same antenna port is conveyed. For example, the channel may correspond to a
physical channel. For example, the symbols may correspond to OFDM symbols. For
example, the symbols may correspond to resource block units. For example, the symbols
may correspond to resource elements.

[0057] Two antenna ports are said to be QCL (Quasi Co-Located) if the large-scale
properties of the channel over which a symbol on one antenna port is conveyed can be
inferred from the channel over which a symbol on the other antenna port is conveyed.
The large-scale properties include one or more of delay spread, Doppler spread, Doppler
shift, average gain, average delay, and spatial Rx parameters.

[0058] Carrier aggregation may be communication using a plurality of aggregated
serving cells. Carrier aggregation may be communiqation using a plurality of aggregated
component carriers. Carrier aggregation may be communication using a plurality of
aggregated downlink component carriers. Carrier aggregation may be communication

using a plurality of aggregated uplink component carriers.
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[0059] Figure 5 is a schematic block diagram showing a configuration example of the
base station device 3 according to an aspect of the present embodiment. As shown in
Figure 5, the base station device 3 includes at least a part or all of the wireless transmission
/ reception unit (physical layer processing unit) 30 and the higher-layer processing unit
34. The wireless transmission / reception unit 30 includes at least a part or all of the
antenna unit 31, the RF unit 32 (Radio Frequency unit 32), and the baseband unit 33. The
higher-layer processing unit 34 includes at least a part or all of the medium access control
layer processing unit 35 and the radio resource control (RRC) layer processing unit 36.
[0060] The wireless transmission / reception unit 30 includes at least a part of or all
of a wireless transmission unit 30a and a wireless reception unit 30b. The configuration
of th¢ baseband unit 33 included in the wireless transmission unit 30a and the
configuration of the baseband unit 33 included in the wireless reception unit 30b may be
the same or different. The configuration of the RF unit 32 included in the wireless
transmission unit 30a and the configuration of the RF unit 32 included in the wireless
reception unit 30b may be the same or different. The configuration of the antenna unit 31
included in the wireless transmission unit 30a and the configuration of the antenna unit
31 included in the wireless reception unit 30b may be the same or different.

[0061] The higher-layer processing unit 34 provides downlink data (a transport block)
to the wireless transmission / reception unit 30 (or the wireless transmission unit 30a).
The higher-layer processing unit 34 performs processing of a medium access control
(MAC) layer, a packet data convergence protocol layer (PDCP layer), a radio link control
layer (RLC layer) and/or an RRC layer. |

[0062] The medium access control layer processing unit 35 included in the higher-

layer processing unit 34 performs processing of the MAC layer.
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[0063] The radio resource control layer processing unit 36 included in the higher-
layer processing unit 34 performs the process of the RRC layer. The radio resource control
layer processing unit 36 manages various configuration information / parameters (RRC
parameters) of the terminal device 1. The radio resource control layer processing unit 36
configures an RRC parameter based on the RRC message received from the terminal
device 1.

[0064] The wireless transmission / reception unit 30 (or the wireless transmission unit
30a) performs processing such as encoding and modulation. The wireless transmission /
reception unit 30 (or the wireless transmission unit 30a) generates a physical signal by
encoding and modulating the downlink data. The wireless transrﬁission / reception unit
30 (or the wireless transmission unit 30a) converts OFDM symbols in the physical signal
to a baseband signal by conversion to a time-continuous signal. The wireless transmission
/ reception unit 30 (or the wireless transmission unit 30a) transmits the baseband signal
(or the physical signal) to the terminal device 1 via radio frequency. The wireless
transmission / reception unit 30 (or the wireless transmission unit 30a) may arrange the
baseband signal (or the physical signal) on a component carrier and transmit the baseband
signal (or the physical signal) to the terminal device 1.

{0065] The wireless transmission / reception unit 30 (or the wireless reception unit
30b) performs processing such as demodulation and decoding. The wireless transmission
/ reception unit 30 (or the wireless reception unit 30b) separates, demodulates and decodes
~ the received physical signal, and provides the decoded information to the higher-layer
processing unit 34. The wireless transmission / reception unit 30 (or the wireless reception
unit 30b) may perform the channel access procedure prior to the transmission of the

physical signal.
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[0066] The RF unit 32 demodulates the physical signal received via the antenna unit
31 into a baseband signal (down convert), and/or removes extra frequency components.
The RF unit 32 provides the processed analog signal to the baseband unit 33.

[0067] The baseband unit 33 converts an analog signal (signals on radio frequency)
input from the RF unit 32 into a digital signal (a baseband signal). The baseband unit 33
separates a portion which corresponds to CP (Cyclic Prefix) from the digital signal. The
baseband unit 33 performs Fast Fourier Transformation (FFT) on the digital signal from
which the CP has been removed. The baseband unit 33 provides the physical signal in the
frequency domain‘.

[0068] The baseband unit 33 performs Inverse Fast Fourier Transformation (IFFT)
on downlink data to generate an OFDM symbol, adds a CP to the generated OFDM
symbol, generates a digital signal (baseband signal), and convert the digital signal into an
analog signal. The baseband unit 33 provides the analog signal to the RF unit 32.

[0069] The RF unit 32 removes extra frequency components from the analog signal
(signals on radio frequency) input from the baseband unit 33, up-converts the analog
signal to a radio frequency and transmits it via the antenna unit 31. The RF unit 32 may
have a function of controlling transmission power. The RF unit 32 is also referred to as a
transmission power control unit.

[0070] At least one or more serving cells (or one or more component carriers, one or
more downlink component carriers, one or more uplink component carriers) may be
configured for the terminal device 1.

[0071] Each of the serving cells set for the terminal device 1 may be any of PCell

(Primary cell), PSCell (Primary SCG cell), and SCell (Secondary Cell).
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[0072] A PCell is a serving cell included in a MCG (Master Cell Group). A PCell is
a cell (implemented cell) which performs an initial connection establishment procedure
or a connection re-establishment procedure by the terminal device 1.

[0073] A PSCell is a serving cell included in a SCG (Secondary Cell Group). A
PSCell is a serving cell in which random-access is performed by the terminal device 1 in
areconfiguration procedure with synchronization (Reconfiguration with synchronization).
[0074] A SCeH may be included in either a MCG or a SCG.

[0075] The servihg cell group (cell group) is a designation including at least MCG
and SCG. The serving cell group méy include one or more serving cells (or one or more
component carriers). One or more serving cells (or one or more component carriers)
included in the serving cell group may be operated by carrier aggregation.

[0076] One or more downlink BWPs may be configured for each serving cell (or each
downlink component carrier). One or more uplink BWPs may be configured for each
serving cell (or each uplink component carrier).

[0077] | Among the one or more downlink BWPs set for the serving cell (or the
downlink component carrier), one downlink BWP may be set as an active downlink BWP
(or one downlink BWP may be activated). Among the one or more uplink BWPs set for
the serving cell (or the uplink component carrier), one uplink BWP may be set as an active
uplink BWP (or one uplink BWP may be activated).

[0078] APDSCH, a PDCCH, and a CSI-RS may be received in the active downlink
BWP. The terminal device 1 may receive the PDSCH, the PDCCH, and the CSI-RS in the
active downlink BWP. A PUCCH and a PUSCH may be sent on the active uplink BWP.
The terminal device 1 may transmit the PUCCH and the PUSCH in the active uplink BWP.

The active downlink BWP and the active uplink BWP are also referred to as active BWP.



WO 2024/070993 17 PCT/JP2023/034614

[0079] The PDSCH, the PDCCH, and the CSI-RS may not be received in downlink
BWPs (inactive downlink BWPs) other than the active downlink BWP. The terminal
device 1 may not receive the PDSCH, the PDCCH, and tile CSI-RS in the downlink BWPs
which are other than.the active downlink BWP. The PUCCH and the PUSCH do not need
to be transmitted in uplink BWPs (inactive uplink BWPs) other than the active uplink
BWP. The terminal device 1 may not transmit the PUCCH and the PUSCH in the uplink
BWPs which is other than the active uplink BWP. The inactive downlink BWP and. the
inactive uplink BWP are also referred to as inactive BWP.

[0080] Downlink BWP switching deactivates an active downlink BWP and éctivates
one of inactive downlink BWPs which are other than the active downlink BWP. The
downlink BWP switching may be controlled by a BWP field included in a downlink
control information. The downlink BWP switching may be controlled based on higher-
layer parameters.

[0081] Uplink BWP switching is used to deactivate an active uplink BWP and
activate any inactive uplink BWP which is other than thé active uplink BWP. Uplink BWP
switching may be controlled by a BWP field included in a downlink control information.
The uplink BWP switching may be controlled based on higher-layer parameters.

[0082] Among the one or more downlink BWPs set for the serving cell, two or more
downlink BWPs may not be set as active downlink BWPs. For the serving cell, one
* downlink BWP may be active at a certain time.

[0083] Among the one or more uplink BWPs set for the serving cell, two or more
uplink BWPs may ﬁot be set as active uplink BWPs. For the serving cell, one uplink BWP

may be active at a certain time.
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[0084] Figure 6 is a schematic block diagram showing a configuration examplle of the
terminal device 1 according to an aspect of the present embodiment. As shown in Figure
6, the terminal device 1 includes at least a part or all of the wireless transmission /
reception unit (physical layer processing unit) 10 and the higher-layer processing unit' 14.
The wireless transmission / reception unit 10 includes at least a part or all of the antenna
unit 11, the RF unit 12, and the baseband unit 13. The higher-layer processing unit 14
includes at least a part or all of the medium access control layer processing unit 15 and
the radio resource control layer processing unit 16.

[0085] The wireless transmission / reception unit 10 includes at least a part of or all
of a wireless transmission unit 10a énd a wireless reception unit 10b. The configuration
of the baseband unit 13 included in the wireless transmission unit 10a and the
configuration of the baseband unit 13 included in the wireless reception unit 10b may be
the same or different. The configuration of the RF unit 12 included in the wireless
transmission unit 10a and the RF unit 12 included in the wireless reception unit 10b may
be the same or different. The configuration of the antenna unit 11 included in the wireless
transmission unit 10a and the configuration of the antenna unit 11 included in the wireless
reception unit 10b may be the same or different.

[0086] The higher-layer processing unit 14 provides uplink data (a transport block)
to the wireless transmission / reception unit 10 (or the wireless transmission unit 10a).
The higher-layer processing unit 14 performs processing of a MAC layer, a packet data
integration protocol layer, a radio link control layer, and/or an RRC layer.

[0087] The medium access control layer processing unit 15 included in the higher-

layer processing unit 14 performs processing of the MAC layer.
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[0088] The radio resource control layer processing unit 16 included in the higher-
layer processing unit 14 performs the process of the RRC layer. The radio resource control
layer processing unit 16 manages various configuration information / parameters (RRC
parameters) of the terminal device 1. The radio resource control layer processing unit 16
configures RRC parameters based on the RRC message received from the base station
device 3.

[0089] The wireless transmission / reception unit 10 (or the wireless transmission unit
10a) performs processing such as encoding and modulation. The wireless transmission /
reception unit 10 (or the wireless transmission unit 10a) generates a physical signal by
encoding and modulating the uplink data. The wireless transmission / reception unit 10
(or the wireless transmission unit 10a) converts OFDM symbols in the physical signal to
a baseband signal by conversion to a time-continuous gignal. The wireless transmission /
reception unit 10 (or the wireless transmission unit 10a) transmits the baseband signal (or
the physical signal) to the base station device 3 via radio frequency. The wireless
transmission / reception unit 10 (or the wireless transmission unit 10a) may arrange the
baseband signal (or the physical signal) on a BWP (active uplink BWP) and transmit the
baseband signal (or the physical signal) to the base station device 3.

{0090] The wireless transmission / reception unit 10 (or the wireless reception unit
10b) performs processing such as demodulation and decoding. The wireless transmission
/ reception unit 10 (of the wireless reception unit 10b) may receive a physical signal in a
BWP (active dowrﬂink BWP) of a serving cell. The wireless transmission / reception unit
10 (or the wireless reception unit 10b) separates, demodulates and decodes the received

physical signal, and provides the decoded information to the higher-layer processing unit
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14. The wireless transmission / reception unit 10 (or the wireless reception unit 10b) may
perform the channel access procedure prior to the transmission of the physical signal.
[0091] The RF unit 12 demodulates the physical signal received via the antenna unit
11 into a baseband signal (down convert), and/or removes extra frequency components.
The RF unit 12 provides the processed analog signal to the baseband unit 13.

[0092] The baseband unit 13 convérts an analog signal (signals on radio frequency)
input from the RF unit 12 into a digital signal (a baseband signal). The baseband unit 13
separates a portion which corresponds to CP from the digital Signal, performs fast Fourier
transformation on the digital signal from which the CP has been removed, and provides
the physical signal in the frequency domain.

[0093] The baseband unit 13 performs inverse fast Fourier transformation on uplink
data to generate an OFDM symbol, adds a CP to the generated OFDM symbol, generates
a digital signal (basebarid signal), and convert the digital signal into an analog signal. The
baseband unit 13 provides the analog signal to the RF unit 12.

[0094] The RF unit 12 removes extra frequency components from the analog signal
(signals én radio frequency) input from the baseband unit 13, up-converts the analog
signal to a radio frequency, and transmits it via the antenna unit 11 The RF unit 12 may
have a function of controlling transmission power. The RF unit 12 is also referred to as a
transmission power control unit.

[0095] Hereinafter, physical signals (signals) will be described.

[0096] Physical signal is a generic term for downlink physical channels, downlink
physical signals, uplink physical channels, and uplink physical channels. The physical

channel is a generic term for downlink physical channels and uplink physical channels.
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[0097] An uplink physical channel may correspond to a set of resource elements that
carry information originating from the higher-layer and/or uplink control information.
The uplink physical channel' may be a pﬁysical channel used in an uplink component
carrier. The uplink physical channel may be transmitted by the terminal device 1. The
uplink physical channel may be received by the base station device 3. In the wireless
communication system according to one aspect of the present embodiment, at least part
or all of PUCCH (Physical Uplink Control CHannel), PUSCH (Physical Uplink Shared
CHannel), and PRACH (Physical Random Access CHannel) may be used.

[0098] A PUCCH may be used to transmit uplink control information (UCI). The
PUCCH may be sent to deliver (transmission, convey) uplink control information. The
uplink control information may be mapped to (or arranged in) the PUCCH. The terminal
device 1 may transmit PUCCH in which uplink control information is arranged. The base
station device 3 may receive the PUCCH in whichAthe uplink control information is
arranged.

[0099] Uplink control information (uplink control information bit, uplink control
information sequeﬁce, uplink control information type) includes at least part or all of
channel state information (CSI),' scheduling request (SR), and HARQ-ACK (Hybrid
Automatic Repeat request ACKnowledgement).

[0100] Channel state information is conveyed by using channel state information bits
or a channel state information sequence. Scheduling request is also referred to as a
scheduling request bit or a scheduling request sequence. HARQ-ACK information is also
referred to as a HARQ-ACK information bit or a HARQ-ACK information sequence.
[0101] HARQ-ACK information may include HARQ-ACK status which corresponds

to a transport block (TB: Transport block, MAC PDU: Medium Access Control Protocol
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Data Unit, DL-SCH: Downlink-Shared Channel, UL-SCH: Uplink-Shared Channel,
PDSCH: Physical Downlink Shared CHannel, PUSCH: Physical Uplink Shared
CHannel). The HARQ-ACK status may indicate ACK (acknowledgement) or NACK
(negative-acknowledgement) corresponding to the transport block. The ACK may
indicate that the transport block has been successfully decoded. The NACK may indicate
that the transport block has not been successfully decoded. The HARQ-ACK information
may include a HARQ-ACK codebook that includes one or more HARQ-ACK status (or
HARQ-ACK bits).

[0102] For example, the correspondence between the HARQ-ACK information and
the transport block may mean that the HARQ-ACK information and the PDSCH used for
transmission of the transport block correspond.

[0103] HARQ-ACK status may indicate ACK or NACK which correspond to one
CBG (Code Block Group) included in the transport block.

[0104] The scheduling request may at least be used to request PUSCH (or UL-SCH)
resources for new transmission. The scheduling request may be used to indicate either a
positive SR or a negative SR. The fact that the scheduling request indicates a positive SR
is also referred to as "a positive SR is sent". The positive SR may indicate that the PUSCH
(or UL-SCH) resource for initial transmission is requested by the terminal device 1. A
positive SR may indicate that a higher-layer is to trigger a scheduling request. The
positive SR may be sent when the higher-layer instructs to send a scheduling request. The
fact that the scheduling request bit indicates a negative SR is also referred to as "a negative
SR is sent". A negative SR may indicate that the PUSCH (or UL-SCH) resource for initial

transmission is not requested by the terminal device 1. A negative SR may indicate that
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the higher-layer does not trigger a scheduling request. A negative SR may be sent if the
higher-layer is not instructed to send a scheduling request.

[0105] The channel state information may include at least part or all of a channel
quality indicator (CQI), a precoder matrix indicator (PMI), and a rank indicator (RI). CQI
is an indicator related to channel quality (e.g., propagation quality) or physical channel
quality, and PMI is an indicator related to a precoder. RI is an indicator related to
transmission rank (.or the number of transmission layers).

[0106] Channel state information may be provided at least based on receiving one or
more physical signals (e.g., one or more CSI-RSs) used at least for channel measurement.
The channel state information may be selected by the terminal device 1 at least based on
receiving one or more physical signals used for channel measurement. Channel
measurements may include interference measurements. |

[0107] A PUCCH may correspond to a PUCCH format. A PUCCH may be a set of
resource elements used to-convey a PUCCH format. A PUCCH may include a PUCCH
format. A PUCCH format may include UCI.

[0108] A PUSCH may be used to transmit uplink data (a transport block) and/or
uplink control information. A PUSCH may be used to transmit uplink data (a transport
block) corresponding to a UL-SCH and/or uplink control information. APUSCH may be
used to convey uplink data (a transport block) and/or uplink control information. A
PUSCH may be used to convey uplink data (a transport block) corresponding to a UL-
SCH and/or uplink control information. Uplink data (a transport block) may be arranged
in a PUSCH. Uplink data (a transport block) corresponding to UL-SCH may be arranged
in a PUSCH. Uplink control information may be arranged to a PUSCH. The terminal

device 1 may transmit a PUSCH in which uplink data (a transport block) and/or uplink
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control information is arranged. The base station device 3 may receive a PUSCH in which
uplink data (a transport block) and/or uplink control information is arranged.

[0109] A PRACH may be used to transmit a random-access preamble. The PRACH
may be used to coﬁvey a random-access preamble. The sequence Xy, v (n) of the PRACH
is defined by xy, v (n) = xu (mod (n + Cy, Lra)). The xy may be a ZC sequence (Zadoff-
Chu sequence). The xu may be defined by xu = exp (-jpui (i+ 1) / Lra). The j is an
imaginary unit. The p is the circle ratio. The Cy corresponds to cyclic shift of the PRACH.
Lra corresponds to the length of the PRACH. The Lra may be 839 or 139 or another
value. The i is an integer in the range of 0 to Lra-1. The u is a sequence index for the
PRACH. The terminal device 1 may transmit the PRACH. The base station device 3 may
receive the PRACH.

[0110] For a given PRACH opportunity, 64 random-access preambles are defined.
The random-access preamble is specified (determined, given) at least based on the cyclic
shift Cy of the PRACH and the sequence index u for the PRACH.

[0111] An uplink physical signal may correspond to a set of resource elements. The
uplink physical signal may not carry information generated in the higher-layer. The uplink
physical signal may be a physical signal used in the uplink component carrier. The
terminal device 1 may transmit an uplink physical signal. The base station device 3 may
receive the uplink physical sigﬁal. In the radio communication system according to one
aspect of the present embodiment, at least a part or all of UL DMRS (UpLink
Demodulation Reference Signal), SRS (Sounding Reference Signal), UL PTRS (UpLink
Phase Tracking Reference Signal) may be used.

[0112] UL DMRS is a generic name of a DMRS for a PUSCH and a DMRS for a

PUCCH.
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[0113] A set of antenna ports of a DMRS for a PUSCH (a DMRS associated with a
PUSCH, a DMRS included in a PUSCH, a DMRS which corresponds to a PUSCH) may
be given based on a set of antenna ports for the PUSCH. That is, the set of DMRS antenna
ports for the PUSCH may be the same as the set of antenna ports for the PUSCH.

[0114] Transmission of a PUSCH and transmission of a DMRS for the PUSCH may
be indicated (or scheduled) by one DCI format. The PUSCH and the DMRS for the
PUSCH may be collectively referred to as a PUSCH. Transmission of the PUSCH may
be transmission of the PUSCH and the DMRS for the PUSCH.

[0115] A PUSCH may be estimated from a DMRS for the PUSCH. That is,
propagation path of the PUSCH may be estimated from the DMRS for the PUSCH.
[0116] A set of antenna ports of a DMRS for a PUCCH (a DMRS associated with a
PUCCH, a DMRS included in a PUCCH, a DMRS which corresponds to a PUCCH) may
be identical to a set of antenna ports for the PUCCH.

[0117] Transmission of a PUCCH and transmission of a DMRS for the PUCCH may
be indicated (or triggered) by one DCI format. The arrangement of the PUCCH in’
resource elements (resource element mapping) and/or the arrangement of the DMRS in
resource elements for the PUCCH may be provided at least by one PUCCH format. The
PUCCH and the DMRS for the PUCCH may be collectively referred to as PUCCH.
Transmission of the PUCCH may be transmission of the PUCCH and the DMRS for the
PUCCH.

[0118] A PUCCH may be estimated from a DMRS for the PUCCH. That is,
propagation path of the PUCCH may be estimated from the DMRS for the PUCCH.
[0119] A downlink physical channel may correspond to a set of resource elements

that carry information originating from the higher-layer and/or downlink control
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information. The downlink physical channel may be a physical channel used in the
downlink component carrier. The base station device 3 may transmit the downlink
physical channel. The terminal device 1 may receive the downlink physical channel. In
the wireless communication system according to one aspect of the present embodiment,
at least a part or all of PBCH (Physical Broadcast Channel), PDCCH (Physical Downlink
Control Channel), and PDSCH (Physical Downlink Shared Channel) may be used.
[0120] The PBCH may be used to transmit a MIB (Master Inforrnation Block) and/or
physical layer control information. The physical layer control information is a kind of
downlink control information. The PBCH may be sent to deliver the MIB and/or the
physical layer control information. A BCH may be mapped (or corresponding) to the
PBCH. The terminal device 1 may receive the PBCH. The base station de\-/ice 3 may
transmit the PBCH. The physical layer control information is also referred to as a PBCH
payload and a PBCH payload related to timing. The MIB may include one or more higher-
layer parameters.

[0121] Physical layer control information includes 8 bits. The physical layer control
information may include at least part or all of 0A to OD. The 0A is radio frame information.
The OB is half radio frame information (half system frame information). The 0C is
SS/PBCH block index information. The 0D is subcarrier offset information.

[0122] The radio frame information is used to indicate a radio frame in which the
PBCH is transmitted (a radio frame including a slot in which the PBCH is transmitted).
The radio frame information is represented by 4 bits. The radio frame information may
be represented by 4 bits of a radio frame indicator. The radio frame indicator may include
10 bits. For example, the radio frame indicator may at least be used to identify a radio

frame from index O to index 1023.
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[0123] The half radio frame information is used to indicate whether the PBCH is
transmitted in first five subframes or in second five subframes among radio frames in
which the PBCH is transmitted. Here, the half radio frame may be configured to include
five subframes. The half radio frame may be configured by five subframes of the first half
of ten subframes included in the radio frame. The half radio frame may be configured by
five subframes in the second half of ten subframes included in the radio frame.

[0124] The SS/PBCH block index information is used to indicate an SS/PBCH block
index. The SS/PBCH block index information may be represented by 3 bits. The
SS/PBCH block index information may consist of 3 bits of an SS/PBCH block index
indicator. The SS/PBCH block index indicator may include 6 bits. The SS/PBCH block
index indicator may at least be used to identify an SS/PBCH block from index 0 to index
63 (or from index 0 to index 3, from index 0 to index 7, from index O to index 9, from
index 0 to index 19, etc.).

[0125] The subcarrier offset information is used to indicate subcarrier offset. The
subcarrier offset information may be used to indicate the difference between the first
subcarrier in which the PBCH is arranged and the first subcarrier in Which the control
resource set with index 0 is arranged.

[0126] A PDCCH may be used to transmit downlink control information (DCI). A
PDCCH may be transmitted to deliver downlink control information. Downlink control
information may be mapped to a PDCCH. The terminal device 1 may receive a PDCCH
in which downlink control information is arranged. The base station device 3 may

transmit the PDCCH in which the downlink control information is arranged.
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[0127] Downlink control information may correspond to a DCI format. Downlink
control information may be included in a DCI format. Downlink control information may
be arranged in each field of a DCI format.

[0128] DCI format is a generic name for DCI format 0_0, DCI format 0_1, DCI
format 1_0, and DCI format 1_1. Uplink DCI format is a generic name of the DCI format
0_0 and the DCI format 0_1. Downlink DCI format is a generic name of the DCI format
1_0 and the DCI format 1_1.

[0129] The DCI format 0_0 is at least used for scheduling a PUSCH for a cell (or a
PUSCH arranged on a cell). The DCI format 0_0 includes at least a part or all of fields
1A to 1E. The 1A is a DCI format identification field (Identifier field for DCI formats).
The 1B is a frequency domain resource assignment field (FDRA field, FDRA information
field). The 1C is a time domain resource assignment field (TDRA field, TDRA
informatioﬁ field). The 1D is a frequency-hopping flag field. The 1E is an MCS field
(Modulation—and-Coding-Scheme field).

[0130] Frequency domain resource assignment field may be referred to as FDRA field
or FDRA information field.

[0131] Time domain resource assignment field may be referred to as TDRA field or
TDRA information field.

[0132] The DCI format identification field may indicate whether the DCI format
including the DCI format identification field is an uplink DCI format or a downlink DCI
format. The DCI format identification field included in the DCI format 0_0 may indicate
0 (or may indicate that the DCI format 0_0 is an uplink DCI format).

[0133] The frequency domain resource assignment field included in the DCI format

0_0 may be at least used to indicate the assignment (allocation) of frequency resources
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for a PUSCH. The frequency domain resource assignment field included in the DCI
format 0_0 may be at least used to indicate the assignment (allocation) of frequency
resources for a PUSCH scheduled by the DCI format 0_0.

[0134] The time domain resource assignment field included in the DCI format 0_0
may be at least used to indicate the assignment of time resources for a PUSCH. The time
domain resource assignment field included in the DCI format 0_0 may be at least used to
indicate the assignment of time resources for a PUSCH scheduled by the DCI format 0_0.
[0135] The frequency-hopping flag field may be at least used to indicate whether
frequency-hopping is applied to a PUSCH. The frequency-hopping flag field may be at
least used to indicate whether frequency-hopping is applied to a PUSCH scheduled by
the DCI format 0_0.

[0136] The MCS field included in the DCI format 0_0 may be at least used to indicate
a modulation scheme for a PUSCH and/or a part or all of a target coding rate for the
PUSCH. The MCS field included in the DCI format 0_0 may be at least used to indicate
a modulation scheme for a PUSCH scheduled by the DCI format 0_0 and/or a part or all
of a target coding rate for the PUSCH. A size of a transport block (TBS: Transport Block
Size) of a PUSCH may be given based at least on a target coding rate and a part or all of
a modulation scheme for the PUSCH. The modulation scheme may include at least one
of modulation order, target code rate and spectral efficiency.

[0137] The DCI format 0_0 may not include fields used for a CSI request. That is,
CSI may not be requested by the DCI format 0_0.

[0138] The DCI format 0_0 may not include a carrier indicator field. An uplink

component carrier on which a PUSCH scheduled by the DCI format 0_0 is arranged may
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be the same as anvuplink component carrier on which a PDCCH including the DCI format
0 0 is arranged.

[0139] The DCI format 0_0 may not include a BWP field. An uplink BWP on which
a PUSCH scheduled by the DCI format 0 0 is arranged may be the same as .an uplink -
BWP on which a PDCCH including the DCI format 0_0 is arranged.

[0140] The DCI format 0_1 is at least used for scheduling of a PUSCH for a cell (or
arranged on a cell). The DCI format 0_1 includes at least a part or all of fields 2A to 2H.
The 2A is a DCI format identification field. The 2B is a frequency domain resource
assignment field. The 2C is a time domain resource assignment field. The 2D is a
frequency-hopping flag field. The 2E is an MCS field. The 2F is a CSI requést field. The
2G is a BWP field. The 2H is a carrier indicator field.

[0141] The DCI format identification field included in the DCI format 0_1 may
indicate 0 (or may indicate that the DCI format 0_1 is an uplink DCI format).

[0142] The frequency domain resource assignment field included in the DCI format
0_1 may be at least used to indicate thé assignment of frequency resources for a PUSCH.
The frequency domain resource assignment field included in the DCI format 0_1 may be
at least used to indiéate the assignment of frequency resources for a PUSCH scheduled
by the DCI format.

[0143] The time domain resource assignment field included in the DCI format 0_1
may be at least used to indicate the assignment of time resources for a PUSCH. The time
domain resource assignment field included in DCI format 0_1 may be at least used to
indicate the assignment of time resources for a PUSCH scheduled by the DCI format 0_1.
[0144] The frequency-hopping flag field may be at least used to indicate whether

frequency-hopping is applied to a PUSCH scheduled by the DCI format 0_1.



WO 2024/070993 31 PCT/JP2023/034614

[0145] The MCS field included in the DCI format 0_1 may be at least used to indicate
a modulation scheme for a PUSCH and/or a part or all of a target coding rate for the
PUSCH. The MCS field included in the DCI format 0_1 may be at least used to indicate
a modulation scheme for a PUSCH scheduled by the DCI format and/or part or all of a
target coding rate for the PUSCH.

[0146] When the DCI format 0_1 includes the BWP field, the BWP field may be used
to indicate an uplink BWP on which a PUSCH scheduled by the DCI format 0_1 is
arranged. When the DCI format 0_1 does not include the BWP field, an uplink BWP on
which a PUSCH is arranged may be the active uplink BWP. When the number of uplink
BWPs configured in the terminal device 1 in an uplink component carrier is two or more,
the number of bits for the BWP field included in the DCI format 0_1 used for scheduling
a PUSCH arranged on the uplink component carrier may be one or more. When the
number of uplink BWPs configured in the terminal device 1 in a uplink component carrier
is one, the number of bits for the BWP field included in the DCI format 0_1 used for
scheduling a PUSCH arranged on the uplink component carrier may be zero.

[0147] The CSI request field is at least used to indicate CSI reporting.

[0148] If the DCI format 0_1 includes the carrier indicator field, the carrier indicator
field may be used to indicate an uplink component carrier (or a serving cell) on which a
PUSCH is arranged. When the DCI format 0_1 does not include the carrier indicator field,
a serving cell on which a PUSCH is arranged may be the same as the serving cell on
which a PDCCH including the DCI format 0_1 used.for scheduling of the PUSCH is
arranged. When the number of uplink component carriers (or the number of serving cells)
configured in the terminal device 1 in a serving cell group is two or more (when uplink

carrier aggregation is operated in a serving cell group), or when cross-carrier scheduling
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is configured for the serving cell group, the number of bits for the carrier indicator field
included in the DCI format 0 1 used for scheduling a PUSCH arranged on the serving
cell group may be one or more (e.g., 3). When the number of uplink component carriers
(or the number of serving cells) configured in the terminal device 1 in a serving cell group
is one (or when uplink carrier aggregation is not operated in a serving cell group), or when
the cross-carrier scheduling is not configured for the serving cell group, the number of
bits for the carrier indicator field included in the DCI format 0_1 used for scheduling of
a PUSCH arranged on the serving cell group may be zero.

[0149] The DCI format 1 _0 is'at least used for scheduling of a PDSCH for a cell
(arranged on a cell). The DCI format 1_0 includes at least a part or all of fields 3A to 3F.
The 3A is a DCI format identification field. The 3B is a frequency domain resource
assignment field. The 3C is a time domain resource assignment field. The 3D is an MCS
| field. The 3E is a PDSCH-to-HARQ-feedback indicator field. The 3F is a PUCCH
resource indicator field.

[0150] The DCI format identification field included in the DCI format 1_0 may
indicate 1 (or may indicate that the DCI format 1_0 is a downlink DCI format).

[0151] The frequency domain resource assignment field included in the DCI format
1_0 may be at least used to indicate the assignment of frequency resources for a PDSCH.
The frequency domain resource assignment field included in the DCI format 1_0 may be
at least used to indicate the assignment of frequency resources for a PDSCH scheduled
by the DCI format 1_0.

[0152] The time domain resource assignment field included in the DCI format 1_0

may be at least used to indicate the assignment of time resources for a PDSCH. The time
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domain resource assignment field included in the DCI fofmat 1_0 may be at least used to
indicate the assignment of time resources for a PDSCH scheduled by the DCI format 1_0.
[0153] The MCS field included in the DCI format 1 _0 may be at least used to indicate
a modulation scheme for a PDSCH and/or a part or all of a target coding rate for the
PDSCH. The MCS field included in the DCI format 1_0 may be at least used to indicate
a modulation scheme for a PDSCH scheduled by the DCI format 1_0 and/or a part or all
of a target coding rate for the PDSCH. A size of a transport block (TBS: Transport Block
Size) of a PDSCH may be given based at least on a target coding rate and a part or all of
a modulation scheme for the PDSCH.

[0154] The PDSCH-to-HARQ-feedback timing indicator field may be at least used
to indicate the offset (K1) from a slot in which the last OFDM symbol of a PDSCH
scheduled by the DCI format 1_0 is included to another slot in which the first OFDM
symbol of a PUCCH triggered by the DCI format 1_0 is included.

[0155] The PUCCH resource indicator field may be a field indicating an index of any
one or more PUCCH resources included in the PUCCH resource set for a PUCCH
transmission. The PUCCH resource set may include one or more PUCCH resources. The
PUCCH resource indicator field may trigger PUCCH transmission with a PUCCH
resource indicated at least based on the PUCCH resource indicator field.

[0156] The DCI format 1_0 may not include the carrier indicator field. A downlink
component carrier on which a PDSCH scheduled by the DCI format 1_0 is arranged may
be the sarrie as a downlink component carrier on which a PDCCH including the DCI

format 1_0 is arranged.
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[0157] The DCI format 1 0 may not include the BWP field. A downlink BWP on
which a PDSCH scheduled by a DCI format 1_0 is arranged may be the same as a
downlink BWP on which a PDCCH including the DCI format 1_0 is eirranged.

[0158] The DCI format 1_1 is at least used for scheduling of a PDSCH for a cell (or
anénged on a cell). The DCI format 1 _1 includes at least a part or all of fields 4A to 4H.
The 4A is a DCI format identification field. The 4B is a frequency domain resource
assignment field. The 4C is a time domain resource assignment field. The 4D is an MCS
field. The 4E is a PDSCH-to-HARQ-feedback indicator field. The 4F is a PUCCH
resource indicator field. The 4G is a BWP field. The 4H is a carrier indicator field.
[0159] - The DCI format identification field included in the DCI format 1_1 may
indicate 1 (or may indicate that the DCI format 1 1 is a downlink DCI format).

[0160] The frequency domain resource assignment field included in the DCI format
1_1 may be at least used to indicate the assignment of frequency resources for a PDSCH.
The frequency domain resource assignment field included in the DCI format 1_0 may be
at least used to indicaté the assignment of frequency resources for a PDSCH scheduled
by the DCI format 1_1.

[0161] The time domain resource assignment field included in the DCI format 1_1
may be at least used to indicate the assignment of time resources for a PDSCH. The time
domain resource assignment field included in the DCI format 1_1 may be at least used to
»indicate the assignment of time resources for a PDSCH scheduled by the DCI format 1_1.
[0162] The MCS field included in the DCI format 1_1 may be at least used to indicate
a modulation scheme for a PDSCH and/or a part or all of a target coding rate for the

PDSCH. The MCS field included in the DCI format 1_1 may be at least used to indicate
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a modulation scheme for a PDSCH scheduled by the DCI format 1_1 and/or a part or all
of a target coding rate for the PDSCH.

[0163] When the DCI format 1 1 includes a PDSCH-to-HARQ-feedback timing
indicator field, the PDSCH-to-HARQ-feedback timing indicator field indicates an offset
(K1) from a slot including the last OFDM symbol of a PDSCH scheduled by the DCI
format 1_1 to apother slot including the first OFDM symbol of a PUCCH triggered by
the DCI format ;1_1. When the DCI format 1 _1 does not include the PDSCH-to-HARQ-
feedback timing indicator field, an offset from a slot in which the last OFDM symbol of
a PDSCH scheduled by the DCI format 1_1 is included to another slot in which the first
OFDM symbol of a PUCCH triggered by the DCI format 1_1 is identified by a higher-
layer parameter. |

[0164] When the DCI format 1_1 includes the BWP field, the BWP field may be used
to indicate a downlink BWP on which a PDSCH scheduled by the DCI format 1_1 is
arranged. When the DCI format 1_1 does not include the BWP field, a downlink BWP on
which a PDSCH is arranged may be the active downlink BWP. When the number of
downlink BWPs configured in the terminal device 1 in a downlink component carrier is
two or more, the number of bits for the BWP field included in the DCI format 1_1 used
for scheduling a PDSCH arranged on the downlink component carrier may be one or more.
When the number of downlink BWPs configured in the terminal device 1 in a downlink
component carrier is one, the number of bits for the BWP field included in the DCI format
1_1 used for scheduling a PDSCH arranged on the downlink component carrier may be
Zero.

[0165] If the DCI format 1_1 includes the carrier indicator field, the carrier indicator

field may be used to indicate a downlink component carrier (or a serving cell) on which
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a PDSCH is arranged. When the DCI format 1 1 does not include the carrier indicator
field, a downlink component carrier (or a serving cell) on which a PDSCH is arranged
may be the same as a downlink component carrier (or a serving cell) on which a PDCCH
including the DCI format 1_1 used for scheduling of the PDSCH is arranged. When the
number of downlink component carriers (or the number of serving cells) configured in
the terminal device 1 in a serving cell group is two or more (when downlink carrier
aggregation is operated in a serving cell group), or when cross-carrier scheduling is
configured for the serving cell group, the number of bits for the carrier indicator field
included in the DCI format 1_1 used for scheduling a PDSCH arranged on the serving
cell group may be one or more (e.g., 3). When the number of downlink component carriets
(or the number of serving cells) conﬁgured in the terminal device 1 in a serving cell group
is one (or when downlink carrier aggregation is not operated in a serving cell group), or
when the cross-carrier scheduling is not configured for the serving cell group, the number
of bits for the carrier indicator field included in the DCI format 1_1 used for scheduling
of a PDSCH arranged on the serving cell group may be zero.

[0166] A PDSCH may be used to transmit one or more transport blocks. A PDSCH
may be used to transmit one or more transport blocks which corresponds to a DL-SCH.
A PDSCH méy be used to convey one or more transport blocks. A PDSCH may be used
to convey one or more transport blocks which corresponds to a DL-SCH. One or more
transport blocks may be arranged in a PDSCH. One or more transport blocks which
corresponds to a DL-SCH may be arranged in a PDSCH. The base station device 3 may
transmit a PDSCH. The terminal device 1 may receive the PDSCH.

[0167] Downlink physical signals may correspond to a set of resource elements. The

downlink physical signals may not carry the information generated in the higher-layer.
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The downlink physical signals may be physical signals used in the downlink component
carrier. A downlink physical signal may be transmitted by the base station device 3. The
downlink physical signal may be transmitted by the terminal device 1. In the wireless
communication system according to one aspect of the present embodiment, at least a part
or all of an SS (Synchronization signal), DL DMRS (DownLink DeModulation Reference
Signal), CSI-RS (Channel State Information-Reference Signal), and DL PTRS
(DownLink Phase Tracking Reference Signal) may be used.

[0168] The synchronization signal may be used at least for the terminal device 1 to
synchronize in the frequency domain and/or time domain for .downlink. The
synchronization signal is a generic name of PSS (Primary Synchronization Signal) and
SSS (Secondary Synchronization Signal).

[0169] Figure 7 is a diagram showing a configuration example of an SS/PBCH block
according to an aspect of the present embodiment. In Figure 7, the horizontal axis
indicates time domain (OFDM symbol index lsym), and the vertical axis indicates
frequency domain. The shaded blocks indicate a set of resource elements for a PSS. The
blocks of grid lines indicate a set of resource elements for an SSS. Also, the blocks in the
horizontal line indicate a set of resource elements for a PBCH and a set of resource
elements for a DMRS for the PBCH (DMRS related to the PBCH, DMRS included in the
PBCH, DMRS which corresponds to the PBCH).

[0170] As shown in Figure 7, the SS/PBCH block includes a PSS, an SSS, and a
PBCH. The SS/PBCH block includes 4 consecutive OFDM symbols. The SS/PBCH
block includes 240 subcarriers. The PSS is allocated to the 57th to 183rd subcarriers in
the first OFDM symbol. The SSS is allocated to the 57th to 183rd subcarriers in the third

OFDM symbol. The first to 56th subcarriers of the first OFDM symbol may be set to zero.
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The 184th to 240th subcarriers of the first OFDM symbol may be set to zero. The 49th to
56th subcarriers of the third OFDM symbol may be set to zero. The 184th to 192nd
subcarriers of the third OFDM symbol may be set to zero. In the first to 240th subcarriers
of the second OFDM syfnbol, the PBCH is allocated to subcarriers in which the DMRS
for the PBCH is not allocated. In the first to 48th subcarriers of the third OFDM symbol,
the PBCH is allocated to subcarriers in which the DMRS for the PBCH is not allocated.
In the 193rd to 240th subcarriers of the third OFDM symbol, the PBCH is allocated to
subcarriers in which the DMRS for the PBCH is not allocated. In the first to 240th
subcarriers of the 4th OFDM symbol, the PBCH is allocated to subcarriers in which the
DMRS for the PBCH is not allocated.

[0171] The antenna ports of a PSS, an SSS, a PBCH, and a DMRS for the PBCH in
an SS/PBCH block may be identical. |

[0172] A PBCH may be estimated from a DMRS for the PBCH .For the DM-RS for
fhe PBCH, the channel over which a symbol for the PBCH on an antenna port is conveyed
can be inferred from the channel over which another symbol for the DM-RS on the
antenna port is conveyed only if the two symbols are within a SS/PBCH block transmitted
within the same slot, and with the same SS/PBCH block index.

[0173] DL DMRS is a generic name of DMRS for a PBCH, DMRS for a PDSCH,
and DMRS for a PDCCH.

[0174] A set of antenna ports for a DMRS for a PDSCH (a DMRS associated with a
PDSCH, a DMRS included in a PDSCH, a DMRS which corresponds to a PDSCH) may
be given based on the set of antenna ports for the PDSCH. The set of antenna ports for

the DMRS for the PDSCH may be the same as the set of antenna ports for the PDSCH.
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[0175] Transmission of a PDSCH and transmission of a DMRS for the PDSCH may
be indicated (or scheduled) by one DCI format. The PDSCH and the DMRS for the
PDSCH may be collectively referred to as PDSCH. Transmitting a PDSCH may be
transmitting a PDSCH and a DMRS for the PDSCH.

[0176] A PDSCH may be estimated from a DMRS for the PDSCH. For a DM-RS
associated with a PDSCH, the channel over which a symbol for the PDSCH on one
antenna port is conyeyed can be inferred from the channel over which another symbol for
the DM-RS on the antenna port is conveyed only if the two symbols are within the same
resource as the scheduled PDSCH, in the same slot, and in the same PRG (Precoding
Resource Group).

[0177] Antenna ports for a DMRS for a PDCCH (a DMRS associated with a PDCCH,
a DMRS included in a PDCCH, a DMRS which corresponds to a PDCCH) may be the
same as an antenna port for the PDCCH.

[0178] A PDCCH may be estimated from a DMRS for the PDCCH. For a DM-RS
associated with a PDCCH, the channel over which a symbol for the PDCCH on one
antenna port is conveyed can be inferred from the channel over which another symbol for
the DM-RS on the same antenna port is conveyed only if the two symbols are within
resources for which the UE may assume the same precoding being used (i.e. within
resources in a REG bundle).

[0179] ABCH (Broadcast CHannel), a UL-SCH (Uplink-Shared CHannel) and a DL-
SCH (Downlink-Shared CHannel) are transport channels. A channel used in the MAC
layer is called a transport channel. A unit of transport channel used in the MAC layer is
also called transport block (TB) or MAC PDU (Protocol Data Unit). In the MAC layef,

control of HARQ (Hybrid Automatic Repeat request) is performed for each transport
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block. The transport block is a unit of data delivered by the MAC layer to the physical
layer. In the physical layer, transport blocks are mapped to codewords and modulation
processing is performed for each codeword.

[0180] One UL-SCH and one DL-SCH may be provided for each serving cell. BCH
may be given to PCell. BCH may not b‘e given to PSCell and SCell.

[0181] ABCCH (Broadcast Control CHannel), a CCCH (Common Control CHannel),
and a DCCH (Dedicated Control CHannel) are logical channels. The BCCH is a channel
of the RRC layer used to deliver MIB or system information. The CCCH may be used to
transmit a common RRC message in a plurality of terminal devices 1. The CCCH may be
used for the terminal device 1 which is not connected by RRC. The DCCH may be used
at least to transmit a dedicated RRC message to the terminal device 1. The DCCH may
be used for the terminal device 1 that is in RRC-connected mode.

[0182] The RRC message includes one or more RRC parameters (information
elements, higher layer parameters). For example, the RRC message may include a MIB.
For example, the RRC message may include system information (SIB: System
Information Block, MIB). SIB is a generic name for various type of SIBs (e.g., SIBI,
SIB2). For example, the RRC message may include a message which corresponds to a
CCCH. For example, the RRC message may include a message which corresponds to a
DCCH. RRC message is a general term for common RRC message and dedicated RRC
message.

[0183] The BCCH in the logical channel may be mapped to the BCH or the DL-SCH
in the transport channel. The CCCH in the logical channel may be mapped to the DL-
SCH or the UL-SCH in the transport channel. The DCCH in the logical channel may be

mapped to the DL-SCH or the UL-SCH in the transport channel.
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[0184] The UL-SCH in the transport channel may be mapped to a PUSCH in the
physical channel. The DL-SCH in the transport channel may be mapped to a PDSCH in
the physical channel. The BCH in the transport channel may be mapped to a PBCH in the
physical channel.

[0185] A higher-layer parameter is a parameter included in an RRC message or a
MAC CE (Medium Access Control Control Element). The higher-layer parameter is a
generic name of information included in a MIB, system information, a message which
corresponds to CCCH, a message which corresponds to DCCH, and a MAC CE. A higher-
layer parameter may be referred to as an RRC parameter or an RRC configuration if the
higher-layer parameter is the parameter included in the RRC message.

[0186] A higher-layer parameter may be a cell-specific parameter or a UE-specific
parameter. A cell-specific parameter is a parameter including a common configuration in
a cell. A UE-specific parameter is a parameter including a configuration that may be
configured differently for each UE.

[0187] The base station device may indicate change of cell-specific parameters by
reconfiguration with random-access. The UE may change cell-specific parameters before
triggering random-access. The base station device may indicate change of UE-specific
parameters by reconfiguration with or without random-access. The UE may change UE-
specific parameters before or after random-access.

[0188] The procedure performed by the terminal device 1 includes at least a part or
all of the following 5A to 5C. The 5A is cell search. The 5B is random-access. The 5C is
data communication.

[0189] The cell search is a procedure used by the terminal device 1 to synchronize

with a cell in the time domain and/or the frequericy domain and to detect a physical cell
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identity. The terminal device 1 may detect the physical cell ID by performing
synchronization of time domain and/or frequency domain with a cell by the cell search.
[0190] A sequence of a PSS is given based at least on a physical cell ID. A sequence
of an SSS is given based at least on the physical cell ID.

[0191] An SS/PBCH block candidate indicates a resource for which transmission of
the SS/PBCH block may exist. An SS/PBCH block may be transmitted at a resource
indicated as the SS/PBCH block candidate. The base station device 3 may transmit an
SS/PBCH block at an SS/PBCH block candidate. The terminal device 1 may receive
(detect) the SS/PBCH block at the SS/PBCH block candidate.

[0192] A set of SS/PBCH block candidates in a half radio frame is also referred to as
an SS-burst-set. The SS-burst-set is also referred to as a transmission window, a SS
transmission window, or a DRS transmission window (Discovery Reference Signal‘
transmission window). The SS-burst-set is a generic name that includes at least a first SS-
burst-set and a second SS-burst-set.

[0193] The base station device 3 transmits SS/PBCH blocks of one or more indexes
at a predetermined cycle. The terminal device 1 may detect an SS/PBCH block of at least
one of the SS/PBCH blocks of the one or more indexes. The teﬁninal device 1 may
attempt to decode the PBCH included in the SS/PBCH block.

[0194] The random-access is a procedure including at least a part or all of message 1,
message 2, message 3, and message 4.

[0195] The message 1 is a procedure in which the terminal device 1 transmits a
PRACH. The terminal device 1 transmits the PRACH in one PRACH occasion selected
from among one or more PRACH occasions based on at least the index of the SS/PBCH

block candidate detected based on the cell search.
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[0»196]‘ The message 2 is a procedure in which the terminal device 1 attempts to detect
a DCI format 1_0 with CRC (Cyclic Redundancy Check) scrambled by an RA-RNTI
(Random Access-Radio Network Temporary Identifier). The terminal device 1 may
attempt to detect the DCI format 1_0 in a search-space-set.

[0197] The meésage 3 (Msg 3) is a procedure for transmitting a PUSCH scheduled
by a random-access response grant included in the DCI format 1 0 detected in the
message 2 procedure. The random-access response grant is indicated by the MAC CE
included in the PDSCH scheduled by the DCI format 1_0.

| [0198] The PUSCH scheduled based on the random-access response grant is either a
message 3 PUSCH or a PUSCH. The message 3 PUSCH contains a contention resolution
identifier MAC CE. The contention resolution ID MAC CE includes a contention
resolution ID.

[0199] Retransmission of the message 3 PUSCH is scheduled by DCI format 0_0
with CRC scrambled by a TC-RNTI (Temporary Cell-Radio Network Temporary
Identifier).

[0200] The message 4 is a procedure that attempts to detect a DCI format 1_0 with
CRC scrambled by either a C-RNTI (Cell-Radio Network Temporary Identifier) or a TC-
RNTL The terminal device 1 receives a PDSCH scheduled based on the DCI format 1_0.
The PDSCH may include a collision resolution ID.

[0201] Data communication is a generic term for downlink communication and
uplink communication.

[0202] In data communication, the terminal device 1 attempts to detect a PDCCH
(attempts to monitor a PDCCH, monitors a PDCCH). in a resource identified at least

based on one or all of a control resource set and a search-space-set. It’s also called as “the
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terminal device 1 attempts to detect a PDCCH in a control resource set”, “the terminal
device 1 attempts to detect a PDCCH in a search-space-set”, “the terminal device 1
attempts to detect a PDCCH candidate in a control resource set”, “the terminal device 1
attempts to detect a PDCCH candidate in a search-space-set”, “the terminal device 1
attempts to detect a DCI format in a control resource set”, or “the terminal device 1
attempts to detect a DCI format in a search-space-set”. Monitoring a PDCCH may be
equivalent as monitoring a DCI format in the PDCCH.

[0203] The control resource set is a set of resources configured by the number of
resource blocks and a predetermined number of OFDM symbols in a slot.

[0204] The set of resources for the control resource set may be indicated by higher-
layer parameters. The number of OFDM symbols included in the control resource set may
be_indicated by higher-layer parameters.

[0205] A PDéCH may be also called as a PDCCH candidate.

[0206] A search-space-set is defined as a set of PDCCH candidates. A search-space-
set may be a Common Search Space (CSS) set or a UE-specific Search Space (USS) set.
[0207] The CSS set.is a generic name of a type-0 PDCCH common search-space-set,
atype-0a PDCCH common search-space-set, a type-1 PDCCH common search-space-set,
a type-2 PDCCH common search-space-set, and a type-3 PDCCH common search-space-
set. The USS set may be also called as UE-specific PDCCH search-space-set.

[0208] The type-0 PDCCH common search-space-set may be used as ‘a common
search-space-set with index 0. The type-0 PDCCH common search-space-set may be an

common search-space-set with index 0.
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[0209] A search-space-set is associated with (included in, corresponding to) a control
resource set. The index of the control resource set associated with the search-space-set
may be indicated by higher-layer parameters.

[0210] For a search-space-set, a part or all of 6A to 6C may be indicated at least by
higher-layer parameters. The 6A is PDCCH monitoring period. The 6B is PDCCH
rﬁonitoring pattern within a slot. The 6C is PDCCH monitoring offset.

[0211] A monitoring occasion of a search-space-set may correspond to one or more
OFDM symbols in which the first OFDM symbol of the control resource set associated
with the search-space-set is allocated. A monitoring occasion of a search-spa_ce-set may
correspond to resources identified by the first OFDM symbol of the control resource set
associated with the search-space-set. A monitoring occasion of a search-space-set is given
based at least on a part or all of PDCCH monitoring periodicity, PDCCH monitoring
pattern within a slot, and PDCCH monitoring offset.

[0212] Figure 8 is a diagram showing an example of the monitoring occasion of the
search-space-set according to an aspect of the present embodiment. In Figure 8, the
search-space-set 91 and the search-space-set 92 are sets in the primary cell 301, the
search-space-set 93 is a set in the secondary cell 302, and the search-space-set 94 is a set
in the secondary cell 303. |

[0213] In Figure 8, the block indicated by the grid line indicates the search-space-set
91, the block indicated by the upper right diagonal line indicates the search-space-set 92,
the block indicated by the upper left diagonal line indicates the search-space-set 93, and
the bl.ock indicated by the horizontal line indicates the search-space-set 94.

[0214] In Figure 8, the PDCCH monitoring periodicity for the search-space-set 91 is

set to 1 slot, the PDCCH monitoring offset for the search-space-set 91 is set to 0 slot, and
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the PDCCH monitoring pattern for the search-space-set 91 is [1,0,0,0,0,0,0,1, 0,0, 0,
0, 0, 0]. That is, the monitoring occasion of 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.

[0215] In Figuré 8, the PDCCH monitoring periodicity for the search-space-set 92 is
set to 2 slots, the PDCCH monitoring offset for the search-space-set 92 is set to 0 slots,
and the PDCCH monitoring pattern for the search-space-set 9215 [1, 0, 0,0, 0,0, 0, 0, 0,
0, 0, 0, 0, 0]. That is, the monitoring occasion of the search-space-set 92 corresponds to
the leading OFDM symbol (OFDM symbol # 0) in each of the even slots.

[0216] In Figure 8, the PDCCH monitoring periodicity for the search-space-set 93 is |
set to 2 slots, the PDCCH monitoring offset for the search-space-set 93 is set to 0 slots,
and the PDCCH monitoring pattern for the search-space-set 93 is [0, 0, 0,0, 0,0, 0, 1, 0,
0, 0, 0, 0, 0]. That is, the monitoring occasion of the search-space-set 93 corresponds to
the eighth OFDM symbol (OFDM symbol # 8) in each of the even slots.

[0217] In Figuré 8, the PDCCH monitoring periodicity for the search-space-set 94 is
set to 2 slots, the PDCCH monitoring offset for the search-space-set 94 is set to 1 slot,
and the PDCCH monitoring pattern for the search-space-set 94 is [1, 0, 0,0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0]. That is, the monitoring occasion of the search-space-set 94 corresponds to
the leading OFDM symbol (OFDM symbol # 0) in each of the odd slots.

[0218] The type-0 PDCCH common search-space-set may be at least used for a DCI
formét with a cyclic redundancy check (CRC) sequence scrambled by an SI-RNTI
(System Information-Radio Network Temporary Identifier).

[0219] The type-0a PDCCH common search-space-set may be used at least for a DCI

format with a cyclic redundancy check sequence scrambled by an SI-RNTI.
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[0220] The type-1 PDCCH common search-space-set may be used at least for a DCI
format with a CRC sequence scrambled by an RA-RNTI (Random Access-Radio
Network Temporary Identifier) or a CRC sequence scrambled by a TC-RNTI (Temporary
Cell-Radio Network Temporary Identifier).

[0221] The type-2 PDCCH common search-space-set may be used for a DCI format
with a CRC sequeﬁce scrambled by P-RNTI (Paging-Radio Network Temporary
Identifier). |

[0222] The type-3 PDCCH common search-space-set may be used for a DCI format
with a CRC sequence scrambled by a C-RNTI (Cell-Radio Network Temporary
Identifier).

[0223] The UE-specific search-space-set may be used at least for a DCI format with
a CRC sequence scrambled by a C-RNTIL.

[0224] In downlink communication, the terminal device 1 may detect a downlink DCI
format. The detected downlink DCI format is at least used for resource assignment for a
PDSCH. The detected downlink DCI format is also referred to as downlink assignment.
The terminal device 1 attempts to réceive the PDSCH. Based on a PUCCH resource
indicated based on the detected downlink DCI format, an HARQ-ACK corresponding to
the PDSCH (HARQ-ACK corresponding to a transport block included in the PDSCH)
may be reported to the base station device 3.

[0225] In uplink communication, the terminal device 1 may detect an uplink DCI
format. The detected uplink DCI format is at least used for resource assignment for a
PUSCH. The detected uplink DCI format is also referred to as uplink grant. The terminal

device 1 transmits the PUSCH.
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[0226] PUSCH transmission(s) can be dynamically scheduled by an UL grant in a
DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The
configured grant Type 1 PUSCH transmission is semi-statically configured to operate
upon the reception of higher layer parameter of configuredGrantConfig including rrc-
ConﬁguredUp}inkGrant without the detection of an UL grant in a DCIL. The configured
grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a
valid activation DCI according to those procedure(s) after the reception of higher layer
parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If
configuredGrantConfigToAddModList is configured, more than one configured grant
configuration of configured grant Type 1 and/or configured grant Type 2 may be active at
the same time on an active BWP of a serving cell.

[0227] More details of resource allocation in time domain for PUSCH scheduled by
a DCI format is described. When the UE (terminal deviée 1) is scheduled to transmit a
transport block and no CSI report, or the UE is scheduled to transmit a transport block
and a CSI report(s) on PUSCH by a DCI, the 'Time domain resource assignment' field
value m of the DCI may provide a row index m + 1 to an allocated table. The
determination of the used resource allocation table may be pre-defined and/or defined in
RRC_conﬁguration. The indexed row of the resource allocation table may define the slot
offset K2, the start and length indicator SLIV, or directly the start symbol S and the
allocation length L, the PUSCH mapping type, and the number of repetitions (if RRC
parameter numberOfRepetitions is present in the resource allocation table) to be applied
in the PUSCH transmission. It is noted that RRC parameter is a kind of high-layer

parameter.
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[0228] For PUSCH scheduled by DCI format 0_1, if RRC parameter pusch-
RepTypelndicatorDCI-0-1 is set to 'pusch-RepfypeB', the UE may apply PUSCH
repetition Type B procedure when determining the time domain resource allocation. For
PUSCH scheduled by DCI format 0_2, if RRC parameter pusch-RepTypelndicatorDCI-
0-2 is set to 'pusch-RepTypeB', the UE may apply PUSCH repetition Type B procedure
when determining the time domain resource allocation. Otherwise, the UE may apply
PUSCH repetition Type A procedure when determining the time domain resource
allocation for PUSCH scheduled by PDCCH.

[0229] For PUSCH repetition Type A, the starting symbol S relative to the start of the
slot, and the number of consecutive symbols L counting from the symbol S allocated for
the PUSCH may be determined from the start and length indicator SLIV of the indexed
row: if (L-1) < 7 then SLIV = 14(L-1)+8S, otherwise SLIV=14(14-L+1+(14-1-S), where
0<L<14-S.

[0230] For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI
format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-
RNTI with NDI=1, the number of repetitions K may be determined as: if RRC parameter
numberOfRepetitions is present in the resource allocation table, the number of repetitions
K may be equal to numberOfRepetitions; elseif the UE is configured with RRC parameter
pusch-AggregationFactor, the number of repetitions K may be equal to pusch-
AggregationFactor; otherwise K=1.

[0231] | If the UE is not capable of a certain coverage enhancement feature(s) (e.g.
available slot based PUSCH repetition counting) or if the UE is not provided with a
certain coverage enhancement configuration(s) (e.g. available slot based PUSCH

repetition counting), the following may be applied. For PUSCH repetition Type A, in case
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K>1, the same symbol allocation may bé applied across the K consecutive slots and the
PUSCH may be limited to a single transmission layer. The UE may repeat the TB across
the K consecutive slots applying the same symbol allocation in each slot. The redundancy
version to be applied on the nth transmission occasion of the TB, wheren=10, 1, ... K-1,
may be determined as describe below. For PUSCH repetition Type A, a PUSCH
transmission in a slot of a multi-slot PUSCH transmission may be omitted according to
the conditions at least and/or at most in, PUSCH-priority based procedure, slot
configuration based procedure, slot format based procedure and cancellation indication
based procedure. For example, a slot may be determined as available if the slot is available
according to all the conditions defined in those procedures, and/or the slot may be
determined as not available if the slot is not available according to at least one of the
conditions defined in those procedures. K may be an integer.

[0232] If the UE is capable of a certain coverage enhancement feature(s) and/or if the
UE is provided with a certain coverage enhancement configuration(s), the following may
be applied. For PUSCH repetition Type A, in case K>1, the same symbol allocation may
be applied across the K available slots (i.e. the first K slots which are available for the
PUSCH transmission) and the PUSCH may be limited to a single transmission layer. The
UE may repeat the TB across the K consecutive slots applying the same symbol allocation
in each slot. The K available slots may be determined according to the conditions at least
and/or at most in, PUSCH-priority based procedure, slot configuration based procedure,
slot format based procedure and cancellation indication based procedure. For example, a
slot may be determined as available if the slot is available according to all the conditions
defined in those procedures, and/or the slot may be determined as not available if the slot

is not available according to at least one of the conditions defined in those procedures.
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[0233] If the UE is capable of a certain coverage enhancement feature(s) and/or if the
UE is provided with a certain coverage enhancement configuration(s), the following may
be applied. For PUSCH repetition Type A, in case K>1, thé same symbol allocation may
be applied across the K available slots (i.e. the first K slots which are available for the
PUSCH transmission) and the PUSCH may be limited to a single transmission layer. The
UE may repeat the TB across the K available slots applying the same symbol allocation
in each slot. The K available slots may be determined according to the conditions at least
and/or at most in first RRC parameters. The first RRC parameters may be one or more of
tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, ssb-
PositionsInBurst, numberOfRepetitions, BandCombination-UplinkTxSwitch, répK,
repK-RV, pusch-AggregationFactor, nrofSlots, configuredGrantConfig, cg-nrofSlots, cg-
nrofPUSCH-InSlot, timeDomainAllocation, numberOflnvalidSymbolsForDL-UL-
Switching, invalidSymbolPattern, and periodicityAndPattern. For PUSCH repetition
Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted
according to the conditions at least and/or at most in second RRC parameters. The second
RRC parameters may be one or more of tdd—UL-DL-ConﬁgurationCommon, tdd-UL-DL-
Confi gurationDedi;ated, ssb-PositionsInBurst, numberOfRepetitions,
BandCombination-UplinkTxSwitch, repK, repK-RV, pusch-AggregationFactor,
nrofSlots, configuredGrantConfig, cg-nrofSlots, cg-nrofPUSCH-InSlot,
timeDomainAllocation, numberOfinvalidSymbolsForDL-UL-Switching,
invalidSymbolPattern, and periodicitYAndPattern.

[0234] The configuredGrantConfig may be referred to the ConfiguredGrantConfig.

[0235] The configuredGrantConfig may be referred to as the ConfiguredGrantConfig.
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[0236] When PUSCH resource allocation is semi-statically configured by higher
layer parameter configuredGrantConfig in BWP-UplinkDedicated information element,
and the PUSCH transmission corresponding to a configured grant, the following higher
layer parameters are applied in the transmission.

[0237] For Type 1 PUSCH transmissions with a configured grant, the following
parameters are given in configuredGrantConfig unless mentioned otherwise, and For the
determination of the PUSCH repetition type, if the higher layer parameter pusch--
RepTypelndicator in rrc-ConfiguredUplinkGrant is configured and set to 'pusch-
RepTypeB', PUSCH repetition Type B is applied. Otherwise, PUSCH repetition Type A
is applied.

[0238] The higher layer parameter pusch-RepTypelndicator indicates whether UE
follows the behavior for PUSCH repetition Type A or the behavior for PUSCH repetition
Type B for each Type 1 configured grant configuration. The value pusch-RepTypeA
enables the 'PUSCH repetition Type A' and the value pﬁsch—RepTypeB enables the
'"PUSCH repetition Type B'. The value pusch-RepTypeB is not configured simultaneously
with cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16.

[0239] For PUSCH repetition Type A, the selection of the time domain resource
allocation table follows the rules for DCI format 0_0 on UE specific search space.
[0240] For PUSCH repetition Type A, the selection of the time domain resource
allocation table is as follows. If pusch-RepTypelndicatorDCI-0-1 in pusch-Config is
configured . and set to '‘pusch-RepTypeA', pusch-
TimeDomainResourceAllocationListDCI-0-1 in pusch-Config is used. Otherwise, pusch-
TimeDomainResoﬁrceAllocationListDCI-O-2 in pusch-Config is used. It is not expected

that pusch-RepTypelndicator in rre-ConfiguredUplinkGrant is configured with 'pusch-
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RepTypeA' when none of pusch-RepTypelndicatorDCI-0-1 and  pusch-
RepTypelndicatorDCI-0-2 in pusch-Config is set to 'pusch-RepTypeA'.

[0241] For PUSCH repetition Type B, the selection of the time domain resource
allocation table is as follows. If pusch-RepTypelndicatorDCI-0-1 in pusch-Config is
configured and set to 'pusch-RepTypeB;, pusch-
TimeDomainResoufceAllocatianistDCI-O-1 in pusch-Config is used. Otherwise, pusch-
TimeDomainResourceAllocationListDCI-0-2 in pusch-Config is used. It is not expected
that pusch—RepTypeIndicator in rrc-ConfiguredUplinkGrant is configured with 'pusch-
RepTypeB' when none of plisch-RepTypeIndicatorDCI-O-1 and  pusch-
RepTypelndicatorDCI-0-2 in pusch-Config is set to 'pusch-RepTypeB'.

[0242] More details of resource allocation in time domainb for PUSCH with
configured grant is described. For PUSCH transmissions with a Type 1} or Type 2
configured grant, the number of (nominal) repetitions K to be applied to the transmitted
transport block may be provided by the indexed row in the time domain resource
allocation table if numberOfRepetitions is present in the table.; otherwise K may be
provided by the higher layer configured parameters repK. The UE may not be allowed to
transmit anything on the resources configured by RRC parameter configuredGrantConfig
if the higher layers did not deliver a transport block to transmit on the resources allocated
for uplink transmission without grant.

[0243] A set of allowed periodicities P are defined in RRC configuration. The RRC
parameter cg-nrofSlots, may provide the number of consecutive slots allocated within a
configured grant period. The RRC parameter cg-nrofPUSCH-InSlot may provide the
number of consecutive PUSCH allocations within a slot, where the first PUSCH

allocation may follow the RRC parameter timeDomainAllocation for Type 1 PUSCH
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transmission or the higher layer configuration according to MAC procedure, and UL grant
received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH
allocations may have the same length and PUSCH mapping type, and may be éppe_nded
following the previous allocations without any gaps. The same combination of start
symbol and length and PUSCH mapping type may repeat over the consecutively allocated
slots.

[0244] The UE may not be expected to be configured with the time duration for the
transmission of K repetitions larger than the time duration derived by the periodicity P. If
the UE determines that, for a transmission occasion, the number of symbols available for
~ the PUSCH transmission in a slot is smaller than transmission duration L, the UE may
not transmit the PUSCH in the transmission occasion.

[0245] The procedures apply to PUSCH transmissions of PUSCH repetition Type A
with a Type 1 or Type 2 configured grant. The RRC parameter repK-RV defines the
redundancy version pattern to be applied to the repetitions. If cg-RetransmissionTimer is
provided, the redundancy version for uplink transmission with a configured grant is
determined by the UE. If the parameter repK-RV is not provided in the
configuredGrantConfig and cg-RetransmissionTimer is not provided, the redundancy
version for uplink transmissions with a configured grant may have to be set to 0. If the
parameter repK-RV is provided in the configuredGrantConfig and cg-
RetransmissionTimer is not provided, for the nth transmission occasion among K
repetitions, n=1, 2, ..., K, it is associated with (mod(n-1,4)-_kl)th value in the configured
RV sequence. If a configured grant configuration is configured with startingFromRVO0 set
to 'off, the initial transmission of a transport block may only start at the first transmission

occasion of the K repetitions. Otherwise, the initial transmission of a transport block may
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start the first transmission occasion of the K repetitions if the configured RV sequence is
{0,2,3,1}, any of the transmission occasions of the K repetitions that are associated with
RV=0 if the configured RV sequence is {0,3,0,3}, and/or any of the transmission
occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last
transmission occasion when K>8.

[0246] If a configured grant configuration is not configured with startingFromRV0
set to 'off' and if available slot-based counting is configured, the initial transmission of a
transport block may start at the first transmission occasion of the K repetitions.

[0247] If a configured grant configuration is not configured with startingFromRV0
set to 'off' and if available slot-based counting is not configured, the initial transmission
of a transport block may start the first transmission occasion of the K repetitions if the
configured RV sequence is {0,2,3,1}, any of the transmission occasions of the K
repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
and/or any of the transmission occasions of the K repetitions if the configured RV
sequence is {0,0,0,0}, except the last transmission occasion when K>8.

[0248] If a configured grant configuration is not configured with startingFromRV0
set to 'off and if available slot-based counting is configured, the initial transmission of a
transport block may start the first transmission occasion of the K repetitions if the
configured RV sequence is {0,2,3,1}, any of the transmission occasions of the K
repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
and/or any of the transmission occasions of the K repetitions if the configured RV
sequence is {0,0,0,0}, except the last transmission occasion when K>8.

[0249] If a configured grant configuration is not configured with startingFromRV0

set to 'off' and if available slot-based counting is not configured, the initial transmission
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of a transport block may start the first transmission occasion of the K repetitions if the
configured RV sequence is {0,2,3,1}, any of the transmission occasions of the K
repetitions that are associated with RV=0 assuming the transmission occasions of the K
repetitions are determined based on consecutive physical slots if the configured RV
sequence is {0,3,0,3}, and/or any of the transmission occasions of the K repetitions if the
configured RV sequence is {0,0,0,0}, except the last transmission occasion when K>8.
[0250] For any RV sequence, the repetitions may have to be terminated after
transmitting K repetitions, or at the last transmission occasion among the K repetitions
within the period P, or from the starting symbol of the repetition that overlaps with a
PUSCH with the same HARQ process scheduled by DCI format. 00,01o0r02,
whichever is reached first. In addition, the UE may have to terminate the repetition of a
transport block in a PUSCH transmission if the UE receives a DCI format 0_1 with DFI
flag provided and set to 'l', and if in this DCI the UE detects ACK for the HARQ process
corresponding to that transport block.

[0251] The UE is not expected to be configured with the time duration for thev
transmission of K repetitions larger than the time duration derived by the periodicity P. If
the UE determines that, for a transmission occasion, the number of symbois available for
the PUSCH transmission in a slot is smaller than transmission duration L, the UE does
not transmit the PUSCH in the transmission occasion.

[0252] For unpaired spectrum, when an RRC parameter AvailableSlotCounting is
enabled, the UE determines N*K slots for a PUSCH transmission of a PUSCH repetition
Type A, based on RRC parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-
ConfigurationDedicated and ssb-PositionsInBurst. A slot is not counted in the number of

N*K slots for PUSCH transmission of a PUSCH repetition Type A if at least one of the



WO 2024/070993 57 PCT/JP2023/034614

symbols indicated by the indexed row of the used resource allocation table in the slot
overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-
DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index
provided by ssb-PositionsInBurst. Otherwise, the UE determines N*K consecutive slots
for a PUSCH transmission of a PUSCH repetition Type A. For the case of reduced
capability half-duplex UE, and when AvailableSlotCounting is enabled, a slot is not
counted in the number of N*K slots for a PUSCH transmission of a PUSCH repetition
Type A, if at least one of the symbols indicated by the indexed row of the used resource
allocation table in the slot overlaps with a symbol of an SS/PBCH block with index
provided by ssb-PositionsInBurst.

[0253] For paired spectrum and SUL band, The UE determines N*K consecutive slots
for a PUSCH transmission of a PUSCH repetition type A, irrespective of whether
AvailableSlotCounting is enabled or not. For the case of reduced capability half-duplex
UE, and when AvailableSlotCounting is enabled, a slot is not counted in the number of
N*K slots for a PUSCH transmission of a PUSCH repetition Type A, if at least one of the
symbols indicated by the indexed row of the used resource allocation table in the slot
overlaps with a symbol of an SS/PBCH block with index provided by ssb-
PositionsInBurst.

[0254] For both Type 1 and Type 2 PUSCH transmissions with a configured grant,
when K > 1, for unpaired spectrum, if an RRC parameter AvailableSlotCounting is
enabled, the UE may have to repeat the TB across the N*K slots determined for the
PUSCH transmission applying the same symbol allocation in each slot. Otherwise, the
UE may have to repeat the TB across the N*K consecutive slots applying the same symbol

allocation in each slot, except if the UE is provided with higher layer parameters cg-
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nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK
earliest consecutive transmission occasion candidates within the same configuration.
[0255] For both Type 1 and Type 2 PUSCH transmissions with a configured grant,
when K > 1, for paired spectrum, irrespective of whether AvailableSlotCounting is
enabled or not, the UE may have to repeat the TB across the N*K consecuti\}e slots
applying the same symbol allocation in each slot, except if the UE is provided with higher
layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats
the TB in the repK earliest consecutive transmission occasion candidates within the same
configuration. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot
is omitted according to the conditions in the UE procedure(s) for reporting control
information, the UE procedure(s) for determining slot configuration(s) and the UE
procedure(s) associated with cancellation indication.

[0256] If the available slot based counting is not configured [or for paired spectrum],
for both Type 1 and Tyf)e 2 PUSCH transmissions with a configured grant, when K> 1,
the UE may have to repeat the TB across the K consecutive slots applying the same
symbol allocation in each slot, except if the UE is provided with higher layer parameters
cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK
earliest consecutive transmission occasion candidates within the same configuration.
[0257] If the available slot based counting is configured [and for unpaired spectrum],
for both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1,
the UE may have to repeat the TB across the first K available slots applying the same
symbol allocation in each slot where each of the available slots is a slot having an UL
symbol, as described in the UE procedure(s) for determining slot configuration(s), or

flexible symbol, as described in the UE procedure(s) for determining slot configuration(s),
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that is not SS/PBCH block symbol, for the PUSCH, and[/or] consecutive UL symbols, as
described in the UE procedure(s) for determining slot configuration(s), or flexible
symbols, as described in the UE procedure(s) for determining slot configuration(s), that
are not SS/PBCH block symbols, starting from the first symbol, equal o or larger than a
number of symbols for the PUSCH, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB
in the repK earliest consecutive transmission occasion candidates within the same
configuration. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot
is omitted according to the conditions in the UE procedure(s) for reporting control
information, the UE procedure(s) for determining slot configuration(s) and the UE
procedure(s) associated with cancellation indication. A SS/PBCH block symbol is a
symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to the
SS/PBCH block index indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-
PositionsInBurst in ServingCellConfigCommon, as described in the UE synchronization
procedure for searching a cell.

[0258] If available slot based counting is not configured [or for paired spectrum], for
both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, the
UE may have to repeat the TB across the K consecutive slots applying the same symbol
allocation in each slot, except if the UE is provided with higher layer parameters cg-
nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK
earliest consecutive transmission occasion candidates within the same configuration.
[0259] If avéilable slot based counting is configured [and for unpaired spectrum], for
both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, the

UE may have to repeat the TB across an initial slot and the following K-1 available slots
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applying the same symbol allocation in each slot where the initial slot is a slot having the
symbol defined in the uplink transmission procedure(s) without dynamic grant by the
MAC entity and each of the available slots is a slot having an UL symbol, as described in
the UE procedure(s) for determining slot configuration(s), or flexible symbol, as
described in the UE procedure(s) for determining slot configuration(s), that is not
SS/PBCH block symbol, for the PUSCH, and/or consecutive UL symbols, as described
in the UE procedure(s) for determining slot configuration(s), or flexible symbols, as
described in the UE procedure(s) for determining slot configuration(s), that are not
SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number
of symbols for the PUSCH, except if the UE is provided with higher layer parameters cg-
nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK
earliest consecutive transmission occasion candidates within the same configuration. A
Type 1 or Type 2 PUSCH transmission with a configured grant in a slot is omitted
according to the conditions in the UE procedure(s) for reporting control information, the
UE procedure(s) for determining slot configuration(s) and the UE procedure(s) associated
with cancellation indication. A SS/PBCH block symbol is a symbol of an SS/PBCH block
with candidate SS/PBCH block index corresponding to the SS/PBCH block index
indicated to a UE by ssb-PositionsInBurst in SIBl or ssb-PositionsInBurst in
ServingCellConfigCommon, as described in the UE synchronization procedure for
searching a cell.

[0260] The MAC entity may be included in the medium access control layer
processing unit 15.

[0261] The pusch-Config may be referred to the PUSCH-Config.

[0262] The pusch-Config may be referred to as the PUSCH-Config.
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[0263] The RRC parameter frequencyHopping indicates that the value intraSlot
enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency
hopping'. If the field is absent, frequency hopping is not configured for 'pusch-RepTypeA'.
The field frequencyHopping applies to DCI format 0_0 and 0_1 for 'pusch-RepTypeA'.
[0264] The RRC parameter freqﬁencyHoppingDCI-O-1-r16 indicates the frequency
hopping scheme for DCI format 0_1 when pusch-RepTypelndicatorDCI-0-1 is set to
'pusch-RepTypeB', The value interRepetition enables 'Inter-repetition frequency hopping',
and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent,
frequency hopping is not configured for DCI format 0_1.

[0265] The RRC parameter frequencyHoppingDCI-0-1-r17 indicates the frequency
hopping scheme for DCI format 0_1 when pusch-RepTypelndicatorDCI-0-1 is set to
'pusch-RepTypeA' or 'pusch-RepTypeB' with 'Inter-repetition frequency hopping'. The
value interRepetition enables 'Inter-.repetition frequency hopping', and the value interSlot
enables 'Inter-slot frequency hopping', and the value intraSlot enables 'intra-slot
frequency hopping'. If the field is absent, inter-repetition frequency hopping is not
configured for DCI format 0_1 for 'pusch-RepTypeA' and frequency hopping is not
conﬁgured for DCI format 0 1 for ‘pusch-RepTypeB'. Or the RRC. parameter
frequencyHoppingDCI-0-1-r17 may indicate the frequency hopping scheme for DCI
format 0_1 when pusch-RepTypeIndicatorDCI-O-1 is set to 'pusch-RepTypeA' enabling
'Inter-repetition frequency hopping'.

[0266] " In case of resource allocation type‘ 2, the UE transmits PUSCH without
frequency hopping.

[0267] In case of resource allocation type 1, whether or not transform precoding is

enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the
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frequency hopping field in a corresponding detected DCI format or in a random access
response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured
grant the RRC parameter frequencyHoppingOffset is provided, otherwise no PUSCH
frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE
mapping is defined i.n those procedures.

[0268] For a PUSCH scheduled by RAR UL grant, fallbackRAR UL grant, or by DCI
format 0_0 with CRC scrambled by TC-RNTI, frequency offsets are obtained as
described in those procedures. For a PUSCH scheduled by DCI format 0_0/0_1 or a
PUSCH based on a Type2 configured UL grant activated by DCI format O_O/O_i and for
resource allocation type 1, frequency offsets are configured by RRC parameter
frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format
0_2 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_2 and
for resource allocation type 1, frequency offsets are configured by RRC parameter
frequencyHoppingOffsetListsDCI-0-2 in pusch-Config. When the size of the active BWP
is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL
grant. When the size of the active BWP is equal to or greater than 50 PRBs, one of four
higher layer configured offsets is indicated in the UL grant.

[0269] For PUSCH based on a Typel configured UL grant the frequency offset is
provided by the RRC parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
[0270] For PUSCH repetition Type B (as determined according to procedures defined
in those procedures for scheduled PUSCH, or those procedures for configured PUSCH),
a UE is configured for frequency hopping by the RRC parameter frequencyHoppingDCI-
0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by

frequencyHoppingDCI-0-1 provided in pusch-Config for PUSCH transmission scheduled
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by DCI format 0_1, and by frequencyHoppingPUSCH-RepTypeB provided in rrc-
ConfiguredUplinkGrant for Type 1 configured PUSCH transmission. The frequency
hopping mode for Type 2 configured PUSCH transmission follows the configuration of
the activating DCI vformat. One of two frequency hopping modes (Inter-repetition
frequency hopping and Inter-slot frequency hopping) can be configured.

[0271] In case of resource allocation type 1, whether or not transform precoding is
enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the
frequency hopping field in a corresponding detected DCI format is set to 1, or if for a
Type 1 PUSCH transmission with a configured grant the RRC parameter
frequencyHoppingPUSCH-RepTypeB is provided, otherwise no PUSCH frequency
hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping
is defined in those procedures.

[0272] For a PUSCH scheduled by DCI format 0_1 or a PUSCH based on a Type 2
configured UL grant activated by DCI format 0_1 and for resource allocation type 1,
frequency offsets are configured by RRC parameter frequencyHoppingOffsetLists in
pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type
2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1,
frequency offsets are configured by RRC parameter frequencyHoppingOffsetListsDCI-
0-2 in pusch-Config. When the size of the active BWP is less than 50 PRBs, one of two
higher layer configured offsets is indicated in the UL grant. When the size of the active
BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is
indicated in the UL grant.

[0273] For PUSCH based on a Typel configured UL grant the frequency offset is

provided by the RRC parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
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[0274] In case of inter-slot frequency hopping, the starting RB during slot n"u_s
follows that of inter-slot frequency hopping for PUSCH Repetition Type A according to
at least one of the conditions deﬁnéd in those procedures.

[0275] The pattern of inter-slot frequency hopping according to the available slots
may be determined based on the omission of PUSCH transmissions.

[0276] The pattern of RV according to the a{/ailable slots may be determined based
on the omission of PUSCH transmissions.

[0277] The patfcern of slot-counting according to the available slots may be
determined based on the omission of PUSCH transmissions.

[0278] The PUSCH-priority based procedure is described. If a PUSCH is scheduled
by a DCI or a PUSCH with configured grant is configured, the PUSCH is transmitted
unless otherwise stated.

[0279] A PUSCH or a PUCCH transmission, including répetitions if any, can be of
priority index 0 or of priority index 1. For a configured grant PUSCH transmission, a UE
may determine a priority index from RRC parameter phy-Prioritylndex, if provided. For
a PUCCH transmission with HARQ-ACK information corresponding to a SPS PDSCH
reception or a SPS PDSCH release, a UE may determine a priority indexlfrom RRC
parameter harq-CodeBookID, if provided. For a PUCCH transrﬁission with SR, a UE may
determine the corresponding priority by RRC parameter phy-Prioritylndex in RRC
parameter SchedulingRequestResourceConfig, if any. For a PUSCH transmission with
semi-persistent CSI report, a UE may determine a priority index from a priority indicator
field, if provided, in a DCI format that activates the semi-persistent CSI report. If a
priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the priority

index may be 0.
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[0280] If in an active DL BWP a UE may monitor PDCCH either for detection of DCI
format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2,
a priority index can be provided by a priority indicator field. If a UE indicates a capability
to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI
format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1
oraDCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format
1 1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH
transmission with corresponding HARQ-ACK information of any priority.

[0281] When a UE determines overlapping for PUCCH and/or PUSCH transmissions
of different priority indexes, including repetitions if any, the UE may first resolve the
overlapping for PUCCH and/or PUSCH transmissions of smaller priority index. Then: if
a transmission of a first PUCCH of larger priofity index scheduled by a DCI format in a
PDCCH reception would overlap in time with a repetition of a transmission of a second
PUSCH or a second PUCCH of smaller priority index, the UE may cancel the repetition
of a transmission of the second PUSCH or the second PUCCH before the first symbol
that would overlap with the first PUCCH transmission; if a transmission of a first PUSCH
of larger priority index scheduled by a DCI format in a PDCCH reception would overlap
in time with a repetition of the transmission of a second PUCCH of smaller priority index,
the UE may cancel the repetition of the transmission of the second PUCCH before the
first symbol that would overlap with the first PUSCH transmission. The overlapping may
be applicable before or after resolving overlapping among channels of larger priority
indéx, if any. The UE may expect that the transmission of the first PUCCH or the first
PUSCH, respectively, would not start before T_(proc,2)+d_1 after a last symbol of the

corresponding PDCCH reception. T_(proc,2) is the PUSCH preparation time for a
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corresponding UE processing capability assuming d_2,1=0, based on pand N_2, and d_1
is determined by a reported UE capability.

[0282] If the slot-counting type configuration indicates that the number of repetitions
to be counted based on contiguous slots, the above-described processing time requirement
that the first PUSCH would not start before T (proc,2)+d_1 after a last symbol of the
corresponding PDCCH reception may be applied. If the slot-counting type configuration
‘indicates that the number of repetitions to be counted based on available slots, the
processing time requirement may be relaxed. For example, the processing time
requirement that the first PUSCH would not start before T_(proc,2)+d_1+d_x after a last
symbol of the correspénding PDCCH reception may be applied, where d_x is a positive
value. The d_x may be expressed in unit of symbols. In other words, If the number of
repetitions for PUSCH repetition Type A is counted based on contiguous slots, the
processing time fequirement that the first PUSCH would not start before T_(proc,2)+d_1
after a last symbol of the corresponding PDCCH reception may be applied. If the number
of repetitions for PUSCH repetition Type A is counted based on available slots, the
processing time requirement may be relaxed. The relaxation of the processing time
requirement may mean allowing longer gap duration between PUSCH start and the end
of the corresponding PDCCH, where the processing time requirement may be the
maximum processing time which is required for cancellation of a
scheduled/configured/granted PUSCH transmission.

[0283] If a UE is scheduled by a DCI format in a first PDCCH reception to transmit
a first PUCCH or a first PUSCH of larger priority index that overlaps with a second
PUCCH orv a second PUSCH transmission of smaller priority index that, if any, is

scheduled by a DCI format in a second PDCCH, T_(proc,2) may be based on a value of
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u corresponding to the smallest SCS configuration of the first PDCCH, the second
PDCCHes, the first PUCCH or the first PUSCH, and the second PUCCH.S or the second
PUSCHs. If the overlapping group includes the first PUCCH, N_2 is 5 for p=0, 5.5 for
p=1 and 11 for p=2 if RRC parameter processingType2Enabled of RRC parameter
PDSCH-ServingCellConfig is set to enable for the serving cell where the UE receives the
first PDCCH and for all serving cells where the UE receives the PDSCHs corresponding
to the second PUCCHs, and if processingType2Enabled of RRC parameter PUSCH-
ServingCellConfig is set to enable for the serving cells with the second PUSCHs, N_2
is 10 for p=0, 12 for p=1, 23 for p=2, and 36 for p=3 otherwise. If the overlapping group‘
includes the first PUSCH, N 2 is 5 for p=0, 5.5 for p=1 and 11 for p=2 if
processingType2Enabled of PUSCH-ServingCellConfig is set to’ enable for the serving
cells with the first PUSCH and the second PUSCHs and if processingType2Enabled of
PDSCH-ServingCellConfig is set to enable for all serving cells where the UE receives
the PDSCHs corresponding to the second PUCCHs, N_2 is 10 for p=0, 12 for p=1, 23
for =2, and 36 for u=3 otherwise.

[0284] If a UE would transmit the following channels, including repetitions if any,
that would overlap in time: a first PUCCH of larger priority index with SR and a second
PUCCH or PUSCH of smaller priority index; or a configured grant PUSCH of larger
priority index and a PUCCH of smaller priority index; or a first PUCCH of larger priority
index with HARQ-ACK information only in response to a PDSCH reception without a
corresponding PDCCH and a second PUCCH of smaller priority index with SR and/or
CSI, or a configured grant PUSCH with smaller priority index, or a PUSCH of smaller
priority index .with SP-CSI report(s) without a corresponding PDCCH; or a PUSCH of

larger priority index with SP-CSI reports(s) without a corresponding PDCCH and a
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PUCCH of smaller priority index with SR, or CSI, or HARQ-ACK information only in
response to a PDSCH reception without a corresponding PDCCH; or a configured grant
PUSCH of larger priority index and a configured PUSCH of lower priority index on a
same serving cell, the UE may be expected to cancel a repetition of the PUCCH/PUSCH
transmissions of smaller priority index before the first symbol overlapping with the
PUCCH/PUSCH transmission of larger priority index if the repetition of the
PUCCH/PUSCH tre;nsmissions of smaller priority index overlaps in time with
the PUCCH/PUSCH transmissions of larger priority index.

[0285] A UE may not expect to be scheduled to transmit a PUCCH ora PUSCH with
smaller priority index that would overlap in time with a PUCCH of larger priority index
with HARQ-ACK information only in response to a PDSCH reception without a
corresponding PDCCH. A UE may not expect to be scheduled to transmit a PUCCH of
smaller priority index that would overlap in time with a PUSCH of larger priority index
with SP-CSI report(s) without a corresponding PDCCH.

[0286] If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex
UCI that includes HARQ-ACK information in a PUCCH that overlaps with the PUSCH
and the timing conditions for overlapping PUCCHs and PUSCHs are fulfilled, the UE
may multiplex only the HARQ-ACK information in the PUSCH and does not transmit
the PUCCH.

[0287] If a UE transmits multiple PUSCHs in a siot on respectiye serving cells that
include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured
by respective RRC parameter ConfiguredGrantConfig or semiPersistentOnPUSCH, and

the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs
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fulfil the conditions for UCI multiplexing, the UE may multiplex the UCI in a PUSCH
from the first PUSCHs.

[0288] If a UE transmits multiple PUSCHs in a slot on respective serving cells and
the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not
multiplex aperiodic CSI in any of the multiple PUSCHs, the UE may multiplex the UCI
in a PUSCH of the serving cell with the smallest RRC parameter ServCelllndex subject
to the conditions for UCI multiplexing being fulfilled. If the UE transmits more than one
PUSCHs in the slot on the serving cell with the smallest ServCelllndex that fulfil the
conditions for UCI multiplexing, the UE may multiplex the UCI in the earliest PUSCH
that the UE transmits in the slot.

[0289] If a UE transmits a PUSCH over multiple slots and the UE would transmit a
PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with
the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH
transmission in the one or more slots fulfills the conditions for multiplexing the HARQ-
ACK and/or CSI information,- the UE may multiplex the HARQ-ACK and/or CSI
information in the PUSCH transmission in the one or more slots. The UE may not
multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from
the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK
and/or CSI information in the slot in case the PUSCH transmission was absent.

[0290] If the PUSCH transmission over the multiple slots is scheduled by a DCI
format that includes a DAI field, the value of the DAI field may be applicable for‘
multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the

multiple slots where the UE multiplexes HARQ-ACK information.
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[0291] When a UE would multiplex HARQ-ACK information in a PUSCH
transmission that is configured by an RRC parameter ConﬁguredGrantConﬁg, and
includes CG-UCI, the UE may multiplex the HARQ-ACK information in the PUSCH
transmission if the UE is provided RRC parameter cg-UCI-Multiplexing; otherwise, the
UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a
PUCCH transmission or in another PUSCH transmission.

[0292] If a PUSCH (or a repetition of a PUSCH) in a slot is determined to be
transmitted or to multiplex UCI(s), the slot may be considered as available for the PUSCH
transmission. If a PU‘SCH (or a repetition of a PUSCH) in a slot is determined to be
cancelled, the slot may be considered és not available for the PUSCH transmission.
[0293] The slot configuration based procedure is described. If a PUSCH is scheduled
by a DCI or a PUSCH with configured grant is configured, therPUSCH is transmitted
unless otherwise stated.

[0294] If a UE is provided RRC parameter tdd-UL-DL-ConfigurationCommon, the
UE may set the slot format (the format which indicates which type of symbol between
downlink, uplink and flexible symbols each symbol in a slot is) per slot over a number qf
slots as indicated by tdd-UL-DL-ConfigurationCommon. If the UE is additionally
provided RRC pafameter tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-
DL-ConfigurationDedicated may override only flexible symbols per slot over the number
of slots as provided by tdd-UL-DL-ConfigurationCommon.

[0295] For operation on a single carrier in unpaired spectrum, if a UE is configured
by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of
“symbols of a slot, the UE receives the PDCCH, the PDSCH, the 'CSI-RS, or the DL PRS

if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a
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PUCCH, a PRACH, or é SRS in at least one symbol of the set of symbols of the slot;
otherwise, the UE may not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL
PRS in the set of symbols of the slot.

[0296] For operation on a single carrier in unpaired spectrum, if a UE is configured
by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols
of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or
PDSCH in a subset of symbols from the set of symbols, then: the following A), B) and C)
may be applied. A) If the UE does not indicate the capability of partialCancellation, the
UE does not.expect to cancel the transmiséion of the PUCCH or PUSCH or PRACH in
the set of symbols if the first symbol in the set occurs within T_(proc,2) relative to a last
symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels
the PUCCH, or the PUSCH, or an actual repetition of the PUSCH, or the PRACH
transmission in the set of symbols. B) If the UE indicates the capability of
partialCancellation, the UE does not expect to cancel the transmission of the PUCCH or
PUSCH lor PRACH in symbols from the set of symbols that occur within T_(proc,2)
relative to a last symbol of a CORESET where the UE detects the DCI format. The UE
cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH, or the PRACH
transmission in rerﬁaining symbols from the set of symbols. C) The UE does not expect
to cancel the transmission of SRS in symbols from the subset of symbols that occur within
T_(proc,2) relative to a last symbol of a CORESET where the UE detects the DCI format.
The UE Qancels the SRS transmission in remaining symbols from the subset of symbols.
T (proc,2) is the PUSCH preparation time for the corresponding UE processing
capability assuming d 2,1=1 and p corresponds to the smallest SCS configuration

between the SCS configuration of the PDCCH carrying the DCI format and the SCS



WO 2024/070993 72 PCT/JP2023/034614

configuration of thg SRS, PUCCH, PUSCH or p_r, where p_r corresponds to the SCS
configuration of the PRACH if it is 15kHz or higher; otherwise p_r=0.

[0297] If the slot-counting type configuration indicates that the number of repetitions
to be counted based on contiguous slots, the above-described processing time requirement
that “UE does not expect to cancel the transmission of the PUSCH in the set of symbols
if the first symbol in the set occurs within T (proc,2) relative to a last symbol of a
CORESET where the UE detects the DCI format, otherwise UE cancels the PUSCH
transmission” may be applied. If the slot-counting type configuration indicates that the
number of repetitions to be counted based on available slots, the processing time
requirement may be relaxed. For example, “UE does not expect to cancel the transmission
of the PUSCH in the set of symbols if the first symbol in the set occurs within
T (proc,2)+d_x relative to a last symbol of a CORESET where the UE detects the DCI
format, otherwise UE cancels the PUSCH transmission” may be applied, where d_x is a '
positive value. fn other words, If the number of repetitions for PUSCH repetition Type A
is counted based on contiguous slots, the processing time requirement of T_(proc,2) may
be applied. If the number of repetitions for PUSCH repetition Type A is counted based on
available slots, the longer processing time requirement may be applied. |

[0298] For a set of symbols of a slot that are indicated to a UE as downlink by tdd-
UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE may not
transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or
SRS overlaps, even partially, with the set of symbols of the slot.

[0299] For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-
DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the UE

may not expect to receive both dedicated RRC parameters configuring transmission from
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the UE in the set of symbols of the slot and dedicated RRC parameters configuring
reception by the UE in the set of symbols of the slot.

[0300] For operaﬁon on a single carrier in unpaired spectrum, for a set of symbols of
a slot indicated to | a UE by RRC parameter ssb-PositionsInBurst in SIB1 or ssb-
PositionsInBurst in ServingCellConfigCommon, for reception of SS/FBCH blocks, the
UE may not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would
overlap with any symbol from the set of symbols and the UE does not transmit SRS in
the set of symbols of the slot. The UE may not expect the set of symbols of the slot to be
indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, when provided to the UE.

[0301] If a UE is scheduled by a DCI format to transmit PUSCH over multiple slots,
and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConﬁgurationDedicated,
indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols
where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE
may not transmit the PUSCH in the slot.

[0302] If a PUSCH (or a repetition of a PUSCH) in a slot is determined to be
transmitted, the slot may be considered as available for thé PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is determined to be cancelled or not to be
transmitted, the slot may be considered as not available for the PUSCH transmission.
[0303] An example of the definition of T_(préc,Z) is described. If the first uplink
symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined
by the slot offset K2 and the start S and length L of the PUSCH allocation indicated by
'"Time domain resource assignment' of the scheduling DCI and. inclﬁding the effect of the

timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink
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symbol with its CP starting. T (proc,2)
(T..,=max((N, +dy, +d,)(2048+144) - k27 - T, + T, +T,,,.d,; )) after the end of

the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH,
then the UE may transmit the transport block. N2 is based on p for UE processing
capability 1 and 2 respectively, where p corresponds to the one of (uDL, pUL) resulting
with the largest T _(proc,2), where the pDL corresponds to the subcarrier spacing of the
downlink with which the PDCCH carrying the DCI scheduling the PUSCH was
transmitted and pUL corresponds to the subcarrier spacing of the uplink channel with
which the PUSCH is to be transmitted, and the constant « is 64. For operation with shared
spectrum channel access, T_ext may be non-zero value, otherwise T_ext =0. If the first
symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1
= 1. The time units T_C = 1/(Af "max" N_f) where Af "max" =480-10"3 Hz and N_f =
4096. If the UE is configured with multiplevactive component carriers, the first uplink
symbol in the PUSCH allocation further includes the effect of timing difference between
component carriers, If the scheduling DCI triggered a switch of BWP, d2,2 equals to the
switching time, otherwise d2,2=0. If a PUSCH of a larger priority index would overlap
with PUCCH of a smaller priority index, d2 for the PUSCH of a larger priority is set as
reported by the UE; otherwise d2 = 0. For a UE that supports capability 2 on a given cell,
the processing time according to UE processing capability 2 is applied if the high layer
parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the
cell and set to 'enable'. If the PUSCH indicated by the DCI is overlapping with one or
more PUCCH channels, then the transport block is multiplexed, otherwise the transport
block is transmitted on the PUSCH indicated by the DCI. If uplink switching gap is

triggered, T_switch equals to the switching gap duration and for the UE configured with
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RRC parameter uplinkTxSwitchingOption set to 'dualUL' for uplink carrier aggregation
pUL=min(p.UL,carrierl , kUL, carrier2), otherwise T_switch = 0. For PUSCH preparation
time for PUSCH timing capability 1, PUSCH preparation time N2 is 10, 12, 23 and 36
symbols for p =0, 1, 2 and 3, respectively. For PUSCH preparation time for PUSCH
timing capability 2, PUSCH preparation time N2 is 5, 5.5 and 11 symbols (for frequency
range (FR) 1) for u =0, 1 and 2, respectively.

[0304] The slot format based procedure is described. If a PUSCH is scheduled by a
DCI or a PUSCH with configured grant is configured, the PUSCH is transmitted unless
otherwise stated.

[0305] This procedure may apply for a serving cell that is included in a set of serving
cells configured to a UE by RRC paraméter slotFormatCombToAddModList and
slotFormatCombToReleaseList, availableRB-SetsToAddModList and availableRB-
SetsToRelease, switchTriggerToAddModList and switchTriggerToReleaseList, or co-
DurationsPerCellToAddModList and co-DurationsPerCellToReleaseList.

[0306] A SFl-index field value in a DCI format 2_0 may indicate to a UE a slot format
for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot
where the UE detects the DCI format 2_0. The number of slots may be equal to or larger
than a PDCCH monitoring periodicity for DCI format 2_0. The SFl-index field may
include maxSFlindex bits where maxSFlindex is the maximum value of the values
provided by corresponding RRC parameter slotFormatCombinationId. A slot format may
be identified by a corresponding format index as provided in the table in which each entry
specifies a respective combinétion of ‘D’, ‘U’ and/or ‘F’, where 'D' denotes a downlink
symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol. The index 255

may indicate that UE determines the slot format for the slot based on tdd-UL-DL-
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ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, if any, on detected
DCI formats.

[0307] For a set of symbols of a slot, a UE may not expect to detect a DCI format2_0
with an SFI-index field value indicating the set of symbols of the slot as uplink anci to
detect a DCI format. indicating to the UE to receive PDSCH or CSI-RS in the set of
symbols of the slot. |
[0308] For a set of symbols of a slot, a UE may not expect to detect a DCI format 2_0
with an SFI-index field value indicating the set of symbols in the slot as downlink and to
detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating
to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.
[0309] For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-
DL-ConﬁgurationCvommon, or tdd-UL-DL-ConfigurationDedicated, the UE may not
expect to detect a DCI format 2 0 with an SFI-index field value indicating the set of
symbols of the slot as uplink/downlink, respectively, or as flexible.

[0310] For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-
ConfigurationCommon and tdd-UL-D‘L-ConﬁgurationDedicated if provided, or when
tdd-UL—DL-ConﬁgurationCdmmon and tdd-UL-DL-ConfigurationDedicated are not
provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the
slot using a slot format value other than 255, at least the following A) to E) may be applied.
A) If an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot
as flexible and the UE detects a DCI format, a RAR UL grant, fallbackRAR UL grant, or
successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the
set of symbols of the slot the UE transmits the PUSCH, PUCCH, PRACH, or SRS ih the

set of symbols of the slot. B) If an SFl-index field value in DCI format 2_0 indicates the
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‘set of symbols of the slot as flexible, and the UE does not detect a DCI format indicating
to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI format, a RAR
UL, fallbackRAR UL grant, or successRAR grant indicating to thé UE to transmit
PUSCH, PUCCH, PRACH, or SRS iﬁ the set of symbols of the slot, the UE does not
transmit or receive in the set of symbols of the slot. C) If the UE is configured by higher
layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the
UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index
field value in DCI format 2_0 indicates the set of symbols of the slot as uplink. D) A UE
does not expectvto detect an SFI-index field value in DCI format 2_0 indicating the set of
symbols of thé slot as downlink and also detect a DCI format, a RAR UL grant,
fallbackRAR UL grant, or successRAR indicating to the UE to transmit SRS, PUSCH,
PUCCH, or PRACH, in one or more symbols from the set of symbols of the slot. E) A
UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the
set of symbols of the slot as downlink or flexible if the set of symbols of the slot includes
symbols corresponding to any repetition of a PUSCH transmission activated (i.e.
scheduled) by an UL Type 2 grant PDCCH.

[0311] If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH,
or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot
format value other than 255 that indicates a slot format with a subset of symbols from the
set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the
UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then the
following A), B) and C) may be applied. A) If the UE does not indicate the capability of
partialCancellation, the UE does not expect to cancel the transmission of the PUCCH or

PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within
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T (proc,2) relative to a last symbol of a CORESET where the UE detects the DCI format;
| otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the
PUSCH, or the PRACH transmission in the set of symbols. B) If the UE indicates the
capability of partial Cancellation, the UE does not expect to cancel the transmission of the
PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within
T (proc,2) relative to a last symbol of a CORESET where the UE detects the DCI format.
The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH, or the
PRACH transmission in remaining symbols from the set of symbols. C) The UE does not
expect to cancel the transmission of SRS in symbols from the subset of symbols that occur
within T_(proc,2) relative to a last symbol of a CORESET where the UE detects the DCI
format. The UE cancels the SRS transmission in remaining symbols from the subéet of
symbols. T_(proc,2) is the PUSCH preparation time for the corresponding UE processing
capability assuming d_2,1=1 and p corresponds to the smallest SCS configuration
between the SCS configuration of the PDCCH carrying the DCI format and the SCS
configuration of the SRS, PUCCH, PUSCH br p_r, where p_r corresponds to the SCS
configuration of the PRACH if it is 15kHz or higher; otherwise p_r=0.
[0312] If the slot-counting type configuration indicates that the number of repetitions
to be counted based on contiguous slots, the above-described processing time requirement
that “UE does not expect to cancel the transmission of the PUSCH in the set of symbols
if the first symbol in the set occurs within T (proc,2) relative to a last symbol of a
CORESET where the UE detects the DCI format, otherwise UE cancels the PUSCH
transmission” may be applied. If the slot-counting type configuration indicates that the
number of repetitions to bé c.ounted based on available slots, the processing time

requirement may be relaxed. For example, “UE does not expect to cancel the transmission
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of the PUSCH in the set of symbols if the first symbol in the set occurs within
T (proc,2)+d_x relative to a last symbol of a CORESET where the UE detects the DCI
format, other;zvise UE cancels the PUSCH transmission” may be applied, where d_x is a
positive value. In other words, If the number of repetitions for PUSCH repetition Type A
is counted based on contiguous slots, the processing time requirerhent of T (proc,2) may
be applied. If the number of repetitions for PUSCH repetition Type A is counted based on
available slots, the longer processing time requirement may be applied.

[0313] A UE may assume that flexible symbols in a CORESET configured to the UE
for PDCCH monitoring are downlink symbols if the UE does not detect an SFI-index
field value in DCI format 2_0 indicating the set of symbols of the slot as flexible or uplink
“and the UE does not detect a DCI format indicating to the UE to transmit SRS, PUSCH,
PUCCH, or PRACH in the set of symbols.

[0314] For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-
ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when
tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not
provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot
format for the slot, at least the following A) may be applied. A) The UE transmits PUSCH,
PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or
successRAR.

[0315] If the UE is configured by higher layers to transmit SRS, or PUCCH, or
PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided RRC
parameter enableConfiguredUL, the following A) and B) may be applied. A) The UE does

not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit
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the SRS in symbols from the set of symbols in the slot, if any, starting from a symbol that
is after PUSCH preparation time. T (proc,2) for the corresponding PUSCH timing
capability assuming d 2,1=1 after a last symbol of a CORESET where the UE is
éonﬁgured to monitor PDCCH for DCI format 2_0 and p corresponds to the smallest SCS
configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0
and the SCS configuration of the SRS, PUCCH, PUSCH or p_r, where p_r corresponds
to the SCS conﬁguration of the PRACH if it is 15kHz or higher; otherwise p_r=0. B) The
UE does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH,
or the PRACH in symbols from the set of symbols in the slot, if any, starting before a
symbol that is after the PUSCH preparation time T_(proc,2) for the corresponding
PUSCH timing capability assuming d_2,1=1 after a last symbol of a CORESET where
the UE is configured to monitor PDCCH for DCI format 2_0 and p corresponds to the
smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or u_r, where
p_r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher;
otherwise p_r=0.

[0316] If the slot-counting type configuration indicates that the number of repetitions
to be counted based on contiguous slots, the above-described processing time requirement
that “UE does not expect to cancel the transmission of the PUSCH in the set of symbols
if the first symbol in the set occurs within T_(proc,2) relative to a last symbol of a
CORESET where the UE monitor the DCI format 2_0, otherwise UE cancels the PUSCH
transmission” may be applied. If the slot-counting type configuration indicates that the
number of repetitions to be counted based on available slots, the processing time

requirement may be relaxed. For example, “UE does not expect to cancel the transmission
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of the PUSCH in the set of symbols if the first symbol in the set occurs within
T (proc,2)+d_x relative to a last symbol of a CORESET where the UE monitors the DCI
format 2_0, otherwise UE cancels the PUSCH transmission” may be applied, where d_x
is a positive value. In other words, If the number of repetitions for PUSCH repetition
Type A is counted based on contiguous slots, the processing time requirement of
T (proc,2) may be applied. If the number of repetitions for PUSCH repetition Type A is
counted based on available slots, the longer processing time requirement may be applied.
[0317] If the UE is configured by higher layers to transmit SRS, or PUCCH, or
PUSCH, or PRACH in the set of symbols of the slot and the UE is provided
enableConfiguredUL, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH,
respectively.

[0318] If a PUSCH (or a repetition of a PUSCH) in a slot is determined to be
transmitted, the slot may be considered as available for the PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is determined to be cancelled or not to be
transmitted, of if at least one symbol for the PUSCH in the slot is determined as a
downlink symbol, the slot may be considered as not available for the PUSCH
transmission.

[0319] The cancellation indication based procedure is described. If a PUSCH is
scheduled by a DCI or a PUSCH with configured grant is configured, the PUSCH is
transmitted unless otherwise stated.

[0320] If a UE is provided RRC parameter UplinkCancellation, the UE may be
provided, in one or more serving cells, a search space set for monitoring the first PDCCH
candidate with a CCE aggregation level of L_CI CCEs of the search space set for

detection of a DCI format 2_4  with a CI-RNTI provided by ci-RNTL
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[0321] For a serving cell having an associated field in a DCI format 2_4, fhe field
may be denoted by N_"CI" a number of bits provided by RRC parameter ci-PayloadSize,
B_"CI" a number of PRBs provided by RRC parameter frequencyRegionforCI in RRC
parameter timeFrequencyRegion, T "CI" a number of symbols, excluding symbols for
reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-
ConfigurationCommon, from a number of symbols that is provided by RRC parameter
timeDurationforCI in RRC parameter timeFrequencyRegion, if the PDCCH monitoring
periodicity for the search space set with the DCI format 2_4 is one slot and there are more
than one PDCCH monitoring occasions in a slot, or is equal to the PDCCH monitoring
periodicity, otherwise, and G_"CI" a number of partitions for the T _"CI" symbols
providled by RRC parameter timeGranularityforCI in RRC  parameter
timeFrequencyRegion.

[0322] An indication by a DCI format 2_4 for a serving cell may be applicable to a
PUSCH transmission or an SRS transmission on the serving cell. If the PUSCH
transmission or the SRS transmission is scheduled by a DCI format, the indication by the
DCI format 2_4 may be applicable to the PUSCH transmission or SRS transmission only
if the last symbol of the PDCCH reception providing the DCI format is earlier than the
first symbol of the PDCCH reception providing the DCI format 2_4. For the serving cell,

the UE may determine the first symbol of the T_CI symbols to be the first symbol that is

after T'_(proc,2) from the end of a PDCCH reception where the UE detects the DCI

format 2_4, where T _(proc,2) is obtained from T_(proc,2) for PUSCH processing

capability 2assuming d_2,1=d_offset - 2"(-u_UL )2"(-n) where d_offset is provided

by RRC parameter delta_Offset, p being the smallest SCS configuration between the SCS
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configuration of the PDCCH and the smallest SCS configuration p_UL provided in RRC
parameter scs-SpecificCarrierList of FrequencylnfoUL or FrequencyInfoUL-SIB. The
UE may not expect to cancel the PUSCH transmission or the SRS transmission before a
corresponding symbol that is T_(proc,2) assuming that d_2,1=0 after a last symbol of a
CORESET where the UE detects the DCI format 2_4.

[0323] If the slot-counting type configuration indicates that the number. of repetitions
to be counted based on contiguous slots, the above-described processing time requirement
that “UE does not expect to cancel the transmission of the PUSCH in the set of symbols
if the first symbol in the set occurs within T°_(proc,2) relative to a last symbol of a
PDCCH where the UE detects the DCI format 2_4, otherwise. UE cancels the PUSCH
transmission” may be applied. If the slot-counting type configuration indicates that the
number of repetitions to be counted based on a\}ailable slots, the processing time
requirement may be relaxed. For example, “UE does not expect to cancel the transmission
of the PUSCH in the set of symbols if the first symbol in the set occurs within
T’ (proc,2)+d_x relative to a last symbol of a PDCCH where the UE detects the DCI
format 2_4, otherwise UE cancels the PUSCH transmission” may be applied, where d_x
is a positive value. In other words, If the number of repetitions for PUSCH repetition
Type A is counted based on contiguous slots, the processing time requirement of
T’ (proc,2) may be applied. If the number of repetitions for PUSCH repetition Type A is
counted based on available slots, the longer processing time requirement may be applied.
[0324] A UE that detects a DCI format 2_4 for a serving cell may cancel a PUSCH
transmission (including PUSCH transmission with repetition Type A), or an actual
repetition of a PUSCH transmission if the PUSCH transmission is with repetition Type B,

or an SRS transmission on the serving cell if, respectively, the transmission is PUSCH



WO 2024/070993 84 PCT/JP2023/034614

with priority 0 if the UE is provided RRC parameter uplinkCancellationPriority, a group
of symbols, from the T _"CI" symbols, has at least one bit value of '1' in the corresponding
set of N_BI bits in the DCI format 2_4 and includes a symbol of the (repetition of the)
PUSCH transmission or of the SRS transmission, and a group of PRBs, from the B_"CI"
PRBs, has a corresponding bit value of '1' in the set of bits corresponding to the group of
symbols in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH
transmission or of the SRS transmission. The cancellation of the (repetition of the)
PUSCH transmission may include all symbols from the earliest symbol of the (repetition
of the) PUSCH transmission that is in a group of symbols having corresponding bit values
of '1' in the DCI format 2_4. The cancellation of the SRS transmission may include only
symbols that are in one or more groups of symbols having corresponding bit values of '1'
in the DCI format 2_4 |

[0325] If, based on an indication by a DCI format 2 4, a UE cancels a PUSCH
fransmission or an SRS transmission, the UE may not expect to be scheduled by a second
DCI format to transmit a PUSCH or an SRS over symbols that include symbols of the
cancelled PUSCH transmission or SRS transmission, where the last symbol of the
PDCCH reception providing the second DCI format is later than the first symbol of the
PDCCH reception providing the DCI format 2_4.

[0326] If a PUSCH (or a repetition of a PUSCH) in a slot is determined to be
transmitted, the slot may be considered as available for the PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is determined to be cancelled or not to be
transmitted, the slot may be considered as not available for the PUSCH transmission.
[0327] When the number of repetitions is counted based on available slots, there may

be several sub-options in terms of consideration of the conditions in PUSCH-priority
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based procedure, slot configuration based procedure, slot format based procedure and
cancellation indication based procedure. The conditions according to the slot
configuration procedure may be always applicable. Whether the conditions in the other
procedures are applicable may be depending on a certain RRC .conﬁguration.

[0328] The first sub-option is to have a single slot-counting type configuration which
is applicable to all the conditions. More specifically, if the slot-counting type
configuration indicates that the number of repetitions to be counted based on available
slots, and if an available-slot type configuration (the RRC conﬁguratioﬁ or RRC
parameter which indicates whether the available slots are determined based on only semi-
static configuration or based on both semi-static configuration and dynamic signaling,
this configuration may or may not be the same as the slot-counting type configuration)
indicates that dynamic signaling is used for the determination of the available slots, the
available slots may be determined according to all the conditions of which corresponding
RRC configurations are provided. For example, the conditions in PUSCH-priority based
procedure may be applicable if phy-Prioritylndex or priorityIndicatorDCI is provided,
while the conditions in PUSCH-priority based procedure may be not applicable if phy-
PriorityIndex or priorityIndicatorDCI (the procedure which determines whether PUSCH
is transmitted or not based on the priority index of the PUSCH)) is not provided. The
conditions in slot format based procedure may be applicable if
SlotFormatCombinationsPerCell (i.e. RRC parameter/configuration which causes the slot
format based procedure (the procedure which determines whether PUSCH is transmitted
or not based on the slot format)) is provided, while the conditions in slot format based
procedure may be not applicable if SlotFormatCombinationsPerCell is not provided. The

conditions in cancellation indication based procedure may be applicable if
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UplinkCancellation (i.e. RRC parameter/configuration which causes the cancellation
indicator based procedure (the procedure which determines whether PUSCH is
transmitted or not based on the cancellation indicator)) is provided, while the conditions
in cancellation indication based procedure may be not applicable if UplinkCancellation
is not provided.
[0329] With the first sub-option, if the UE is capable of a certain coverége
enhancement feature(s) and/or if the UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is provided with a slot-counting
type configuration which indicates the PUSCH repetition to be counted based on available
slots and/or if the UE is provided with an available-slot type configuration which indicates
dynamic signaling to be used for the determination of the available slots, the following
may be applied. For both Type 1 and Type 2 PUSCH transmissions with a configured
grant, when K > 1, the UE may repeat the TB across the K available slots (i.e. the first K
slots which are available for the PUSCH transmission) applying the same symbol
“allocation in each slot. The K available slots may be determined according to the
conditions in the slot configuration based procedure and additionally in the PUSCH-
priority based procedure, the slot format based procedure and the cancellation indication
based procedure.
[0330] With the first sub-option, if the UE is capable of a certain coverage
enhancement feature(s) and/or if the UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is provided with a slot-counting
type configuration which indicates the PUSCH repetition to be counted based on available
slots and/or if the UE is provided with an available-slot type configuration which indicates

only semi-static configuration to be used for the determination of the available slots, the
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fo‘llowing may be applied. For both Type 1 and Type 2 PUSCH transmissions with a
- configured grant, when K > 1, the UE may repeat the TB across the K available slots (i.e.
the first K slots which are available for the PUSCH transmission) applying the same
symbol allocation in each slot. The K available slots may be determined according to the
conditions in the slot configuration based procedure but without referring to the
conditions in the PUSCH-priority based procedure, the slot format based procedure and
the cancellation indication based procedure.

[0331] The second sub-option is to have several slot-counting type configuration,
each is applicable to the conditions in a respective procedure. More specifically, if the
available-slot type configuration for PUSCH-priority based procedure indicates that
PUSCH-priority based transmissions/cancellations are used for the determination of the
available slots, the available slots may be determined according to the PUSCH-priority
based procedure. Similarly, if the available-slot type configuration for slot format based
procedure indicates that slot format based transmissions/cancellations are used for the
determination of the available slots, the available slots may be determined according to
the slot format based procedure. If the available-slot type configuration for cancellation
indication based procedure indicates that cancellation indication based
transmissions/cancellations are used for the determination of the available slots, the
available slots may be determined according to the cancellation indication based
procedure. For example, the conditions in PUSCH-priority based procedure fnay be
applicable if phy-Prioritylndex or prioritylndicatorDCI is provided and also if the
available-slot type configuration for PUSCH-priority based procedure indicating use of
PUSCH-priority based procedure is provided, while the conditions in PUSCH-priority

based procedure may be not applicable otherwise. The conditions in slot format based
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procedure may be applicable if SlotFormatCombinationsPerCell is provided and also if
the available-slot type configuration for slot format based procedure indicating use of slot
format based procedure is provided, while the conditions in slot format based procedure
may be not applicable otherwise. The conditions in cancellation indication based
procedure may be applicable if UplinkCancellation is provided and also if the available-
slot typé configuration for cancellation indication based procedure indicating use of
cancellation indication based procedure is provided, while the conditions in cancellation
indication based procedure may be not applicable otherwise. Any combination of the
above may also apply. For example, if the available-slot type conﬁgﬁration for PUSCH-
priority based procedure is provided, and if the available-slot type configuration for slot
format based procedure is provided, but if the available-slot type configuration for
cancellation indication based procedure is not provided, the available slot may be
determined based on the conditions in slot configuration based procedures and also the
conditions in PUSCH-priority based procedure and slot format based procedure, but the
conditions according to cancellation indication based procedure are not referred to for the
determination of available slots.

[0332] With the second sub-option, if the UE is capable of a certain coverage
enhancement feature(s) and/or if the UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is provided with a slot-counting
type configuration which indicates the PUSCH repetition to be counted based on availabie
slots and if the UE is provided with at least one of available-slot type configurations for
PUSCH-priority based procedure, slot format based procedure and cancellation indication
based procedure, the following may be applied. For both Type 1 and Type 2 PUSCH

transmissions with a configured grant, when K > 1, the UE may repeat the TB across the
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K available slots (i.g. the first K slots which are available for the PUSCH transmission)
applying the same symbol allocation in each slot. The K available slots may be
determined according to the conditions in the slot configuration based procedure and
additionally in the PUSCH-priority based procedure, the slot format based procedure and
the cancellation indication based procedure if, respectively, the available-slot type
configuration for PUSCH-priority based procedure, the available-slot type configuration
for slot format based procedure, or the available-slot type configuration for cancellation
indication based procedure is provided.

[0333] If only semi-static configuration is used for the determination of the available
slots and/or any dynamic signaling is not used for the determination of the available slots,
the UE determines the K slots for a PUSCH transmission starting from a slot indicated to
the UE for the PUSCH transmission and having A) an UL symbol, as described in the
slot configuration procedure, or flexible symbol that is not SS/PBCH block symbol, and
B) consecutive UL symbols, as described in the slot configuration procedure, or flexible
symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or
larger than the number of symbols where the first symbol within a slot and the number of
symbols within the slot may be provided by time domain resource allocation inférmation
for the PUSCH. |

[0334] It is noted that the aforementioned available-slot type configuration may be
referred to as a different name. The existence of the available-slot type configuration in
RRC configuration message may mean that the conditions in both the slot configuration
procedure and the other procedure(s) are used for the determination of the available slots
while the absence of the available-slot type configuration in RRC configuration message

may mean that the conditions in the slot configuration procedure but not in the other
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procedure(s) are used for the determination of the available slots. Additionally and/or
alternatively, the available-slot type configuration set to the first value (e.g. ‘semi-static’)
may mean that the conditions in the slot configuration procedure but not in the other
procedure(s) are used for the determination of the available slots while the available-slot
type configuration set to the second value (e.g. ‘dynamic’) may mean that the conditions
in both the slot configuration procedure and the other procedure(s) are used for the
determination of the available slots.

[0335] Figure 9 is an example configuration of a frame structure according to an
aspect of the present embodiment. In Figure 9, a horizontalv axis indicates time domain.
In the time domain, slots are numbered from slot#n (slot with index n) in ascending order.
Each line in the time domain indicates a slot boundary. 9001 indicates a downlink region.
9002 indicates a flexible region. 9003 indicates an uplink region.

[0336] Region indicated by 9000 includes a set of region 9001, 9002 and 9003.
Region 9000 may be configured based on a slot configuration. For example, a slot
configuration may include at least a downlink region, a flexible region and an uplink
region. For example, a slot configuration may be configured such that the slot
configuration starts at one UL-to-DL switching point. Further, the slot configuration may
be configured such that the slot configuration ends at another UL-to-DL switching point.
For example, a UL-to-DL switching point may be a point where a uplink region ends and
a downlink region starts.

[0337] For example, a slot configuration may be repeated in the time domain. In
Figure 9, a slot configuration comprising 3 downlink slots, one special slot and 1 uplink

slot is repeated. Region 9000 is an instance of the slot configuration starting at slot#n and



WO 2024/070993 91 PCT/JP2023/034614

an Region 9010 is an instance of the slot configuration starting at slot#n+5. In Figure 9,
repetition cycle of the slot configuration is S slots.

[0338] 9011 indicates a downlink region. Further, 9012 indicates a flexible region.
Further, 9013 indicates an uplink region.

[0339] For example, a slot configuration may be represented by a combination of ‘D’,
‘U’ and ‘S°. ‘D" indicates that a slot is a downlink slot. A downlink slot is a slot with
downlink region. In Figure 9, slot#n, slot#n+1, slot#n+2, slot#n+$, slot#n+6 and slot#n+7
are downlink slotsv.

[0340] ‘U’ indicates that a slot is an uplink slot. An uplink slot is a slot with uplink
region. In Figure 9, slot#n+4 and slot#n+9 are uplink slots. |
[0341] ‘S’ indicates that a slot is a special slot. A special slot is a slot with at least two
or more of a downlink regibns, a flexible region and an uplink region. In Figure 9,
slot#n+3 and slot#n+8 aré special slots.

[0342] In Figure 9, the slot configuration may be also referred to as “DDDSU”.
“DDDSU” means that the slot configuration comprises 3 downlink slots, 1 special slot
and 1 uplink slot.

[0343] A configuration of special slot may be represented by “XDYFZU”. Here, X is
the number of downlink symbols, Y is the number of flexible symbols and Z is the number
of uplink symbols. For example, “10D2F2U” indicates that a special slot comprises 10
downlink symbols, 2 flexible symbols and 2 uplink symbols.

[0344) A downlink symbol is an OFDM symbol in a downlink region. A flexible
symbol is an OFDM symbol in a flexible region. An uplink symbol is an OFDM symbol

in an uplink region.
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[0345] A slot configuration may be provided by RRC parameters. For example, a slot
configuration may be configured by a common parameter included in system information
such as SIBl. The common parameter may be also referred to as tdd-UL-DL-
ConfigurationCommon.

[0346] For example, terminal device 1 may determine a reference subcarrier-spacing
configuration uret and a first TDD pattern from the common parameter. The first TDD
pattern includes one or more of T1 to T5. T1 is a configuration period P in milliseconds
provided by referenceSubcarrierSpacing. T2 is the number dsots of slots indicating
consecutive downlink slots provided by nrofDownlinkSlots. T3 is the number dsym of
consecutive downlink symbols provided by nrofDownlinkSymbols. T4 is the number
Usiots Of consecutive uplink slots provided by nrofUplinkSlots. TS is the number usym of
consecutive uplink symbols provided by nrofUplinkSymbols.

[0347] Figure 10 is an example configuration of a slot configuration according to an
aspect of the present embodiment. In Figure 10, a horizontal axis indicates time domain.
In the time domain, slots are numbered from slot#n (slot with index n) in ascending order.
Each line in the time domain indicates a slot boundary. 10000 indicates a slot
configuration. In the slot configuration, first dsios=2 slots as indicated by Region 10001
are configured as downlink slots. In the slot configuration, last ugxs=1 slot as indicated
by Region 10002 is configured as an uplink slot. In the slot configuration, first dsym
OFDM symbols starting at first OFDM symbol in a slot with index n+dsiots as indicated
by Region 10003 is configured as downlink symbols. In the slot configuration, last usym
OFDM symbols before first OFDM symbol in a slot with index n+S-usiots as indicated by

Region 10004 is configured as uplink symbols. In the slot configuration, the remaining
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OFDM symbols not indicated as either downlink region or uplink region as indicated by
Region 1605 are ﬂéxible symbols.

[0348] A slot configuration may be modified by a UE-specific parameter. The UE-
specific parameter may be also referred to as tdd-UL-DL-ConfigurationDedicated.
[0349] If the UE-specific parameter is provided to terminal device 1, the UE-specific
parameter may modify (or reconfigure) the slot configuration provided by the common
parameter. For example, the UE-specific parameter may modify (or reconfigure) flexible
region in the slot configuration.

[0350] For example, terminal device 1 may determine a list including a set of slot
reconfigurations by the UE-specific parameter. In each slot reconfiguration in the set, at
least one or both of an index of a slot and an indication of TDD pattern of the slot may be
provided. The indication may indicate one out of ‘all DL’, ‘all UL’ and ‘explicit’. In a
case that ‘all DL’ is indicated for the slot, the slot configuration in the slot is reconfigured
as downlink region. In a case that ‘all UL’ is indicated for the slot, the slot configuration
in the slot is reconfigured as uplink region. In a case that ‘explicit’ is indicated for the slot,
the slot configuration in the slot is reconfigured by explicit indication corresponding to
‘explicit’. Indication ‘explicit’ corresponds to information indicating a TDD pattern in a
slot. The information includes information indicating the number of downlink symbols
starting at the beginning of the slot and information indicating the number of uplink
symbols ending at the end of the slot. The remaining OFDM symbols between downlink
symbols and uplink symbols are flexible symbols.

[0351] Terminal device 1 may receive a physical signal if terminal device 1 is
configured by a higher layer or indicated by a DCI format to receive the physical signal

in the downlink region.
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[0352] Terminal device 1 may transmit a physical signal if terminal device 1 is
configured by a higher layer or indicated by a DCI format to transmit the physical signal
in the uplink region. |
[0353] In a case that monitoring of DCI format 2_0 is not configured by a higher' layer,
terminal device 1 may receive a physical signal if terminal device 1 is indicated by a DCI
format scheduling the physical channel to receive in the downlink region or the flexible
region.
[0354] In a case that monitoring of DCI format 2_0 is not configured by a higher layer,
terminal device 1 may transmit a physical signal if terminal device 1 is indicated by a
DCI format scheduling the physical signal to transmit in the uplink region or the flexible
region. |
[0355] In a case that monitoring of DCI format 2_0 is configured by a higher layer,
terminal device 1 may determine whether to receive a physical signal or not at least based
-on indication in the DCI format 2_0.
[0356] In a case that monitoring of DCI format 2_0 is configured by a higher layer,
terminal device 1 may determine whether to transmit a physical signal or not at least based
on indication in the DCI format 2_0.
{0357] Configuration regarding monitoring of DCI format 2_0 may include at least
one or more of S1 to S3. S1 is an identifier of a serving cell. S2 is information indicating
bit location of field for index of a slot format indicator. S3 is a set of slot format
combinations. Here, each slot format combination may include one or more slot formats.
Each of slot format combination may include an index of a slot format indicator. Each
slot format may indicate a TDD pattern within a slot. For example, slot format#0 indicates

that all OFDM symbols in a slot are downlink symbol. For example, slot format#1
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indicates that all OFDM symbols in a slot are uplink symbol. For example, one slot format
indicates that first 9 OFDM symbols in a slot are downlink symbol, next 3 OFDM
symbols in the slot are flexible symbol and remaining 2 OFDM symbols are uplink
symbol. For example, one slot format indicates that terminal device 1 interpret as if
monitoring of DCI format 2_0 is not configured. Other TDD patterns in a slot are not
precluded.

[0358] In a case that terminal device 1 detects a DCI format 2_0 in a first slot, terminal
device 1 applies a slot format combination indicated through an index of slot format
indicator in the DCI format 2_0. For example, the slot format combination may be applied
to slots starting at the first slot.

[0359] At least based on an indication in DCI format 2_0, behavior of PUSCH
transmission may be controlled. For example, a PUSCH transmission may be repetition
of a PUSCH instance where the PUSCH instance is defined within a slot.

[0360] A PUSCH instance may be a unit of baseband signal generation. Here, the
baseband signal generation may be performed by the baseband unit 13.

[0361]  Details of UE procedure(s) for applying transform pfecoding on PUSCH are
described. |

[0362] For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by
fallbackRAR UL grant, or for a PUSCH scheduled by DCI format 0_0 with CRC
scrambled by TC-RNTI, the UE may consider the transform precoding either ‘enabled" or
'disabled' according to the higher layer configured parameter msg3-transformPrecoder.
[0363] For a MsgA PUSCH, the UE may consider the transform precoding either
'enabled’ or 'disabled' according to the higher layer conﬁgure.d parameter msgA-

TransformPrecoder. If an RRC parameter msgA-TransformPrecoder is not configured,
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the UE may consider the transform precoding either 'enabled’ or 'disabled' according to
the RRC parameter msg3-transformPrecoder.

[0364] The RRC parameter msgA-TransformPrecoder indicates whether the UE
enables or disables the transform precoder for MsgA transmission.

[0365] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was received with DCI format 0_0, the UE may, for this PUSCH
transmission, consider the transform precoding either enabled or disabled according to
the RRC parameter msg3-transformPrecoder.

[0366] For PUSCH transmission scheduled by a PDCCH With CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0, and if the UE is configured with
the RRC parameter transformPrecoder in pusch-Config, the UE may, for this PUSCH
transmission, consider the transform precoding either enabled or disabled according to
this parameter (i.e. configured transformPrecoder).

[0367] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0, and if the UE is configured with
the RRC parameters transformPrecoder and dynamicSwitchingTransformPrecoder set to
‘disabled’ in pusch-Config, the UE may, for this PUSCH transmission, consider the
transform precoding either. enabled or disabled according to the RRC parameter
transformPrecoder.

[0368] “The DCI with the scheduling grant was not received with DCI format 0_0~

may mean that “the DCI with the scheduling grant was received with a DCI format other
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than the DCI format 0_0”. Or “the DCI with the scheduling grant was not received with
DCI format 0_0” may mean that “the scheduling grant was received with a configured
grant”.

[0369] The RRC parameter dynamicSwitchingTransformPrecoder indicates whether
or not the ‘transform precoding indicator’ field is included in the DCI format 0_1/0 2.
The ‘transform precoding indicator’ field is used for indicating whether or not the
transform precoder is enabled.

[0370] The RRC parameter dynamicSwitchingTransformPrecoder may be configured
as a common parameter for different DCI formats.

[0371] The RRC parameter dynamicSwitchingTransformPrecoder may be configured
for the DCI format 0_1 and the DCI format 0_2, respectively. In other words, the RRC
parameter dynamicSwitchingTransformPrecoder corresponding to each of DCI formats
may be configured. If the | UE is configured with the RRC parameters
dynamicSwitchingTransformPrecoder corresponding to each of DCI formats, the UE may
assume that he ‘transform precoding indicator’ field may be included in the corresponding
DCI format(s), respectively.

[0372] If the RRC parameter dynamicSwitchingTransformPrecoder indicates
‘enabled’, the ‘transform precoding indicator’ field may be included in the DCI format
0 1/0 2. If the RRC parameter dynamicSwitchingTransformPrecoder indicates
‘disabled’, the ‘transform precoding indicator’ field may not be included in the DCI
format 0_1/0_2.

[0373] If the RRC parameter dynamicSwitching TransformPrecoder is configured, the
UE may assume that the ‘transform precoding indicator’ field may be included in the DCI

format 0_1/0_2. The RRC parameter dynamicSwitchingTransformPrecoder may indicate
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that the ‘transform precoding indicator’ field is included in the DCI format 0_1/0 2, if
provided.

[0374] If the RRC parameter dynamicSwitchingTransformPrecoder is not
configured/absent, the UE may assume that the ‘transform precoding indicator’ field may
not be included in the DCI format 0_1/0_2.

[0375] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0, and if the UE is configured with
the RRC parameters transformPrecoder and dynamicSwitchingTransformPrecoder set to
‘enabled’ in pusch-Config, the UE may, for this PUSCH transmission, consider the
transform precoding either enabled or disabled according to the DCI ‘transform precoding
indicator’ field.

[0376] Alternatively, for PUSCH transmission scheduled by a PDCCH with CRC
scrambled by CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the
DCI with the scheduling grant was not received with DCI format 0_0, and if the UE is
configured with the RRC parameters  transformPrecoder and
dynamicSwitchingTraﬁsformPrecoder set to ‘enabled’ in pusch-Config, the UE may, for
this PUSCH transmission, consider the transform precoding either enébled or disabled
according to the DCI ‘transform precoding indicator’ field, irrespective of the value of
the transformPrecoder.

[0377] Alternatively, for PUSCH transmission scheduled by a PDCCH with CRC
scrambled by CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTT or SP-CSI-RNTI, if the
DCI with the scheduling grant was not received with DCI format 0_0, and if the UE is

configured with the RRC parameters transformPrecoder set to ‘enabled’ and
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dynamicSwitchingTransformPrecoder set to ‘enabled’ in pusch-Config, the UE may, for
this PUSCH transmission, consider the transform precoding either enabled or disabled
according to the DCI ‘transform precoding indicator’ field.

[0378] The UE may assume that the DCI ‘transform precoding indicator’ field is not
included in the DCI format 0_0.

[0379] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0, and if the UE is not configured
with the RRC parameter transformPrecoder in pusch-Config, the UE may, for this
PUSCH transmission, consider the transform precoding either enabled or disabled
according to the RRC parameter msg3-transformPrecoder.

[0380] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTIL, if the DCI with the
scheduling grant was not received with DCI format 0_0 and if the UE is not configured
with the RRC parameters transformPrecoder and dynamicSwitchingTransformPrecoder
set to ‘enabled’ in pusch-Config, the UE may, for this PUSCH transmission, consider the
transform precoding either enabled or disabled according to the higher layer configured
parameter msg3-transformPrecoder.

[0381] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0 and if the UE is not configured
with the RRC parameters transformPrecoder and dynamicSwitchingTransformPrecoder

in pusch-Config, the UE may, for this PUSCH transmission, consider the transform
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precoding either enabled or disabled according to the higher layer configured parameter
msg3-transformPrecoder.

[0382] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI format 0_0, if the UE is not configured with
the RRC parameters transformPrecoder and if the UE is configured with
dynamicSwitchingTransformPrecoder set to ‘disabled’ in pusch-Config, the UE may, for
this PUSCH transmission, consider the transform precoding eithér enabled or disabled
according to the RRC parameter msg3-transformPrecoder.

[0383] For PUSCH transmission scheduled by a PDCCH with CRC scrambled by
CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with the
scheduling grant was not received with DCI fomat 0_0, and if the UE is not configured
with the RRC parameter transformPrecoder in pusch-Config and if the UE is configured
with the RRC parameter dynamicSwitching TransformPrecoder set to ‘enabled’ in pusch-
Config, the UE may, for this PUSCH transmission, consider the transform precoding
either enabled or disabled according to the DCI ‘transform precoding indicator’ field.
[0384] The feature of the DCI ‘transform precoding indicator’ field may be realized
by using the DCI field other than ‘transform precoding indicator’ field. In other words, if
the UE is conﬁgured with the RRC parameter dynamicSwitchingTransformPrecoder set
to ‘enabled’ ih pusch-Config, a first value of a first DCI field may indicate that the
transform precoder is enabled, and a second value of the first DCI field may indicate that
the transform precoder is disabled. The UE may assume that the value(s) of the first DCI
field included in the DCI format are associated with whether or not the transform precoder

is enabled.
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[0385] If the base station provides the RRC parameter
dynamicSwitchingTransformPrecoder set to ‘enabled’ in pusch-Config, a first value of a
first DCI field may be set for indicating that the transform precoder is enabled, and a
second value of the first DCI field may be set for indicating that the transform precoder
is disabled.

[0386] For PUSCH transmission with a configured grant, if the UE is configured with
the RRC parameter transformPrecoder in configuredGrantConfig, the UE may, for this
PUSCH transmission, consider the transform precoding either enabled or disabled
according to this parameter.

[0387] For PUSCH transmission with a configured grant, if the UE is not configured
with the RRC parameter transformPrecoder in configuredGrantConfig, the UE may, for
this PUSCH transmission, consider the transform precoding either enabled or disabled
according to the higher layer configured parameter msg3-transformPrecoder.

[0388] Here, “the dynamicSwitchingTransformPrecoder is configured” may have a
same meaning as ‘“the dynamicSwitchingTransformPrecoder set to ‘enabled’ is
configured”. And “the dynamicSwitchingTransformPrecoder is. not configured” may
have a same meaning as “the dynamicSwitchingTransformPrecoder set to ‘disabled’ is
configured”.

[0389] Alternatively or additionally, the dynamic switching from DFT-S-OFDM (i.e.,
OFDM with Transform Precoder) to OFDM (i.e., OFDM without Transform Precoder)
may not be allowable, while the dynamic switching from OFDM to DFT-S-OFDM may
be allowable. OFDM may be also referred to as CP-OFDM (Cyclic Prefix-OFDM) which

means OFDM with CP.
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[0390] The DCI format 0_1 and/or 0_2 with CRC scrambled by a C-RNTI may
include the ‘transform precoding indicator’ field in the case when the RRC parameter
dynamicSwitchingTransformPrecoder in pusch-Config is provided. The DCI format 0_1
and/or 0_2 may not include the ‘transform precoding indicator’ field in the case when the
RRC parameter dynamicSwitchingTransformPrecoder in pusch-Config is not provided.
The RRC parameter dynamicSwitchingTransformPrecoder may be configured in the case
when the RRC parameter transformPrecoder set to ‘enabled’ in pusch-Config is provided.
The RRC parameter dynamicSwitchingTransformPrecoder may not be allowed/expected
to be configured in the case when the RRC parameter tranéformPrecoder set to ‘enabled’
in pusch-Config is not provided. The DCI format 0_1 and/or 0_2 with CRC scrambled by
a C-RNTI may include the ‘transform precoding indicator’ field in the case when the RRC
parameter transformPrecoder set to ‘enabled’ in pusch-Config is provided. The DCI
format 0_1 and/or 0_2 with CRC scrambled by a C-RNTI may not be aliowed/expected
to include the ‘transform precoding indicator’ field in the case when the RRC parameter
transformPrecoder set to ‘enabled’ in pusch-Config is not provided. Note that the DCI
format 0_1 and/or 0_2 with CRC scrambled by a C-RNTI m.ay ‘be a UL grant which
dynamically schedules a PUSCH transmission.

[0391] The DCI format 0 0, 0_1 and/or 0_2 with CRC scrambled by a CS-RNTI
may include the ‘transform precoding indicator’ field in the case when the RRC parameter
dynamicSwitchingTransformPrecoder in pusch-Config is provided. The DCI format O_i
and/or 0_2 may not include the ‘transform precoding indicator’ field in the case when the
RRC parameter dynamicSwitchingTransformPrecoder in pusch-Config is not provided.
The RRC parameter dynamicSwitchingTransformPrecoder may be configured in the case

when the RRC parameter transformPrecoder set to ‘enabled’ in ConfiguredGrantConfig
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is provided. The RRC parameter dynamicSwitchingTransformPrecoder may not be
allowed/expected to be configured in the case when the RRC parameter
transformPrecoder set to ‘enabled’ in ConfiguredGrantConfig is not provided. The DCI
format 0 _1 and/or 0_2 with CRC scrambled by a CS-RNTI may include the ‘transform
precoding indicator’ field in the case when the RRC parameter transformPrecoder set to
‘enabled’ in ConfiguredGrantConfig is provided. The DCI format 0_1 and/or 0_2 with
CRC s‘crambled by a CS-RNTI may not be allowed/expected to include the ‘transform
precoding indicator’ field in the caée when the RRC parameter transformPrecoder set to
‘enabled’ in ConfiguredGrantConfig is not provided. Note that the DCI format 0_1 and/or
0_2 with CRC scrambled by a CS-RNTI may be a configured UL grant Type 2 which
activates configured scheduled PUSCH transmissions.

[0392] In this case, the value of the ‘transform precoding indicator’ field may indicate
whether transform precoder 'applies or not, even when the transform precoder is not
enabled by the RRC parameter transformPrecoder. The ‘transform precoding indicator’
field may be a 1-bit ﬁeld; The ‘transform precoding indicator’ field value equal to “0”
may indicate that the transform precoder does not apply (the transform precoder is
actually disébled) (i.e., to follow the RRC configuration about the transform precoder) to
the PUSCH scheduled by the DCI format or to the PUSCH with a configured UL grant
Type 2, while the ‘transform precoding indicator’ field value equal to “1” may indicate
~ that the transform precoder applies (the transform precoder is actually enabled) (i.e., not
to follow the RRC configuration about the transform precoder) to the PUSCH scheduled
by the DCI format or to the PUSCH with a configured UL grant Type 2. Alternatively, the
‘transform precoding indicator’ field value equal to “1” may indicate that the transform

precoder does not apply (the transform precoder is actually disabled) (i.e., to follow the .
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RRC configuration about the transform precoder) to the PUSCH scheduled by the DCI
format or to the PUSCH with a configured UL grant Type 2, while the ‘transform
precoding indicator’ field value equal to “0” may indicate that the transform precoder
applies (the transform precoder is actually enabled) (i.e., not to follow the RRC
configuration about the transform precoder) to the PUSCH scheduled by the DCI format
or to the PUSCH with a configured UL grant Type 2.

[0393] DCI format 0_0 may not include the ‘transform precoding indicator’ field
irrespective of whether the RRC parameter transformPrecoder set to ‘enabled’ is provided
or not or irrespective of whether the  RRC parameter
dynamicSwitchingTransformPrecoder is provided or not. For the PUSCH scheduled by
the DCI format 0_0 or configured scheduled PUSCH activated by DCI foﬁnat 00,
whether the transform precoder is actually enable or not f0110§vs whether RRC parameter
transformPrecoder is set to ‘enabled’ or not. In other words, if RRC parameter
transformPrecoder set to ‘enabled’ is provided, the transport precoding applies to the |
PUSCH. If RRC parameter transformPrecoder set to ‘enabled’ is not provided, the
transport precoding does not apply to the PUSCH.

[0394] It is noted that the transform precoding is a precoding which is applied to the
output of layer mapping and/or to the input of the precoding matrix W based precoding,
where the index of the precoding matrix /¥ may correspond to precoding matrix indicator.
For the single codeword ¢=0, the complex-valued modulation symbols for the

codeword to be transmitted may be mapped onto up to four layers. Complex-valued

modulation symbols d@(0), ...,d@ (M(q)b - 1) for codeword g may be mapped

sym
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onto the layers x(i) = [x@ @) .. x@ V@], i=01, ...,Mi;’r':{) —1 where v is

the number of layefs and M;?,};:b is the number of modulation symbols per layer.

[0395] If transform precoding is not enabled (i.e., is not applied), »*@()=x*@) for
each layer A=0,..,0-1. If transform precoding is enabled (i.e., is applied), v =1 and
#”(;) may depend on the configuration of phase-tracking reference signals. If phase-

tracking reference signals are not being used, the block of complex-valued symbols

x©(0),...,x© (Mlayeg—l) for the single layer A =0 may be divided into

sym

layer

Mg/ MEUSCH sets, each corresponding to one OFDM symbol and () =x"@) . If

phase-tracking reference signals are being used, the block of complex-valued symbols

x©(0),...,x© (M;;’r'sg - 1) may be divided into sets, each set corresponding to one

OFDM symbol, and where set / contains M5 — ¢ NEwr NPRS - symbols and is mapped

to the complex-valued symbols %O (IMEYSCH + i) corresponding to OFDM symbol /

prior to transform precoding, with i’ € {0,1,...,M{5H —1} and /#m. m is the

index of PT-RS samples in set /, N&oF is the number of samples per PT-RS group,

and NALRS is the number of PT-RS groups. The quantity & =1 when OFDM symbol /
contains one or more PT-RS samples, otherwise ¢ =0.

[0396] Transform precoding may be applied according to

MPUSCH -1 2k
) £(0) PUSCH | 5~ MTOSH
X (l . M sc -+ l)e £

1
'MPUSCH pary
k — O MPUSCH 1
Mlayer /MPUSCH

symb

y(o) (I'MSIZUSCH +k) -

(i.e.,  applying
Digital Fourier Transformation to #”() ), resulting in a block of complex-valued

PUSCH _ PUSCH RB
symbols  y©(0),...,y©® (Mi;ff{)—l). The variable M =Mr"" *Ni™  where
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PUSCH
M rs represents the bandwidth of the PUSCH in terms of resource blocks, and may

PUSCH_ ha. a;  ga . . .
fulfil Mgg™"=27-37-5" where %2%% s a set of non-negative integers.
. 0) s (u-1); - layer _
[0397)  The block of vectors [y @ oy (’)]T , OLs Moy =1 may be
Z(Po)(i) y(O)(i)
o l=w
(Po1) ¢ w-1) . a I
. z i 1 = p _ ap _ paslayer
precoded according to @ yor o _where ‘T OboMyme =l Moy =My

[0398] Figure 11 shows an example of a method for a UE. The method may comprise
acquiring at least a first RRC parameter for indicating whether or not a transform precoder
is enabled. The method may also comprise recetving a DCI' format for scheduling of a
PUSCH. The method may further comprise transmitting the PUSCH scheduled by the
DCI format. In a case that the first RRC parameter set to enable is acquired, a transform
precoding indicator field is included in the DCI format if the UE acquires a second RRC
parameter for indicating the transform precoding indicator field is included in the DCI
format. In a case that the first RRC parameter set to enable is not acquired, a transform
precoding indicator field is not included in the DCI format.

[0399] Figure 12 shows an example of a method for a base station. The method may
comprise sending ét least a first RRC parameter for indicating whether or not a transform
precoder is enabled. The method may also comprise transmitting a DCI format for
scheduling of a PUSCH. The method may further comprise receiving the PUSCH
scheduled by the DCI format. In a case that the first RRC parameter set to enable is
écquired, a transform precoding indicator field is included in the DCI format if the base

station sends a second RRC parameter for indicating the transform precoding indicator
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field is included in the DCI format. In a case that the first RRC parameter set to enable is
not acquired, a transform precoding indicator field is not included in the DCI format.
[0400] Each of a program running on the base station device and the terminal device
according to an aspect of the present invention may be a program that controls a Central
Processing Unit (CPU) and the like, such that the program causes a computer to operate
in such a manner as to realize the functions of the above-described embodiment according
to the present invention. The information handled in these devices is transitorily stored in
a Random-Access-Memory (RAM) while being processed. Thereafter, the information is
stored in various types of Read-Only-Memory (ROM) such as a Flash ROM and a Hard-
Disk-Drive (HDD), and when necessary, is read by the CPU to be modified or rewritten.
[0401] Note that the terminal device 1 and the base station device 3 according to the
above-described embodiment may be partially achieved by a computer. In this case, this
configuration may be realized by recording a program for realizing such control functions
on‘a computer-readable recording medium and causing a computer system to read the
program recorded on the recording medium for execution.

[0402] Note that it is assumed that the "computer system" mentioned here refers to a
computer system built into the terminal device 1 or the base station device 3, and the
computer system iﬂcludes an OS and hardware components such as a peripheral device.
Furthermore, the "computer-readable recording medium" refers to a portable medium
such as a flexible disk, a magneto-optical disk, a ROM, a CD-ROM, and the like, and a
storage device built into the computer system such as a hard disk.

[0403] Moreover, the "computer-readable recording medium" may include a medium
that dynamically retains a program for a short period of time, such as a communication

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

[0404] Furthermore, the base station device 3 according to the above-described
embodiment may be achieved as an aggregation (an device group) including multiple
devices. Each of the devices configuring such an device group may include some or all
of the functions or the functional blocks of the base station device 3 according to the
above-described embodiment. The device group may include each general function or
each functional block of the base station device 3. Furthermore, the terminal device 1
according to the ébove-described embodiment can also communicate with the base station
device as the aggregation.

[0405] Furthermore, the base station device 3 according to the above-described
embodiment may serve as an Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) and/or NG-RAN (Next Gen RAN, NR-RAN). Furthermore, the base station
device 3 according to the above-described embodiment may have some or all of the
functions of a node higher than an eNodeB or the gNB.

v[0406] Furthermore, some ér all portions of each of the terminal device 1 and the base
station device 3 according to the above-described embodiment may be typically achieyed
as an LSI which is an integrated circuit or may be achieved as a chip set. The functional
blocks of each of the terminal device 1 and the base station device 3 may be individually

achieved as a chip, or some or all of the functional blocks may be integrated into a chip.
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Furthermore, a circuit integration technique is not limited to the LSI, and may be realized
with a dedicated circuit or a general-purpose processor. Furthermore, in a case that with
advances in semiconductor technology, a circuit iritegration technology with which an
LSI is replaced appears, it is also possible to use an integrated circuit based on the
technology.

[0407] Furthermore, according to the above-described embodiment, the terminal
device has been described as an example of a communication device, but the present
invention is not limited to such a terminal device, and is applicable to a_terminal device
or a communication device of a ﬁxed-type or a stationary-type electronic device installed
indoors or outdoors, for example, such as an Audio-Video (AV) device, a kitchen device,
a cleaning or washing machine, an air-conditioning device, office equipment, a vending
machine, and other household devices.

[0408] The embodiments of the present invention have been described in detail ébove
referring to the drawings, but the specific conﬁguratioh is not limited to the embodiments
and includes, for éxample, an amendment to a design that falls within the scope that does
not depart from the gist of the present invention. Furthermore, various modifications are
possible within the scope of one aspect of the present invention defined by claims, and
embodiments that are made by suitably combining technical means disclosed according
to the different embodiments are also included in the technical scope of the present
ir_wention. Furthermore, a configuration in which constituent elements, described in the
respective embodiments and having mutually the same effects, are substituted for one

another is also included in the technical scope of the present invention.
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[CLAIMS]

1. A user equipment (UE) comprising:
high-layer processing circuitry configured to receive at least a first RRC
parameter for indicating a transform precoding indicator field is included
in DCI format 0_1 and a second RRC parameter for indicating the

transform precoding indicator field is included in DCI format 0_2,
reception circuitry configured to receive the DCI format 0_1 and/or DCI format

0_2, each for scheduling of a PUSCH, and

transmission circuitry configured to transmit the PUSCH,

wherein

in a case that the first RRC parameter set to enable is received, the transform
precoding indicator field is included in the DCI format 0_1,

in a case that the first RRC parameter set to enable is not received, the transform
precoding indicator field is not included in the DCI format 0_1,

in a case that the second RRC parameter set to enable is received, the transform
precoding indicator field is included in the DCI format 0_2, and

in a case that the second RRC parameter set to enable is not received, the
transform precoding indicator field is not included in the DCI format

0.2.

2. A base station comprising:
high-layer processing circuitry configured to transmit at least a first RRC

parameter for indicating a transform precoding indicator field is included
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in DCI format 0_1 and a second RRC parameter for indicating the

transform precoding indicator field is included in DCI format 0_2,
reception circuitry configured to transmit the DCI format 0_1 and/or DCI

format 0 2, each for scheduling of a PUSCH, and

transmission circuitry configured to receive the PUSCH,

wherein

in a case that the first RRC parameter set to enable is transmitted, the transform
precodiﬁg indicator field is included in the DCI format 0_1,

in a case that the first RRC parameter set to enable is not transmitted, the
transform precoding indicator field is not included in the DCI format
01,

in a case that the second RRC parameter set to enable is transmitted, the
transform precoding indicator field is included in the DCI format 0_2,
and

in a case that the second RRC parameter set to enable is not transmitted, the

transform precoding indicator field is not included in the DCI format

0.2.

A method for a user equipment (UE), the method comprising:
receiving a first RRC parameter for indicating a transform precoding indicator
field is included in DCI format 0_1 and/or a second RRC parameter for
indicating the transform precoding indicator field is included in DCI

format 0_2,
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receiving the DCI format 0 1 and/or DCI format 0_2, each for scheduling of a

PUSCH, and

transmitting the PUSCH,

wherein

in a case that the first RRC parameter set to enable is received, the transform
precoding indicator field is included in the DCI format 0_1,

in a case that the first RRC parameter set to enable is not received, the transform
precoding indicator field is not included in the DCI format 0_1,

in a case that the second RRC parameter set to enable is received, the transform
precoding indicator field is included in the DCI format 0_2, and

in a case that the siecond RRC parameter set to enable is not received, the
transform precoding indicator field is not included in the DCI format

0_2.



PCT/JP2023/034614

WO 2024/070993

1/12

901ASP
uone)s asegq

P eandi e T .
201A9p
[EUIWIS ],

S

, 01

301A9p
[eutuLIa ]

20IASp
[eutuia

4!

[ 2In31



PCT/JP2023/034614

WO 2024/070993

2/12

.v

Ov

q!

(¢

10[S

=hoEﬁ,B=mZ

10[S

:dEm@Z

quIAS
SEZ

n

7 231

xgaad 31p£> papuajxa J0j ameryqns 1ad syofs pue dmely 13d sjors 4ojs Jod sjoquiAs WAJO JO Id3qUNN g7 331y

91

091

vl

.v

3

03

-
w b~

Ov

-
" -

0¢

Pl

%
z
I

Ol

14!

¢
C
[
0

10[S

zﬁoﬁm@nsmz

10[S

:dEEmZ‘

qQuIAS
uo_mz

n

x1j3d 211945 jeuLIou 10j dureryqns 1ad sjors pue dwely 1ad syofs “ois 13d sjoquAs WAAQ JO JdqunN 1yZ 3In3ig



PCT/JP2023/034614

WO 2024/070993

3/12

omonbory

i |
< —A 3
00€ PO Wwnodwo)
[ | (I | |
(| ¥i0£1SJO | ) )
I < € 2 J |
o1 00t dMAH 1 ]
1 | I
[ . ) )
i | |
ﬂ “ Z00€ pus samossy Vﬂ " 10 1sJ0 J
=== r-T ]
' I )
ol R L +- S|
“ " 00Z£ SYD0[q 22MOS>I TOUIICO JO 198 " "
I €I0EPSJO] |
. > >e2—1 3
I £00€ dMH I
I I
(3 2>k —>
| 100€ pUsS Jomosyy 1 110€ 31500 I
“_ T | T — “
“ _ — [ ] . _ [ N — ]
nnnnnnnnnnn L B ittt e 2 il



WO 2024/070993 _ PCT/JP2023/034614
4/12

{ One subframe
[ >

/
4

Nsubframe,u OFDM\smymbols

ré P

-F----

i
—i
|

g
o w—| N 7]
=45 -
CG o puy <~
2|E =
=R O
) Q E
< Q
%, | [
OI )
%) w _
5 AR O
x 7 =
QO =
= SN A
E Q L
o N Y Y,
0 /5]
<4
O
= R
N

_GFDM symbol index Isym Figure 4



WO 2024/070993 PCT/JP2023/034614

5/12

\ / Antenna unit \ /
C
e o o 31
RF unit
| =]
Baseband unit
L
Wireless transmission / reception unit

I

Medium access control layer Radio resource control layer
processing unit processing unit
_L 35 L6
Higher-layer processing unit

| L 34 Base station
device
s

v

Higher node or other base station device

Figure 5



WO 2024/070993 PCT/JP2023/034614

6/12

\ / Antenna unit \ /

Baseband unit

L 13
Wireless transmission / reception unit
x L 10
: \ 4
Medium access control layer Radio resource control layer
processing unit processing unit
L 15 L 16
Higher-layer processihg unit
L 16 Terminal
device
L 1

Figure 6



REs for PBCH

%
7

.

lp

Aou

\

N:w

oL

Figure 7



PCT/JP2023/034614

8/12

WO 2024/070993

TR T T T T | H

- )

m ) £0€ IP°

) m KEpuooog

S E—— SR I "

“ lllllllllllll [ e S S S MR e e ——— ”‘ ||||||J-

) N 1

" \ . o€ TP

) W ) Aepuoceg

. \ “

) N

B o o o - = - - ———— T PR QU W\ )

I ettty Eisitti it St ~

'

1

!

!

1

1

1

e a
10¢ 1P
Arewrng

-==TT-"" e e s e e e

i

]

1

]

]

)

] I N I VUV BN S A o A I S I B N

< —>-< > > >

#1018 i 9IS #1018 O/ WIS



PCT/JP2023/034614

WO 2024/070993

9/12

6 2In314

0106

£106 Cl106

IR

|

1106

£
=

N SIS




PCT/JP2023/034614

WO 2024/070993

10/12

0] 2an31

00001
e 2 >

] [}

] ]

! '

m 20001 #0001 S0001 €0001 10001 m

SWIL], ie 2 re—C O e 2 > pol !
| | | _ | |

“ _ ¥+UA0[S | ¢-+U0[S _ C+UA0IS _ [+U#A0]IS _ UA0]S _



PCT/JP2023/034614

WO 2024/070993

11/12

[1 2n31]

(Cpua )

a

Jewuo} |0d ay} Aq painpayos HOSNJ 8ui Buniwsuel | (0L L deis

a

HOSNd & jo Buinpayos Joj jewuo} [0 e buiniedoay (zolL | dois

a

| ‘pa|qeua si Jopodaid wlojsuel) e Jou
10 Jayjaym Buneoipul Joj sa1oweled DYy Isiy e jses| je Buuinboy (1oL | dals

|

( ves )




PCT/JP2023/034614

WO 2024/070993

12/12

¢l gL ﬁ pu3 U

ﬁ

Jewuoy} |Da aul Aq pajnpayos HOSNd aul Buineoay (€0zl dais

ﬂ

HOSNd e 0 Bulnpayos Joj Jeuwoy |9d e Bunywsuel (zoz) deys

ﬂ

pajgeus si Japooaid wiojsuel; e
Jou Jo Jayjaym Bunesipul 1oy Jajowesed OYY sy e jses) Je buipuas (Loz) dais

A

( ves )




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2023/034614

A.

CLASSIFICATION OF SUBJECT MATTER

HO4W 72/1268(2023.01)i; HO4W 72/231(2023.01)i; HO4W 72/232(2023.01)i

FI. HO04W72/1268; HO4W72/231; HO4W72/232

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

H04W4/00-99/00; HO4B7/24-7/26

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996

Published unexamined utility model applications of Japan 1971-2023
Registered utility model specifications of Japan 1996-2023
Published registered utility model applications of Japan 1994-2023

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WG1 Meeting #100 R1-2001422, 2020.03.06
pages 1-2, 20

pages 29-35, 165-170

page 11

NTT DOCOMO, INC., Outcome of email discussion on [URLLC-eCG-01], 3GPP TSG RAN

3rd Generation Partnership Project; Technical Specification Group Radio Access Network;
NR; Physical layer procedures for data (Release 17), 3GPP TS 38.214 V17.3.0, 2022.09.21

1-3

Moderator (Nokia, Nokia Shanghai Bell), Summary #1 of Multi-TRP PUCCH and PUSCH
Enhancements, 3GPP TSG RAN WGI1 Meeting #106bis-e R1-2110468, 2021.10.13

D Further documents are listed in the continuation of Box C.

D See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

wr

D&

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

24 October 2023

Date of mailing of the international search report

31 October 2023

Name and mailing address of the [SA/JP

Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo
100-8915, Japan

Authorized officer

ITO Yoshihiko 5J 1793

Telephone No. +81-3-3581-1101 Ext. 3534

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - wo-search-report

