—DESCRIPTION]-

—[CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from Korean Patent Application Nos. 10-2017-0095980,
10-2017-0102577, and 10-2018-0057278, filed on Jul. 28. 2017, Aug. 11.2017. and May 18,2018,
which are hereby incorporated by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTIONI. Field of the InventionTitle]}—

[0002] The present disclosure prepeses-arelates to an apparatus and method for transmitting and
receiving an uplink (UL) channel, and more particularly, to an apparatus and method for
performing frequency hopping for splinkUL channel transmission and reception in a next -
generation/5G-wirelessfifth generation (5G) (will be referred to as New Radio (NR) below) radio

access network-(hereinafter referred-to-as-.

2. Description of the Related Art

[0003] Recently, the Third Generation Partnership Project (3GPP) approved “Study on New Radio
Access Technology” which is a study item for research on next generation/5G radio access
technology, and Radio Access Network (RAN) Working Group 1 (WG1) is separately discussing
frame structures, channel coding and modulation, waveforms, multiple-access schemes, etc. for
NR on the basis of the technology. It is required to design an NR to meet not only an improved
data transmission rate compared to Long Term Evolution (LTE)/LTE-Advanced but also various
demands of subdivided and detailed usage scenarios.

[0004] Representative usage scenarios of NR may include enhanced Mobile BroadBand (eMBB),
massive Machine Type Communication (mMTC), and Ultra Reliable and Low Latency
Communications (URLLC). It is also required to design a NewRadioNR}frame structure to be
flexible in comparison to LTE/LTE-Advanced (LTE-A) as a method for meeting requirements of
respective usage scenarios.

[0005] In particular, when an NR user equipment (UE) uses various bandwidth parts (BWPs), there
1s an increasing necessity of setting a detailed and efficient method for the UE to transmit UL

channels, that is, a UL control channel and a UL data channel. to a base station (BS) on the basis
of the BWPs.

SUMMARY OF THE INVENTION

[0006] In this background, the present disclosure is to provide a frequency hopping application
method for preventing collision between resources used by user equipments (UEs) which use
different bandwidth part (BWP) configurations to transmit uplink (UL) channels in New Radio

(NR).

1 Petitioners' Exhibit 1010
Google et al. v. KT Corporation et al.
IPR2025-00291



[Detailed I . FThel on]
[Technical-Solution]
An-exemplary-embediment|0007] Objects of the present disclosure prevides—a—are not limited

thereto, and other objects which have not been mentioned will be apparent to those of ordinary
skill in the art from the following descriptions.

[0008] To solve the foregoing problem, in accordance with an embodiment, a method may be
provided for a UE to transmit a UL control channel and a UL data channel to a base station (BS).
The method may include: receiving, from a BS, BWP configuration information of a BWP set
composed of one or more BWPs conﬁgured for a UE; recelvmg, from the BS frequency hoppmg

bﬁﬁ%&ﬂ&g—ﬂ—b&&&&t&ﬁ@iﬁe—eeﬂﬁg&re—a—conﬁguratlon mformatlon for a UL control channel and
a UL data channel transmitted through one BWP of the BWP set: and transmitting a UL control

channel or a UL data channel to the BS through the single BWP on the basis of the BWP
configuration information and the frequency hopping bandwidthforaPUCCH foreachuser

equipment-(HE)-configuration information.

[0009] In accordance with another embodiment, a method may be provided for a BS to receive a
UL control channel and a UL data channel from a UE. The method may include: transmitting BWP
configuration information of a BWP set composed of one or more BWPs configured for a UE to
the UE: transmitting frequency hopping configuration information for a UL control channel and a
UL data channel transmitted through one BWP of the BWP set to the UE: and receiving the UL
control channel or the UL data channel from the UE through the single BWP on the basis of the
BWP configuration information and the frequency hopping configuration information.

[0010] In accordance with further another embodiment, a UE may be provided for transmitting a
UL control channel and a UL data channel to a BS. The UE may include: a receiver configured to
receive BWP configuration information of a BWP set composed of one or more BWPs configured
for the UE from a BS and receive frequency hopping configuration information for a UL control
channel and a UL data channel transmitted through one BWP of the BWP set from the BS: and a
transmitter configured to transmit a UL control channel or a UL data channel to the BS through
the single BWP on the basis of the BWP configuration information and the frequency hopping
configuration information.

[0011] In accordance with still another embodiment, a BS may be provided for receiving a UL
control channel and a UL data channel from a UE. The BS may include: a transmitter configured
to transmit BWP configuration information of a BWP set composed of one or more BWPs
configured for a UE and transmit frequency hopping configuration information for a UL control
channel and a UL data channel transmitted through one BWP of the BWP set; and a receiver
configured to receive a UL control channel or a UL data channel from the UE through the single
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BWP on the basis of the BWP configuration information and the frequency hopping configuration
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects, features and advantages of the present disclosure will be more
apparent from the following detailed description taken in conjunction with the accompanying
drawings, in which:

[0013] FIG. 1is a diagram iHustratingfor showing an example—efa—symbollevel alienment

betweenarrangement of orthogonal frequency-division multiplexing (OFDM) symbols according
to an embodiment of the present disclosure when different SESs-subcarrier spacing (SCS) values
are used;

[0014] FIG. 21is a diagram #Hustratingfor showing a sehematieconceptual example ferof a
bandwidth part: (BWP) according to an embodiment of the present disclosure;

[0015] FIG. 3 is a diagram tHuastratingfor showing an example of frequency hopping for a physical
uplink control channel (PUCCH—frequeney—hopping—) defined in an—a Long Term Evolution
(LTEA)/Long Term Evolution-Advanced (LTE-A) systems-;

[0016] FIG. 4is a diagram #lustratingfor showing a sehematieconceptual example for
eonfiguratien-of a-user equipment (UE-)-specific bandwidth part: BWP configurations according

to an embodiment of the present disclosure:

[0017] FIG. 5 is a diagram #ustratingfor showing an example of a frequency hopping rule based
on aPUCCH duration- according to an embodiment of the present disclosure:

[0018] FIG. 6 is a diagram #Hustratingfor showing an example of a method of indicating a
frequency hopping offset indieation-method-through downlink control information (DCI:

HG7isa-diagramiHustratinga-configurationof abasestatton—) according to anether
exemplaryan embodiment-

R L R £ B B T
exemplary-embediment-the present disclosure;

[Mode for Carryine Out-The nvention]

[0019] FIG. 7 is a flowchart illustrating a procedure of a UE for transmitting an uplink (UL)
control channel and a UL data channel to a base station (BS) according to an embodiment of the
present disclosure:

[0020] FIG. 8 is a flowchart illustrating a procedure of a BS for receiving a UL control channel
and a UL data channel from a UE according to an embodiment of the present disclosure;
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[0021] FIG. 9is a diagram for showing a BS according to an embodiment of the present
disclosure: and

[0022] FIG. 10is a diagram for showing a UE according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0023] Hereinafter,—some-exemplary embodiments of the present disclosure will be described in
detail with reference to the accompanying drawings. In adding reference numerals to elements in
each drawing, #isneted-thatthe same elements will be designated by the same reference numerals;
if possible, although they aremay be shown in different drawings. Further, in the following
description of the present disclosure, a detailed description of known functions and configurations
incorporated herein will be omitted when it is determined that the description may make the subject
matter of the present disclosure rather unclear.

[0024] In the—present—diselosurethis specification, a wireless communication system refers
tedenotes a system for providing various communication services, such as a-voice-communication
servieera, packet data-servieeete—The, and the like. A wireless communication system includes
a user equipment (UE) and a base station (BS).

Fhe[0025] A UE is a generte-termreferrinrgcomprehensive concept that refers to a terminal used
in wireless communication; and should be interpretedconstrued as a—econcept—that
inehadesencompassing not only usereguipmentfa UE} in a wideband code division multiple access
(WCDMA;-) network, a Long Term Evolution (LTE;) network, a high speed packet data access
(HSPA;and-) network, a network of International Mobile Telecommunications for 2020 (IMT-
2020; fifth generation (5G) or New Radio); (NR)), etc., but also a mobile station (MS), a user
terminal (UT), a subscriber station (SS), anda wireless device, ctc. in Global System for Mobile
communication (GSM:).

The[0026] A BS or a—cell geﬁef&l-l-y—refers to a statlon eemm&me&tmgwhlch generallv

communicates with thea UE;-an t : :
stehas and encompasses a node-B, an evolved node-B (eNB) a gNedegatean statlon Node B
(gNB), a low power node (LPN), a sector, a site, various types of antennas, a base transceiver
system (BTS), an access point, a point (e.g., a transmission point, a reception point, erand a
transmission/reception point), a relay node, a—megaeelland various coverage regions, such as a
mega-cell, a maereeelmacro-cell, a miereeelimicro-cell, a picocell, a femtocell, a remote radio
head (RRH), a radio unit (RU), and-a small cell, and the like.

[0027] Since there is a BS for controlling each of the various cells listed above-has-aBS-centrothing

the-eell;the-, a BS may be interpreted #into two types—Fhe BS-may-bereferredtomeanings: 1) an
apparatusitself that provides-amegacel-a maerocel-amiereeeldevice for providing a mega-cell,

a macro-cell, a micro-cell, a picocell, a femtocell, andor a small cell in relation to a wireless
area;radio region or 2) the wireless—arearadio region itself. JaAccording to the ease—ef1);first
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meaning, the BSBSs may be referred—te-1) devices which provide certain radio regions under
control of the same entlty or 11) all appafa%&ses—m{emeﬁﬁgdewces which interact with each other

eeepePa%H%h—eaeh—e%heHe—fem—aAﬁrelessﬁafeHeeefémg%e—to cooperatlvely pr0v1de a

t adio region. A point, a
transmlsswn/receptlon point, a transm1sswn pomt a receptlon pomt or the hike. Incase

embodiments of 2);-thea BS may-bereferredaccording to as-a wireless—area—itself that recetves
method of providing a radio region. According to the second meaning, a BS may be a radio region

itself in or transmitssienalsinterms-eof UEsfrom which a signal is received or transmitted from
the viewpoint of a UE or a neighboring BSsBS.

T-thepresent-diselosurethe[0028] In this specification, a cell may refer to athe coverage of a

signal transmitted from a transmission/reception point, a component carrier having the coverage
of a signal transmitted from a transmission point or a transmission/reception point, or a
transmission/reception point itself.

[0029] In thepresent-diselosurerthe-this specification, a UE and thea BS are used as agenerie-term

as—comprehensive meanings of two types—(uplink erand downlink) ef—transmission/reception
transmitting and receiving entities used to embedyimplement the technology andor technical spirit

described in the present speeifieation;-and-are-disclosure, but not limited to terms or words that are
specifically designated-terms-orweordsreferred to.

Herein;the[0030] Here, an uplink (UL) refers to a method of transmitting/ and receiving data to/
and from a BS by a UE, and thea downlink (DL) refers to a method of transmitting/ and receiving
data to/ and from a UE by a BS.

[0031] For UL transmission and DL transmission-maybe-performed-byusiga. it is possible to

use one of 1) time division duplex (TDD) methed-performingin which transmission threughis
performed by using different times, aii) frequency division duplex (FDD) method-performingin

which transmission threughis performed by using different frequencies, erand iii) a hybrid
methedmixed scheme of the- TDD method-and-the FDD-method.

Further|0032] Also, in thea wireless communication system, a standard—is—UL and a DL are
configured by—eeﬂﬁgk&mg—the—%m&d—ﬂ&e—Dlrb&sed—eﬂ—a—smg}eon the basis of one carrier wave or

aone pair of earrierscarrier waves according to a standard.

Fhe[0033] In a UL and thea DL-transmit, control information is transmitted through a control
ehannelschannel, such as a physical downlink control channel (PDCCH), a physical uplink control
channel (PUCCH), etc. The UL and the hike,and-transmitdatathrough-aDL are configured as data
channels, such as a physical downlink shared channel (PDSCH), a physical uplink shared channel
(PUSCH), and-thelikectc., such that data is transmitted.

Fhe[0034] A DL may denetercfer to communication or a communication path from multiple-a
multi-transmission/reception peintspoint to a UE, and thea UL may denetercfer to communication
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or a communication path from the UE to the multiple-multi-transmission/reception peints—Atthis
time;point. In the DL, a transmitter may be a part of the multiple-multi-transmission/reception
pemtspoint, and a receiver may be a part of the UE. InadditienAlso, in the UL, a transmitter may
be a part of the UE, and a receiver may be a part of the multiple-multi-transmission/reception

petspoint.

Hereinaftertransmission-andreeeptionof[0035] “A signal is transmitted and received through a
channel, such as thea PUCCH, thea PUSCH, thea PDCCH, and—theor a PDSCH;.,” may be

deseribed-as-a-form-oftransmittingand recetving the-have the same meaning of “a PUCCH, thea
PUSCH, thea PDCCH, and-the PBSCH>or a PDSCH is transmitted and received.”

[0036] Meanwhile, higherhigh layer signaling te-be-desertbedmentioned below includes RREradio
resource control (RRC) signaling effor transmitting RRC information eentainingincluding an RRC
parameter.

Fhe[0037] A BS performs DL transmission to UEs. FheA BS may transmit a physieal Dlecontrel
ehannelPDCCH for transmitting DL control information, such as scheduling required to receive a
DL data channel-that, which is a primarymain physical channel for unicast transmission, and
scheduling apprevalgrant information for transmission thresghin an UL data channel. Heremnafter;
&aﬂsm&&ngﬁlceeeﬁqﬂgﬂansmlssmn and reception of a signal through each channel will be referred
to as “transmission and reception of a channel.”

[0038] Any multiple access scheme may be deseribedinaform-in-which-aecorresponding
| L ired ved

Multiple-aceess—techntques-applied to thea wireless communication system-are-nottimited—The
wireless-communieation-systemmay. [t is possible to use various multiple access techniques;such

asschemes including time-division multiple access (TDMA), frequency-division multiple access
(FDMA), eode-division-multiple-aceess{CDMAY,. orthogonal frequency-division multiple access
(OFDMA), non-orthogonal multiple access (NOMA), OFDM-TDMA, OFDM-FDMA, and
OFDM-CDMA. Here, the-NOMA includes sparse code multiple access (SCMA), low eestdensity
spreading (LDS), and the like.

[0039] An—exemplary embodiment of the present disclosure may be applied to resource
asstgnmentallocation in asynchronous wireless communication—evebsng, which evolves into
LTE/LTE-Advanced (LTE-A) and IMT-2020 fremthrough GSM, WCDMA, and HSPA, and
synchronous wireless communication evebAargwhich evolves into CDMA, CDMA-2000, and
Ultra Mobile Broadband (UMB), and the like.

[0040] In the—present—diselosurethis specification, a machine-type communication (MTC)
terminalUE may refer to a terminal-sappertingULE which supports low cost (or low complexity), a

terminal—suppoerting—ULE  which  supports coverage enhancement, or the like. s
addittenAlternatively, in the-present-diselosure;thethis specification, an MTC terminalUE may
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refer to a terminalUE which is defined as a predeterminedspecific category fer—supperting—to
support low cost (or low complexity) and/or coverage enhancement.

[0041] In other words, in the-present-diselosurethethis specification, an MTC terminalUE may
refer to a Third Generation Partnership Project (3GPP) Release-13 low cost (or low complexity)

UE category/type which was newly defined by—performingand performs an LTE-based MTC-
related eperations—In—additienoperation. Alternatively, in the—present—diselosure;—thethis

specification, an MTC temminalUE may support an enhanced coverage which is more extensive
than the existing L TE coverage or may refer to a UE category/type deﬁned befeiﬁ%eemenﬁeﬁai—m

coverage-of Or a lower version which supports low power consumptlon— or—may—refer—te a Release-

13 low cost (or low complexity) UE category/type which was newly defined. fr—addition;
theOtherwise, an MTC terminalUE may refer to a further enhanced MTC terminalUE defined in
Release-14.

In-the-present-diselosure[0042] In this specification, a narrowband Internet of things (NB-IoT)
terminal UL refers to a terminalUE supporting radio access for cellular [oT. Objects of the NB-IoT
technology aims-atimpreved-include enhanced indoor coverage, support for large-scale low-speed
terminalsUEs, low latency sensitivity, very low terminal—eestscost of UEs, low power
consumption, and optimized network architecture.

An[0043] Representative usage scenarios in NR which is recently under discussion in the 3GPP

may include enhanced Mobile BroadBand (eMBB), massive Machine -Type Communication
(mMTC) and Ultra Rehable and Low Latency eemm&me&&eﬁCommumcatlons (URLLC}—afe

—the—present—disclostre—a—frequeney—a—trame—a—subtrame—a In this specification,

frequencies, frames, subframes, resources, resource; 5 —a blocks,
regions, bands, sub-band;—abands, control ehannel—achannels, data channel—achannels,
synchronization stgnalsignals, various reference signals, various signals, and various messages

assoctated-with-the-related to NR ef-the-present-diselosure-may be interpreted as beirgmeanings
used in the past or present or as-various meanings tewhich will be used in the future.

New Radio (NR)

[0045] Recently, the 3GPP has-approved the-“Study on New Radio Access Technology>"~ which
is a study item for research on next -generation/5G radio access technology—On-the-basis-efthe

Study-enNewRadio-AeceessFechnology;, and separate discussions have beeninpregressforbegun

on frame structures, channel coding and modulation, waveforms, multiple-access schemes, and-the
hikectc. for thenewradio{NR)- on the basis of the technology.

[0046] It is required to design thean NR to meet not only te-previdean improved data transmission
ratesrate compared with-theto LTE;/LTE-A but also te-meetvarious QoeSreguirementsin-demands
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of subdivided and detailed and—speetfie—usage scenarios. In particular, an—enhanced—mebile

broadband (eMBB). massive MTC { mMTC), and ultra reliable and low latency communication
fURLLC) are definedproposed as representative usage scenarios of the-NR. As—a—methodfor
meeting-the requirementsfor-each-usage-seenarto;+tis-1t is also required to design the NR-te-have
aflexible-a frame structure eempared—with-the LT E-—Eachusage-seenarto-has—to be flexible in

comparison to LTE/LTE-A as a method for meeting requirements of respective usage scenarios.

[0047] Specifically, eMBB, mMTC, and URLLC are considered as representative urge scenarios
in NR which is recently under discussion in the 3GPP. The respective usage scenarios have
different requirements forof data rates, latency, reliability-coverage, etc. Accordingly, thereit is a
srowingneed-fornccessary to develop a method of efficiently multiplexing a-radio resource u#it
basedunits on the basis of different numerologies (e.g., a-subcarrier spacing;—a—subframe—aT+1+5
(SCS) values, subframes, transmission time intervals (TTIs), etc);as—amethod.) for efficiently

satisfying requirements-efeachmeeting usage scenario-specific requirements through a frequency
band eenfiguringconstituting an arbitrary NR system.

[0048] As a method for thisthe puggos dlscussmns ha:vLe—a}se—beeﬂ—eeﬁd&eted—fer—were made on a
method of supporting th : :
aumerelogynumerologies having dlfferent sabe&mer—sp&emg—x%tes—b&sed—eﬂ—"PDkPF-DMSCS
values by multiplexing the numerologies on the basis of time-division multiplexing (TDM),
frequency-division multiplexing (FDM), or TDM/FDM; through one NR carrier and a method of
supporting one or more time units #-eenfiguringto set a scheduling unit in a time domain. In
relation to thls—fegafd—m—the—N-R a deﬁﬂiﬁeﬂ—ef—a—subframe has—beeﬂ—gweﬁwas defined as eﬂe—type
of-a time domain structure—a— m oy,

subframe—duratten— in NR, and 1t swas determlned to deﬁne a smgle subframe duratlon
eensistingcomposed of 14 OFDM symbols of nermal-CP-overhead-based-on-a 15 kHz subearrier
spaeing{SCS)Hike-based normal cyclic prefix (CP) overhead, which is the same as that of LTE-
Therefore,—the, as a reference numerology for defining a corresponding subframe eof-the
NRduration. Accordingly, a subframe has thea time duration of 1 ms in NR. However, unlike the
LTE, sinee-thea subframe efthein NR is an absolute reference time duration, and a slot and a mini-
slot may be defined as a—time uwnit—on—thebastsunits which are bases of actual UL/DL data
scheduling. In this case, asy which is the number of OFDM symbols eeﬂﬁga-rmg—the 0nst1tut1ng
corresponding slot;a—y— h § having

val—&%ef—up—te—é@—lél—z—aﬁd was determmed to have a Value of 5_14 m—th%ease egardles of a
numerology-havinga-SCES—~value greater than-60-kH=.

TFhereforean-arbitrary[0049] Accordingly, any slot may eessistbe composed of 7e+14 symbols.
hradditten-According to a transmission direction ferof the corresponding slot, all the symbols

may be used for DL transmission or UL transmission, or the-symbels-may-be-used in the form of
a"DL portion+-a-+gap-+an-+UL portion-.”

In-additiennan-arbitrary- namerelogy(er-SES);[0050] Also, a mini-slot eenststirgcomposed of

a smaller number of symbols than that of the corresponding slot may be defined; in an arbitrary
numerology (or SCS), and on the basis of the mini-slot, a short time-domain scheduling interval

8
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for UL/DL data transmission and reception may be eenfiguredset, or a long time-domain
scheduling interval for UL/DL data transmission and reception may be eenfiguredsct through slot
aggregation.

[0051] In particular, in the case of transmission and reception of latency-critical data such as
URLLC, #when scheduling is made in slet-units of slots based on 0.5 ms (7 symbols) or 1 ms (14
symbols) defined in a frame structure based on a numerology having a small SCS value such as
15 kHz, it may be difficult to satisfi-themeet latency regquirementrequirements. To solve this
endproblem, a mini-slot eensistingcomposed of a smaller number of OFDM symbols than that of
the corresponding slot may be defined; so that latency-critical data, such as the URLLC, may be
scheduled on the basis of the mini-slot.

[0052] Alternatively, as described above, it is possible to consider a method of scheduling data
according to latency requirements on the basis of slot (or mini-slot) lengths defined by numerology
by supporting numerologies having different SCS values in one NR carrier through multiplexing
by-abased on TDM andfor FDM-methed. For example, as shown in FIG. 1, a symbol length
corresponding to an SCS value of 60 kHz is redueed—te—about +4): of a symbol length
corresponding to an SCS value of 15 kHz. Therefore, when one slot eenststsis composed of Zseven
OFDM symbols-i-the-same-manner, the 15 kHz-based slot length is 0.5 ms, whereasand the 60
kHz-based slot length is reduced to about 0.125 ms.

[0053] In this way, in-the NR, discussions are underway on a method of meeting requirements of
each of URLLC and eMBB by defining different SCS values or FHHengthsTTIs.

Wider Bandwidth Operations

[0054] A eenventionaltypical LTE system suppertedsupports a scalable bandwidth operation for
an arbitrary LTE component carrier (CC). In other words, any LTE service provider may
eenfiguresct a minimum bandwidth of 1.4 MHz to a maximum bandwidth of 20 MHz according
to a frequency deployment scenario when configuring one LTE CC. Accordingly, any normal LTE
UE suppertedsupports a transmission/reception capability of 20 MHz bandwidth for one LTE CC.

[0055] However,-the NR is designed to support NR UEs having different transmission/reception
bandwidth capabilities by one NR CC. Accordingly, as shown in FIG. 2-belew, it is required to
configure one or more bandwidth part{sparts (BWPs), which eensistare composed of bandwidths
obtained by subdividing an arbitrary NR CC, and support a wider and flexible bandwidth operation

by eenfiguringsetting and activating different bandwidth-partsforeach HEBWPs according to
UEs.

[0056] In this way, any NR CC may be divided into one or more bandwidth—parts:BWPs.
Accordingly, one or more bandwidth-partsBWPs may be configured for each UE, and defined-te

perform—transmission—and—reeeption—of-UL/DL wireless signals and wireless channels for the
correspendingUEan arbitrary UE may be transmitted and received by activating at least one
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bandwidth-part(s)-of one or more bandwidth-part{s)BWPs configured for anythe corresponding
UE.

[0057] Also, when a plurality of numerologies (e.g., SCS values, CP lengthlengths, etc.) are
supported by any NR CC, different numerologies for transmission and reception may be

eonfiguredset for respective bandwidth-partsBWPs.
Frequency Hopping for PUCCH in LTE

[0058] In the case of a PUCCH which is a UL wireless control channel for transmitting uplink
control information (UCI) of a UE in a 3GPP LTE/LTE-A system, frequency hopping is performed
in sletunits of slots in one subframe. At—this—+timelere, a frequency hopping unit of the
corresponding PUCCH. that is. a bandwidth over which a frequency is hopped was determined by
a system bandwidth of a corresponding UL subframe—ln—e%her—werds—as—shem—m—F—IG%—be}ew—
where the frequency hopping #-an ctihe .

ferm—wﬁh—respeet—te—a—eer&rai—freq&erwe#e&eh—s}e{unlt isa bandw1dth over Wthh a frequencv is
hopped.

H-10059] In other words, as shown

in FIG 3 frequency hopprng in any UL subframe is deﬁned to preventecothistonbetweenr PHCECH

suredbe performed in a symmetrical

form with respect to PUGGHa central frequency of each slot

[0060] Embodiments described below may be applied to UEs, BSs, and core network entities (e.g.,
mobility management entities (MMESs)) which use any mobile communication technology. For
example, the embodiments may be applied to a next generation mobile communication (e.g., 5G
mobile communication, new-radio access technology (RAT)) UE, BS. core network entity (e.g.,
access and mobility function (AMF)) as well as a mobile communication UE to which LTE
technology is applied. For convenience of description, a BS may represent an eNB of an
LTE/evolved universal terrestrial radio access network (E-UTRAN), a BS (e.g., a central unit
(CU), a distributed unit (DU), or a logical entity in which a CU and a DU are integrally
implemented) in a 5G wireless network in which the CU and the DU are separated, or a gNB.

[0061] Also, a numerology described herein denotes numerical characteristics and meanings
relating to data transmission #any-sletinthe NRand reception and may be determined by an SCS
value. Therefore, a difference in numerology may denote that SCS values whereby numerologies
are determined are different.

[0062] In this specification, a slot length may be represented by the number of OFDM symbols
constituting a slot or a time occupied by the slot. For example, when one numerology based on 15
kHz SCS is used, the length of one slot may be represented by 14 OFDM symbols or 1 ms.

[0063] In this specification, a UL channel is a concept encompassing a PUSCH and a PUCCH that
are transmitted to a BS by a UE, and transmission and reception of a UL channel between a BS

10
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and a UE may denote that the UE transmits the UL channel to the BS or the BS receives the UL
channel from the UE.

[0064] Various embodiments of a method of performing frequency hopping for UL channel
transmission and reception in a next generation/5G radio access network will be described in detail
below. Embodiments described below may be applied individually or in combination.

[0065] As described above, anyan NR CC may eensistbe composed of one or more bandwidth

part{s)-BWPs. When the-bandwidthpart{s)B WPs are configured in any NR CC, the eerresponding
bandwidth-part(s)BWPs may be configured to be UE-specific or cell-specific.

[0066] In other words;-as-shewninFIG—4-below, a different bandwidth-partBWP configuration
may be eenfiguredsct for each UE_as shown in FIG. 4, or the same bandwidth—partB WP

configuration may be eenfiguredset in all UEs for any NR CC. However, FIG. 4 is enea mere
example, butand the present disclosure is not limited to the detailed bandwidth and bandwidth
partB WP-specific bandwidths of the NR CC.

[0067] When a bandwidth—partBWP configuration is eenfiguredset for any NR CC, UL/DL
bandwidth-partsBWPs for communication between a UE and a BS may be eenfiguredsct by

activating a DL bandwidth-partBWP for transmitting and receiving a PDCCH/PDSCH between
the BS and the UE and a UL bandwidth-partB WP for transmitting and receiving a PUCCH/PUSCH

among the configured bandwidth-partsBWPs.

[0068] In accordance with an embodiment of the present disclosure-propeses, a frequency hopping

method eensidering-may be provided for a case in which bandwidth-partsBWPs configured or
activated for PUCCH transmission for each UE in anya slot configured in any NR CC have
different sizes.

[0069] Specifically, in the-NR, two types of PUCCHs wereare defined for a UE to transmit UCI
transmission-of aUEand-the two PUCCHs inelades. A first type is a short duration PUCCH which
is transmitted through one teor two symbols in one slot, and a second type is a long duration
PUCCH which is transmitted through 4-te1+4-symbels—Atthis-time;when-four to 14 symbols. The
short duration PUCCH may also be referred to below as a short PUCCH, and the long duration
PUCCH may also be referred to below as a long PUCCH.

[0070] When any UE uses a short duration PUCCH eensistingcomposed of two symbols or a long
duration PUCCH in one slot ferto transmit UCI-+transmissten, it is necessary to apply frequency
hopping to obtain frequency diversity gain.

[0071] In particular, in the case of thea short duration PUCCH eensistingcomposed of two

symbols, frequency hopping may be performed in each-symbelunit—and-evenunits of symbols.
Also, in the case of thea long duration PUCCH, frequency hopping may be supported at most once

in one slot.
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As-suehin-the[0072] According to NR, when frequency hopping is supported for a PUCCH in a
single slot as described above, it is necessary to define a detailed frequency hopping method for
thea corresponding PUCCH whenso that any UE transmits UCI through thea short duration
PUCCH eessistingcomposed of two symbols or thea long duration PUCCH.

[0073] Specifically, as—the NR supports UE bandwidth adaption, UEs having different
transmission/reception bandwidths in an arbitrary NR CC are supported. Therefore, as described
above, bandwidth—partsBWPs for PUCCH transmission and reception may be separately
configured and activated for each UE. Accordingly, it is difficult to use the same single frequency
hopping rule, which depends on a system bandwidth of a corresponding CC, fikeunlike LTE.

[0074] In accordance with an embodiment of the present disclosure-prepeses. a detailed frequency
hopping method may be provided in consideration of this.

MethedEmbodiment 1: Implicit Method of Determining Hopping Bandwidth

As[0075] According to a first embodiment of a detailed frequency hopping method, different
frequency hopping rules may be defined for a long duration PUCCH and a short duration PUCCH.
Alternatively,—the different frequency hopping rules may be defined according to the number of
symbols assigned for PUCCH transmission in any slot or any-UE.

[0076] In other words, a frequency hopping bandwidth for a PUCCH-te, which will be applied to
any UE. may be defined as a function of a PUCCH duration {shert-vs—teng)or the number of
symbols assigned for PUCCH transmission-and, a bandwidth of a bandwidth-partB WP configured
and activated for PUCCH transmission; or a system bandwidth of an NR CC, erand the like.

[0077] For example, in the case of a long duration PUCCH, a frequency hopping bandwidth may
be determined according to a system bandwidth of an NR CC with which an arbitrary UE is
connected; regardless of a bandwidth of a bandwidthpartB WP activated for the eerresponding UE.
In the case of a short duration PUCCH, a frequency hopping bandwidth may be determined
according to a bandwidth of a bandwidthpartBWP which is UE-specifically activated for UL
transmission and reception.tr-addition;

[0078] Similarly, when the number of symbols of a PUCCH assigned for an arbitrary UE in an
arbitrary slot is a specific value or more, a frequency hopping bandwidth may be determined
according to a system bandwidth of an NR CC. Otherwise, a frequency hopping bandwidth may
be determined according to a bandwidth of an activated bandwidth-partB WP.

[0079] As a detailed example, it is possible to define a frequency hopping rule G-es—+type—+
frequeney-hopping)-based on a system bandwidth of an NR CC (i.e., type-1 frequency hopping)
and a frequency hopping rule G-etype-2frequeney-hepping)based on a bandwidth of a bandwidth
partBWP which is activated for each UE (i.c.. type-2 frequency hopping) (however, the present
disclosure is not limited to the names such as type-1 frequency hopping and type-2 frequency
hopping), and a frequency hopping rule tewhich will be apphiedused for BCEtransmissionin-an
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arbitrary UE to transmit UCI may be determined according to a duration of a PUCCH to be used
for transmitting the UCI4ransmission-—.

[0080] In other words, as shown in FIG. 5, type-1 frequency hopping may be applied to anya long
duration PUCCH, and type-2 frequency hopping may be applied to a short duration PUCCH, or a
frequency hopping type may be determined according to the number of symbols assigned for
PUCCH transmission.

[0081] However, when the frequency hopping rule based on a system bandwidth (i.e., type-1
frequency hopping)—based—on—a—system—bandwidth is applied and a corresponding hopping
bandwidth is greater than a transmission/reception bandwidth of a UE, a returning gap may be
defined between frequency hops of a PUCCH. Alternatively, a BS/network may eenfiguresct and
indicate amya frequency hopping type for PUCCH transmission for each UE through UE-
specific/cell-specific higher layer signaling, media access control (MAC) control element (CE)
signaling, or level-1 (L1) control signaling.

MethedEmbodiment 2: Explicit Method of CenfiguringDetermining Hopping Bandwidth

[0082] A BS/network may eenfigureset/indicate a frequency hopping bandwidth for a PUCCH for
each UE. As a detailed method-thereofthe-. a BS/network may directly eenfiguresct and signal a
frequency hopping bandwidth for a PUCCH for each UE through UE-specific-e+—/cell-specific
higher layer signaling. Hewever;

[0083] Additionally, before frequency hopping configuration for thea corresponding PUCCH, it is
possible to define a default frequency hopping bandwidth or a default frequency hopping rule
towhich will be applied to any UE.-Jn-additien; The default frequency hopping bandwidth or the
default frequency hopping rule may be determined according to a bandwidth of a bandwidth
partB WP or a bandwidth of an NR CC in the same mannerway as described in MethedEmbodiment
1 and-with reference to FIG. 5.

[0084] However, when a PUCCH hopping bandwidth is eenfiguredset through UE-specific/cell-
specific higher layer signaling, the same hopping bandwidth may be eenfiguredsct regardless of
PUCCH duration, UCI type (e.g., scheduling request (SRs—). channel state indicator (CSI)
feedback, or hybrid automatic request (HARQ) acknowledgement (ACKY{)/negative
acknowledgement (NACK) feedbacks-ete);), payload size, or the like.

[0085] Alternatively, as described in MethodEmbodiment 1, a frequency hopping bandwidth may
be eonfigured-separatebyset differently according to a PUCCH duration, the number of symbols
assigned for PUCCH transmission in an arbitrary slot, or a PUCCH format dependent on a UCI
type, a payload size, or the like.

[0086] For another method for a BS/network to eenfiguresct/indicate a frequency hopping
bandwidth for a PUCCH for each UE, thea BS/network may indicate frequency hopping
bandwidths—te, which will be applied fer—eachto respective PUCCH transmission_operations,
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through L1 control signaling. Specifically, when an arbitrary UE indicates PUCCH transmission
for HARQ ACK/NACK feedback or CSI feedback through BELdownlink control information
(DCI), such as DL assignment DCI or UL grant, for the UE, frequency hopping bandwidth
indication information may be directly transmitted through the corresponding DCI together with
PUCCH transmission resource asstenmentallocation information.

[0087] However, as a method for reducing control overhead, it is possible to define candidate
valaefsjvalues which may be indicated by the BS/network through the PUCCH frequency hopping
bandwidth indication information of the eerrespending-DCI, and indicate one of the eerresponding

candidate va%ae(s}va ues through the DCI—At—thas—Hm%%e&&édat%%a%&e{s}—fer—P@@@H

[0088] Here, the candidate values for PUCCH frequency hopping may be defined according to a
bandwidth of a BWP or a system bandwidth of an NR CC. or may be set by the BS/network
through cell-specific/UE-specific higher layer signaling.

[0089] Alternatively, an-arbitrarya default frequency hopping bandwidth or a default frequency
hopping rule may be defined, and the BS/network may dynamically indicate an offset value (e.g.,
a physical resource block (PRB) offset value) from a frequency location of a second hop of a
corresponding PUCCH (i.e., a PRB{s) of the second hop of the corresponding PUCCH), to which
the eerrespending-default frequency hopping bandwidth eor the default frequency hopping rule
has been applied, through L1 control signaling of the-corresponding DL assignment DCI or UL
grant.

[0090] Alternatively, the BS/network may eenfigure-theset a corresponding offset value through
UE-specific/group common/cell-specific higher layer signaling or MAC CE signaling.

[0091] For example, as shown in FIG. 6, type-2 frequency hopping dependingdependent on a
bandwidth of a bandwidth-partBWP configured/ and activated for each UE, which is one of the
methods described in MethedEmbodiment 1, may be defined as a default frequency hopping rule
for P—UGGH—H‘—&HS—HHSS&GH—I—H—any UE to transmit a PUCCH, and the BS/network may indicate a
frequency hopping offset value from a second frequency hop of the corresponding PUCCH

aeeordingconforming to the eerrespending—default frequency hopping rule through L1 control
signaling.

[0092] However, the—present—diselosurethis embodiment may be applied regardless of a
detatleddefailed default frequency hopping rule. For example, a default frequency hopping

bandwidth may be semi-statically eenfiguredsct for each UE through cell-specific/UE-specific
higher layer signaling, the-type-2 frequency hopping of MethedEmbodiment 1 _described above
may be defined as a default hopping rule, or different default hopping rules may be defined
according to a PUCCH duration or the number of PUCCH symbols as described in
MethedEmbodiment 1.
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[0093] Also, candidate values for corresponding hopping offset values which may be indicated by
DCI to reduce control overhead may be defined in the same mannerway as the above-described
method of indicating thea frequency hopping bandwidth through L1 control signaling.

MethedEmbodiment 3: Method of Separately AssigningAllocating Frequency Resources (e.g.,
PRBs) for Each Frequency Hop

[0094] When frequency hopping for a PUCCH is applied in anya slot or #ter-slotbetween slots, a
BS/network may configure separate frequency resource assignmentallocation information (e.g.,
PRB assigamentallocation information) for each frequency hop and directly eenfiguresct/indicate
the frequency resource asstgnmentallocation information for a UE.

[0095] For example, as shown in FIG. 5 or 6, when an arbitrary UE eenfiguressets/indicates
PUCCH transmission through one UL slot and frequency hopping is applied to the PUCCH
transmission,  frequency  resource  assigamentallocation  information (e.g5. PRB
asstegnmentallocation information) for a first frequency hop of thea corresponding PUCCH and
frequency resource assighmentallocation information (e.g5. PRB  assigamentallocation
information) for a second frequency hop of the corresponding PUCCH may be separately
coenfiguredsct and signaled to the corresponding UE.

[0096] In other words, #—a method for a BS/network to signal frequency resource
asstgamentallocation information (e.g., PRB assigamentallocation information) for PUCCH
transmission of a UE; may be defined to separately set frequency resource assignmentallocation
information (e.g5. PRB assignmentallocation information) for a first frequency hop of the
corresponding PUCCH transmission and frequency resource assignmentallocation information
(e.g=. PRB assigamentallocation information) for a second frequency hop of the corresponding
PUCCH transmission are—separately—eonfiguredand to be—transmittedtransmit the same to the
corresponding UE through UE-specific/group common/cell-specific higher layer signaling, MAC
CE signaling, or L1 control signaling.

[0097] Additionally, thea BS/network may enable or disable frequency hopping for a PUCCH
through cell-specific/UE-specific higher layer signaling, MAC CE signaling, or L1 control
signaling.

[0098] Also, the scope of the present disclosure alse-encompasses a frequency hopping method
for a PUCCH defined asto be a combination of the above-described frequency hopping methods.
The frequency hopping methods prepeseddescribed in the present disclosure may be applied not
only to thea PUCCH but also to all UL physical channels/signals, such as a PUSCH, a sounding
reference signal (SRS;—a-), a physical random access channel (PRACHj;), etc., and—ineladed
mwithout departing from the scope of the present disclosure.

EHG-—710099] FIG. 7 is a flowchart illustrating a method of a UE for transmitting a UL control
channel and a UL data channel to a BS according to an embodiment of the present disclosure.
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[0100] Referring to FIG. 7, a UE may receive BWP configuration information from a BS (S 700 ).
The BWP configuration information is information on a BWP set composed of one or more BWPs
configured for the UE.

[0101] For example, the BWP configuration information may include index information which
indicates each BWP included in the BWP set composed of the one or more BWPs configured for
the UE.

[0102] The UE may receive DL control information which indicates one of the BWPs included in
the BWP set on the basis of the BWP configuration information from the BS.

[0103] Here, the number of bits of information indicating a BWP in the DL control information
may be determined according to a maximum number N (N is a natural number greater than or
equal to 1) of BWPs which may be used by the UE. For example, when N is set to four, four
different pieces of information may be represented by at most two bits. Therefore, in the DL control
information, information indicating a BWP may be one bit or two bits.

[0104] For another example, the BWP configuration information may additionally include SCS
information and a CP for each BWP of the BWP set.

[0105] Here, each BWP of the BWP set may be configured on the basis of common resource block
(RB) indexing information of a CC configured by the BS. The CC may be a narrowband (NB) CC
or a wideband (WB) CC, or may refer to one or more CCs for carrier aggregation (CA).

[0106] All UEs which use the same CC may share the same common RB indexing information. In
other words, it is possible to apply the same RB indexing regardless of whether an arbitrary CC is
based on a single numerology or multiple numerologies are multiplexed on the CC.

[0107] Specifically, configuration information of each BWP of the BWP set may include a starting
RB index, that is, a starting point of the BWP, based on the common RB indexing information.
Such a starting PRB index may be represented in units of RB indices based on common RB
indexing. Also, the configuration information of each BWP may additionally include starting RB
indexing information based on the common RB indexing information and size information of the
corresponding BWP. The BS may transmit the BWP configuration information to the UE through
higher layer signaling (e.g., RRC signaling).

[0108] The UE may receive frequency hopping configuration information for a UL control channel
and a UL data channel transmitted through one transmission BWP of the BWP set from the BS

(S 710).

[0109] Here, the frequency hopping configuration information for a UL control channel may
include at least one of information indicating whether to perform frequency hopping, PRB
allocation information of a first frequency resource region of the UL control channel, and PRB
allocation information of a second frequency resource region of the UL control channel.
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[0110] The first frequency resource region and the second frequency resource region which will
be described below denote frequency resource regions to which a first PUCCH and a second
PUCCH constituting the UL control channel are separately assigned when frequency hopping is
performed. The first and second frequency resource regions may also be referred to as a first
frequency hop and a second frequency hop, respectively.

[0111] The information indicating whether to perform frequency hopping is information which
indicates whether to enable or disable frequency hopping for the UL control channel. When the
frequency hopping is enabled, the frequency hopping is performed, and when the frequency
hopping is disabled, no frequency hopping is performed.

[0112] When the frequency hopping is performed, the PRB allocation information of the first
frequency resource region of the UL control channel may include starting PRB indexing
information of the first frequency resource region.

[0113] Likewise, when the frequency hopping is performed, the PRB allocation information of the
second frequency resource region of the UL control channel may include starting PRB indexing
information of the second frequency resource region.

[0114] Also, the frequency hopping configuration information for a UL data channel may include
a frequency hopping offset set which is composed of one or more frequency hopping offset values.
Here, the frequency hopping offset values may be indicated as the numbers of PRBs.

[0115] The number of frequency hopping offset values included in the frequency hopping offset
set may be determined on the basis of the number of PRBs constituting the transmission BWP.

[0116] As an example of a method of determining the number of frequency hopping offset values
included in the frequency hopping offset set, the number of frequency hopping offset values
included in the frequency hopping offset set may be determined depending on whether a number
K of PRBs constituting the transmission BWP is a preset threshold value T (T is a natural number
greater than or equal to 1) or less.

[0117] For example, when K is T (e.g., 50 PRBs) or less, the number of frequency hopping offsets
may be set to a preset first hopping offset number (e.g., two), and when K exceeds T, the number
of frequency hopping offsets may be set to a preset second hopping offset number (e.g., four).
Here, the greater the size of the BWP, the greater the frequency hopping offset may be. Therefore,
the second hopping offset number may be set to be greater than the first hopping offset number.

[0118] The UE may receive information indicating which one of the frequency hopping offset
values included in the frequency hopping offset set will be used from the BS. Here, the BS may
notify the UE of the corresponding information through UL erant DCL.
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[0119] The UE may transmit a UL control channel and a UL data channel to the BS through the
transmission BWP on the basis of the BWP configuration information and the frequency hopping
configuration information (S 720 ).

[0120] The BWP configuration information and the frequency hopping configuration information
may be indicated by the BS through higher layer signaling (e.g2.. RRC signaling).

[0121] FIG. 8 is a flowchart illustrating a method of a BS for receiving a UL control channel and
a UL data channel from a UE according to an embodiment of the present disclosure.

[0122] Referring to FIG. 8, a BS may transmit BWP configuration information of a BWP set
which is composed of one or more BWPs configured for a UE to the UE (S 800 ). The BWP
configuration information is information on the BWP set composed of the one or more BWPs
configured for the UE.

[0123] For example, the BWP configuration information may include index information which
indicates each BWP included in the BWP set composed of the one or more BWPs configured for
the UE.

[0124] The BS may transmit DL control information which indicates one of the BWPs included in
the BWP set on the basis of the BWP configuration information to the UE.

[0125] Here, the number of bits of information indicating a BWP in the DL control information
may be determined according to a maximum number N (N is a natural number greater than or
equal to 1) of BWPs which may be used by the UE. For example, when N is set to four, four
different pieces of information may be represented by at most two bits. Therefore, in the DL control
information, information indicating a BWP may be one bit or two bits.

[0126] For another example, the BWP configuration information may additionally include SCS
information and a CP for each BWP of the BWP set.

[0127] Here, each BWP of the BWP set may be configured on the basis of common RB indexing
information of a CC configured by the BS. The CC may be an NB CC or a WB CC, or may refer
to one or more CCs for CA.

[0128] All UEs which use the same CC may share the same common RB indexing information. In
other words, it is possible to apply the same RB indexing regardless of whether an arbitrary CC is
based on a single numerology or multiple numerologies are multiplexed on the CC.

[0129] Specifically, configuration information of each BWP of the BWP set may include a starting
RB index, that is, a starting point of the BWP, based on the common RB indexing information.
Such a starting PRB index may be represented in units of RB indices based on common RB
indexing. Also, the configuration information of each BWP may additionally include starting RB
index information based on the common RB indexing information and size information of the
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corresponding BWP. The BS may transmit the BWP configuration information to the UE through
higher layer signaling (e.g., RRC signaling).

[0130] The BS may transmit frequency hopping configuration information for a UL control
channel and a UL data channel received through one reception BWP of the BWP set to the UE

(S 810).

[0131] Here, the frequency hopping configuration information for a UL control channel may
include at least one of information indicating whether to perform frequency hopping, PRB
allocation information of a first frequency resource region of the UL control channel, and PRB
allocation information of a second frequency resource region of the UL control channel.

[0132] The information indicating whether to perform frequency hopping is information which
indicates whether to enable or disable frequency hopping for the UL control channel. When the
frequency hopping is enabled, the frequency hopping is performed, and when the frequency
hopping is disabled, no frequency hopping is performed.

[0133] When the frequency hopping is performed, the PRB allocation information of the first
frequency resource region of the UL control channel may include starting PRB indexing
information of the first frequency resource region.

[0134] Likewise, when the frequency hopping is performed, the PRB allocation information of the
second frequency resource region of the UL control channel may include starting PRB indexing
information of the second frequency resource region.

[0135] Also, the frequency hopping configuration information for a UL data channel may include
a frequency hopping offset set which is composed of one or more frequency hopping offset values.
Here, the frequency hopping offset values may be indicated as the numbers of PRBs.

[0136] The number of frequency hopping offset values included in the frequency hopping offset
set may be determined on the basis of the number of PRBs constituting the reception BWP.

[0137] As an example of a method of determining the number of frequency hopping offset values
included in the frequency hopping offset set, the number of frequency hopping offset values
included in the frequency hopping offset set may be determined depending on whether a number
K of PRBs constituting the reception BWP is a preset threshold value T (T is a natural number
greater than or equal to 1) or less.

[0138] For example, when K is T (e.g., 50 PRBs) or less, the number of frequency hopping offsets
may be set to a preset first hopping offset number (e.g., two), and when K exceeds T, the number
of frequency hopping offsets may be set to a preset second hopping offset number (e.g., four).
Here, the greater the size of the BWP, the greater the frequency hopping offset may be. Therefore,
the second hopping offset number may be set to be greater than the first hopping offset number.
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[0139] The UE may receive information indicating which one of the frequency hopping offset
values included in the frequency hopping offset set will be used from the BS. Here, the BS may
notify the UE of the corresponding information through UL grant DCIL.

[0140] Also, the BS may receive a UL control channel and a UL data channel from the UE through
the reception BWP on the basis of the BWP configuration information and the frequency hopping
configuration information (S 820 ).

[0141] The UE may be notified of the BWP configuration information and the frequency hopping
configuration information through higher layer signaling (e.g., RRC signaling).

[0142] FIG. 9is a diagram showing a eenfiguration—ofa—BS 1000—according to anether
exemplaryan embodiment of the present disclosure.

[0143] Referring to FIG. F#—the9, a BS—1000—acecording—to—another—exemplary
embodiment— 900 includes a controller—+640 910, a transmitter—+620 920 , and a receiver

1630 930 .

[0144] The transmitter—026- 920 and the receiver—1636- 930 are used to transmit and
recelve 51gnals messages, and data required ferperforming the-above-deseribed present-diselosure

perform-to implement the above-described present disclosure.

[0145] Specifically, the transmitter—H30—transmits 920 may transmit BWP configuration
information of a BWP set composed of one or more BWPs configured for a UE and transmit
frequency hopping configuration information for a UL control infermatienschannel and a UL datas
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and-messages—from-the BS channel received through a-one reception BWP included in the BWP
set.

[0146] Here, the BWP configuration information is information on the BWP set composed of the
one or more BWPs configured for the UE.

[0147] For example, the BWP configuration information may include index information which
indicates each BWP included in the BWP set composed of the one or more BWPs configured for
the UE.

[0148] The BS may transmit DL control information which indicates one of the BWPs included in
the BWP set on the basis of the BWP configuration information to the UE.

[0149] Here, the number of bits of information indicating a BWP in the DL control information
may be determined according to a maximum number N (N is a natural number greater than or
equal to 1) of BWPs which may be used by the UE. For example, when N is set to four, four
different pieces of information may be represented by at most two bits. Therefore, in the DL control
information, information indicating a BWP may be one bit or two bits.

[0150] For another example, the BWP configuration information may additionally include SCS
information and a CP for each BWP of the BWP set.

[0151] Here, each BWP of the BWP set may be configured on the basis of common RB indexing
information of a CC configured by the BS. The CC may be an NB CC or a WB CC, or may refer
to one or more CCs for CA.

[0152] All UEs which use the same CC may share the same common RB indexing information. In
other words, it is possible to apply the same RB indexing regardless of whether an arbitrary CC is
based on a single numerology or multiple numerologies are multiplexed on the CC.

[0153] Specifically, configuration information of each BWP of the BWP set may include a starting
RB index, that is, a starting point of the BWP, based on the common RB indexing information.
Such a starting PRB index may be represented in units of RB indices based on common RB
indexing. Also, the configuration information of each BWP may additionally include starting RB
indexing information based on the common RB indexing information and size information of the
corresponding ehannel:BWP. The BS may transmit the BWP configuration information to the UE
through higher layer signaling (e.g.., RRC signaling).

[0154] Also, the frequency hopping configuration information for a UL control channel may
include at least one of information indicating whether to perform frequency hopping, PRB
allocation information of a first frequency resource region of the UL control channel, and PRB
allocation information of a second frequency resource region of the UL control channel.
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[0155] The information indicating whether to perform frequency hopping is information which
indicates whether to enable or disable frequency hopping for the UL control channel. When the
frequency hopping is enabled, the frequency hopping is performed, and when the frequency
hopping is disabled, no frequency hopping is performed.

[0156] When the frequency hopping is performed, the PRB allocation information of the first
frequency resource region of the UL control channel may include starting PRB indexing
information of the first frequency resource region.

[0157] Likewise, when the frequency hopping is performed, the PRB allocation information of the
second frequency resource region of the UL control channel may include starting PRB indexing
information of the second frequency resource region.

[0158] Also, the frequency hopping configuration information for a UL data channel may include
a frequency hopping offset set which is composed of one or more frequency hopping offset values.
Here, the frequency hopping offset values may be indicated as the numbers of PRBs.

[0159] The number of frequency hopping offset values included in the frequency hopping offset
set may be determined on the basis of the number of PRBs constituting the reception BWP.

[0160] As an example of a method of determining the number of frequency hopping offset values
included in the frequency hopping offset set, the number of frequency hopping offset values
included in the frequency hopping offset set may be determined depending on whether a number
K of PRBs constituting the reception BWP is a preset threshold value T (T is a natural number
greater than or equal to 1) or less.

[0161] For example, when K is T (e.g., 50 PRBs) or less, the number of frequency hopping offsets
may be set to a preset first hopping offset number (e.g., two), and when K exceeds T, the number
of frequency hopping offsets may be set to a preset second hopping offset number (e.g., four).
Here, the greater the size of the BWP, the greater the frequency hopping offset may be. Therefore,
the second hopping offset number may be set to be greater than the first hopping offset number.

[0162] The UE may receive information indicating which one of the frequency hopping offset
values included in the frequency hopping offset set will be used from the BS. Here, the BS may
notify the UE of the corresponding information through UL grant DCI.

[0163] The receiver 930 may receive a UL control channel and a UL data channel from the UE
through the reception BWP on the basis of the BWP configuration information and the frequency
hopping configuration information.

[0164] The UE may be notified of the BWP configuration information and the frequency hopping
configuration information through higher layer signaling (e.g., RRC signaling).

[0165] FIG. 10 is a diagram showing a UE according to an embodiment of the present disclosure.
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[0166] Referring to FIG. 10, a UE 1000 includes a receiver 1010 , a controller 1020 ., and a
transmitter 1030 .

[0167] From a BS, the receiver 1010 may receive BWP configuration information of a BWP set
which is composed of one or more BWPs configured for the UE and receive frequency hopping
configuration information for a UL control channel and a UL data channel transmitted through one
transmission BWP included in the BWP set.

[0168] Here, the BWP configuration information is information on the BWP set composed of the
one or more BWPs configured for the UE.

[0169] For example, the BWP configuration information may include index information which
indicates each BWP included in the BWP set composed of the one or more BWPs configured for
the UE.

[0170] The UE may receive DL control information which indicates one of the BWPs included in
the BWP set on the basis of the BWP configuration information from the BS.

[0171] Here, the number of bits of information indicating a BWP in the DL control information
may be determined according to a maximum number N (N is a natural number greater than or
equal to 1) of BWPs which may be used by the UE. For example, when N is set to four, four
different pieces of information may be represented by at most two bits. Therefore, in the DL control
information, information indicating a BWP may be one bit or two bits.

[0172] For another example, the BWP configuration information may additionally include SCS
information and a CP for each BWP of the BWP set.

[0173] Here, each BWP of the BWP set may be configured on the basis of common RB indexing
information of a CC configured by the BS. The CC may be an NB CC or a WB CC, or may refer
to one or more CCs for CA.

[0174] All UEs which use the same CC may share the same common RB indexing information. In
other words, it is possible to apply the same RB indexing regardless of whether an arbitrary CC is
based on a single numerology or multiple numerologies are multiplexed on the CC.

[0175] Specifically, configuration information of each BWP of the BWP set may include a starting
RB index, that is, a starting point of the BWP, based on the common RB indexing information.
Such a starting PRB index may be represented in units of RB indices based on common RB
indexing. Also, the configuration information of each BWP may additionally include starting RB
indexing information based on the common RB indexing information and size information of the
corresponding BWP. The BS may transmit the BWP configuration information to the UE through
higher layer signaling (e.g., RRC signaling).
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[0176] Also, the frequency hopping configuration information for a UL control channel may
include at least one of information indicating whether to perform frequency hopping, PRB
allocation information of a first frequency resource region of the UL control channel, and PRB
allocation information of a second frequency resource region of the UL control channel.

[0177] The information indicating whether to perform frequency hopping is information which
indicates whether to enable or disable frequency hopping for the UL control channel. When the
frequency hopping is enabled, the frequency hopping is performed, and when the frequency
hopping is disabled, no frequency hopping is performed.

[0178] When the frequency hopping is performed, the PRB allocation information of the first
frequency resource region of the UL control channel may include starting PRB indexing
information of the first frequency resource region.

[0179] Likewise, when the frequency hopping is performed, the PRB allocation information of the
second frequency resource region of the UL control channel may include starting PRB indexing
information of the second frequency resource region.

[0180] Also, the frequency hopping configuration information for a UL data channel may include
a frequency hopping offset set composed of one or more frequency hopping offset values. Here,
the frequency hopping offset values may be indicated as the numbers of PRBs.

[0181] The number of frequency hopping offset values included in the frequency hopping offset
set may be determined on the basis of the number of PRBs constituting the transmission BWP.

[0182] As an example of a method of determining the number of frequency hopping offset values
included in the frequency hopping offset set, the number of frequency hopping offset values
included in the frequency hopping offset set may be determined depending on whether a number
K of PRBs constituting the transmission BWP is a preset threshold value T (T is a natural number
greater than or equal to 1) or less.

[0183] For example, when K is T (e.g., 50 PRBs) or less, the number of frequency hopping offsets
may be set to a preset first hopping offset number (e.g., two), and when K exceeds T, the number
of frequency hopping offsets may be set to a preset second hopping offset number (e.g., four).
Here, the greater the size of the BWP, the greater the frequency hopping offset may be. Therefore,
the second hopping offset number may be set to be greater than the first hopping offset number.

[0184] The UE may receive information indicating which one of the frequency hopping offset
values included in the frequency hopping offset set will be used from the BS. Here, the BS may
notify the UE of the corresponding information through UL grant DCI.

[0185] The transmitter 1030 may transmit a UL control channel and a UL data channel to the BS
through the transmission BWP on the basis of the BWP configuration information and the
frequency hopping configuration information.
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[0186] The BS may provide the BWP configuration information and the frequency hopping
configuration information through higher layer signaling (e.g., RRC signaling).

[0187] According to the embodiments of the present disclosure, it is possible to provide a
frequency hopping application method for preventing collision between resources used by UEs
which use different BWP configurations to transmit UL channels in NR.

[0188] The standard eententscontent or standard documents mentioned in the above-described
embodiments are omitted to simplify the description of thethis specification-and-eonstitute, but
form a part of thethis specification. Therefore, adding a part of the standard content and standard
documents to this specification or describing a part of the standard content and standard documents
in the claims should be construed as being included in the scope of the present disclosure.

[0189] The above embodiments of the present disclosure have been described only for illustrative
purposes, and those skilled in the art will appreciate that various modifications and changes may
be made thereto without departing from the essential features of the disclosure. Therefore, the
embodiments of the present disclosure are not intended to limit, but are intended to illustrate the
technical idea of the present disclosure, and the scope of the technical idea of the present disclosure
is not limited by the embodiments. The scope of the present disclosure shall be construed on the
basis of the accompanying claims in such a manner that all of the technical ideas included within
the scope equivalent to the claims belong to the present disclosure.

2 (13 2 (13

[0190] Moreover, the terms “system,” “processor,” ‘“controller,” ‘“component.,” ‘“module.”
“interface.”, “model.” “unit” or the like are generally intended to refer to a computer-related entity,
either hardware, a combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a Processor, a
processor, a controller, a control processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an application running on a controller or
processor and the controller or processor can be a component. One or more components may reside
within a process and/or thread of execution and a component may be localized on one computer

and/or distributed between two or more computers.
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