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DESCRIPTION
Title of Invention
TRANSMITTING DEVICE, RECEIVING DEVICE, TRANSMITTINGMETHOD AND

RECEIVING METHOD

Technical Field
[0001] The present disclosure relates to a trassion apparatus, a reception apparatus, a

transmission method, and a reception method.

Background Art

[0002] In the standardization of 5G, 3GPP has beiscussing a new radio access
technology (NR) that is not necessarily backwanahgatible with LTE/LTE-Advanced.
[0003] Studies have been conducted on operatiag\iR in unlicensed bands, which
requires no license, in addition to licensed bantiéch requires a license, as is the case with
LTE License-Assisted Access (LAA) (see, for examplen Patent Literature (hereinafter,
referred to as NPL) 1). The operation in unlicehisands is called, for example, NR-based

Access to Unlicensed Spectrum (NR-U).

Citation List

Non-Patent Literature

[0004]

NPL 1

3GPP TR 38.889 V16.0.0 (2018-12), “Study on NR-Hasecess to unlicensed spectrum
(Release 16)”

NPL 2

3GPP TS 36.213 V14.5.0 (2017-12), “E-UTRA Physiager procedures (Release 14)”
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Summary of Invention

[0005] However, signal transmission/reception radthin the operation in unlicensed
bands have not been comprehensively studied.

[0006] One non-limiting and exemplary embodimeattilitates providing a transmission
apparatus, a reception apparatus, a transmissiahotheand a reception method each
capable of appropriately transmitting/receivingnsilg in the operation in unlicensed bands.
[0007] A transmission apparatus according to abaaiment of the present disclosure
includes: circuitry, which, in operation, assignsignal to a resource based on control
information indicating allocation of a group amaa@lurality of the groups resulting from
grouping a plurality of blocks into which a frequgrband is divided, and allocation of the
resource in at least one of the plurality of blocks; and a transmitter, which in operation,
transmits the signal.

[0008] It should be noted that general or spe@afitbodiments may be implemented as a
system, a method, an integrated circuit, a compoitegram, a storage medium, or any
selective combination thereof.

[0009] According to an embodiment of the presergcldsure, it is possible to
appropriately transmit/receive signals in the ofjenain unlicensed bands.

[0010] Additional benefits and advantages of thecldsed embodiments will become
apparent from the specification and drawings. Tbheefits and/or advantages may be
individually obtained by the various embodimentsl deatures of the specification and
drawings, which need not all be provided in oraeplbtain one or more of such benefits

and/or advantages.

Brief Description of Drawings

[0011]



FIG. 1 illustrates an exemplary PRB-based blotériace design
FIG. 2 illustrates exemplary relations between tiuenber of interlaces and the
number of PRBs per interlace
FIG. 3 illustrates another exemplary PB8ed block interlace design;
5 FIG. 4 is a block diagram illustrating a configiwa of part of a base statipn

FIG. 5 is a block diagram illustrating a configuwa of part of a terminal

FIG. 6 is a block diagram illustrating the configtion of the base statipn

FIG. 7 is a block diagram illustrating the configtion of the terminal

FIG. 8 is a sequence diagram describing exemplagyations in the base station and
10 the terminal

FIG. 9 illustrates exemplary frequency resourt¢ecation

FIG. 10 illustrates an exemplary configuratiorchifster groups

FIG. 11 illustrates another exemplary configunatd the cluster groups

FIG. 12 illustrates still another exemplary configtion of the cluster groups
15 FIG. 13 illustrates an exemplary configurationrdérlace RA

FIG. 14 illustrates another exemplary configunaiid the interlace RA

FIG. 15 illustrates still another exemplary configtion of the interlace RA

FIG. 16 illustrates still another exemplary coofigtion of thenterlace RA;

FIG. 17 illustrates exemplary relations betweea tlumber of interlaces and the
20 number of signaling bits;

FIG. 18 illustrates exemplary relations betweebcawier spacing and interlace

allocation methods

FIG. 19 illustrates exemplary interlace allocatiming virtual nterlace numbers;

FIG. 20 illustrates other exemplary interlace @dlon using the virtual interlace
25 numbers;

FIG. 21 illustrates exemplary cluster group altea using virtual cluster group



10

15

20

25

numbers; and
FIG. 22 illustrates exemplary relations betweea tlumber of cluster groups and

cluster group allocation methods.

Description of Embodiments

[0012] Hereinafter, embodiments of the presentldsire will be described in detail with
reference to the accompanying drawings.

[0013] Inunlicensed bands, the upper limit of BoBpectral Density (PSD) is defined by
laws, regulations, and standards, for example. THueopean Telecommunications
Standards Institute (ETSI), for example, imposes wpper limit of 10 dBm/MHz (17
dBm/Hz depending on the band), for example, forRB® in the 5 GHz band on terminals
(also referred to as mobile stations or User EgeipiiUE)) having a power control function.
[0014] In order to transmit signals with higheartsmission power under the limitation of
the PSD, it is effective to spread resources oguigacy domain and map the signals. In
this regard, studies have been carried out on aygply PRB-based block interlace design
(also referred to as block-interleaved frequeneysdin multiple access (B-IFDMA)) as a
frequency resource allocation method (see, for @anNPL 1).

[0015] FIG. 1 illustrates an exemplary PRB-baskedlinterlace design.

[0016] The PRB-based block interlace design islusea frequency resource allocation
method for a Physical Uplink Shared Channel (PUS®@H)ch is an uplink data channel in
LTE-LAA. The PRB-based block interlace design method of transmitting signals using
a band (i.e., resource) called interlaces that dis&ributed at certain intervals on the
frequency domain in a system band, in order to dpmjih the limitation of an Occupied
Channel Bandwidth (OCB) in unlicensed bands defingdhe ETSI and to mitigate the
effect of the PSD limitation.

[0017] The interlace is composed of, for examalgroup of contiguous subcatrriers (e.g.,
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1 Physical Resource Block (PRB)). For exampldueapty of interlaces are included in a
band (hereinafter, referred to as a cluster oruatet block) resulting from dividing the
system band or a bandwidth part (BWP) of the sydtend into a plurality of blocks. The
interlaces included in each cluster have respeativmbers (hereinafter referred to as
“interlace numbers”).

[0018] Note that the cluster means similar to, édeample, the “interval” at which the
interlaces with the same interlace number are gedn That is, the interlaces with the same
interlace number are evenly distributed on theuesqy domain over the plurality of clusters.
[0019] For example, the frequency resource allonamethod for the PUSCH in LTE-
LAA (e.qg., also referred to as uplink resource @lion type 3) uses the PRB-based block
interlace design where the number of interlacese(hafter, represented as “M”) is 10 and
the number of PRBs per interlace (hereinafter, aggmted as “N”i.e., the number of
clusters) is 10 PRBs, as illustrated in FIG. 1. adidition, the system bandwidth in LTE-
LAA is maximum 20 MHz (100 PRBs), and subcarriea@pg (SCS) is fixed at 15 kHz.
[0020] The frequency resource allocation for thkSEH for the terminal is determined by,
for example, a base station (e.g., also referregsttlode B or gNB). The base station
indicates the determined frequency resource allmtatformation (e.g., also referred to as
a resource allocation field) to the terminal byluicng in Downlink Control Information
(DCI), for example.

[0021] Herein, the frequency resource allocatidnrimation is composed of, for example,
a resource indication value (RIV) that is contnglormation uniquely associated with a
combination of the interlace number of a startingippon (e.g., a starting PRB: BRrr) in

the cluster and the contiguous allocation length,(the number of PRBs.g., L) from the
starting position, as illustrated in FIG. 1. Hawditer, a method of indicating the frequency
resource by the combination of the starting pasibbthe resource and the resource length

consecutively used from the starting position iemed to as an “RIV-based allocation
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method”.

[0022] LTE-LAA has 55 combinations of RBwr and L since M = 10. Thus, the
frequency resource allocation information (RIV) l@asinformation amount of 6 bits. In
addition, the interlace allocation in a clusteridaded by the RIV is applied to all clusters in
the system band.

[0023] Meanwhile, values indicated in FIG. 2 h&deen studied in NR-U, for example, in
terms of the number of interlaces (M) and the nunddd®RBs (N) per interlace (see, for
example, NPL 1).

[0024] For example, studies have been carriecbowgupporting a plurality of SCSs and
supporting different numbers of interlaces (M) different SCSs in NR-U, as illustrated in
FIG. 2.

[0025] Studies have also been carried out on gstipgoa plurality of system bands
(BWPs) with different bandwidths in NR-U. FIG.IRistrates an exemplary configuration
of the system band where 20 MHz = 106 PRBs, SC5 kHiz, M = 10, and N = 10 or 11.
In FIG. 3, the interlace numbers #0, 1, ..., 9agsigned to the respective interlaces in the
clusters.

[0026] As illustrated in FIG. 3, the cluster aetbnd of the system band (cluster #10 in
FIG. 3) sometimes has a bandwidth different from blandwidths of the other clusters
depending on the system bandwidth. For exampéehaimdwidths of clusters #0 to #9 are
10 PRBs each, whereas the bandwidth of clusteist@®RBs (interlaces #0 to #5) in FIG.
3. Thus, N = 11 for interlaces #0 to #5, and NO=dr interlaces #6 to #9 in FIG. 3.
[0027] Further, studies have been conducted inUN&3 supporting a system bandwidth
of 20 MHz or more and indicating the frequency tese allocation for the entire system
band by a single DCI.

[0028] Thus, the frequency resource allocationhm@tfor NR-U needs to take into

account the system bandwidth of 20 MHz or moregantrast to the frequency resource
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allocation method for LTE-LAA.

[0029] In addition, the system bandwidth (or BW&dlifferent for each terminal in NR-U
in some cases. It is thus required to be capablpedorming flexible frequency
multiplexing among the terminals configured witfffelient system bandwidths.

[0030] Further, since NR-U supports a plurality S€Ss, it is required to discuss the
frequency resource allocation method suitable &wheSCS. It is also required to discuss
a case of using the RIV-based frequency resoulgeation method.

[0031] Thus, descriptions will be given below mrismission and reception methods for
uplink signals in NR-U.

[0032] [Overview of Communication System]

The communication system according to an embodiraethe present disclosure
includes base station 100 and terminal 200. Irfahewing description, base station 100
(corresponding to a reception apparatus) deternarfesguency resource to be allocated to
terminal 200, and indicates information indicatitige determined resource, by way of
example. Then, terminal 200 (corresponding t@asmission apparatus) performs signal
transmission processing including mapping to thsouwece based on the indicated
information, and transmits the signal to base @tatio0.

[0033] FIG. 4 is a block diagram illustrating axaeple of a configuration of a part of
base station 100 according to an embodiment gbiteeent disclosure. In base station 100
illustrated in FIG. 4, scheduler 101 determinegcation (e.g., cluster RA) of groups among
a plurality of groups (e.qg., cluster groups) raaglfrom grouping a plurality of blocks (e.g.,
clusters) into which the frequency band is dividedd allocation (e.g., interlace RA) of
resources (e.g., interlaces) in the blocks. Recei06 receives signals based on the
allocation of the groups and the allocation ofrissources.

[0034] FIG. 5 is a block diagram illustrating axaeple of a configuration of a part of

terminal 200 according to an embodiment of the gmeslisclosure. In terminal 200
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illustrated in FIG. 5, mapper 207 assigns signalstite resources based on control
information indicating the allocation (e.g., clusiA) of the groups among the plurality of
groups (e.g., cluster groups) resulting from gragphe plurality of blocks (e.g., clusters)
into which the frequency band is divided, and tHecation (e.g., interlace RA) of the
resources (e.g., interlaces) in the blocks. Trasn209 transmits the signals.
[0035] [Configuration of Base Station]

FIG. 6 is a block diagram illustrating the configtion of base station 100 according
to the present embodiment.
[0036] In FIG. 6, base station 100 includes schexdliOl1, holder 102, modulator 103,
transmitter 104, antenna 105, receiver 106, Fasti€éoTransformer (FFT) 107, demapper
108, Inverse Discrete Fourier Transformer (IDFT9,18nd demodulator/decoder 110.
[0037] Scheduler 101 determines radio resourcecation (e.g., frequency resource
allocation, time resource allocation, or transnatvpr control information) for an uplink
data channel (PUSCH) for terminal 200 connectetiase station 100. Scheduler 101
outputs the determined radio resource allocatiéorimmation to holder 102 and modulator
103.
[0038] Herein, the frequency resource allocat®datermined by, for example, frequency
resource allocation for the interlaces in a clu@tereinafter, referred to as interlace resource
allocation (interlace RA)) and frequency resourdlcation for the cluster groups
(hereinafter, referred to as cluster resource aflon (cluster RA)), in accordance with rules
to be described later. In other words, the freqyeresource allocation information
indicated to terminal 200 is composed of 2 typesfrefjuency resource allocation
information, which are the interlace RA informatiand the cluster RA information.
[0039] Note that the “cluster group” means a bamcluding one or a plurality of
contiguous clusters on the frequency domain, fange.

[0040] The bandwidth or SCS of the BWP of termig@0 may be indicated in advance
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from base station 100 to terminal 200 by, for exi@nipigher layer signaling (also referred
to as Radio Resource Control signaling (RRC sigg®li Additionally, part of the
information of the frequency resource allocationynb@ transmitted by the higher layer
signaling.

[0041] For example, the interlace RA informatioaynbe transmitted by the DCI, and the
cluster RA information may be transmitted by thgheir layer signaling. This allows
scheduler 101 to dynamically control the interlatiecation in the cluster according to
communication quality, for example. Meanwhile, average variation of the
communication quality among cluster groups is reddy small, and thus, while static
control using the higher layer signaling for theister RA gives little effect on the
performance, the signaling overhead can be reduced.

[0042] Holder 102 holds the frequency resourcecallion information (including, for
example, the interlace RA information and the @udRA information) inputted from
scheduler 101 in order to receive a signal trartedhifrom terminal 200 for which the
frequency resource has been allocated, and outpetenformation to demapper 108 in
receiving the signal of the intended terminal 200.

[0043] Modulator 103 generates the DCI based om thdio resource allocation
information inputted from scheduler 101, moduldkesgenerated DCI, and outputs the DCI
to transmitter 104.

[0044] Transmitter 104 performs transmission pssogg such as D/A conversion, up-
conversion, and amplification on the signal inpditt®m modulator 103, and transmits the
signal after the transmission processing from arael05.

[0045] Receiver 106 receives a signal transmiftech terminal 200 via antenna 105,
performs reception processing such as down-cororeesid A/D conversion on the received
signal, and outputs the received signal after ¢ception processing to FFT 107.

[0046] FFT 107 removes a Cyclic Prefix (CP) partioom the received signal inputted
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from receiver 106, converts the signal into a digma the frequency domain by FFT
processing, and outputs the signal on the frequdanyain to demapper 108.
[0047] Demapper 108 extracts a signal correspanttirthe frequency resource allocated
to the intended terminal 200 from the signal onfteguency domain inputted from FFT 107,
based on the interlace RA information and the elu®A information for the intended
terminal 200 inputted from holder 102. Demappe¥ dGtputs the extracted signal to IDFT
1009.
[0048] IDFT 109 performs IDFT processing on thgnsi inputted from demapper 108,
and outputs the signal to demodulator/decoder 1Nnte that IDFT 109 (IDFT processing)
is required when terminal 200 transmits a Discfeterier Transform-spread Orthogonal
Frequency Division Multiplexing (DFT-S-OFDM) signal IDFT 109 (IDFT processing) is
not required when terminal 200 transmits an OFDN§hal. The transmission method
(DFT-S-OFDM or OFDM) of terminal 200 may be detemsd in advance by base station
100 based on a communication state (e.g., powerhmat of transmission power) of
terminal 200, and indicated to terminal 200 byhigher layer signaling, for example.
[0049] Demodulator/decoder 110 performs demodufatprocessing and decoding
processing on the signal inputted from IDFT 109 antputs the received data.
[0050] [Configuration of Terminal]

FIG. 7 is a block diagram illustrating the configtion of terminal 200 according to
the present embodiment.
[0051] In FIG. 7, terminal 200 includes antennd. 2feceiver 202, demodulator 203,
frequency resource allocation calculator 204, eadoabdulator 205, DFT 206, mapper 207,
IFFT 208, and transmitter 209.
[0052] Receiver 202 receives a signal transmifitech base station 100 via antenna 201,
performs reception processing such as down-cororeesid A/D conversion on the received

signal, and outputs the received signal after ¢laeption processing to demodulator 203.

10
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[0053] Demodulator 203 demodulates the receivgdasiinputted from receiver 202, and
outputs the demodulated DCI to frequency resoutoeation calculator 204.
[0054] Frequency resource allocation calculato4 2@lculates the frequency resource
allocation information (e.g., the interlace RA infation and the cluster RA information)
based on the DCI inputted from demodulator 203, @umguts the information to mapper
207.
[0055] Encoder/modulator 205 encodes and moduliegesmission data (i.e., uplink data),
and outputs the modulated data signal to DFT 206.
[0056] DFT 206 performs DFT processing on the datgnal inputted from
encoder/modulator 205, and outputs the signal dfierDFT processing to mapper 207.
Note that DFT 206 (DFT processing) is required wkenminal 200 transmits a DFT-S-
OFDM signal. DFT 206 (DFT processing) is not regdiwhen terminal 200 transmits an
OFDM signal.
[0057] Mapper 207 maps (i.e., assigns) the dagaasiinputted from DFT 206 to the
frequency resource based on the frequency resaliazation information inputted from
frequency resource allocation calculator 204. &cample, mapper 207 maps the data
signal to the frequency resource with an indicateerlace number in clusters included in
an indicated cluster group. Mapper 207 outputsribpped data signal to IFFT 208.
[0058] IFFT 208 performs IFFT processing on thgnal inputted from mapper 207, and
outputs the signal with the CP added to transnidéx.
[0059] Transmitter 209 performs transmission pssg®y such as D/A conversion, up-
conversion, and amplification on the signal inpdiftem IFFT 208, and transmits the signal
after the transmission processing from antenna 201.
[0060] [Exemplary Operations in Base Station 100 &rminal 200]

Exemplary operations in base station 100 and texh200 including the above-

described configurations will be described.

11
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[0061] FIG. 8 is a sequence diagram describingetteanplary operations in base station
100 (FIG. 6) and terminal 200 (FIG. 7).
[0062] In FIG. 8, base station 100 performs schegdor terminal 200 (ST101).
[0063] Base station 100 transmits, for example,rtidio resource allocation information
indicating the scheduling result for terminal 2@0terminal 200 (ST102). The radio
resource allocation information includes the fragnye resource allocation information
including, for example, the interlace RA informattiand the cluster RA information. Note
that each of the interlace RA information and thester RA information may be indicated
from base station 100 to terminal 200 by the hidager signaling or the DCI, as described
above. Terminal 200 acquires the frequency regaaltacation information indicated from
base station 100 (ST103).
[0064] Terminal 200 maps data (e.g., a PUSCH $igmathe resource based on the
acquired frequency resource allocation informa(i®m104). Terminal 200 transmits the
data mapped to the resource to base station 1ADE.T
[0065] Base station 100 extracts the data tramsdhitrom terminal 200 based on the
frequency resource allocated to terminal 200 (S7.106
[0066] [Frequency Resource Allocation Method]

Next, an exemplary frequency resource allocati@thod in scheduler 101 will be
described.
[0067] FIG. 9 illustrates an exemplary frequenegaurce allocation applying the PRB-
based block interlace design according to the ptesabodiment.
[0068] The frequency resource allocation accordiogthe present embodiment is
performed by combining the frequency resource atioa for interlaces in clusters (interlace
RA) and the frequency resource allocation for @usgfroups in a system band or a BWP
(cluster RA).

[0069] Herein, the “cluster group” means a baraduding one or contiguous clusters on

12
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the frequency domain. In other words, the clugteup is configured by grouping a
plurality of clusters resulting from dividing theefiuency band such as the system band or
the BWP.

[0070] In addition, the “interlace RA” indicatesesource of the allocated interlaces in the
clusters. In other words, the interlace RA indésathe interlace resource allocation in the
clusters for terminal 200.

[0071] Further, the “cluster RA” indicates a resmuof the allocated cluster groups in the
BWP (or system band). In other words, the cluR#&indicates the cluster group allocation
among the plurality of cluster groups for termi@aD.

[0072] Note that FIG. 9 illustrates the interld&®A and the cluster RA both applying the
RIV-based allocation (combination of the startiegaurce position and the resource length
consecutively used), by way of example, but thecalion method is not limited to this.
For example, the interlace RA or the cluster RA nagpply a method of indicating
information of whether to allocate for each reseuwnait (PRB unit or cluster group unit),
i.e., information of whether each interlace in tlesters is allocated. Hereinafter, the
method is referred to as bitmap-based allocation.

[0073] InFIG. 9, for example, the cluster RAanéigured with Clustesrart = 2 and Liuster

= 2 for terminal 200. Terminal 200 then determitiest two cluster groups of cluster
groups #2 and #3 among cluster groups #0 to #XenBWP (e.g., also referred to as UL
BWP) are allocated.

[0074] In addition, the interlace RA is configun&ith RBstarT = 4 and L = 3 for terminal
200in FIG. 9, for example. Terminal 200 then daiaes that three interlaces of interlaces
#4 to #6 are allocated.

[0075] Thus, terminal 200 determines that intesta#4 to #6 in cluster groups #2 and #3
are allocated in FIG. 9.

[0076] In the present embodiment, the cluster RAdicated in addition to the interlace

13
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RA, as described above. This enables allocatiatifte#rent cluster groups (i.e., different
clusters) for different terminals 200 even whendiferent system bandwidths (or BWPS)
are configured to those terminals 200, for exampl&hus, according to the present
embodiment, it is possible to flexibly perform frempcy multiplexing among terminals 200
configured with different system bandwidths or BWfes example.
[0077] [Exemplary Cluster Group Configuration]

Next, exemplary configurations of the cluster growill be described.
[0078] <Cluster Group Configuration Example 1>

The cluster groups are configured on Listen Beftatk (LBT) subbands (also
referred to as LBT units), for example, as illugdain FIG. 10. The LBT subband is a
band where terminal 200 and base station 100 peréarrier sensing. The bandwidth of
the LBT subband (including a guard band) is 20 Mide example.
[0079] In the example illustrated in FIG. 10, BB&/P is 40 MHz (216 PRBs) and the
cluster group is configured for each LBT subban@B(PRBs). For example, the BWP,
which is 40 MHz (216 PRBSs), is divided into thestkr groups of 108 PRBs each in FIG.
10.
[0080] This allows base station 100 to controlfteguency resource allocation in cluster
group units according to an interference statewhinal 200 in each LBT subband. Thus,
base station 100 can appropriately perform frequeasbeduling for terminal 200 even in
the system bandwidth (or BWP) of 20 MHz or more,érample.
[0081] Note that, as illustrated in FIG. 10, trenbwidths of the clusters at both ends of
the cluster groups (8 PRBs, 2 PRBs, or 6 PRBs @&. AD) may be different from the
bandwidths of the other clusters (10 PRBs in FI@. 1
[0082] <Cluster Group Configuration Example 2>

As illustrated in FIG. 11, the cluster groups nh&yconfigured by dividing the LBT

subband (e.g., 20 MHz, 106 PRBSs) in units of cksstich that the cluster groups have

14
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substantially the same number of clusters, for ggtam
[0083] Inthe example illustrated in FIG. 11, 8&/P is 20 MHz (106 PRBs) and divided
into two cluster groups. The cluster group on fire half (i.e., lower frequency side)
illustrated in FIG. 11 is composed of 50 PRBs wéfclusters #0 to #4. The cluster group
on the second half (i.e., higher frequency sidepimposed of 56 PRBs of six clusters #5 to
#10.
[0084] This allows base station 100 to increase mamber of terminals 200 to be
frequency-multiplexed in the LBT subband.
[0085] <Cluster Group Configuration Example 3>

The cluster group is composed of the minimum nurabelusters having a bandwidth
equal to or wider than the specified minimum barikyi and the minimum number of
clusters makes a bandwidth of the cluster groupmr example, as illustrated in FIG. 12,
each cluster group is composed of two clusters iha minimum number having a
bandwidth of 2 MHz or more.
[0086] 2 MHz indicates the minimum bandwidth iregulation of a temporarily operation
in the OCB specification defined by the ETSI. Thgulation states that, as long as some
signals satisfy the OCB specification of 80-100%heo signals only need to be 2 MHz or
more in the same COT. In the example illustrate&liG. 12, each cluster group is thus
composed of two clusters with the minimum bandwiaft? MHz or more. Note that the
minimum bandwidth is not limited to 2 MHz, and mag another bandwidth.
[0087] This allows base station 100 to performfteguency scheduling for each terminal
with finer granularity while satisfying the OCB sfecation.
[0088] The exemplary configurations of the clugfeups have been described, thus far.
[0089] Here comes to a discussion on a case afatidg the interlace RA for each cluster
group (e.g., for each LBT subband) instead of theter RA. 'When the BWP is 80 MHz,

for example, four interlace RAs for respective L&Ibbands (20 MHz each) are indicated
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to terminal 200. For the number of signaling lmfseach interlace RA, the number of
contiguous interlace allocation patterns is deteeuntiaccording to the number of interlaces
(M). When M = 10, for example, the interlace RAludes 6 signaling bits. Thus, the
total number of signaling bits of the four intedaRAs is determined to be 24 bits by
multiplying 6 by 4 in this case.

[0090] In the present embodiment, in contrast, dluster RA includes 4 signaling bits
when, for example, the BWP is 80 MHz and the cluBt for each LBT subband (20 MHz)
is indicated on the RIV or bitmap basis. When MG; for example, the interlace RA
includes 6 signaling bits. Thus, when the BWPOdVvHz, the total number of signaling
bits of the interlace RA and the cluster RA is deieed to be 10 bits by adding 6 to 4.
[0091] The present embodiment thus enables redummerhead compared with the case
of indicating the interlace RA for each cluster o This allows base station 100 to
appropriately perform the frequency scheduling ferminal 200 while reducing the
signaling overhead even in the system bandwidtBY@P) of 20 MHz or more, for example.
[0092] Additionally, when each cluster RA has theme bandwidth, the number of
terminals that can be frequency-multiplexed in shene slot is the same as in the above-
described method of transmitting a plurality oenéce RAs. Further, signals can still be
distributed throughout the cluster group lengtithie method illustrated in FIG. 10, thereby
achieving the frequency diversity gain equivalenthat in the above-described method of
transmitting a plurality of interlace RAs. Althdughe interlace allocation (allocation of
interlace #0 in FIG. 10) is the same among thetefugroups in the method illustrated in
FIG. 10, flexibility of scheduling can be improvby, for example, adjusting the bandwidths
of the cluster groups according to the number whireals 200 in a cell. When there is a
large number of terminals 200, for example, thilfidity of scheduling can be improved
by configuring narrower bandwidths for the clustgoups (configuring finer allocation

granularity for the clusters), and by frequency-ipléxing a plurality of terminals among
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the cluster groups.
[0093] [Exemplary Configuration of Interlace RA]

Next, exemplary configurations of the interlace Wil be described.
[0094] Hereinafter, the RIV-based allocation metioapplied to the interlace RA, by way
of example.
[0095] FIG. 13 illustrates exemplary RIVs. TheVRindicates, for example, the
combination of the allocation starting positiorg(ePRB number “RBstart”) of the interlace
resources in a single cluster and the number olress (length) L consecutively allocated
from the allocation starting position. FIG. 13udtrates exemplary RIV patterns (i.e.,
interlace allocation patterns indicated by theatmn starting position and the number of
resources) in a case where the number of intereis 10. The RIV indicated from base
station 100 to terminal 200 indicates any of therlace allocation patterns illustrated in FIG.
13.
[0096] The allocation patterns of contiguous ilategs on the frequency domain depend
on the number of interlaces. In the example of .FIG, the allocation patterns of
contiguous interlaces indicated by the RIV includ€s = 55 patterns, which is information
of at least 6 bits.
[0097] Herein, application of the RIV-based alltea method makes it possible to add
allocation patterns different from the allocaticattprns of the contiguous interlaces (e.g.,
allocation patterns of non-contiguous interlacelsiieypreventing the increase in the number
of signaling bits. In FIG. 13, for example, themwher of signaling bits does not increase
even in a case of adding 9 patterns corresponditigetremaining RIVs, which is from 55
to 63, to the RIVs from 0 to 54 corresponding t® tlontiguous interlace patterns.
[0098] Exemplary configurations of the RIV-basaterlace RA will be described below.
[0099] <Interlace RA Configuration Example 1>

In Configuration Example 1, as illustrated in FIGL, the allocation patterns (e.g.,
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RIVs = 0 to 54) of the contiguous interlaces aneficured for the first number of interlaces
(e.g., M =10), and other allocation patterns téilaces are also configured (i.e., added) for
the second number of interlaces (e.g., M = 12) ihatifferent from the first number of
interlaces, for example.

[0100] FIG. 14 includes additional allocation peatis of interlaces for the RIVs 55 to 62,
for example. The allocation patterns are for iats with the contiguous allocation length
of 1 PRB (i.e., L = 1) in a cluster where M = 12.

[0101] In Configuration Example 1, the interlac& Rformation includes the interlace
allocation patterns for different numbers of indeds in a cluster (M = 10 and M = 12, in
FIG. 14) as described above. This allows baseostdtO0 to dynamically change the
minimum allocation bandwidth for a single termi28D using the DCI while preventing the
increase in the signaling overhead.

[0102] When M = 10, for example, the minimum adton bandwidth (corresponding to
N) is 10 PRBs. Meanwhile, the minimum allocatiantwidth (corresponding to N) is 9
PRBs for the interlace allocation patterns to §atlse OCB specification when M = 12 and
the contiguous allocation length is 1 PRB in thestgr.

[0103] When the minimum allocation bandwidth isroaved, it is possible to allocate a
resource with a narrow bandwidth to a cell-edgmieal that requires transmission power
to compensate for path loss, for example, thusaiaduperformance deterioration of the
terminal due to a transmission power shortage. idémtally, the PRB-based block interlace
design focuses on the frequency diversity gain. thismregard, the interlace allocation with
the contiguous allocation length (L) limited to R still causes signals to be distributed
throughout the band corresponding to the clusteumr thereby obtaining sufficient
frequency diversity gain.

[0104] Note that the RIVs need not include theiilsice allocation patterns for all the

allocation lengths (L). As illustrated in FIG. 1&g interlace allocation patterns for some
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allocation lengths (L) may be excluded in the ilateg where M = 10, for example. In FIG.
15, the allocation lengths L = {3, 5, 7, 9} are kexted, and it is limited to the allocation
lengths L ={1, 2, 4, 6, 8, 10} in the interlace evb M = 10, by way of example.
[0105] Asiillustrated in FIG. 15, evenly thinnisgme of the indicatable allocation lengths
L prevents flexibility in scheduling allocation frogreatly deteriorating. Further, more of
other patterns for the different number of integla@\) can be added to replace the excluded
patterns, thereby improving scheduling gain. Fxaanaple, it is possible to add all the
allocation patterns for the case where M = 12 ard 1 (i.e., patterns for the case where
RBstart = 0 to 11) in FIG. 15. The addition of fyeterns for the case where M = 12 and
interlace allocation length L = 1 increases the bemnof terminals that can be frequency-
multiplexed, and narrows the minimum bandwidth fgeminal. In addition, the patterns
for the case where L = 1 still causes signals todtstributed throughout the band
corresponding to the cluster group, thus obtaisunf§cient frequency diversity gain.
[0106] <Interlace RA Configuration Example 2>

In Configuration Example 2, as illustrated in FIGL, an allocation pattern of no
uplink data transmission (No transmission) is adaeithe contiguous interlace patterns for
the first number of interlaces (e.g., M = 10), éaample.
[0107] This allows base station 100 to indicaeerib uplink data transmission to intended
terminal 200 using the DCI while preventing ther@ase in the signaling overhead.
[0108] For example, when an uplink data bandlmcated to another terminal 200 and it
is required to indicate a single transmission oS&S (Sounding Reference Signal), base
station 100 can indicate the No transmission byRhé(e.g., RIV = 63 in FIG. 14), and this
indicates the single transmission of the SRS.
[0109] Alternatively, when a plurality of interledrAs are indicated for each cluster group
(e.g., for each LBT subband) as described abowe, tation 100 can independently indicate

the No transmission in each interlace RA, theraimtrolling the frequency resource to be
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allocated to terminal 200 in units of the clusteyups.
[0110] <Interlace RA Configuration Example 3>

In Configuration Example 3, as illustrated in FI®, partial allocation patterns in the
cluster group (i.e., allocation patterns for pdrtiee group) are added to the contiguous
interlace patterns for a certain number of interae.g., M = 10), for example.
[0111] For example, RIVs 0O to 54 configure thesrtgce allocation patterns for all clusters
in the cluster group allocated by the cluster RAFIG. 16.
[0112] In addition, RIVs 55 to 58 configure thedrace allocation patterns for the first
half of the clusters (e.g., clusters on a loweguiency side) in the cluster group allocated by
the cluster RA, in FIG. 16. In other words, thea® half of the clusters in the cluster
group allocated by the cluster RA are not allocdateterminal 200 by the RIVs 55 to 58
illustrated in FIG. 16.
[0113] Likewise, RIVs 59 to 62 configure the inéee allocation patterns for the second
half of the clusters (e.g., clusters on a higheqdiency side) in the cluster group allocated
by the cluster RA, in FIG. 16. In other words, ftivet half of the clusters in the cluster
group allocated by the cluster RA are not allocdateterminal 200 by the RIVs 59 to 62
illustrated in FIG. 16.
[0114] This allows base station 100 to dynamicaintrol (i.e., schedule) the partial
interlace allocation in the cluster group allocatederminal 200 (e.g., the cluster group
allocated by the cluster RA), for example. It Isoapossible to narrow the minimum
bandwidth for terminal 200 while preventing thergase in the signaling overhead.
[0115] <Interlace RA Configuration Example 4>

Configuration Example 4 focuses on a relation leetwthe number of interlaces (M)
and the number of signaling bits in the RIV-baskacation method and the bitmap-based
allocation method.

[0116] FIG. 17 illustrates exemplary relationsvibetn the number of interlaces (M) and
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the number of signaling bits in the RIV-based alomn method and the bitmap-based
allocation method. The horizontal axis indicatke humber of interlaces (M) and the
vertical axis indicates the number of signaling It FIG. 17.

[0117] Aslillustrated in FIG. 17, there is a sndiifference in the number of signaling bits
between the RIV-based allocation method and thredptbased allocation method when M
is small. For example, there is no differencehi@ humber of signaling bits between the
RIV-based allocation method and the bitmap-baskedation method when M is 4 or less.
When M is 5 or 6, there is a difference of 1 bitween the RIV-based allocation method and
the bitmap-based allocation method.

[0118] Incidentally, studies have been conduatedR-U on supporting, for example, the
number of interlaces M of 6 or less when SCS =B &nd 60 kHz, as illustrated in FIG. 2.
[0119] In this regard, Configuration Example 4 legx as illustrated in FIG. 18, the RIV-
based allocation method to the interlace RA wherS8S is equal to or less than a threshold
(e.g., 15 kHz), and applies the bitmap-based dilmcanethod to the interlace RA when the
SCS is greater than the threshold (e.g., 15 kide)example.

[0120] Thus, the RIV-based allocation method igliggl, for example, for the SCS (e.qg.,
15 kHz) that has a narrow bandwidth per 1 PRB gdies a relatively large number of
interlaces (M). This reduces the signaling ovedhea

[0121] In contrast, the bitmap-based allocationhoe is applied for the SCS (e.g., 30 kHz
or 60 kHz) that has a large bandwidth per 1 PRBapplies a relatively small number of
interlaces (M). This enables the allocation inahgdnon-contiguous interlace allocation
patterns by the bitmap while preventing the inaeeesthe signaling overhead, thereby
improving the scheduling gain.

[0122] As described above, Configuration Examplendkes it possible to apply the
frequency resource allocation method suitableHerSCS.

[0123] <iInterlace RA Configuration Example 5>
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In Configuration Example 5, the allocation pattefrcontiguous virtual interlaces is
indicated as the interlace RA information. In otherds, the interlace RA information
indicates contiguous virtual interlace numbers.

[0124] For example, base station 100 indicatesngiguous interlace allocation pattern to
terminal 200 using virtual interlace numbers (PRBnbers). Terminal 200 converts the
indicated virtual interlace numbers (PRB numbergd iactual interlace numbers (PRB
numbers) according to a rule determined betweem Istetion 100 and terminal 200.
Terminal 200 assigns signals to the interlaces tiéhactual interlace numbers that have
been converted.

[0125] In the example illustrated in FIG. 19, uat interlace numbers #0 to #9 are
respectively assigned to the interlaces (i.e., PRBghe cluster, for example. In the
example illustrated in FIG. 19, the actual integlatumbers are numbers obtained by
cyclically shifting virtual interlace numbers #0#9 by 5 PRBs in each cluster. In other
words, the rule for converting the virtual integacumbers to the actual interlace numbers
is the same among a plurality of clusters in FI&%. 1

[0126] In FIG. 19, base station 100 indicatescdtiguous interlace allocation pattern of
virtual interlace numbers #4 to #6 to terminal 2§ahe RIV-based allocation method.
[0127] In FIG. 19, terminal 200 converts the vaitinterlace numbers in the cluster to the
actual interlace numbers by cyclically shifting BYPRBs in all the clusters, for example.
This makes it possible to allocate the interlagssituted at both ends of each cluster (e.qg.,
interlaces #5, #6 and interlace #4) to terminal BOBIG. 19. Processing is also simplified
in FIG. 19 by applying the same rule for converting virtual interlace numbers to the actual
interlace numbers to the plurality of clusters.

[0128] Next, in the example illustrated in FIG., 2@tual interlace numbers #0 to #9 are
respectively allocated to the interlaces (i.e., BRIB the cluster, as in FIG. 19. In the

examples illustrated in FIG. 20, the actual integlaaumbers in cluster #X are numbers
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obtained by cyclically shifting virtual interlaceimbers #0 to #9 by 5 PRBs, and the actual
interlace numbers in cluster #Y are numbers obtbimecyclically shifting virtual interlace
numbers #0 to #9 by 3 PRBs. In other words, thefiar converting the virtual interlace
numbers to the actual interlace numbers is diffememong a plurality of clusters in FIG. 20.
[0129] In FIG. 20, base station 100 indicatesctetiguous interlace allocation pattern of
virtual interlace numbers #4 to #6 to terminal 2§ahe RIV-based allocation method.
[0130] In FIG. 20, terminal 200 converts the \attunterlace numbers to the actual
interlace numbers, for example, according to the puedetermined for each cluster. For
example, terminal 200 cyclically shifts the virtuaterlace numbers by 5 PRBs in cluster
number X in FIG. 20. In addition, terminal 200 byally shifts the virtual interlace
numbers by 3 PRBs in cluster number Y.

[0131] Transmission resources allocated to terh#08 can be randomized by applying
different rules for converting the virtual intertanumbers to the actual interlace numbers to
the clusters, as described above. This randormiz$erence to another cell and improves
a system performance.

[0132] In Configuration Example 5, the conversimmm the virtual allocation to the actual
allocation in terminal 200 enables the non-contigumterlace allocation in the cluster, as
described above, thereby improving the frequenegrdity gain.

[0133] Further, in Configuration Example 5, thaligation of the contiguous virtual
interlace allocation pattern by the RIV-based atmmn method reduces the signaling
overhead.

[0134] Note that, although Configuration Exampleas described the case of converting
the virtual interlace numbers to the actual intelanumbers by the cyclic shift, the
conversion rule is not limited to this. For exaephe contiguous virtual interlace numbers
may be indicated in the interlace RA informatiomdathe actual interlace numbers

corresponding to the contiguous virtual interlacenbers may be associated with non-
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contiguous interlaces.
[0135] The exemplary configurations of the intedd& A have been described, thus far.
[0136] [Exemplary Configuration of Cluster RA]

Next, exemplary configurations of the cluster Rl fae described.
[0137] <Cluster RA Configuration Example 1>

In Configuration Example 1, the allocation patteficontiguous virtual cluster groups
is indicated as the cluster RA information. Inesthwords, the cluster RA information
indicates contiguous virtual cluster group numbers.
[0138] For example, base station 100 indicateortiguous cluster group allocation
pattern to terminal 200 using the virtual clustesup numbers. Terminal 200 converts the
indicated virtual cluster group numbers to actliaster group numbers according to a rule
predetermined between base station 100 and ter@M@al Terminal 200 assigns signals to
the clusters in the cluster groups with the actilaster group numbers that have been
converted.
[0139] For example, in the example illustratedri®. 21, virtual interlace numbers #0 to
#X are respectively assigned to the cluster grauplse BWP. In the examples illustrated
in FIG. 21, the actual cluster group numbers amabars obtained by cyclically shifting
virtual interlace numbers #0 to #X by -3 in the BWP
[0140] In FIG. 21, base station 100 indicates ¢batiguous cluster group allocation
pattern of virtual cluster group numbers #2 andt&3erminal 200 by the RIV-based
allocation method.
[0141] In FIG. 21, terminal 200 converts virtuséister group numbers #2 and #3 to the
actual cluster group numbers by cyclically shiftiog —3, for example. This makes it
possible to allocate the cluster groups distribatetbr example, both ends of the BWP (e.g.,
actual cluster groups #3 and #2) to terminal 20@I{. 21.

[0142] As described above, the conversion from vheual allocation to the actual
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allocation in terminal 200 enables the non-contiguallocation in the BWP (or system
band), for example, thereby improving the frequetiewrsity gain.
[0143] For example, the OCB specification can lbdéisEed by the non-contiguous
allocation at the both ends of the BWP, as illusttan FIG. 21, even when the cluster group
to be allocated has a narrow bandwidth (when tleeated bandwidth is narrow). In
addition, the indication of the contiguous virtahlister group allocation pattern by the RIV-
based allocation method reduces the signaling eaerh
[0144] <Cluster RA Configuration Example 2>

Configuration Example 2 focuses on the fact thate is a small difference in the
number of signaling bits between the RIV-basedcalion method and the bitmap-based
allocation method when the number of cluster grqaggsBWP (or system band) is small.
[0145] For example, the bitmap-based allocatiothais applied to the cluster RA when
the number of cluster groups per BWP is smallen thraequal to a threshold (e.g., 4), and
the RIV-based allocation method is applied to thister RA when the number of cluster
groups per BWP is larger than the threshold, astiihted in FIG. 22.
[0146] In this manner, the signaling overhead loameduced by applying the RIV-based
allocation method when the number of cluster grqug@sBWP is large. When the number
of cluster groups per BWP is small, in contrast,dbplication of the bitmap-based allocation
method enables the allocation including non-comtigucluster allocation patterns by the
bitmap while preventing the increase in the sigmploverhead, thereby improving the
scheduling gain.
[0147] The exemplary configurations of the clustd have been described, thus far.
[0148] In the present embodiment, terminal 200gassa signal to a resource based on
frequency resource allocation information indicgtiallocation of a plurality of cluster
groups (e.g., the cluster RA) resulting from grawgpa plurality of clusters into which a

frequency band (e.g., system band or BWP) is ddsided allocation of interlaces (e.qg., the
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interlace RA) in the clusters, and transmits tigaal, as described above. Base station 100
then receives the signal transmitted from termR@0 based on the cluster RA and the
interlace RA for terminal 200.

[0149] This allows base station 100 to performxife scheduling or frequency-
multiplexing in units of cluster groups, for examplor terminals 200 even when terminals
200 have the system bandwidths (or BWPSs) diffefimmh each other, or when the system
bandwidth is 20 MHz or more, for example.

[0150] Therefore, itis possible to appropriatiensmit/receive signals in the operation in
unlicensed bands (e.g., NR-U) according to thegmesmbodiment.

[0151] Each embodiment of the present disclosasedeen described, thus far.

[0152] (Other Embodiments)

1. Descriptions have been given of the frequemspurce allocation methods for
uplink, which is transmission from terminal 200 base station 100, in the above
embodiments. However, an embodiment of the predmatosure is applicable to, for
example, downlink, which is transmission from baksion 100 to terminal 200, and is also
applicable to a radio communication link (e.g.,efiiltk) established in communication
between terminals 200 (e.g., vehicle-to-vehicle mamication).

[0153] Each of the methods described in the algowkeodiments may be used alone or in
combination. In addition, the method to be used/ ha switched depending on the
situation (e.g., communication environment and/oaffit). The communication
environment may be represented by at least onefef&ce Signal Received Power (RSRP),
Received Signal Strength Indicators (RSSIs), Raef@eSignal Received Quality (RSRQ),
and Signal-to-Interference plus Noise power R&INR), for example.

[0154] The uplink data channel (PUSCH) has beetrilged in the above embodiments
as an example of a transmission signal for whiah filequency resource is allocated.

However, the transmission signal is not limitedlte PUSCH and may be another signal
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transmitted from terminal 200 (corresponding taas$mission apparatus) to base station
100 (corresponding to a reception apparatus),Xamgle.

[0155] Additionally, the interlaces are not lindteo be distributed in units of PRBs on the
frequency domain, and may also be distributed iftsuaf subcarrier groups of less
subcarriers composing 1 PRB, for example. Furtther,interlaces are not limited to be
arranged at equal frequency intervals on the ressur

[0156] Furthermore, the number of clusters, theiner of interlaces in the clusters, the
number of cluster groups, the number of clusterhéncluster groups, and the number of
subcarriers per interlace (or PRB) in a partictdagquency band (e.g., system band) are not
limited to those in the examples described in theva embodiments, and may include other
values.

[0157] Although the operations in unlicensed bahdse been described in the above
embodiment, the present disclosure is not onlyfdicensed bands. It can also be applied
to licensed bands, and brings the similar effects.

[0158] Other embodiments have been described,fénus

[0159] The present disclosure can be realized ditware, hardware, or software in
cooperation with hardware. Each functional bloclkedusn the description of each
embodiment described above can be partly or entiredlized by an LSI such as an
integrated circuit, and each process describetieneach embodiment may be controlled
partly or entirely by the same LSI or a combinatdr.Sls. The LSI may be individually
formed as chips, or one chip may be formed so @sctade a part or all of the functional
blocks. The LSI may include a data input and outmutpled thereto. The LSI here may
be referred to as an IC, a system LSI, a superdrSdn ultra LSI depending on a difference
in the degree of integration. However, the techaigf implementing an integrated circuit
is not limited to the LS| and may be realized byngsa dedicated circuit, a general-purpose

processor, or a special-purpose processor. Iriadda FPGA (Field Programmable Gate
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Array) that can be programmed after the manufactir¢ghe LS| or a reconfigurable
processor in which the connections and the setbhgs#cuit cells disposed inside the LSI
can be reconfigured may be used. The presentodise can be realized as digital
processing or analogue processing. If future natiegl circuit technology replaces LSls as
a result of the advancement of semiconductor tdolggar other derivative technology, the
functional blocks could be integrated using theurfeit integrated circuit technology.
Biotechnology can also be applied.

[0160] The present disclosure can be realizednyykind of apparatus, device or system
having a function of communication, which is reéefrto as a communication apparatus.
Some non-limiting examples of such a communicaapparatus include a phone (e.g.,
cellular (cell) phone, smart phone), a tablet, @q@eal computer (PC) (e.g., laptop, desktop,
netbook), a camera (e.g., digital still/'video camer digital player (digital audio/video
player), a wearable device (e.g., wearable cansenast watch, tracking device), a game
console, a digital book reader, a telehealth/tethonge (remote health and medicine) device,
and a vehicle providing communication functional(#yg., automotive, airplane, ship), and
various combinations thereof.

[0161] The communication apparatus is not limitede portable or movable, and may
also include any kind of apparatus, device or sydteing non-portable or stationary, such
as a smart home device (e.g., an appliance, lighimart meter, control panel), a vending
machine, and any other “things” in a network of‘Bmernet of Things (loT).”

[0162] The communication may include exchangingdarough, for example, a cellular
system, a radio LAN system, a satellite system, ata various combinations thereof.
[0163] The communication apparatus may comprigke\dace such as a controller or a
sensor which is coupled to a communication deveréopming a function of communication
described in the present disclosure. For exantpke,communication apparatus may

comprise a controller or a sensor that generatesalsignals or data signals which are used
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by a communication device performing a communicafinction of the communication
apparatus.

[0164] The communication apparatus also may irekd infrastructure facility, such as a
base station, an access point, and any other appadevice or system that communicates
with or controls apparatuses such as those indbeesanon-limiting examples.

[0165] A transmission apparatus according to abaeiment of the present disclosure
includes: circuitry, which, in operation, assignsignal to a resource based on control
information indicating allocation of a group amaa@lurality of the groups resulting from
grouping a plurality of blocks into which a frequgrband is divided, and allocation of the
resource in at least one of the plurality of blocks; and a transmitter, which in operation,
transmits the signal.

[0166] In an embodiment of the present disclostlive group includes a bandwidth where
carrier sensing is performed.

[0167] In an embodiment of the present disclostive group is composed of a minimum
number of the blocks having a bandwidth equal @atgr than a specified minimum
bandwidth, and the minimum number of the blocks esak bandwidth of the group.

[0168] In an embodiment of the present disclostine, allocation of the resource is
indicated by first control information, and thesficontrol information includes an allocation
starting position of the resource in one of therallty of blocks and a number of the
resources to be consecutively allocated from tleea@tion starting position.

[0169] In an embodiment of the present disclostime first control information indicates
any of a plurality of patterns of the allocatiorarihg position and the number of the
resources, and the plurality of patterns includeatiern for a case where the one of the
plurality of blocks is composed of a different nuenlof the resources.

[0170] In an embodiment of the present disclostime first control information indicates

any of a plurality of patterns of the allocatiorarihg position and the number of the
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resources, and the plurality of patterns inclug@ttern of no transmission of the signal.
[0171] In an embodiment of the present disclostime first control information indicates
any of a plurality of patterns of the allocatiorarsihg position and the number of the
resources, and the plurality of patterns inclugatsern for a part of the allocated group.
[0172] In an embodiment of the present disclostine, allocation of the resource is
indicated by first control information, and thesficontrol information includes an allocation
starting position in one of the plurality of blocksid a number of the resources to be
consecutively allocated from the allocation staytposition, when subcarrier spacing is
equal to or smaller than a threshold, and the @osttrol information includes a bitmap
indicating whether each resource in the one opthrality of blocks is allocated, when the
subcarrier spacing is larger than the threshold.

[0173] In an embodiment of the present disclostime control information indicating the
allocation of the resource indicates contiguoutuglrresource numbers, and the circuitry
converts the virtual resource numbers to resouogbers of the resources, and assigns the
signal to the resources with the converted resoumcebers.

[0174] In an embodiment of the present disclosiie allocation of the group is indicated
by second control information, and the second cbmtformation includes an allocation
starting position in the frequency band and a nunabehe groups to be consecutively
allocated from the allocation starting position.

[0175] In an embodiment of the present disclostime control information indicating the
allocation of the group indicates contiguous virgraup numbers, and the circuitry converts
the virtual group numbers to group numbers of tleugs, and assigns the signal to the
resources in the groups with the converted grouphaus.

[0176] In an embodiment of the present disclostime control information indicating the
allocation of the group includes an allocation tatgrposition in the frequency band and a

number of the groups to be consecutively allocdtech the allocation starting position,
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when a number of the groups in the frequency batatger than a threshold, and the control
information indicating the allocation of the grougludes a bitmap indicating whether the
groups in the frequency band are allocated, whemtimber of the groups is equal to or
smaller than the threshold.

[0177] A reception apparatus according to an enmbedt of the present disclosure
includes: circuitry, which, in operation, deternsradlocation of a group among a plurality
of the groups resulting from grouping a pluralifybdocks into which a frequency band is
divided, and allocation of a resource in at least one of the plurality of blocks; and a receiver,
which in operation, receives a signal based oralloeation of the group and the allocation
of the resource.

[0178] A transmission method according to an enthedt of the present disclosure
includes: assigning a signal to a resource basembwinol information indicating allocation
of a group among a plurality of the groups resgltiom grouping a plurality of blocks into
which a frequency band is divided, and allocatiérthe resource in at least one of the
plurality of blocks; and transmitting the signal.

[0179] Areception method according to an embodinoéthe present disclosure includes:
determining allocation of a group among a plurabtyhe groups resulting from grouping a
plurality of blocks into which a frequency bandligided, and allocation of a resource in at
least one of the plurality of blocks; and receiving a signal based on the allocation obttoeip
and the allocation of the resource.

[0180] This application is entitled to and claithe benefit of Japanese Patent Application
No. 2019-024180 dated February 14, 2019, the disodo of which including the

specification, drawings and abstract is incorpatderein by reference in its entirety.

Industrial Applicability

[0181] An exemplary embodiment of the present Idmae is useful for mobile
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Reference Signs List
[0182]

100 Base station
101 Scheduler

102 Holder

103 Modulator

104, 209 Transmitter
105, 201 Antenna
106, 202 Receiver
107 FFT

108 Demapper

109 IDFT

110 Demodulator/decoder

200 Terminal

203 Demodulator

204 Frequency resource allocation calculator

205 Encoder/modulator
206 DFT
207 Mapper

208 IFFT
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CLAIMS
Claim 1 A transmission apparatus, comprising:
circuitry, which, in operation, assigns a signal & resource based on control
information indicating allocation of a group amaa@lurality of the groups resulting from
grouping a plurality of blocks into which a frequgrband is divided, and allocation of the
resource in at least one of the plurality of blocksl

a transmitter, which in operation, transmits tigmal.

Claim 2 The transmission apparatus according tiocla wherein the group includes a

bandwidth where carrier sensing is performed.

Claim 3 The transmission apparatus according tamcld, wherein the group is
composed of a minimum number of the blocks havihgrdwidth equal or greater than a
specified minimum bandwidth, and the minimum numitfethe blocks makes a bandwidth

of the group.

Claim 4 The transmission apparatus according ioncla wherein the allocation of the
resource is indicated by first control informati@md the first control information includes
an allocation starting position of the resourceme of the plurality of blocks and a number

of the resources to be consecutively allocated fiteerallocation starting position.

Claim 5 The transmission apparatus according tonclia wherein:

the first control information indicates any of lanality of patterns of the allocation
starting position and the number of the resouraed,

the plurality of patterns include a pattern fazase where the one of the plurality of

blocks is composed of a different number of theueses.
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Claim 6 The transmission apparatus according tonclia wherein:
the first control information indicates any of lanality of patterns of the allocation
starting position and the number of the resouraed,

the plurality of patterns include a pattern oftremsmission of the signal.

Claim 7 The transmission apparatus according ionclia wherein:
the first control information indicates any of lanality of patterns of the allocation
starting position and the number of the resouraed,

the plurality of patterns include a pattern fqraat of the allocated group.

Claim 8 The transmission apparatus according ioncla wherein:

the allocation of the resource is indicated bgtfoontrol information, and the first
control information includes an allocation startipgsition in one of the plurality of blocks
and a number of the resources to be consecutiVielgated from the allocation starting
position, when subcarrier spacing is equal to aallenthan a threshold, and

the first control information includes a bitmagpglicating whether each resource in the
one of the plurality of blocks is allocated, whéw tsubcarrier spacing is larger than the

threshold.

Claim 9 The transmission apparatus according toncla wherein:

the control information indicating the allocatiohthe resource indicates contiguous
virtual resource numbers, and

the circuitry converts the virtual resource nunsbé&w resource numbers of the

resources, and assigns the signal to the resowittethe converted resource numbers.
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Claim 10  The transmission apparatus accordingaioncl, whereirthe allocation of the
group is indicated by second control informationd ahe second control information
includes an allocation starting position in thegfrency band and a number of the groups to

be consecutively allocated from the allocationtstgrposition.

Claim 11  The transmission apparatus accordingaioncl, wherein:

the control information indicating the allocatiof the group indicates contiguous
virtual group numbers, and

the circuitry converts the virtual group numbergtoup numbers of the groups, and

assigns the signal to the resources in the grouthste converted group numbers.

Claim 12  The transmission apparatus accordingaioncl, wherein:

the control information indicating the allocatiohthe group includes an allocation
starting position in the frequency band and a nunabehe groups to be consecutively
allocated from the allocation starting position,enta number of the groups in the frequency
band is larger than a threshold, and

the control information indicating the allocatiai the group includes a bitmap
indicating whether the groups in the frequency baredallocated, when the number of the

groups is equal to or smaller than the threshold.

Claim 13  Areception apparatus, comprising:

circuitry, which, in operation, determines allaoatof a group among a plurality of
the groups resulting from grouping a plurality dbdks into which a frequency band is
divided, and allocation of @source in at least one of the plurality of blocks; and

a receiver, which in operation, receives a sidpasled on the allocation of the group

and the allocation of the resource.
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Claim 14  Atransmission method, comprising:

assigning a signal to a resource based on canfoymation indicating allocation of
a group among a plurality of the groups resultirgyf grouping a plurality of blocks into
which a frequency band is divided, and allocatiérthe resource in at least one of the
plurality of blocks; and

transmitting the signal.

Claim 15  Areception method, comprising:

determining allocation of a group among a pluyatif the groups resulting from
grouping a plurality of blocks into which a frequgrband is divided, and allocation of a
resource in at least one of the plurality of blocks; and

receiving a signal based on the allocation of gheup and the allocation of the

resource.
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