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METHOD AND APPARATUS FOR INITIAL
ACCESS IN COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Applications No. 10-2021-0026549 filed on Feb. 26, 2021,
No. 10-2021-0060503 filed on May 11, 2021, No. 10-2021-
0103456 filed on Aug. 5, 2021, No. 10-2021-0131220 filed
on Oct. 1, 2021, No. 10-2021-0150839 filed on Nov. 4,
2021, and No. 10-2022-0018116 filed on Feb. 11, 2022 with
the Korean Intellectual Property Office (KIPO), the entire
contents of which are hereby incorporated by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a new radio (NR)
communication technique, and more particularly, to an ini-
tial access technique in a high frequency band.

2. Related Art

[0003] The communication system (e.g., a new radio (NR)
communication system) using a higher frequency band (e.g.,
a frequency band of 6 GHz or above) than a frequency band
(e.g., a frequency band of 6 GHz or below) of the long term
evolution (LTE) communication system (or, LTE-A commu-
nication system) is being considered for processing of
soaring wireless data. The NR system may support not only
a frequency band of 6 GHz or below, but also a frequency
band of 6 GHz or above, and may support various commu-
nication services and scenarios compared to the LTE system.
In addition, requirements of the NR system may include
enhanced Mobile BroadBand (eMBB), Ultra Reliable Low
Latency Communication (URLLC), and Massive Machine
Type Communication (mMTC).a

[0004] Meanwhile, the number of synchronization signal
blocks (SSBs) may increase in a high frequency band. In this
case, it is necessary to change a method of determining a
random access channel (RACH) occasion (RO) associated
with an SSB index in an initial access procedure. In addition,
a communication system operating in a high frequency band
may support various subcarrier spacings (SCSs). In this
case, methods for calculating a radio network temporary
identifier (RNTT) for an RA procedure in consideration of an
SCS are needed.

SUMMARY

[0005] Accordingly, exemplary embodiments of the pres-
ent disclosure are directed to providing a method and an
apparatus for initial access in a high frequency band.

[0006] According to a first exemplary embodiment of the
present disclosure, an operation method of a terminal in a
communication system may comprise: receiving, from a
base station, a first synchronization signal block (SSB);
determining a random access channel (RACH) occasion
(RO) associated with the first SSB; transmitting, to the base
station, a physical random access channel (PRACH) pre-
amble in the RO within a first radio resource to which a first
subcarrier spacing (SCS) is applied; determining a slot to
which the RO belongs based on a reference radio resource
to which a reference SCS is applied instead of the first SCS;
determining a radio network temporary identifier (RNTTI) for
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a random access (RA) procedure based on a slot index for
the slot; and performing a reception operation of a response
for the PRACH preamble by using the RNTT in the first radio
resource.

[0007] The first SCS may be a 480 kHz SCS or a 960 kHz
SCS, the reference SCS may be a 120 kHz SCS, and the
RNTI may be a random access (RA)-RNTI or an MSGB-
RNTL

[0008] One first-type slot in the reference radio resource
may include n second-type slots in the first radio resource,
the RO may be located in one or more second-type slots
among the n second-type slots, the slot index used to
determine the RN'TI may be a slot index of the one first-type
slot instead of the one or more second-type slots, and n may
be a natural number equal to or greater than 2.

[0009] A start slot of the RO may be limited to a specific
second-type slot among the n second-type slots.

[0010] The one or more second-type slots may be located
last among the n second-type slots.

[0011] According to a second exemplary embodiment of
the present disclosure, an operation method of a base station
in a communication system may comprise: transmitting a
first synchronization signal block (SSB); receiving, from a
terminal, a physical random access channel (PRACH) pre-
amble in a random access channel (RACH) occasion (RO)
associated with the first SSB in a first radio resource to
which a first subcarrier spacing (SCS) is applied; determin-
ing a slot to which the RO belongs based on a reference radio
resource to which a reference SCS is applied instead of the
first SCS; determining a radio network temporary identifier
(RNTI) for a random access (RA) procedure based on a slot
index for the slot; and performing a transmission operation
of a response for the PRACH preamble by using the RNTI
in the first radio resource.

[0012] The first SCS may be a 480 kHz SCS or a 960 kHz
SCS, the reference SCS may be a 120 kHz SCS, and the
RNTI may be a random access (RA)-RNTI or an MSGB-
RNTL

[0013] One first-type slot in the reference radio resource
may include n second-type slots in the first radio resource,
the RO may be located in one or more second-type slots
among the n second-type slots, the slot index used to
determine the RN'TI may be a slot index of the one first-type
slot instead of the one or more second-type slots, and n may
be a natural number equal to or greater than 2.

[0014] A start slot of the RO may be limited to a specific
second-type slot among the n second-type slots.

[0015] The one or more second-type slots may be located
last among the n second-type slots.

[0016] According to a third exemplary embodiment of the
present disclosure, a terminal in a communication system
may comprise: a processor; a memory electronically com-
municating with the processor; and instructions stored in the
memory, wherein when executed by the processor, the
instructions cause the terminal to: receive, from a base
station, a first synchronization signal block (SSB); deter-
mine an SSB index associated with the first SSB based on a
different scheme according to a frequency band in which the
base station operates; determine a random access channel
(RACH) occasion (RO) associated with the SSB index; and
transmit a physical random access channel (PRACH) pre-
amble to the base station in the RO.

[0017] The base station may operate in a first frequency
band, the SSB index may be determined based on a first
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equation or a second equation, and when the base station
operates in a second frequency band higher than the first
frequency band, the SSB index may be determined based on
the second equation.

[0018] The first equation may be [an index of a physical
broadcast channel (PBCH) demodulation reference signal
(DMRS) mod N ;2" the second equation may be [an
SSB candidate index mod Ng,;€“*], the PBCH DMRS may
be included in the first SSB, the SSB candidate index may
be associated with the first SSB, and N;2“* may indicate
a number of SSBs having a quasi-co-located (QCL) relation.
[0019] The SSB index associated with the first SSB may
be an SSB index for a second SSB having a QCL relation
with the first SSB.

[0020] According to the present disclosure, the terminal
may determine an SSB index based on different schemes in
different frequency bands (e.g., a low frequency band and a
high frequency band), and may determine an RO associated
with the SSB index. Accordingly, in a communication
system operating in a low frequency band and/or a high
frequency band, the RO can be accurately determined. In
addition, in a communication system supporting various
SCSs, the base station and/or the terminal may determine an
RNTT for an RA procedure according to a slot index based
on a reference SCS. Accordingly, a problem in which the
same RNTT is calculated in the initial access procedure can
be solved.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a conceptual diagram illustrating a first
exemplary embodiment of a communication system.
[0022] FIG. 2 is a block diagram illustrating a first exem-
plary embodiment of a communication node constituting a
communication system.

[0023] FIG. 3 is a conceptual diagram illustrating a first
exemplary embodiment of a type 1 frame.

[0024] FIG. 4 is a conceptual diagram illustrating a first
exemplary embodiment of a type 2 frame.

[0025] FIG. 5 is a conceptual diagram illustrating a first
exemplary embodiment of a transmission method of
SS/PBCH block in a communication system.

[0026] FIG. 6 is a conceptual diagram illustrating a first
exemplary embodiment of an SS/PBCH block in a commu-
nication system.

[0027] FIG.7 is a conceptual diagram illustrating a second
exemplary embodiment of a method of transmitting
SS/PBCH blocks in a communication system.

[0028] FIG. 8 is a conceptual diagram illustrating a first
exemplary embodiment of SSB burst configuration.

[0029] FIG. 9A is a conceptual diagram illustrating an
RMSI CORESET mapping pattern #1 in a communication
system.

[0030] FIG. 9B is a conceptual diagram illustrating an

RMSI CORESET mapping pattern #2 in a communication
system.

[0031] FIG. 9C is a conceptual diagram illustrating an
RMSI CORESET mapping pattern #3 in a communication
system.

[0032] FIG. 10 is a conceptual diagram illustrating exem-
plary embodiments of a method for multiplexing a control
channel and a data channel in sidelink communication.
[0033] FIG. 11A s a conceptual diagram illustrating a first
exemplary embodiment of a PRACH slot configuration
having a reference PRACH slot.
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[0034] FIG. 11B is a conceptual diagram illustrating a
second exemplary embodiment of a PRACH slot configu-
ration having a reference PRACH slot.

[0035] FIG. 12A is a conceptual diagram illustrating a
third exemplary embodiment of a PRACH slot configuration
having a reference PRACH slot.

[0036] FIG. 12B is a conceptual diagram illustrating a
fourth exemplary embodiment of a PRACH slot configura-
tion having a reference PRACH slot.

[0037] FIG. 13 is a conceptual diagram illustrating a first
exemplary embodiment of a signaling method of actual SSB
transmissions.

[0038] FIG. 14 is a conceptual diagram illustrating a
second exemplary embodiment of a signaling method of
actual SSB transmissions.

[0039] FIG. 15 is a conceptual diagram illustrating a third
exemplary embodiment of a signaling method of actual SSB
transmissions.

[0040] FIG. 16A is a conceptual diagram illustrating a first
exemplary embodiment of a TypeO PDCCH SS configura-
tion.

[0041] FIG. 16B is a conceptual diagram illustrating a
second exemplary embodiment of a Type0 PDCCH SS
configuration.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] Embodiments of the present disclosure are dis-
closed herein. However, specific structural and functional
details disclosed herein are merely representative for pur-
poses of describing embodiments of the present disclosure.
Thus, embodiments of the present disclosure may be embod-
ied in many alternate forms and should not be construed as
limited to embodiments of the present disclosure set forth
herein.

[0043] Accordingly, while the present disclosure is
capable of various modifications and alternative forms,
specific embodiments thereof are shown by way of example
in the drawings and will herein be described in detail. It
should be understood, however, that there is no intent to
limit the present disclosure to the particular forms disclosed,
but on the contrary, the present disclosure is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the present disclosure. Like numbers
refer to like elements throughout the description of the
figures.

[0044] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. For example, a first element could be termed a
second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0045] In exemplary embodiments of the present disclo-
sure, “at least one of A and B” may mean “at least one of A
or B” or “at least one of combinations of one or more of A
and B”. Also, in exemplary embodiments of the present
disclosure, “one or more of A and B” may mean “one or
more of A or B” or “one or more of combinations of one or
more of A and B”.
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[0046] In exemplary embodiments of the present disclo-
sure, “(re)transmission” may mean “transmission”, “retrans-
mission”, or “transmission and retransmission”, “(re)con-
figuration” may mean “configuration”, “reconfiguration”, or
“configuration and reconfiguration”, “(re)connection” may
mean ‘“‘connection”, “reconnection”, or “connection and
reconnection”, and “(re)access” may mean “access”, “re-
access”, or “access and re-access”.

[0047] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no
intervening elements present. Other words used to describe
the relationship between elements should be interpreted in a
like fashion (i.e., “between” versus “directly between,”
“adjacent” versus “directly adjacent,” etc.).

[0048] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” and/or “including,”
when used herein, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this present disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0050] Hereinafter, exemplary embodiments of the present
disclosure will be described in greater detail with reference
to the accompanying drawings. In order to facilitate general
understanding in describing the present disclosure, the same
components in the drawings are denoted with the same
reference signs, and repeated description thereof will be
omitted.

[0051] A communication system to which exemplary
embodiments according to the present disclosure are applied
will be described. The communication system to which the
exemplary embodiments according to the present disclosure
are applied is not limited to the contents described below,
and the exemplary embodiments according to the present
disclosure may be applied to various communication sys-
tems. Here, the communication system may be used in the
same sense as a communication network.

[0052] In exemplary embodiments, “an operation (e.g.,
transmission operation) is configured” may mean that “con-
figuration information (e.g., information element(s) or
parameter(s)) for the operation and/or information indicat-
ing to perform the operation is signaled”. “Information
element(s) (e.g., parameter(s)) are configured” may mean
that “corresponding information element(s) are signaled”.
The signaling may be at least one of system information (SI)
signaling (e.g., transmission of system information block
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(SIB) and/or master information block (MIB)), RRC signal-
ing (e.g., transmission of RRC parameters and/or higher
layer parameters), MAC control element (CE) signaling, or
PHY signaling (e.g., transmission of downlink control infor-
mation (DCI), uplink control information (UCI), and/or
sidelink control information (SCI)).

[0053] FIG. 1 is a conceptual diagram illustrating a first
exemplary embodiment of a communication system.
[0054] Referring to FIG. 1, a communication system 100
may comprise a plurality of communication nodes 110-1,
110-2, 110-3, 120-1, 120-2, 130-1, 130-2, 130-3, 130-4,
130-5, and 130-6. In addition, the communication system
100 may further comprise a core network (e.g., a serving
gateway (S-GW), a packet data network (PDN) gateway
(P-GW), and a mobility management entity (MME)). When
the communication system 100 is a 5G communication
system (e.g., new radio (NR) system), the core network may
include an access and mobility management function
(AMF), a user plane function (UPF), a session management
function (SMF), and the like.

[0055] The plurality of communication nodes 110 to 130
may support a communication protocol defined by the 3rd
generation partnership project (3GPP) specifications (e.g.,
LTE communication protocol, LTE-A communication pro-
tocol, NR communication protocol, or the like). The plural-
ity of communication nodes 110 to 130 may support code
division multiple access (CDMA) technology, wideband
CDMA (WCDMA) technology, time division multiple
access (TDMA) technology, frequency division multiple
access (FDMA) technology, orthogonal frequency division
multiplexing (OFDM) technology, filtered OFDM technol-
ogy, cyclic prefix OFDM (CP-OFDM) technology, discrete
Fourier transform-spread-OFDM (DFT-s-OFDM) technol-
ogy, orthogonal frequency division multiple access
(OFDMA) technology, single carrier FDMA (SC-FDMA)
technology, non-orthogonal multiple access (NOMA) tech-
nology, generalized frequency division multiplexing
(GFDM) technology, filter band multi-carrier (FBMC) tech-
nology, universal filtered multi-carrier (UFMC) technology,
space division multiple access (SDMA) technology, or the
like. Each of the plurality of communication nodes may have
the following structure.

[0056] FIG. 2 is a block diagram illustrating a first exem-
plary embodiment of a communication node constituting a
communication system.

[0057] Referring to FIG. 2, a communication node 200
may comprise at least one processor 210, a memory 220, and
a transceiver 230 connected to the network for performing
communications. Also, the communication node 200 may
further comprise an input interface device 240, an output
interface device 250, a storage device 260, and the like. Each
component included in the communication node 200 may
communicate with each other as connected through a bus
270.

[0058] However, each component included in the commu-
nication node 200 may not be connected to the common bus
270 but may be connected to the processor 210 via an
individual interface or a separate bus. For example, the
processor 210 may be connected to at least one of the
memory 220, the transceiver 230, the input interface device
240, the output interface device 250 and the storage device
260 via a dedicated interface.

[0059] The processor 210 may execute a program stored in
at least one of the memory 220 and the storage device 260.
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The processor 210 may refer to a central processing unit
(CPU), a graphics processing unit (GPU), or a dedicated
processor on which methods in accordance with embodi-
ments of the present disclosure are performed. Each of the
memory 220 and the storage device 260 may be constituted
by at least one of a volatile storage medium and a non-
volatile storage medium. For example, the memory 220 may
comprise at least one of read-only memory (ROM) and
random access memory (RAM).

[0060] Referring again to FIG. 1, the communication
system 100 may comprise a plurality of base stations 110-1,
110-2, 110-3, 120-1, and 120-2, and a plurality of terminals
130-1, 130-2, 130-3, 130-4, 130-5, and 130-6. Each of the
first base station 110-1, the second base station 110-2, and
the third base station 110-3 may form a macro cell, and each
of the fourth base station 120-1 and the fifth base station
120-2 may form a small cell. The fourth base station 120-1,
the third terminal 130-3, and the fourth terminal 130-4 may
belong to cell coverage of the first base station 110-1. Also,
the second terminal 130-2, the fourth terminal 130-4, and the
fifth terminal 130-5 may belong to cell coverage of the
second base station 110-2. Also, the fifth base station 120-2,
the fourth terminal 130-4, the fifth terminal 130-5, and the
sixth terminal 130-6 may belong to cell coverage of the third
base station 110-3. Also, the first terminal 130-1 may belong
to cell coverage of the fourth base station 120-1, and the
sixth terminal 130-6 may belong to cell coverage of the fifth
base station 120-2.

[0061] Here, each of the plurality of base stations 110-1,
110-2, 110-3, 120-1, and 120-2 may refer to a Node-B (NB),
a evolved Node-B (eNB), a gNB, an advanced base station
(ABS), a high reliability-base station (HR-BS), a base
transceiver station (BTS), a radio base station, a radio
transceiver, an access point, an access node, a radio access
station (RAS), a mobile multihop relay-base station (MMR-
BS), a relay station (RS), an advanced relay station (ARS),
a high reliability-relay station (HR-RS), a home NodeB
(HNB), a home eNodeB (HeNB), a road side unit (RSU), a
radio remote head (RRH), a transmission point (TP), a
transmission and reception point (TRP), or the like.

[0062] Each of the plurality of terminals 130-1, 130-2,
130-3, 130-4, 130-5, and 130-6 may refer to a user equip-
ment (UE), a terminal equipment (TE), an advanced mobile
station (AMS), a high reliability-mobile station (HR-MS), a
terminal, an access terminal, a mobile terminal, a station, a
subscriber station, a mobile station, a portable subscriber
station, a node, a device, an on-board unit (OBU), or the like.
[0063] Each of the plurality of base stations 110-1, 110-2,
110-3, 120-1, and 120-2 may operate in the same frequency
band or in different frequency bands. The plurality of base
stations 110-1, 110-2, 110-3, 120-1, and 120-2 may be
connected to each other via an ideal backhaul or a non-ideal
backhaul, and exchange information with each other via the
ideal or non-ideal backhaul. Also, each of the plurality of
base stations 110-1, 110-2, 110-3, 120-1, and 120-2 may be
connected to the core network through the ideal or non-ideal
backhaul. Each of the plurality of base stations 110-1, 110-2,
110-3, 120-1, and 120-2 may transmit a signal received from
the core network to the corresponding terminal 130-1,
130-2, 130-3, 130-4, 130-5, or 130-6, and transmit a signal
received from the corresponding terminal 130-1, 130-2,
130-3, 130-4, 130-5, or 130-6 to the core network.

[0064] In addition, each of the plurality of base stations
110-1, 110-2, 110-3, 120-1, and 120-2 may support a multi-
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input multi-output (MIMO) transmission (e.g., a single-user
MIMO (SU-MIMO), a multi-user MIMO (MU-MIMO), a
massive MIMO, or the like), a coordinated multipoint
(CoMP) transmission, a carrier aggregation (CA) transmis-
sion, a transmission in unlicensed band, device-to-device
(D2D) communication (or, proximity services (ProSe)),
Internet of Things (IoT) communications, dual connectivity
(DC), or the like. Here, each of the plurality of terminals
130-1, 130-2, 130-3, 130-4, 130-5, and 130-6 may perform
operations corresponding to the operations of the plurality of
base stations 110-1, 110-2, 110-3, 120-1, and 120-2 (i.e., the
operations supported by the plurality of base stations 110-1,
110-2, 110-3, 120-1, and 120-2). For example, the second
base station 110-2 may transmit a signal to the fourth
terminal 130-4 in the SU-MIMO manner, and the fourth
terminal 130-4 may receive the signal from the second base
station 110-2 in the SU-MIMO manner. Alternatively, the
second base station 110-2 may transmit a signal to the fourth
terminal 130-4 and fifth terminal 130-5 in the MU-MIMO
manner, and the fourth terminal 130-4 and fifth terminal
130-5 may receive the signal from the second base station
110-2 in the MU-MIMO manner.

[0065] The first base station 110-1, the second base station
110-2, and the third base station 110-3 may transmit a signal
to the fourth terminal 130-4 in the CoMP transmission
manner, and the fourth terminal 130-4 may receive the signal
from the first base station 110-1, the second base station
110-2, and the third base station 110-3 in the CoMP manner.
Also, each of the plurality of base stations 110-1, 110-2,
110-3, 120-1, and 120-2 may exchange signals with the
corresponding terminals 130-1, 130-2, 130-3, 130-4, 130-5,
or 130-6 which belongs to its cell coverage in the CA
manner. Each of the base stations 110-1, 110-2, and 110-3
may control D2D communications between the fourth ter-
minal 130-4 and the fifth terminal 130-5, and thus the fourth
terminal 130-4 and the fifth terminal 130-5 may perform the
D2D communications under control of the second base
station 110-2 and the third base station 110-3.

[0066] Meanwhile, the communication system may sup-
port three types of frame structures. A type 1 frame structure
may be applied to a frequency division duplex (FDD)
communication system, a type 2 frame structure may be
applied to a time division duplex (TDD) communication
system, and a type 3 frame structure may be applied to an
unlicensed band based communication system (e.g., a
licensed assisted access (LAA) communication system).
[0067] FIG. 3 is a conceptual diagram illustrating a first
exemplary embodiment of a type 1 frame.

[0068] Referring to FIG. 3, a radio frame 300 may com-
prise 10 subframes, and a subframe may comprise 2 slots.
Thus, the radio frame 300 may comprise 20 slots (e.g., slot
#0, slot #1, slot #2, slot #3, . . ., slot #18, and slot #19). The
length T, of the radio frame 300 may be 10 milliseconds
(ms). The length of the subframe may be 1 ms, and the
length T, , of a slot may be 0.5 ms. Here, T, may indicate
a sampling time, and may be %30,720,0008.

[0069] The slot may be composed of a plurality of OFDM
symbols in the time domain, and may be composed of a
plurality of resource blocks (RBs) in the frequency domain.
The RB may be composed of a plurality of subcarriers in the
frequency domain. The number of OFDM symbols consti-
tuting the slot may vary depending on configuration of a
cyclic prefix (CP). The CP may be classified into a normal
CP and an extended CP. If the normal CP is used, the slot
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may be composed of 7 OFDM symbols, in which case the
subframe may be composed of 14 OFDM symbols. If the
extended CP is used, the slot may be composed of 6 OFDM
symbols, in which case the subframe may be composed of
12 OFDM symbols.

[0070] FIG. 4 is a conceptual diagram illustrating a first
exemplary embodiment of a type 2 frame.

[0071] Referring to FIG. 4, a radio frame 400 may com-
prise two half frames, and a half frame may comprise 5
subframes. Thus, the radio frame 400 may comprise 10
subframes. The length T, of the radio frame 400 may be 10
ms. The length of the half frame may be 5 ms. The length
of the subframe may be 1 ms. Here, T, may be %30,720,0005.
[0072] The radio frame 400 may include at least one
downlink subframe, at least one uplink subframe, and a least
one special subframe. Each of the downlink subframe and
the uplink subframe may include two slots. The length T,,,,
of a slot may be 0.5 ms. Among the subframes included in
the radio frame 400, each of the subframe #1 and the
subframe #6 may be a special subframe. For example, when
a switching periodicity between downlink and uplink is 5
ms, the radio frame 400 may include 2 special subframes.
Alternatively, the switching periodicity between downlink
and uplink is 10 ms, the radio frame 400 may include one
special subframe. The special subframe may include a
downlink pilot time slot (DwPTS), a guard period (GP), and
an uplink pilot time slot (UpPTS).

[0073] The downlink pilot time slot may be regarded as a
downlink interval and may be used for cell search, time and
frequency synchronization acquisition of the terminal, chan-
nel estimation, and the like. The guard period may be used
for resolving interference problems of uplink data transmis-
sion caused by delay of downlink data reception. Also, the
guard period may include a time required for switching from
the downlink data reception operation to the uplink data
transmission operation. The uplink pilot time slot may be
used for uplink channel estimation, time and frequency
synchronization acquisition, and the like. Transmission of a
physical random access channel (PRACH) or a sounding
reference signal (SRS) may be performed in the uplink pilot
time slot.

[0074] The lengths of the downlink pilot time slot, the
guard period, and the uplink pilot time slot included in the
special subframe may be variably adjusted as needed. In
addition, the number and position of each of the downlink
subframe, the uplink subframe, and the special subframe
included in the radio frame 400 may be changed as needed.
[0075] In the communication system, a transmission time
interval (TTI) may be a basic time unit for transmitting
coded data through a physical layer. A short TTI may be used
to support low latency requirements in the communication
system. The length of the short TTI may be less than 1 ms.
The conventional TTI having a length of 1 ms may be
referred to as a base TTI or a regular TTI. That is, the base
TTI may be composed of one subframe. In order to support
transmission on a base TTI basis, signals and channels may
be configured on a subframe basis. For example, a cell-
specific reference signal (CRS), a physical downlink control
channel (PDCCH), a physical downlink shared channel
(PDSCH), a physical uplink control channel (PUCCH), a
physical uplink shared channel (PUSCH), and the like may
exist in each subframe.

[0076] On the other hand, a synchronization signal (e.g., a
primary synchronization signal (PSS) and a secondary syn-
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chronization signal (SSS)) may exist for every 5 subframes,
and a physical broadcast channel (PBCH) may exist for
every 10 subframes. Also, each radio frame may be identi-
fied by an SFN, and the SFN may be used for defining
transmission of a signal (e.g., a paging signal, a reference
signal for channel estimation, a signal for channel state
information, etc.) longer than one radio frame. The period-
icity of the SFN may be 1024.

[0077] In the LTE system, the PBCH may be a physical
layer channel used for transmission of system information
(e.g., master information block (MIB)). The PBCH may be
transmitted every 10 subframes. That is, the transmission
periodicity of the PBCH may be 10 ms, and the PBCH may
be transmitted once in the radio frame. The same MIB may
be transmitted during 4 consecutive radio frames, and after
4 consecutive radio frames, the MIB may be changed
according to a situation of the LTE system. The transmission
period for which the same MIB is transmitted may be
referred to as a ‘PBCH TTT’, and the PBCH TTI may be 40
ms. That is, the MIB may be changed for each PBCH TTI.
[0078] The MIB may be composed of 40 bits. Among the
40 bits constituting the MIB, 3 bits may be used to indicate
a system band, 3 bits may be used to indicate physical hybrid
automatic repeat request (ARQ) indicator channel (PHICH)
related information, 8 bits may be used to indicate an SFN,
10 bits may be configured as reserved bits, and 16 bits may
be used for a cyclic redundancy check (CRC).

[0079] The SFN for identifying the radio frame may be
composed of a total of 10 bits (B9 to B0), and the most
significant bits (MSBs) 8 bits (B9 to B2) among the 10 bits
may be indicated by the PBCH (i.e., MIB). The MSBs 8 bits
(B9 to B2) of the SFN indicated by the PBCH (i.e., MIB)
may be identical during 4 consecutive radio frames (i.e.,
PBCH TTI). The least significant bits (LSBs) 2 bits (B1 to
B0) of the SFN may be changed during 4 consecutive radio
frames (i.e., PBCH TTI), and may not be explicitly indicated
by the PBCH (i.e., MIB). The LSBs (2 bits (B1 to B0)) of
the SFN may be implicitly indicated by a scrambling
sequence of the PBCH (hereinafter referred to as ‘PBCH
scrambling sequence’).

[0080] A gold sequence generated by being initialized by
a cell ID may be used as the PBCH scrambling sequence,
and the PBCH scrambling sequence may be initialized for
each four consecutive radio frames (e.g., each PBCH TTI)
based on an operation of ‘mod (SFN, 4)’. The PBCH
transmitted in a radio frame corresponding to an SFN with
LSBs 2 bits (B1 to B0) set to ‘00’ may be scrambled by the
gold sequence generated by being initialized by the cell ID.
Thereafter, the gold sequences generated according to the
operation of ‘mod (SFN, 4)’ may be used to scramble the
PBCH transmitted in the radio frames corresponding to
SFNs with LSBs 2 bits (B1 to B0) set to ‘01°, “10°, and “11°.
[0081] Accordingly, the terminal having acquired the cell
ID in the initial cell search process may identify the value of
the LSBs 2 bits (B1 to B0) of the SFN (e.g., “00°, ‘01, <10”,
or ‘11°) based on the PBCH scramble sequence obtained in
the decoding process for the PBCH (i.e., MIB). The terminal
may use the LSBs 2 bits (B1 to B0) of the SFN obtained
based on the PBCH scrambling sequence and the MSBs 8
bits (B9 to B2) of the SFN indicated by the PBCH (i.e.,
MIB) so as to identify the SFN (i.e., the entire bits B9 to B0
of the SFN).

[0082] On the other hand, the communication system may
support not only a high transmission rate but also technical
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requirements for various service scenarios. For example, the
communication system may support an enhanced mobile
broadband (eMBB) service, an ultra-reliable low-latency
communication (URLLC) service, a massive machine type
communication (mMTC) service, and the like.

[0083] The subcarrier spacing of the communication sys-
tem (e.g., OFDM-based communication system) may be
determined based on a carrier frequency offset (CFO) and
the like. The CFO may be generated by a Doppler effect, a
phase drift, or the like, and may increase in proportion to an
operation frequency. Therefore, in order to prevent the
performance degradation of the communication system due
to the CFO, the subcarrier spacing may increase in propor-
tion to the operation frequency. On the other hand, as the
subcarrier spacing increases, a CP overhead may increase.
Therefore, the subcarrier spacing may be configured based
on a channel characteristic, a radio frequency (RF) charac-
teristic, etc. according to a frequency band.

[0084] The communication system may support numer-
ologies defined in Table 1 below.
TABLE 1

Numerology (1) 0 1 2 3 4 5

Subcarrier 15 kHz 30 kHz 60 kHz 120 kHz 240 kHz 480 kHz
spacing

OFDM symbol  66.7 333 16.7 8.3 4.2 2.1

length [us]
CP length [us] 4.76 2.38 1.19 0.60 0.30 0.15

Number of 14 28 56 112 224 448

OFDM symbols
within 1 ms

[0085] For example, the subcarrier spacing of the com-
munication system may be configured to 15 kHz, 30 kHz, 60
kHz, or 120 kHz. The subcarrier spacing of the LTE system
may be 15 kHz, and the subcarrier spacing of the NR system
may be 1, 2, 4, or 8 times the conventional subcarrier
spacing of 15 kHz. If the subcarrier spacing increases by
exponentiation units of 2 of the conventional subcarrier
spacing, the frame structure can be easily designed.

[0086] The communication system may support FR1 as
well as FR2. The FR2 may be classified into FR2-1 and
FR2-2. The FR1 may be a frequency band of 6 GHz or
below, the FR2-1 may be a frequency band of 24.25 to 52.6,
and the FR2-2 may be a frequency band of 52.6 to 71 GHz.
In an exemplary embodiment, the FR2 may be the FR2-1,
the FR2-1, or a frequency band including the FR2-1 and
FR2-2. In each of the FR1, FR2-1, and FR2-2, subcarrier
spacings available for data transmission may be defined as
shown in Table 2 below. In each of the FR1, the FR2-1, and
the FR2-2, SCSs available for synchronization signal block
(SSB) transmission may be defined as shown in Table 3
below. In each of the FR1, the FR2-1, and the FR2-2, SCSs
available for RACH transmission (e.g., Msgl or Msg-A)
may be defined as shown in Table 4 below.

TABLE 2

data

FR1 FR2-1 FR2-2

15 kHz, 30 kHz,
60 kHz (optional)

60 kHz, 120 kHz 120 kHz, 480 kHz, 960 kiz
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TABLE 3
SSB
FR1 FR2-1 FR2-2
15 kHz, 30 kHz 120 kHz, 240 kHz 120 kHz, 480 kHz, 960 kHz
RACH
FR1 FR2-1 FR2-2
1.25 kHz, 5 kHz, 60 kHz, 120 kHz 120 kHz, 480 kHz, 960 kHz
15 kHz, 30 kHz
[0087] The communication system may support a wide

frequency band (e.g., several hundred MHz to tens of GHz).
Since the diffraction characteristic and the reflection char-
acteristic of the radio wave are poor in a high frequency
band, a propagation loss (e.g., path loss, reflection loss, and
the like) in a high frequency band may be larger than a
propagation loss in a low frequency band. Therefore, a cell
coverage of a communication system supporting a high
frequency band may be smaller than a cell coverage of a
communication system supporting a low frequency band. In
order to solve such the problem, a beamforming scheme
based on a plurality of antenna elements may be used to
increase the cell coverage in the communication system
supporting a high frequency band.

[0088] The beamforming scheme may include a digital
beamforming scheme, an analog beamforming scheme, a
hybrid beamforming scheme, and the like. In the commu-
nication system using the digital beamforming scheme, a
beamforming gain may be obtained using a plurality of RF
paths based on a digital precoder or a codebook. In the
communication system using the analog beamforming
scheme, a beamforming gain may be obtained using analog
RF devices (e.g., phase shifter, power amplifier (PA), vari-
able gain amplifier (VGA), and the like) and an antenna
array.

[0089] Because of the need for expensive digital to analog
converters (DACs) or analog to digital converters (ADCs)
for digital beamforming schemes and transceiver units cor-
responding to the number of antenna elements, the com-
plexity of antenna implementation may be increased to
increase the beamforming gain. In case of the communica-
tion system using the analog beamforming scheme, since a
plurality of antenna elements are connected to one trans-
ceiver unit through phase shifters, the complexity of the
antenna implementation may not increase greatly even if the
beamforming gain is increased. However, the beamforming
performance of the communication system using the analog
beamforming scheme may be lower than the beamforming
performance of the communication system using the digital
beamforming scheme. Further, in the communication system
using the analog beamforming scheme, since the phase
shifter is adjusted in the time domain, frequency resources
may not be efficiently used. Therefore, a hybrid beam
forming scheme, which is a combination of the digital
scheme and the analog scheme, may be used.

[0090] When the cell coverage is increased by the use of
the beamforming scheme, common control channels and
common signals (e.g., reference signal and synchronization
signal) for all terminals belonging to the cell coverage as
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well as control channels and data channels for each terminal
may also be transmitted based on the beamforming scheme.
In this case, the common control channels and the common
signals for all terminals belonging to the cell coverage may
be transmitted based on a beam sweeping scheme.

[0091] In addition, in the NR system, a synchronization
signal/physical broadcast channel (SS/PBCH) block may
also be transmitted in a beam sweeping scheme. The
SS/PBCH block may be composed of a PSS, an SSS, a
PBCH, and the like. In the SS/PBCH block, the PSS, the
SSS, and the PBCH may be configured in a time division
multiplexing (TDM) manner. The SS/PBCH block may be
referred also to as an ‘SS block (SSB)’. One SS/PBCH block
may be transmitted using N consecutive OFDM symbols.
Here, N may be an integer equal to or greater than 4. The
base station may periodically transmit the SS/PBCH block,
and the terminal may acquire frequency/time synchroniza-
tion, a cell ID, system information, and the like based on the
SS/PBCH block received from the base station. The
SS/PBCH block may be transmitted as follows.

[0092] FIG. 5 is a conceptual diagram illustrating a first
exemplary embodiment of a transmission method of
SS/PBCH block in a communication system.

[0093] Referring to FIG. 5, one or more SS/PBCH blocks
may be transmitted in a beam sweeping scheme within an
SS/PBCH block burst set. Up to L. SS/PBCH blocks may be
transmitted within one SS/PBCH block burst set. L may be
an integer equal to or greater than 2, and may be defined in
the 3GPP standard. Depending on a region of a system
frequency, L may vary. Within the SS/PBCH block burst set,
the SS/PBCH blocks may be located consecutively or dis-
tributedly. The consecutive SS/PBCH blocks may be
referred to as an ‘SS/PBCH block burst’. The SS/PBCH
block burst set may be repeated periodically, and system
information (e.g., MIB) transmitted through the PBCHs of
the SS/PBCH blocks within the SS/PBCH block burst set
may be the same. An index of the SS/PBCH block, an index
of'the SS/PBCH block burst, an index of an OFDM symbol,
an index of a slot, and the like may be indicated explicitly
or implicitly by the PBCH.

[0094] FIG. 6 is a conceptual diagram illustrating a first
exemplary embodiment of an SS/PBCH block in a commu-
nication system.

[0095] Referring to FIG. 6, signals and a channel are
arranged within one SS/PBCH block in the order of
‘PSS—PBCH—>SSS—PBCH’. The PSS, SSS, and PBCH
within the SS/PBCH block may be configured in a TDM
scheme. In a symbol where the SSS is located, the PBCH
may be located in frequency resources above the SSS and
frequency resources below the SSS. That is, the PBCH may
be transmitted in both end bands adjacent to the frequency
band in which the SSS is transmitted. When the maximum
number of SS/PBCH blocks is 8 in the sub 6 GHz frequency
band, an SS/PBCH block index may be identified based on
a demodulation reference signal used for demodulating the
PBCH (hereinafter, referred to as ‘PBCH DMRS’). When
the maximum number of SSBs is 64 in the over 6 GHz
frequency band, LSB 3 bits of 6 bits representing the
SS/PBCH block index may be identified based on the PBCH
DMRS, and the remaining MSB 3 bits may be identified
based on a payload of the PBCH.

[0096] The maximum system bandwidth that can be sup-
ported in the NR system may be 400 MHz. The size of the
maximum bandwidth that can be supported by the terminal
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may vary depending on the capability of the terminal.
Therefore, the terminal may perform an initial access pro-
cedure (e.g., initial connection procedure) by using some of
the system bandwidth of the NR system supporting a wide
band. In order to support access procedures of terminals
supporting various sizes of bandwidths, SS/PBCH blocks
may be multiplexed in the frequency domain within the
system bandwidth of the NR system supporting a wide band.
In this case, the SS/PBCH blocks may be transmitted as
follows.

[0097] FIG. 7 is a conceptual diagram illustrating a second
exemplary embodiment of a method of transmitting
SS/PBCH blocks in a communication system.

[0098] Referring to FIG. 7, a wideband component carrier
(CC) may include a plurality of bandwidth parts (BWPs).
For example, the wideband CC may include 4 BWPs. The
base station may transmit SS/PBCH blocks in the respective
BWPs #0 to #3 belonging to the wideband CC. The terminal
may receive the SS/PBCH block(s) from one or more BWPs
of the BWPs #0 to #3, and may perform an initial access
procedure using the received SS/PBCH block.

[0099] After detecting the SS/PBCH block, the terminal
may acquire system information (e.g., remaining minimum
system information (RMSI)), and may perform a cell access
procedure based on the system information. The RMSI may
be transmitted on a PDSCH scheduled by a PDCCH. Con-
figuration information of a control resource set (CORESET)
in which the PDCCH including scheduling information of
the PDSCH through which the RMSI is transmitted may be
transmitted on a PBCH within the SS/PBCH block. A
plurality of SS/PBCH blocks may be transmitted in the
entire system band, and one or more SS/PBCH blocks
among the plurality of SS/PBCH blocks may be SS/PBCH
block(s) associated with the RMSI. The remaining
SS/PBCH blocks may not be associated with the RMSI. The
SS/PBCH block associated with the RMSI may be defined
as a ‘cell defining SS/PBCH block’. The terminal may
perform a cell search procedure and an initial access pro-
cedure by using the cell-defining SS/PBCH block. The
SS/PBCH block not associated with the RMSI may be used
for a synchronization procedure and/or a measurement pro-
cedure in the corresponding BWP. The BWP(s) through
which the SS/PBCH block is transmitted may be limited to
one or more BWPs within a wide bandwidth.

[0100] The positions at which the SSBs are transmitted in
the time domain may be defined differently according to an
SCS and a value of L. In exemplary embodiments, the SCS
may mean a subcarrier size. The SSB may be transmitted in
some symbols within one slot, and a short UL transmission
(e.g., uplink control information (UCI) transmission) may be
performed in the remaining symbols not used for the SSB
transmission within one slot. When the SSB is transmitted in
radio resources to which a large SCS (e.g., 120 kHz SCS or
240 kHz SCS) is applied, a gap may be configured in the
middle of consecutive slots including the SSB so that a long
UL transmission (e.g., transmission of URLLC traffic) can
be performed at least every 1 ms.

[0101] FIG. 8 is a conceptual diagram illustrating a first
exemplary embodiment of SSB burst configuration.

[0102] Referring to FIG. 8, in a transmission procedure of
SSBs (e.g., SSB burst) in radio resources to which a 120 kHz
SCS is applied, the base station may transmit SSBs in 8
consecutive slots. In a transmission procedure of SSBs in
radio resources to which s 240 kHz SCS is applied, the base
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station may transmit SSBs in 16 consecutive slots. In the
radio resources to which the 120 kHz SCS or 240 kHz SCS
is applied, a gap for UL transmission may be configured.
[0103] The RMSI may be obtained by performing an
operation to obtain configuration information of a CORE-
SET from the SS/PBCH block (e.g., PBCH), an operation of
detecting a PDCCH based on the configuration information
of the CORESET, an operation to obtain scheduling infor-
mation of a PDSCH from the PDCCH, and an operation to
receive the RMSI on the PDSCH. A transmission resource of
the PDCCH may be configured by the configuration infor-
mation of the CORESET. A mapping patter of the RMSI
CORESET pattern may be defined as follows. The RMSI
CORESET may be a CORESET used for transmission and
reception of the RMSIL.

[0104] FIG. 9A is a conceptual diagram illustrating an
RMSI CORESET mapping pattern #1 in a communication
system, FIG. 9B is a conceptual diagram illustrating an
RMSI CORESET mapping pattern #2 in a communication
system, and FIG. 9C is a conceptual diagram illustrating an
RMSI CORESET mapping pattern #3 in a communication
system.

[0105] Referring to FIGS. 9Ato 9C, one RMSI CORESET
mapping pattern among the RMSI CORESET mapping
patterns #1 to #3 may be used, and a detailed configuration
according to the one RMSI CORESET mapping pattern may
be determined. In the RMSI CORESET mapping pattern #1,
the SS/PBCH block, the CORESET (i.e., RMSI CORE-
SET), and the PDSCH (i.e., RMSI PDSCH) may be con-
figured in a TDM scheme. The RMSI PDSCH may mean the
PDSCH through which the RMSI is transmitted. In the
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ping pattern #2, a combination of numerologies (120 kHz,
60 kHz) or (240 kHz, 120 kHz) may be used for the
SS/PBCH block and the RMSI CORESET/PDSCH. In the
RMSI CORESET mapping pattern #3, a combination of
numerologies (120 kHz, 120 kHz) may be used for the
SS/PBCH block and the RMSI CORESET/PDSCH.

[0107] One RMSI CORESET mapping pattern may be
selected from the RMSI CORESET mapping patterns #1 to
#3 according to the combination of the numerology of the
SS/PBCH block and the numerology of the RMSI CORE-
SET/PDSCH. The configuration information of the RMSI
CORESET may include Table A and Table B. Table A may
represent the number of resource blocks (RB s) of the RMSI
CORESET, the number of symbols of the RMSI CORESET,
and an offset between an RB (e.g., starting RB or ending RB)
of the SS/PBCH block and an RB (e.g., starting RB or
ending RB) of the RMSI CORESET. Table B may represent
the number of search space sets per slot, an offset of the
RMSI CORESET, and an OFDM symbol index in each of
the RMSI CORESET mapping patterns. Table B may rep-
resent information for configuring a monitoring occasion of
the RMSI PDCCH. Each of Table A and Table B may be
composed of a plurality of sub-tables. For example, Table A
may include sub-tables 13-1 to 13-8 defined in the technical
specification (TS) 38.213, and Table B may include sub-
tables 13-9 to 13-13 defined in the TS 38.213. The size of
each of Table A and Table B may be 4 bits.

[0108] Inthe NR system, a PDSCH may be mapped to the
time domain according to a PDSCH mapping type A or a
PDSCH mapping type B. The PDSCH mapping types A and
B may be defined as Table 5 below.

TABLE 5
PDSCH
mapping Normal CP Extended CP
type L S+L S L S+L
Type A {0,1,2,3} {3,...,14} {3,...,14} {0,1,2,3} {3,...,12} {3,...,12}
(Note 1) (Note 1)
Type B {0,...,12} {2,4,7} {2,...,14} {0,...,10} {2,4,6} {2,...,12}

Note

1: S§=3 is applicable only if dmrs-TypeA-Position = 3

RMSI CORESET mapping pattern #2, the CORESET (i.e.,
RMSI CORESET) and the PDSCH (i.e., RMSI PDSCH)
may be configured in a TDM scheme, and the PDSCH (i.e.,
RMSI PDSCH) and the SS/PBCH block may be configured
in a frequency division multiplexing (FDM) scheme. In the
RMSI CORESET mapping pattern #3, the CORESET (i.e.,
RMSI CORESET) and the PDSCH (i.e., RMSI PDSCH)
may be configured in a TDM scheme, and the CORESET
(ie., RMSI CORESET) and the PDSCH (i.e., RMSI
PDSCH) may be multiplexed with the SS/PBCH block in a
FDM scheme.

[0106] In the frequency band of 6 GHz or below, only the
RMSI CORESET mapping pattern #1 may be used. In the
frequency band of 6 GHz or above, all of the RMSI
CORESET mapping patterns #1, #2, and #3 may be used.
The numerology of the SS/PBCH block may be different
from that of the RMSI CORESET and the RMSI PDSCH.
Here, the numerology may be a subcarrier spacing. In the
RMSI CORESET mapping pattern #1, a combination of all
numerologies may be used. In the RMSI CORESET map-

[0109] The type A (i.e., PDSCH mapping type A) may be
slot-based transmission. When the type A is used, a position
of a start symbol of a PDSCH may be configured to one of
{0, 1, 2, 3}. When the type A and a normal CP are used, the
number of symbols constituting the PDSCH (e.g., the dura-
tion of the PDSCH) may be configured to one of 3 to 14
within a range not exceeding a slot boundary. The type B
(i.e., PDSCH mapping type B) may be non-slot-based trans-
mission. When the type B is used, a position of a start
symbol of a PDSCH may be configured to one of 0 to 12.
When the type B and the normal CP are used, the number of
symbols constituting the PDSCH (e.g., the duration of the
PDSCH) may be configured to one of {2, 4, 7} within a
range not exceeding a slot boundary. A DMRS (hereinafter,
referred to as ‘PDSCH DMRS’) for demodulation of the
PDSCH (e.g., data) may be determined by a value of ID
indicating the PDSCH mapping type (e.g., type A or type B)
and the length. The ID may be defined differently according
to the PDSCH mapping type.

[0110] Meanwhile, NR-unlicensed (NR-U) is being dis-
cussed in the NR standardization meeting. The NR-U system
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may increase network capacity by improving the utilization
of limited frequency resources. The NR-U system may
support operation in an unlicensed band (e.g., unlicensed
spectrum).

[0111] In the NR-U system, the terminal may determine
whether a signal is transmitted from a base station based on
a discovery reference signal (DRS) received from the cor-
responding base station in the same manner as in the general
NR system. In the NR-U system in a Stand-Alone (SA)
mode, the terminal may acquire synchronization and/or
system information based on the DRS. In the NR-U system,
the DRS may be transmitted according to a regulation of the
unlicensed band (e.g., transmission band, transmission
power, transmission time, etc.). For example, according to
Occupied Channel Bandwidth (OCB) regulations, signals
may be configured and/or transmitted to occupy 80% of the
total channel bandwidth (e.g., 20 MHz).

[0112] In the NR-U system, a communication node (e.g.,
base station, terminal) may perform a Listen Before Talk
(LBT) procedure before transmitting a signal and/or a chan-
nel for coexistence with another system. The signal may be
a synchronization signal, a reference signal (e.g., DRS,
DMRS, channel state information (CSI)-RS, phase tracking
(PT)-RS, sounding reference signal (SRS)), or the like. The
channel may be a downlink channel, an uplink channel, a
sidelink channel, or the like. In exemplary embodiments, a
signal may mean the ‘signal’, the ‘channel’, or the ‘signal
and channel’. The LBT procedure may be an operation for
checking whether a signal is transmitted by another com-
munication node. If it is determined by the LBT procedure
that there is no transmission signal (e.g., when the LBT
procedure is successful), the communication node may
transmit a signal in the unlicensed band. If it is determined
by the LBT procedure that a transmission signal exists (e.g.,
when the LBT fails), the communication node may not be
able to transmit a signal in the unlicensed band. The com-
munication node may perform a LBT procedure according
to one of various categories before transmission of a signal.
The category of LBT may vary depending on the type of the
transmission signal.

[0113] Meanwhile, NR vehicle-to-everything (V2X) com-
munication technology is being discussed in the NR stan-
dardization meeting. The NR V2X communication technol-
ogy may be a technology that supports communication
between vehicles, communication between a vehicle and an
infrastructure, communication between a vehicle and a
pedestrian, and the like based on device-to-device (D2D)
communication technologies.

[0114] The NR V2X communication (e.g., sidelink com-
munication) may be performed according to three transmis-
sion schemes (e.g., unicast scheme, broadcast scheme,
groupcast scheme). When the unicast scheme is used, a
PC5-RRC connection may be established between a first
terminal (e.g. transmitting terminal that transmits data) and
a second terminal (e.g., receiving terminal that receives
data), and the PC5-RRC connection may refer to a logical
connection for a pair between a source ID of the first
terminal and a destination ID of the second terminal. The
first terminal may transmit data (e.g., sidelink data) to the
second terminal. When the broadcast scheme is used, the
first terminal may transmit data to all terminals. When the
groupcast scheme is used, the first terminal may transmit
data to a group (e.g., groupcast group) composed of a
plurality of terminals.
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[0115] When the unicast scheme is used, the second ter-
minal may transmit feedback information (e.g., acknowl-
edgment (ACK) or negative ACK (NACK)) to the first
terminal in response to data received from the first terminal.
In the exemplary embodiments below, the feedback infor-
mation may be referred to as a ‘HARQ-ACK’, ‘feedback
signal’, a ‘physical sidelink feedback channel (PSFCH)
signal’, or the like. When ACK is received from the second
terminal, the first terminal may determine that the data has
been successfully received at the second terminal. When
NACK is received from the second terminal, the first ter-
minal may determine that the second terminal has failed to
receive the data. In this case, the first terminal may transmit
additional information to the second terminal based on an
HARQ scheme. Alternatively, the first terminal may
improve a reception probability of the data at the second
terminal by retransmitting the same data to the second
terminal.

[0116] When the broadcast scheme is used, a procedure for
transmitting feedback information for data may not be
performed. For example, system information may be trans-
mitted in the broadcast scheme, and the terminal may not
transmit feedback information for the system information to
the base station. Therefore, the base station may not identify
whether the system information has been successfully
received at the terminal. To solve this problem, the base
station may periodically broadcast the system information.

[0117] When the groupcast scheme is used, a procedure
for transmitting feedback information for data may not be
performed. For example, necessary information may be
periodically transmitted in the groupcast scheme, without
the procedure for transmitting feedback information. How-
ever, when the candidates of terminals participating in the
groupcast scheme-based communication and/or the number
of the terminals participating in that is limited, and the data
transmitted in the groupcast scheme is data that should be
received within a preconfigured time (e.g., data sensitive to
delay), it may be necessary to transmit feedback information
also in the groupcast sidelink communication. The groupcast
sidelink communication may mean sidelink communication
performed in the groupcast scheme. When the feedback
information transmission procedure is performed in the
groupcast sidelink communication, data can be transmitted
and received efficiently and reliably.

[0118] In the groupcast sidelink communication, two
HARQ-ACK feedback schemes (i.e., transmission proce-
dures of feedback information) may be supported. When the
number of receiving terminals in a sidelink group is large
and a service scenario 1 is supported, some receiving
terminals belonging to a specific range within the sidelink
group may transmit NACK through a PSFCH when data
reception fails. This scheme may be a groupcast HARQ-
ACK feedback option 1. In the service scenario 1, instead of
all the receiving terminals in the sidelink group, it may be
allowed for some receiving terminals belonging to a specific
range to perform reception in a best-effort manner. The
service scenario 1 may be an extended sensor scenario in
which some receiving terminals belonging to a specific
range need to receive the same sensor information from a
transmitting terminal. In exemplary embodiments, the trans-
mitting terminal may refer to a terminal transmitting data,
and the receiving terminal may refer to a terminal receiving
data.
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[0119] When the number of receiving terminals in the
sidelink group is limited and a service scenario 2 is sup-
ported, each of all the receiving terminals belonging to the
sidelink group may report HARQ-ACK for data individually
through a separate PSFCH. This scheme may be a groupcast
HARQ-ACK feedback option 2. In the service scenario 2,
since PSFCH resources are sufficient, the transmitting ter-
minal may perform monitoring on HARQ-ACK feedbacks
of all the receiving terminals belonging to the sidelink
group, and data reception may be guaranteed at all the
receiving terminals belonging to the sidelink group.

[0120] Inaddition, data reliability at the receiving terminal
may be improved by appropriately adjusting a transmit
power of the transmitting terminal according to a transmis-
sion environment. Interference to other terminals may be
mitigated by appropriately adjusting the transmit power of
the transmitting terminal. Energy efficiency can be improved
by reducing unnecessary transmit power. A power control
scheme may be classified into an open-loop power control
scheme and a closed-loop power control scheme. In the
open-loop power control scheme, the transmitting terminal
may determine the transmit power in consideration of con-
figuration, a measured environment, etc. In the closed-loop
power control scheme, the transmitting terminal may deter-
mine the transmit power based on a transmit power control
(TPC) command received from the receiving terminal.
[0121] It may be difficult due to various causes including
a multipath fading channel, interference, and the like to
predict a received signal strength at the receiving terminal.
Accordingly, the receiving terminal may adjust a receive
power level (e.g., receive power range) by performing an
automatic gain control (AGC) operation to prevent a quan-
tization error of the received signal and maintain a proper
receive power. In the communication system, the terminal
may perform the AGC operation using a reference signal
received from the base station. However, in the sidelink
communication (e.g., V2X communication), the reference
signal may not be transmitted from the base station. That is,
in the sidelink communication, communication between
terminals may be performed without the base station. There-
fore, it may be difficult to perform the AGC operation in the
sidelink communication. In the sidelink communication, the
transmitting terminal may first transmit a signal (e.g., ref-
erence signal) to the receiving terminal before transmitting
data, and the receiving terminal may adjust a receive power
range (e.g., receive power level) by performing an AGC
operation based on the signal received from the transmitting
terminal. Thereafter, the transmitting terminal may transmit
sidelink data to the receiving terminal. The signal used for
the AGC operation may be a signal duplicated from a signal
to be transmitted later or a signal preconfigured between the
terminals.

[0122] A time period required for the ACG operation may
be 15 pus. When a subcarrier spacing of 15 kHz is used in the
NR system, a time period (e.g., length) of one symbol (e.g.,
OFDM symbol) may be 66.7 us. When a subcarrier spacing
of 30 kHz is used in the NR system, a time period of one
symbol (e.g., OFDM symbol) may be 33.3 ps. In the
following exemplary embodiments, a symbol may mean an
OFDM symbol. That is, a time period of one symbol may be
twice or more than a time period required for the ACG
operation.

[0123] For sidelink communication, it may be necessary to
transmit a data channel for data transmission and a control
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channel including scheduling information for data resource
allocation. In sidelink communication, the data channel may
be a physical sidelink shared channel (PSSCH), and the
control channel may be a physical sidelink control channel
(PSCCH). The data channel and the control channel may be
multiplexed in a resource domain (e.g., time and frequency
resource domains).

[0124] FIG. 10 is a conceptual diagram illustrating exem-
plary embodiments of a method for multiplexing a control
channel and a data channel in sidelink communication.

[0125] Referring to FIG. 10, sidelink communication may
support an option 1A, an option 1B, an option 2, and an
option 3. When the option 1A and/or the option 1B is
supported, a control channel and a data channel may be
multiplexed in the time domain. When the option 2 is
supported, a control channel and a data channel may be
multiplexed in the frequency domain. When the option 3 is
supported, a control channel and a data channel may be
multiplexed in the time and frequency domains. The sidelink
communication may basically support the option 3.

[0126] Inthe sidelink communication (e.g., NR-V2X side-
link communication), a basic unit of resource configuration
may be a subchannel. The subchannel may be defined with
time and frequency resources. For example, the subchannel
may be composed of a plurality of symbols (e.g., OFDM
symbols) in the time domain, and may be composed of a
plurality of resource blocks (RBs) in the frequency domain.
The subchannel may be referred to as an RB set. In the
subchannel, a data channel and a control channel may be
multiplexed based on the option 3.

[0127] Inthe sidelink communication (e.g., NR-V2X side-
link communication), transmission resources may be allo-
cated based on a mode 1 or a mode 2. When the mode 1 is
used, a base station may allocate sidelink resource(s) for
data transmission within a resource pool to a transmitting
terminal, and the transmitting terminal may transmit data to
a receiving terminal using the sidelink resource(s) allocated
by the base station. Here, the transmitting terminal may be
a terminal that transmits data in sidelink communication,
and the receiving terminal may be a terminal that receives
the data in sidelink communication.

[0128] When the mode 2 is used, a transmitting terminal
may autonomously select sidelink resource(s) to be used for
data transmission by performing a resource sensing opera-
tion and/or a resource selection operation within a resource
pool. The base station may configure the resource pool for
the mode 1 and the resource pool for the mode 2 to the
terminal(s). The resource pool for the mode 1 may be
configured independently from the resource pool for the
mode 2. Alternatively, a common resource pool may be
configured for the mode 1 and the mode 2.

[0129] When the mode 1 is used, the base station may
schedule a resource used for sidelink data transmission to
the transmitting terminal, and the transmitting terminal may
transmit sidelink data to the receiving terminal by using the
resource scheduled by the base station. Therefore, a resource
conflict between terminals may be prevented. When the
mode 2 is used, the transmitting terminal may select an
arbitrary resource by performing a resource sensing opera-
tion and/or resource selection operation, and may transmit
sidelink data by using the selected arbitrary resource. Since
the above-described procedure is performed based on an
individual resource sensing operation and/or resource selec-
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tion operation of each transmitting terminal, a conflict
between selected resources may occur.

[0130] The sidelink communication system supporting
Release-16 may be designed for terminals (e.g., vehicle-
mounted terminals, vehicle UEs (V-UEs)) that do not have
restrictions on battery capacity. Therefore, a power saving
issue may not be greatly considered in resource sensing/
selection operations for such the terminals. However, in
order to perform sidelink communication with terminals
having restrictions on battery capacity in the sidelink com-
munication system supporting Release-17 (e.g., a terminal
carried by a pedestrian, a terminal mounted on a bicycle, a
terminal mounted on a motorcycle, a pedestrian UE (P-UE)),
power saving methods will be required. In the present
disclosure, a ‘“V-UE’ may refer to a terminal that has no
significant restrictions on battery capacity, a T-UE' may refer
to a terminal with restrictions on battery capacity, and a
‘resource sensing/selection operation’ may refer to a
resource sensing operation and/or a resource selection
operation. The resource sensing operation may refer to a
partial sensing operation or a full sensing operation. The
resource selection operation may refer to a random selection
operation. In addition, in the present disclosure, an ‘opera-
tion of a terminal” may be interpreted as an ‘operation of a
V-UE’ and/or ‘operation of a P-UE’.

[0131] For power saving in the LTE V2X, a partial sensing
operation and/or a random selection operation has been
introduced. When the partial sensing operation is supported,
the terminal may perform resource sensing operations in
partial periods instead of an entire period within a sensing
window, and may select a resource based on a result of the
partial sensing operation. According to such the operation,
power consumption of the terminal may be reduced. When
the random selection operation is supported, the terminal
may randomly select a resource without performing the
resource sensing operation. Alternatively, the random selec-
tion operation may be performed together with the resource
sensing operation. For example, the terminal may determine
resources by performing the resource sensing operation, and
may select a resource(s) by performing the random selection
operation within the determined resources.

[0132] Inthe LTE V2X supporting Release-14, a resource
pool in which the partial sensing operation and/or random
selection operation can be performed may be configured
independently of a resource pool in which the full sensing
operation can be performed. A resource pool capable of
performing the random selection operation, a resource pool
capable of performing the partial sensing operation, and a
resource pool capable of performing the full sensing opera-
tion may be independently configured. The terminal may
select resources by performing the random selection opera-
tion, the partial sensing operation, and/or the full sensing
operation in the resource pool(s). The terminal may select
one operation among the random selection operation and the
partial sensing operation, may select a resource(s) by per-
forming the selected sensing operation, and may perform
sidelink communication by using the selected resource(s).

[0133] In the LTE V2X supporting Release-14, sidelink
(SL) data may be periodically transmitted based on a broad-
cast scheme. In the NR communication system, SL. data may
be transmitted based on a broadcast scheme, multicast
scheme, groupcast scheme, or unicast scheme. In addition,
in the NR communication system, S, data may be trans-
mitted periodically or aperiodically. A transmitting terminal
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may transmit SL. data to a receiving terminal, and the
receiving terminal may transmit a HARQ feedback (e.g.,
acknowledgement (ACK) or negative ACK (NACK)) for the
SL data to the transmitting terminal on a PSFCH. In the
present disclosure, a transmitting terminal may refer to a
terminal transmitting SL data, and a receiving terminal may
refer to a terminal receiving the SL data.

[0134] A terminal having reduced capability (hereinafter,
referred to as ‘RedCap terminal’) may operate in a specific
usage environment. The capability of the RedCap terminal
may be lower than capability of a new radio (NR) normal
terminal, and may be higher than those of an LTE-machine
type communication (LTE-MTC) terminal, a narrow band
(NB)-Internet of things (IoT) terminal, and a low power
wide area (LPWA) terminal. For example, a terminal (e.g.,
surveillance camera) requiring a high data rate and not high
latency condition and/or a terminal (e.g., wearable device)
requiring a non-high data rate, high latency condition, and
high reliability may exist. In order to support the above-
described terminals, the maximum carrier bandwidth in FR1
may be reduced from 100 MHz to 20 MHz, and the
maximum carrier bandwidth in FR2 may be reduced from
400 MHz to 100 MHz. The number of reception antennas of
the RedCap terminal may be smaller than the number of
reception antennas of the NR normal terminal. When the
carrier bandwidth and the number of reception antennas are
reduced, reception performance in the RedCap terminal may
decrease, and accordingly, the coverage of the RedCap
terminal may decrease.

[0135] Hereinafter, methods for initial access in a com-
munication system will be described. Even when a method
(e.g., transmission or reception of a signal) to be performed
at a first communication node among communication nodes
is described, a corresponding second communication node
may perform a method (e.g., reception or transmission of the
signal) corresponding to the method performed at the first
communication node. That is, when an operation of a
terminal is described, a corresponding base station may
perform an operation corresponding to the operation of the
terminal. Conversely, when an operation of a base station is
described, a corresponding terminal may perform an opera-
tion corresponding to the operation of the base station.
[0136] A communication system (e.g., NR system) may
operate in a frequency band higher than a 52.6 GHz fre-
quency band. As the frequency band in which the commu-
nication system operates increases, a frequency offset error
and a phase noise may increase. The use of a large SCS may
be required for robust operations in these environments. In
the FR2 band, 60 kHz SCS and/or 120 kHz SCS may be
supported, and further 480 kHz SCS and/or 960 kHz SCS
may be supported. In addition, a physical layer signal and
channel design and a physical layer procedure according to
the new SCS(s) may be required. Regarding an initial access
procedure, a 120 kHz SSB and/or 240 kHz SSB may be
supported in the FR2 band, and additional introduction of
480 kHz SSB and/or 960 kHz SSB is being discussed. Here,
the 480 kHz SSB may mean an SSB transmitted in radio
resources to which 480 kHz SCS is applied. In order to
support the new SCS(s), an initial BWP configuration
method, an initial access related signal and channel design
method, and an initial access procedure may be required.
[0137] In the communication system supporting FR1, a
long sequence format of a PRACH preamble may support
1.25 kHz SCS and/or 5 kHz SCS. If the communication
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system supports both FR1 and FR2, a short sequence format
in FR1 may support 15 kHz SCS and/or 30 kHz SCS, and
a short sequence format in FR2 may support 60 kHz SCS
and/or 120 kHz SCS. In a frequency band of 52.6 GHz or
above, an SCS greater than the above-described SCSs may
be used. In this case, it may be necessary to improve the
initial access procedure using a PRACH preamble (e.g.,
random access (RA) preamble). In a Type-1 RA procedure,
the terminal may receive a Msg2 (e.g., RAR) from the base
station on a PDSCH within an RAR window after transmit-
ting an RA preamble. In this case, the terminal may obtain
scheduling information of the PDSCH (i.e., PDSCH on
which the Msg?2 is received) through DCI scrambled by an
RA-RNTI. The base station and/or the terminal may deter-
mine (e.g., calculate) the RA-RNTI according to a RACH
occasion (RO) in which the RA preamble is transmitted/
received as shown in Equation 1 below.

RA-RNTI=1+s_id+14xz_id+14x80x/ id+14x80x8x

ul_carrier_id [Equation 1]
[0138] In Equation 1, s_id (0=s_id<14) may indicate an
index of the first symbol of the RO, and t_id (0=t_id<80)
may indicate an index of the first slot (e.g., start slot) of the
RO within a system frame. In exemplary embodiments, a
symbol may mean an OFDM symbol. t_id may be deter-
mined according to an SCS. f_id (0=f__id<8) may indicate an
index of the RO in the frequency domain, and ul_carrier_id
may indicate a UL carrier in which the PRACH preamble is
transmitted. When the UL carrier in which the PRACH
preamble is transmitted is a normal uplink (NUL), ul_car-
rier_id may be set to 0. When the UL carrier in which the
PRACH preamble is transmitted is a supplementary uplink
(SUL), ul_carrier_id may be set to 1. In a Type-2 RA
procedure, the base station and/or the terminal may deter-
mine an MSGB-RNTT according to an RO in which a Msg-A
is transmitted/received as shown in Equation 2 below. The
MSGB-RNTI may be used for scrambling of a DCI includ-
ing scheduling information of a Msg-B.

MSGB-RNTI=1+s_id+14xz_id+14x80x/ id+14x80x
8xul_carrier id+14x80x8x2

[Equation 2]
[0139] Meanings of s_id, t_id, f id, and ul_carrier_id in
Equation 2 may be the same as those of s_id, t_id, f_id, and
ul_carrier_id in Equation 1. In order to distinguish the
Type-1 RA procedure from the Type-2 RA procedure, Equa-
tion 2 may further include “14x80x8x2’ compared to Equa-
tion 1. Each of the RA-RNTI and MSGB-RNTI may be
determined according to the RO (e.g., time and frequency
resource index of the RO) in which the PRACH preamble is
transmitted. In Equations 1 and 2, t_id may indicate the
index of the first slot (e.g., start slot) of the RO within the
system frame, and may be determined according to the SCS.
When the length of one system frame is 10 ms and 15 kHz
SCS is used, one system frame may include 10 slots, and an
index of each slot may be one of 0 to 9. When the length of
one system frame is 10 ms and 30 kHz SCS is used, an index
of each slot may be one of 0 to 19. When the length of one
system frame is 10 ms and 60 kHz SCS is used, an index of
each slot may be one of 0 to 39. When the length of one
system frame is 10 ms and 120 kHz SCS is used, an index
of each slot may be one of 0 to 79. A range of the RNTI
calculated through Equations 1 and 2 may be defined as
shown in Table 6 below.
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TABLE 6
Start value End value RNTI UL carrier

1 8960 RA-RNTI NUL

8961 17920 RA-RNTI SUL

17921 26880 MSGB-RNTI NUL

26881 35840 MSGB-RNTI SUL
[0140] Inthe communication system, the RNTI may be set

to a value of 00001 to 65535, a value of 65520 to 65533 may
be reserved for other purposes, 65534 may be defined to be
used for a paging (P)-RNTIL, and 65535 may be defined to be
used for a system information (SI)-RNTI. The RNTIs
including RA-RNTI and MSGB-RNTI may be set to values
within 00001 to 65519. The RA-RNTT and the MSGB-RNTI
may be set within the values defined in Table 6. When an
SCS greater than 120 kHz SCS is used, the number of slots
within one system frame may exceed 80. For example, when
960 kHz SCS is used, the number of slots within one system
frame may be 640. In order to determine a non-overlapping
RNTI value in consideration of the above, the base station
and/or the terminal may use Equations 3 and 4 below.

RA-RNTI=1+s_id+14xz_id+14xt_id_maxxf id+14xz_

id_maxx8xu/_carrier_id [Equation 3]
MSGB-RNTI=1+s_id+14x¢_id+14xz_id_maxx/f id+

14xt id_maxx8xul_carrier_id+14xz id_maxx

8x2 [Equation 4]

[0141] In Equations 3 and 4, t_id_max may be the number
of slots within a system frame according to the SCS. When
240 kHz SCS is used, 160 slots may exist within one system
frame. When 480 kHz SCS is used, 320 slots may exist
within one system frame. When 960 kHz SCS is used, 640
slots may exist within one system frame. When calculating
an RNTT value for 960 kHz SCS based on Equations above,
the maximum value of RA-RNTI may be 143360, and the
maximum value of MSGB-RNTI may be 286720. In this
case, each of RA-RNTI and MSGB-RNTI may exceed a
configurable value. Therefore, methods for solving the prob-
lem that each of the calculated RA-RNTT and the calculated
MSGB-RNTI exceed configurable values as the SCS
increases are needed. As the SCS increases, the number of
slots included within one system frame may increase, and as
the number of slots increases, each of the calculated RA-
RNTT and the calculated MSGB-RNTI may exceed a con-
figurable value. In order to solve this problem, a modulo
operation may be applied in Equations for RNTI calculation.
The base station and/or the terminal may calculate the
RA-RNTI using Equation 5 below, and may calculate the
MSGB-RNTI using Equation 6 below.

RA-RNTI=(1+s_id+14xz_id+14xz_id_maxx/ id+14x

t_id_maxx8xul_carrier_id)mod pl6 [Equation 5]
MSGB-RNTI=(1+s_id+14xz_id+14x¢_id_maxx/ id+

14xt id_maxx8xul_carrier_id+14xz_id_maxx8x

2)mod 21¢ [Equation 6]

[0142] Equation 5 may be an equation obtained by adding
a modulo operation to Equation 3, and Equation 6 may be an
equation obtained by adding a modulo operation to Equation
4. According to Equations 5 and 6, the problem that the
calculated RNTI exceeds a configurable value can be solved.
The RNTI calculated through the modulo operation may not
be set beyond a maximum of 2'°. When the value to which
the modulo operation is applied is set to 2'°, the RNTI
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calculated by Equation 5 or 6 may be a value corresponding
to P-RNTI, SI-RNTI, and reserved RNTI. In order to solve
this problem, the value to which the modulo operation is
applied is set to 65520 instead of 2*¢, which is the maximum
value that the remaining RNTIs may have, excluding values
corresponding to P-RNTI, SI-RNTI, and/or reserve RNTIL.
The base station and/or the terminal may calculate the
RA-RNTI using Equation 7 below, and may calculate the
MSGB-RNTI using Equation 8 below.

RA-RNTI=(1+s_id+14xz_id+14xz_id_maxx/ id+14x

t_id_maxx8xul_carrier_id)mod 65520 [Equation 7]
MSGB-RNTI=(1+s_id+14xz_id+14x¢_id_maxx/ id+

14xz_id_maxx8xul_carrier_id+14xz id_maxx8x

2)mod 65520 [Equation 8]

[0143] In Equations 7 and 8, the value to which the
modulo operation is applied may be 65520 instead of 2'°. In
this case, the RNTI calculated by Equations 7 and 8 may fall
within an allowable range. However, the RNTIs calculated
in Equations 7 and 8 may overlap each other. A method of
limiting other parameters (e.g., s_id, t_id, and/or {_id) may
be used instead of the modulo operation so that the calcu-
lated RNTT does not exceed an allowable range. Specifically,
when s_id is limited, the position of the first symbol of the
RO may be limited to a specific range (e.g., symbols #0 to
#6), even-numbered symbols, or odd-numbered symbols.
The RNTI may be calculated based on the above-mentioned
constraints. For example, when s_id is limited to even-
numbered symbols, the base station and/or the terminal may
calculate the RA-RNTI based on Equation 9 below.

RA-RNTI=1+floor(s_id/2)+(s_id_max/2)x¢_id+(s_id_
max/2)x¢_id_maxx/ id+(s_id_max/2)xz_id_

maxx8xul_carrier_id [Equation 9]

[0144] s_id of Equation 3 may be replaced with floor
(s_id/2) in Equation 9. In this case, since a range of floor
(s_id/2) is 0 to 6, the RA-RNTI may be calculated using
s_id_max/2(=7) instead of s_id_max(=14). Alternatively,
the range of the calculated RNTI may be limited by limiting
the position of the slot within the system frame. The position
of the first slot (e.g., start slot) of the RO within the system
frame may be limited to a specific range (e.g., slots #0 to
#(t_id_max/2-1)), even-numbered slots, or odd-numbered
slots. The RNTI may be calculated based on the above-
mentioned constraints. For example, when t_id is limited to
even-numbered slots, the base station and/or the terminal
may calculate the RA-RNTI based on Equation 10 below.

RA-RNTI=1+s_id+14xfloor(z_id/2)+14x(z_id_max/

2)xf id+14x(z_id_max/2)x8xul_carrier_id [Equation 10]

[0145] Since the position of the first slot (e.g., start slot) of
the RO is limited to an even-numbered slot, f_id in Equation
3 may be replaced with floor (f id/2) in Equation 10.
Therefore, considering the range of floor (f_id/2), the RA-
RNTI may be calculated using (t_id_max/2) instead of
t_id_max.

[0146] When the position of the first slot (e.g., start slot)
of'the RO within the system frame is limited to a specific slot
within the system frame, a method of applying the index of
the restricted specific slot to Equation for RA-RNTI calcu-
lation may be used. Instead of the above-mentioned limited
specific slot, an index of a reference slot considering a
reference SCS selected from the existing SCS(s) may be
applied to Equation for RA-RNTI (or MSGB-RNTT) calcu-
lation. The above-described existing SCS(s) may be smaller

Sep. 1, 2022

than the SCS actually used. For example, the reference SCS
may be 60 kHz SCS or 120 kHz SCS.

[0147] FIG. 11A s a conceptual diagram illustrating a first
exemplary embodiment of a PRACH slot configuration
having a reference PRACH slot, and FIG. 11B is a concep-
tual diagram illustrating a second exemplary embodiment of
a PRACH slot configuration having a reference PRACH
slot.

[0148] Referring to FIGS. 11A and 11B, one reference slot
in radio resources to which 120 kHz SCS is applied may
include four actual slots in radio resources to which 480 kHz
SCS is applied. The actual slots may mean slots actually
used for the RA procedure. That is, the RA procedure may
be performed in the radio resources to which 480 kHz SCS
is applied, and in the RA procedure, the RA-RNTI or
MSGB-RNTI may be calculated based on the index of the
reference slot in the radio resources to which the reference
SCS (e.g., 60 kHz SCS or 120 kHz SCS) is applied. The
reference slot may be referred to as ‘RO reference slot’ or
‘reference RO slot’. Each of the four actual slots may be
referred to as ‘RO actual slot’ or ‘actual RO slot’. In the
exemplary embodiment shown in FIG. 11A, when only the
second slot among four 480 kHz SCS slots is limited to the
start slot of the RO, the reference slot index (hereinafter,
‘120 kHz SCS slot index’) considering 120 kHz, that is the
reference SCS, may be applied in Equation for calculating
the RA-RNTT (or MSGB-RNTI). In this case, Equation 1
may be used as it is. The exemplary embodiments shown in
FIGS. 11A and 11B may be applied in the same or similar
manner even when the reference SCS is 60 kHz SCS. The
480 kHz SCS slot may mean a slot in radio resources to
which 480 kHz SCS is applied.

[0149] The above-described exemplary embodiment may
be an exemplary embodiment of using one specific actual
slot selected from among actual slots included in the refer-
ence slot in consideration of the reference SCS. Alterna-
tively, a plurality of specific actual slots selected from
among the actual slots belonging to the reference slot may
be used. In this case, when the reference slot index is applied
to Equation 1, the same RA-RNTI may be redundantly
generated for ROs configured in the plurality of specific
actual slots. Therefore, when a plurality of specific actual
slots within one reference slot are configured as the slot
(e.g., start slot) of the RO, an indicator for distinguishing
each of the plurality of specific actual slots may be trans-
mitted on a PDCCH scrambled by the RA-RNTI.

[0150] In the exemplary embodiment shown in FIG. 11B,
there may be four actual slots within one reference slot, and
among the four actual slots, the second actual slot (e.g.,
actual slot #1) or the fourth actual slot (e.g., actual slot #3)
may be configured as the slot (e.g., start slot) of the RO. In
this case, the same RA-RNTI (or MSGB-RNTI) may be
generated in consideration of the reference slot index, but
the base station may signal (or configure) the slot (e.g., the
second slot or the fourth slot) of the RO to the terminal by
transmitting the additional indicator to the terminal. Here,
the additional indicator may be transmitted on the PDCCH
scrambled by the RA-RNTI (or MSGB-RNTTI). The number
of bits for the above-described indicator may be changed
according to the number of actual slots that can be config-
ured as the slot of the RO (e.g., start slot of the RO) within
the reference slot. In the above-described exemplary
embodiment, since two actual slots (e.g., the second actual
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slot and the fourth actual slot) within the reference slot can
be configured as the slot of the RO, the number of bits for
the indicator may be 1.

[0151] When all four actual slots within the reference slot
can be configured as the slot of the RO, the number of bits
for the indicator may be 2. When the number of actual slots
included in the reference slots exceeds 4, many bits may be
required for the indicator. The above-described method may
be a method of applying the reference slot index instead of
the RACH slot index (e.g., PRACH slot index) to Equation
1. When the RACH slot index and the floor operation are
used, the same effect as that of the above-described method
may be achieved. When floor (t_id/num_ratio) is used
instead of t_id in Equation 1, the same effect as that of the
above-described method may be achieved. In this case, t_id
may be the actual RACH slot index rather than the reference
slot index, and num_ratio may indicate a ratio between a
numerology of the actual RACH slot and a numerology of
the reference slot. In the exemplary embodiment shown in
FIGS. 11A and 11B, num_ratio may be 4 (=480 kHz/120
kHz). In the Type-2 RA procedure, the MSGB-RNTI may be
generated through Equation 2, and a specific actual slot used
as the slot of the RO may be indicated by an indicator
transmitted on a PDCCH. In the above-described exemplary
embodiment, the reference SCS of 120 kHz SCS and the
actual SCS of 480 kHz SCS are applied, but other reference
SCS (e.g., 60 kHz SCS) and other actual SCS (e.g., 120 kHz
SCS) may also be applied identically or similarly. Informa-
tion (e.g., position information) of the slot of the RO
according to the reference SCS and/or within the reference
slot may be preconfigured by higher layer signaling (e.g.,
system information).

[0152] Alternatively, the number of ROs multiplexed in
the frequency domain may be limited, and the range of
RNTI may be limited according to the above-described
limitation. The maximum number of ROs multiplexed in the
frequency domain may be 8. The RNTI may be generated
based on a constraint of f_id_max (=8). For example, the
base station and/or the terminal may calculate (e.g., gener-
ate) the RA-RNTI based on Equation 11 below.

RA-RNTI=1+s_id+14xz_id+14xz_id_maxxf id+14xz_

id_maxx/ id_maxxul_carrier_id [Equation 11]

[0153] The maximum number f_id_max of ROs multi-
plexed in the frequency domain may be set to 4. In this case,
the range of RNTI may be reduced. The range of RNTI when
the maximum number of multiplexed ROs is 4 may be half
the range of RNTI when the maximum number of multi-
plexed ROs is 8. A problem that the RNTI exceeds the
allowable range may occur in up to 80 slots based on 120
kHz SCS within a system frame of 10 ms length. When an
SCS greater than 120 kHz SCS is applied, the problem that
the RNTI exceeds the allowable range may occur in more
than 80 slots. For example, when 960 kHz SCS is used, the
problem in which RNTI exceeds the allowable range may
occur in 640 slots. In order to solve the above-mentioned
problem, a modulo operation may be applied to t_id indi-
cating a slot index within the system frame. The base station
and/or the terminal may calculate the RA-RNTI based on
Equation 12 below.

RA-RNTI=1+s_id+14x(z_id mod 80)+14x80x/" id+

14x80x8xu!_carrier_id [Equation 12]

[0154] Equation 12 may be obtained by adding a modulo
operation to Equation 1. According to Equation 12, the range
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of't_id may be 0 to 79 regardless of the SCS. The effect of
Equation 12 may be the same as an effect of a method of
segmenting all slots within the system frame in units of 80
slots. When calculating the RNTI in the above-described
manner, the same RNTI may be calculated for ROs having
slots #0, #80, #160, . . . and the like. Therefore, it may not
be possible to distinguish PRACH preambles transmitted in
different ROs. A PDCCH scrambled by the RA-RNTI (or
MSGB-RNTI) may include an indicator (e.g., group index)
indicating a specific group among groups segmented in units
of 80 slots within the system frame. Here, one group may
include 80 slots.

[0155] Even when PDCCHs scrambled with the same
RA-RNTI (or the same MSGB-RNTI) are received, the
terminal may identify a position of a slot corresponding to
an RO in which its PRACH preamble is transmitted, and
may identify a PDCCH for itself among the received
PDCCHs by comparing the identified position of the slot
with groups indicated by the respective indicators included
in the received PDCCHs. For example, when such the
segment operation is performed in units of 80 slots within a
system frame to which 480 kHz SCS is applied, four groups
may be configured. The first group may include slots #0 to
#79, the second group may include slots #80 to #1509, the
third group may include slots #160 to #239, and the fourth
group may include slots #240 to #319. In this case, the base
station may signal which group the slot (e.g., the slot (i.e.,
RO) in which the PRACH preamble is received) belongs by
transmitting a 2-bit indicator on a PDCCH.

[0156] When such the segment operation is performed in
units of 80 slots within a system frame to which 960 kHz
SCS is applied, eight groups may be configured. In this case,
the base station may signal which group the slot (e.g., the
slot (i.e., RO) in which the PRACH preamble is received)
belongs by transmitting a 3-bit indicator on a PDCCH.
When groups in which the RO may exist are limited, the
number of bits of the indicator required to indicate the group
may be reduced. Alternatively, the position of the slot of the
RO (e.g., start slot of the RO) may be limited so that the
same RNTT is not generated. For example, the slot of the RO
may be limited to one of slots #0 to #79. Alternatively, the
slot of the RO may be limited within slots #0 to #19, slots
#100 to #119, slots #200 to #219, or slots #300 to #319.
According to the above-described limitation, the same RNTI
may not be generated even when the slot index is substituted
in Equation 12. The above-described exemplary embodi-
ment may be a method of configuring so that the same RNTI
is not generated when 480 kHz SCS is used. The above-
described exemplary embodiment may be applied not only
to 480 kHz SCS but also to other SCSs.

[0157] Equation 9, Equation 10, Equation 11, and Equa-
tion 12 may be equally or similarly applied to the MSGB-
RNTT as well as the RA-RNTI. The range of RNTI may be
limited by a combination of the above methods. The above-
described RNTI may be limitedly applied to SCS(s) added
in a new frequency band, and accordingly, the above-
described RNTI may not overlap with the existing RA-RNTI
and/or the existing MSGB-RNTI.

[0158] In the NR system supporting FR2, a 60 kHz SCS
slot may be defined as a reference slot, and one or two
RACH slots (e.g., PRACH slots) of 120 kHz SCS may be
configured within the reference slot. When one RACH slot
is configured in radio resources to which 120 kHz SCS is
applied, the corresponding RACH slot may be configured as
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the second 120 kHz SCS slot among two 120 kHz SCS slots
within the reference slot of 60 kHz SCS. The 120 kHz SCS
slot may mean a slot configured in radio resources to which
120 kHz SCS is applied. When 60 kHz SCS is a reference
SCS, the RA-RNTI (or MSGB-RNTI) may be calculated
using an index of a 60 kHz SCS slot (e.g., reference slot).
When 120 kHz SCS is a reference SCS, the RA-RNTI (or
MSGB-RNTI) may be calculated using an index of a 120
kHz SCS slot (e.g., reference slot).

[0159] Since the communication system operating in a
high frequency band supports an indoor hot spot area or a
relatively small coverage, a large number of ROs may not
need to be supported. Even when 480 kHz SCS and/or 960
kHz SCS greater than the conventional SCS (e.g., 120 kHz
SCS) are used in a high frequency band, the same RO
density as when the conventional SCS is used may be
maintained. There may be four 480 kHz SCS slots within
one 120 kHz SCS slot. There may be eight 960 kHz SCS
slots within one 120 kHz SCS slot.

[0160] In order to maintain the same RO density in radio
resources to which different SCSs are applied, it may be
preferable that only one 480 kHz SCS RACH slot or one 960
kHz SCS RACH slot is configured within a 120 kHz SCS
slot regardless of the SCS. The 480 kHz SCS RACH slot
may be a slot (e.g., slot in which an RO is located) for
PRACH preamble transmission in radio resource to which
480 kHz SCS is applied. When only one 120 kHz SCS
RACH slot is configured within a 60 kHz SCS reference
slot, the last 120 kHz SCS slot among two 120 kHz SCS
slots within the 60 kHz SCS reference slot may be config-
ured as the RACH slot. In the same or similar manner, the
last 480 kHz SCS slot among four 480 kHz SCS slots within
the 120 kHz SCS slot may be configured as the RACH slot,
and the last 960 kHz SCS slot among eight 960 kHz SCS
slots within the 120 kHz SCS slot may be configured as the
RACH slot.

[0161] FIG. 12A is a conceptual diagram illustrating a
third exemplary embodiment of a PRACH slot configuration
having a reference PRACH slot, and FIG. 12B is a concep-
tual diagram illustrating a fourth exemplary embodiment of
a PRACH slot configuration having a reference PRACH
slot.

[0162] Referring to FIG. 12A, 480 kHz SCS slots #4A+3
and #4 A+7 may be configured as RACH slots (e.g., PRACH
slots), and 960 kHz SCS slots #8A+7 and #8A+15 may be
configured as RACH slots. When the last 120 kHz SCS slot
among two 120 kHz SCS slots within a 60 kHz SCS
reference slot is configured as a RACH slot, the 480 kHz
SCS slots #4A+7 and the 960 kHz SCS slots #8A+15 may
be configured as RACH slots.

[0163] When the RACH slot(s) are configured based on
the above-described method, the slot index t_id in Equation
1 (e.g., equation for RA-RNTI calculation) may be an index
of the 120 kHz SCS slot to which the 480 kHz SCS slot or
the 960 kHz SCS slot belongs, and the symbol index s_id
may be an index of a start symbol (e.g., start OFDM symbol)
of an RO within the actual 480 kHz SCS slot or actual 960
kHz SCS slot. As the SCS increases, a symbol period may
decrease. Therefore, a beam switching operation and/or an
LBT operation in an unlicensed band may not be performed
within a CP period of a symbol. In order to solve this
problem, unlike the method of continuously configuring
ROs in the time domain, one or more symbols between ROs
may be configured as a time gap for a beam switching
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operation and/or LBT operation. In this case, in order to
maintain the same RO density for different SCSs, the
method of configuring one 480 kHz SCS RACH slot or one
960 kHz SCS RACH slot within a 120 kHz SCS slot may be
inappropriate.

[0164] According to a PRACH preamble format, a RACH
duration in the time domain and the number of ROs included
in a RACH slot may be defined. When consecutive ROs are
configured without a time gap, all consecutive ROs may be
configured within one RACH slot period. When a time gap
having one or more symbols is configured between ROs, a
length of ‘ROs+time gap’ may exceed one RACH slot
period. For example, if a PRACH configuration index is 8 in
Table 6.3.3.2-4 of TS 38.211, a PRACH preamble format A1
may be used, a start symbol of an RO within a RACH slot
period is a symbol #0, #2, #4, #6, #8, or #10, one RO may
occupy a period of 2 symbols, and 6 ROs may be configured
within 12 symbols in the time domain. If a time gap having
one symbol is configured between ROs and the time gap is
configured between the remaining ROs except for the first
RO, a start symbol of an RO may be symbols #0, #3, #6, #9,
#12, or #15. If a time gap having one symbol is configured
between ROs and the time gap is configured for all ROs, a
start symbol of an RO may be symbols #1, #4, #5, #10, #13,
or #16. In the above-described exemplary embodiment, a
length of ‘6 ROs+time gap’ may be out of a period including
14 symbols.

[0165] In order to solve this problem, an RO configuration
method, an RA-RNTI calculation method, and a MSGB-
RNTT calculation method in consideration of a time gap
between ROs may be required. When a time gap between
ROs is configured, an index of a start symbol of an RO may
be calculated in consideration of the time gap, and when the
ROs configured in consideration of the calculated index of
the start symbol and a RACH duration are out of one slot
period, the base station and/or the terminal may arrange the
corresponding ROs in two slots. When the ROs are config-
ured out of one slot period, the base station and/or the
terminal may evenly arrange the corresponding ROs within
two slots, and may identically apply the index of the start
symbol of the RO within one slot to the index of the start
symbol of the RO within the other slot. In this case, since
two RACH slots are required, the last two slots among 480
kHz SCS slots and 960 kHz SCS slots belonging to the 120
kHz SCS slot may be configured as RACH slots.

[0166] Referring to FIG. 12B, among the 480 kHz SCS
slots, slots #4A+2, #4A+3, #4A+6, and #4A+7 may be
configured as RACH slots. Among the 960 kHz SCS slots,
slots #8A+6, #8A+7, #8A+14, and #8A+15 may be config-
ured as RACH slots. When 480 kHz SCS is applied, the start
RACH slots may be the slots #4A+2 and #4A+6. When 960
kHz SCS is applied, the start RACH slots may be the slots
#8A+6 and #8A+14. When the indexes of the start symbols
are 1, 4, 7, 10, 13, and 16, the start symbol #1, #4, and #7
may be configured in the first slot among the two slots, and
the start symbols #10, #13, and #16 may be configured in the
second slot among the two slots. In this case, the indexes of
the actual start symbols in the second slot may be set to 1,
4, and 7 in the same manner as in the first slot. According to
the above-described method, when a time gap between ROs
is configured, the problem that the length of ‘ROs+time gap’
exceeds one RACH slot period may be solved.

[0167] In this case, a problem does not occur because a
120 kHz SCS slot index is used in the RA-RNTI calculation
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procedure. Since the indexes of the start symbols are the
same in the two slots, the values of RA-RNTI may collide.
In order to prevent this problem, in the RA-RNTT calculation
procedure, the start symbol index s_id in the first slot may
be set to an actual value (e.g., 1, 4, 7), and the start symbol
index s_id in the second slot may be set to an ‘actual value
(e.g., 1, 4, T)+offset (e.g., 1)’. In this case, the start symbol
index s_id in the second slot may be 2, 5, or 8. Accordingly,
the start symbol index s_id in the first slot may be different
from the start symbol index s_id in the second slot. Since the
start symbol index s_id in the second slot is [2, 5, 8] instead
of [1, 4, 7], it is possible to prevent duplicate RA-RNTI
values from being generated.

[0168] Alternatively, the actual RO mapping position in
the second slot may be set to symbols #2, #5, and #8 to
which the offset is applied. In the above-described exem-
plary embodiment, the ROs may be evenly arranged within
the two slots. Alternatively, the number of ROs arranged in
each of the two slots may be different from each other. For
example, if the start symbol index is 1, 4, 7, 10, 13, or 16 and
the RACH duration is 2 symbols, the start symbols #1, #4,
#7, and #10 may be configured in the first slot, and the start
symbols #13 and #16 may be configured in the second slot.
The values used in the first slot may be sequentially applied
as indexes of actual start symbols. In this case, the index of
the start symbol may be 1 or 4. In order to prevent a collision
of RA-RNTI values in the above-described exemplary
embodiment, an additional offset may be applied.

[0169] Since the communication system operating in a
high frequency band supports a hot spot or a small coverage
area, a relatively small number of ROs may be configured.
As in the exemplary embodiment shown in FIG. 12A, a
PRACH slot may be configured in the last slot of radio
resources to which each SCS is applied, and an RO config-
urable within a period of the slot may be determined as a
valid RO. For example, in slots #4A+3 and #A+7 among 480
kHz SCS slots and slots #8A+7 and #8A+15 among 960 kHz
SCS slots, the ROs may be configured by applying the start
symbol index of 1, 4, 7, or 10. If there is no time gap
between ROs, four ROs may be configured within a RACH
slot in the time domain. The above-described exemplary
embodiment has been described based on a start symbol
index when a time gap is configured also for the first RO. In
addition, the above-described exemplary embodiment may
be applied even when a time gap is configured only in the
remaining ROs except for the first RO (e.g., when the start
symbol index is 0, 3, 6, 9, 12, or 15).

[0170] Alternatively, the RA-RNTI (or MSGB-RNTI)
may be calculated by applying a modulo operation to a
symbol index in consideration of a time gap between ROs.
Consecutive symbol indexes (e.g., 0, 3, 6, 9, 12, 15) in
consideration of the time gap between ROs may be calcu-
lated through ‘A mod B’. Here, A may be a symbol index,
and B may be the number of symbols (e.g., 14) within one
slot. A symbol index resulting from ‘A mod B’ may be
calculated as 0, 3, 6, 9, 12, or 1. When the above-described
values (e.g., result of ‘A mod B’) are used as they are
without an additional procedure, generation of duplicate
RA-RNTI values may be prevented. The symbol indexes of
0,3, 6,9, and 12 may be symbol indexes in the first slot, and
the symbol index of 1 may be a symbol index in the second
slot. In this case, the number of ROs that can be located
within one slot may be limited according to the number of
symbols occupied by the RO. Accordingly, in consideration
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of the number of ROs that can be configured according to an
increase in the symbol index, an appropriate method for
arranging ROs between two slots and a method for setting
symbol indexes may be required.

[0171] For example, when one RO occupies four symbols,
consecutive symbol indexes in consideration of a time gap
between ROs may be 0, 5, 10, 15, 20, and 25. When
consecutive symbol indexes are applied to the same modulo
operation (e.g., ‘A mod B’), symbol indexes resulting from
the modulo operation may be 0, 4, 10, 1, 6, and 11. Since a
symbol #11 is a possible symbol index within an actual slot,
it may be configured as a start position of the RO. Consid-
ering the number (e.g., four) of symbols occupied by one
RO, the RO may not be used substantially because it crosses
a slot boundary. Therefore, a prior rule may be defined so
that the terminal recognizes that the use of the corresponding
RO is impossible. Also, the slot in which the RO cannot be
used may be configured.

[0172] The above-described exemplary embodiments may
be equally or similarly applied to the MSGB-RNTI as well
as the RA-RNTI. In the exemplary embodiment shown in
FIG. 12B, the last two slots in each of the 480 kHz SCS slots
and the 960 kHz SCS slots belonging to the 120 kHz SCS
slot may be allocated. Here, the two slots may be consecu-
tive slots or non-consecutive slots. When two non-consecu-
tive slots are allocated, in order for the base station to
uniformly have a processing time for RACH reception, it
may be preferable that slots (e.g., non-consecutive slots) in
which the ROs are configured are equally spaced within the
reference slot. For example, in the exemplary embodiment
shown in FIG. 12B, slots #4A+1, #4A+3, #4A+5, and
#4A+7 among the 480 kHz SCS slots and slots #8A+3,
#8A+7, #8A+11, and #8A+15 # among the 960 kHz SCS
slots may be non-consecutive slots configured according to
the above-described exemplary embodiments.

[0173] As a frequency band becomes higher and the
number of available SCCs increases, it may be required to
increase the number of SSBs. In the communication system
using beamforming to improve coverage in a high frequency
band, it may be possible to transmit a plurality of SSBs for
a beam sweeping operation to support an overall system
coverage. In order to overcome characteristics of the high
frequency band and an increased path loss as the frequency
band becomes higher, the beamforming operation may be
performed using narrower beams. In this case, a coverage
area per beam may be reduced, and transmission using a
large number of beams may be required to support the
overall system coverage. Accordingly, the maximum num-
ber of transmittable SSBs (e.g., 64) may increase.

[0174] When a plurality of SSBs are transmitted, the
terminal may identify a beam through which a correspond-
ing SSB is transmitted based on an SSB index, and may
perform an initial access operation and/or a beam manage-
ment operation based on the identified beam. For example,
the terminal may transmit a PRACH preamble in an RO
associated with the identified beam (e.g., SSB index), and
may calculate an RA-RNTI or MSGB-RNTI based on the
RO. In the communication system, transmission of up to 8
SSBs in FR1 may be possible, and transmission of up to 64
SSBs in FR2 may be possible. In FR1, up to 8 SSB indexes
may be signaled using a PBCH DMRS sequence. In FR2, up
to 64 SSB indexes may be signaled using a PBCH DMRS
sequence and a PBCH payload. L.SB 3 bits of the SSB index
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may be indicated by a PBCH DMRS sequence, and MSB 3
bits of the SSB index may be indicated by a PBCH payload.
[0175] When the maximum number of transmittable SSBs
increases, methods for signaling the increased number of
SSB indexes may be required. In exemplary embodiment
below, methods for signaling an SSB index when the maxi-
mum number of transmittable SSBs exceeds 64 will be
proposed. An SCS for SSBs in the communication system
may be predefined in advance except for some frequency
bands. Therefore, when performing an initial access proce-
dure in a frequency band, the terminal may perform an SSB
detection operation based on a predefined SCS. The SCS for
RMSI (e.g., SIB1) reception may be changed (e.g., indi-
cated) by a 1-bit indicator of the PBCH payload. For
example, when an SSB is transmitted in a frequency band to
which 30 kHz SCS is applied, an SCS used for RMSI
transmission in the corresponding frequency band may be
changed to (or, indicated as) 15 kHz SCS using the 1-bit
indicator of the PBCH payload. The SCS used for RMSI
transmission may be applied to a PDSCH on which the
RMSI is transmitted and/or a PDCCH (e.g., CORESETO0)
through which DCI scheduling the corresponding PDSCH is
transmitted.

[0176] When an SSB is transmitted in a frequency band of
FR2, to which 120 kHz SCS is applied, the SCS used for
RMSI transmission in the corresponding frequency band
may be changed to (or indicated as) 60 kHz SCS by using
the 1-bit indicator of the PBCH payload. In order to support
the NR system in a frequency band higher than FR2, 120
kHz SCS, 240 kHz SCS, 480 kHz SCS, and 960 kHz SCS
may be used. Therefore, a combination of the SCS for SSB
transmission (hereinafter referred to as ‘SSB SCS’) and the
SCS for RMSI transmission (hereinafter referred to as
‘RMSI SCS’ or ‘CORESETO0 SCS’) may vary. The number
of combinations of the SSB SCS and the RMSI SCS may be
limited, and the indicator for SCS change may be used for
signaling of an SSB index.

[0177] Specifically, the SSB SCS and the RMSI SCS may
always be configured to be the same. However, when a
specific SCS is not supported, the RMSI SCS may be
configured to be smaller than the SSB SCS. One RMSI SCS
may be defined for each SSB SCS, and in this case, the
indicator for SCS change may not be required. Table 7 below
may indicate combinations of the SSB SCS and the RMSI
SCS.

TABLE 7

SSB SCS (kHz) RMSI SCS (kHz)

120 120
240 120
480 480
960 960

[0178] In Table 7, 240 kHz SCS may be used for SSB
transmission, but may not be used for RMSI transmission.
When the SSB SCS is 240 kHz, the RMSI SCS may be
defined as 120 kHz. Alternatively, the SSB SCS and the
RMSI SCS may be identically configured. If only the
combinations of the SSB SCS and the RMSI SCS defined in
Table 7 are available, there will be no need to change the
SCS. Therefore, the 1-bit indicator used for SCS change
(hereinafter, referred to as ‘SCS change indicator’) may be
used to signal an SSB index. In FR2, up to 64 SSB indexes
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may be signaled using 3 bits of the PBCH DMRS sequence
and 3 bits of the PBCH payload. When the SCS change
indicator is used for signaling of an SSB index, 4 bits in the
PBCH payload may be used for signaling of an SSB index.
In this case, a maximum of 128 SSB indexes may be
signaled.

[0179] Transmittable positions may be defined so that a
maximum of [ SSB transmissions are possible within an
SSB burst set in the communication system. [ may be set
differently according to a frequency region (e.g., frequency
band). For example, up to 4 SSB transmissions may be
possible in a band of 0 to 3 GHz in FR1, and up to 8 SSB
transmissions may be possible in a band of 3 GHz or above
in FR1. Up to 64 SSB transmissions may be possible in FR2.
Actual SSBs may be transmitted in all L. positions. Alterna-
tively, the actual SSBs may be transmitted in some of the LL
positions. When data is received at a position where the SSB
can be transmitted, the terminal may determine whether to
perform a rate matching operation on the data according to
whether the SSB is actually transmitted at the position.
Information on the positions where actual SSB transmission
is performed may be signaled to the terminal through RMSI
and UE-specific RRC signaling.

[0180] When the information of the positions where the
actual SSB transmission is performed is transmitted through
RMSI and L is 4 or 8, the position where the actual SSB is
transmitted may be indicated by ‘1’ in a bitmap included in
the RMSI, and a position where the actual SSB is not
transmitted may be indicated by ‘0’ in the bitmap. When L
is 64, information of 64 positions may be expressed in a
compressed form of 16 bits. The terminal may receive the
RMSI from the base station, and may determine whether to
perform a rate matching operation on data based on the
bitmap included in the RMSI (e.g., information indicating
the positions where actual SSB transmission is performed).
When the information indicating the positions where actual
SSB transmission is performed is transmitted through UE-
specific RRC signaling, the corresponding information may
be represented by a full bitmap regardless of L.

[0181] As a high frequency band is used and the number
of SCSs usable in the communication system increases, the
number of transmittable SSBs may need to increase. For
example, transmission of more than 64 SSBs may be
required. If only some SSBs are actually transmitted, an
appropriate signaling operation for the actual SSB transmis-
sions may be required. In an RMSI signaling operation of
the communication system, a 4-bit bitmap or an 8-bit full
bitmap may be signaled according to L in FR1. In FR2, a
bitmap in a compressed form may be signaled in consider-
ation of signaling overhead. In FR2, 64 SSBs may be
divided into 8 groups, and each group may include 8 SSBs.
The actual SSB transmission(s) within one group may be
represented by an 8-bit bitmap. The group(s) including
actual SSB transmissions within the 8 groups may be
represented by an 8-bit bitmap. In this case, 16 bits may be
used for a signaling operation for actual SSB transmissions,
and SSB transmission patterns in all groups may be config-
ured identically.

[0182] FIG. 13 is a conceptual diagram illustrating a first
exemplary embodiment of a signaling method of actual SSB
transmissions.

[0183] Referring to FIG. 13, the RMSI (e.g., ssb-Posi-
tionsInBurst included in the RMSI) may indicate positions
of actual SSB transmissions in FR2. ssb-PositionsInBurst
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may include inOneGroup and groupPresence. The size of
each of inOneGroup and groupPresence may be 8 bits. For
example, each of inOneGroup and groupPresence may be an
8-bit bitmap. inOneGroup may inform whether actual SSB
(s) are transmitted in each group. That is, inOneGroup may
indicate an SSB transmission pattern in each group. group-
Presence may inform group(s) in which actual SSB(s) are
transmitted among the groups.

[0184] An SSB transmission pattern in group(s) corre-
sponding to bit(s) set to 1 in groupPresence may be indicated
by inOneGroup. The group(s) corresponding to bit(s) set to
1 in groupPresence may have the same SSB transmission
pattern. According to the method described above, the
transmittable positions of the 64 SSBs may be signaled by
16 bits. In this case, signaling overhead may be reduced, but
the positions signaled by 16 bits may be different from the
positions of actual SSB transmissions. For example, when
different SSB transmission patterns are used in the first
group and the third group shown in FIG. 13, the positions of
the actual SSB transmissions may not be indicated according
to the above-described method. In order to solve this prob-
lem, a 64-bit bitmap indicating the positions of the actual
SSB transmissions may be additionally transmitted through
UE-specific RRC signaling.

[0185] When transmission of more than 64 SSBs in a high
frequency band is required, a new signaling method to
support this may be required. In exemplary embodiments
below, signaling methods for the actually transmitted SSBs
among L. (>64) SSBs will be proposed. In order to signal the
actual transmission positions of a large number of SSBs, a
method of extending the existing compression scheme may
be used. While the number of SSBs in a group is fixed, the
number of groups may be increased. Alternatively, the
number of SSBs in a group may increase while the number
of groups is fixed. For example, when there are a maximum
of 128 SSB transmittable positions (e.g., when L. is 128), the
number of SSBs in a group may be fixed to 8, and the
number of groups may be increased to 16. Alternatively, the
number of SSBs in a group may be increased to 16, and the
number of groups may be fixed to 8. In order to support the
two methods described above, 24 bits may be needed.
[0186] The base station may set the number of SSBs in a
group and/or the number of groups differently according to
circumstances. This operation and/or the above-described
setting may be signaled using a separate indicator. When the
above-described method is used, as the maximum number of
transmittable SSBs increases, the number of bits used to
indicate actual SSB transmissions may increase. Accord-
ingly, since the size of the RMSI payload increases, the
above-described method may not be advantageous in terms
of forward compatibility of the system.

[0187] Alternatively, the number (e.g., 16) of bits used to
indicate actual SSB transmissions in FR2 may be fixed, and
the above-described 16 bits may be applied in a cyclic wrap
around manner. The entire 16-bit sequence may be cyclically
applied to L. (>64) SSB transmittable positions. 16 bits may
not be divided into inOneGroup having a size of 8 bits
(hereinafter, referred to as ‘8-bit inOneGroup’) and group-
Presence having a size of 8 bits (hereinafter referred to as
‘8-bit groupPresence’), and 16 bits may be sequentially
applied to 16 SSB transmittable positions. Thereafter, the
same information (e.g., 16 bits) may be cyclically mapped.
In this case, 16 bits may be applied to all L. (>64) SSB
transmittable positions. For example, when there are a
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maximum of 128 SSB transmittable positions and the 16-bit
sequence is ‘1100110011001100’, the 16-bit sequence may
be cyclically applied eight times. Since the 16-bit sequence
is cyclically applied, the 17th SSB transmittable position
may be the same as the first SSB transmittable position.
According to the above-described method, signaling for
more than 64 SSB transmittable positions may be possible
without an increase in signaling overhead. Regardless of the
increase in L., SSB transmittable positions may be signaled
by the above-described method.

[0188] Alternatively, 16 bits may be divided into an 8-bit
inOneGroup and an 8-bit groupPresence, and each of the
8-bit inOneGroup and 8-bit groupPresence may be cycli-
cally applied. For example, when L is 128, the number of
groups is fixed to 8, and the number of SSBs in a group
increases to 16, the 8-bit inOneGroup may be cyclically
applied to more than 8 SSB transmittable positions within a
group. This operation may be referred to as ‘Method 1°.
When L is 128, the number of groups increases to 16, and
the number of SSBs in a group is fixed to 8, the 8-bit
groupPresence may be cyclically applied to more than 8
groups. This method may be referred to as ‘Method 2°. The
base station may configure (e.g., signal) the use of Method
1 or Method 2 to the terminal. Alternatively, “Method 1 is
used” or “Method 2 is used” may be preconfigured. The
terminal may identify the actual SSB transmission positions
based on Method 1 or Method 2.

[0189] Alternatively, the base station may signal a start
position of the actual SSB transmissions and/or the number
of consecutive actual SSB transmissions to the terminal. In
order to transmit SSBs through a plurality of beams, a beam
sweeping operation may be required. In a period in which
the beam sweeping operation is performed, a transmission
beam of the base station may be changed. In this case,
continuous data transmission and/or efficient data transmis-
sion may be difficult. Therefore, it may be preferable to
configure a short period in which the beam sweeping opera-
tion is performed. After the actual SSB transmission starts,
it may be preferable for the base station to continuously
transmit the SSBs using a plurality of beams. In consider-
ation of the above operation, the base station may signal the
start position of the actual SSB transmissions and/or the
number of consecutive actual SSB transmissions to the
terminal.

[0190] The existing bits (e.g., 16 bits) may be used for the
above-described signaling operation. When L exceeds 64,
the number of bits for signaling the number of consecutive
actual SSB transmissions may be calculated, and the remain-
ing bits may be used to signal the start position of the actual
SSB transmissions. For example, when L is 128, the number
of consecutive actual SSB transmissions may be signaled by
7 bits, and the remaining 9 bits among 16 bits may be used
to signal the start position of the actual SSB transmissions.
Since only 7 bits are needed to indicate all candidate start
positions, some bits may not be used. Even when L is set to
a large value, the start position of the actual SSB transmis-
sions and the number of consecutive actual SSB transmis-
sions may be indicated using 16 bits.

[0191] FIG. 14 is a conceptual diagram illustrating a
second exemplary embodiment of a signaling method of
actual SSB transmissions.

[0192] Referring to FIG. 14, the base station may transmit
an RMSI (e.g., SIB1) indicating the positions of actual SSB
transmissions. When L is 128, only 20 SSB transmittable
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positions are shown in FIG. 14 for convenience. Among the
16 bits, 7 bits may indicate the start position of the actual
SSB transmissions, 7 bits may indicate the number of
consecutive actual SSB transmissions, and 2 bits may be
configured as reserved bits. The actual SSB transmissions
may start at an SSB transmittable position #4 (e.g., SSB
candidate position #4), and 6 consecutive SSBs may be
transmitted. In this case, a 16-bit sequence including a
combination of ‘0000100’ indicating the SSB transmittable
position #4 and ‘0000110’ indicating the number of con-
secutive actual SSB transmissions (i.e., 6) and two reserved
bits may be transmitted.

[0193] The terminal may receive the 16-bit sequence from
the base station. The 16-bit sequence may be included in the
RMSI. The terminal may identify that the actual SSBs are
transmitted in the SSB transmittable positions #4 to #9 based
on the 16-bit sequence, and may determine whether to
perform a rate matching operation on received data accord-
ing to the identified positions of the actual SSB transmis-
sions.

[0194] In the communication system, a maximum of two
SSBs may be transmitted within one slot. The SSB and the
RMSI may be transmitted together in the same slot. Alter-
natively, it may be configured to transmit only one SSB in
each slot. Even in this case, it may be efficient to continu-
ously transmit SSBs. When the SSBs are continuously
transmitted, the base station may perform a separate signal-
ing operation to inform the terminal of the number (e.g., one
or two) of SSBs transmitted in each slot. In this case, even
when the number of consecutive actual SSB transmissions is
the same, the actual SSB transmission positions may vary
according to the number of SSBs transmitted in one slot.
Therefore, a 1-bit indicator (hereinafter, referred to as ‘SSB
number indicator’) indicating the number (e.g., one or two)
of SSBs transmitted in each slot may be used.

[0195] FIG. 15 is a conceptual diagram illustrating a third
exemplary embodiment of a signaling method of actual SSB
transmissions.

[0196] Referring to FIG. 15, the base station may transmit
an RMSI (e.g., SIB1) indicating the position of actual SSB
transmissions. The RMSI may include information on a
combination of a start position of the actual SSB transmis-
sions and the number of consecutive actual SSB transmis-
sions. In addition, the base station may transmit to the
terminal an SSB number indicator indicating that one SSB
is transmitted in each slot. The start position of the actual
SSB transmissions may be the SSB transmittable position
#4, and the number of consecutive actual SSB transmissions
may be 6. It may be configured to transmit one SSB in one
slot.

[0197] When the SSB number indicator indicates that one
SSB is transmitted in one slot, the terminal may determine
that the actual SSBs are transmitted not in the SSB trans-
mittable positions #4 to #9, but in the SSB transmittable
positions #4, #6, #8, #10, #12, and #14. The terminal may
identify the position(s) in which the actual SSB(s) are
transmitted based on information on the start position of the
actual SSB transmissions, the number of consecutive actual
SSB transmissions, and the SSB number indicator, and
based on the identified information, may determine whether
to perform a rate matching operation.

[0198] Alternatively, the start position of actual SSB trans-
missions may always be configured to a specific position
among SSB transmittable positions. That is, the start posi-
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tion of actual SSB transmissions may be fixed to a specific
position. Alternatively, the start position of actual SSB
transmissions may be limited to some SSB transmittable
positions. According to the above method, the signaling
overhead for the start position of actual SSB transmissions
may be reduced. For example, the start position of actual
SSB transmissions may configured to the first SSB trans-
mittable position (e.g., SSB transmittable position #0 in FI1G.
14 or 15) or the even-numbered SSB transmittable position
(e.g., SSB transmittable positions #0, #2, #4, #6, etc. in FIG.
14 or 15). In this case, the number of bits required for
signaling of the start position of actual SSB transmissions
may be reduced.

[0199] The above-described methods may be applied not
only when L>64 but also when L=64. When N ;9 (=64)
indicating a QCL relation between SSB candidate positions
in an unlicensed band is configured, the number of SSBs
transmittable through different beams may be limited to
N2 Nz 2" may indicate the number of SSBs having
a QCL relation. In the method of signaling whether 64 SSBs
are transmitted using a 16-bit sequence, information accord-
ing to the 16-bit sequence may be sequentially applied by
N 52F from the front, and subsequent information may be
ignored. When the number of transmittable actual SSBs is
less than 64, a method of signaling whether the actual SSBs
are transmitted may be applied differently according to
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[0200] Specifically, when N 9" is 16, the number of
SSBs transmittable through different beams may be 16, and
the actual number of bits capable of being signaled through
the RMSI may be 16. In this case, the base station may signal
information indicating whether to actually transmit SSBs by
using the full bitmap. When N9 is 32, the number of
SSBs transmittable through different beams may be 32, and
the actual number of bits capable of being signaled through
the RMSI may be 16. The 16-bit sequence included in the
RMSI may include {4-bit inOneGroup, 12-bit groupPres-
ence} or {12-bit inOneGroup, 4-bit groupPresence}. Alter-
natively, one slot including two SSBs may be indicated by
one bit. When one slot includes two SSBs, the 16-bit
sequence may signal information on whether the actual
SSB(s) are transmitted in 16 slots. In this case, signaling
flexibility may be improved. When N9 is 64, the
existing signaling method may be used. Alternatively, when
N z2F is 64, similarly to the case where N, C<* is 32,
two slots including 4 SSBs may be indicated by 1 bit, and
the 16-bit sequence may signal information on whether the
actual SSB(s) are transmitted in 32 slots.

[0201] When signaling of information on whether or not
the actual SSB is transmitted is performed through the
RMSIL it may be difficult to transmit accurate information
due to a limitation in the number of bits. The position
indicated by the signaling may be different from the position
where the actual SSB is transmitted. In order to compensate
for this problem, in the communication system, the base
station may inform once more the transmission position of
the actual SSB through UE-specific RRC signaling regard-
less of L. In this case, the actual SSB transmission position
may be indicated by the full bitmap.

[0202] In the initial access procedure, the terminal may
need to know a band type (e.g., licensed band or unlicensed
band), an LBT usage state (e.g., LBT use or LBT non-use)
in the unlicensed band, and/or a discovery burst transmis-
sion window (DBTW) usage state (e.g. DBTW enabled or
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DBTW disabled). The licensed band and/or the unlicensed
band may be preconfigured. The licensed band and/or unli-
censed band may vary according to countries and regions.
The initial access procedure may be applied differently
depending on operations in the licensed band or unlicensed
band. In the unlicensed band, the LBT usage state may be
determined according to national and regional regulations,
and a DCI size for system information reception may vary
according to the LBT usage state in the initial access
procedure. The DBTW usage state considering an LBT
failure may be applied differently depending on a system
operation and environment. When operating not in the initial
access step, the terminal may receive the above-described
information (e.g., LBT usage state and/or DBTW usage
state) through system information and/or UE-specific RRC
signaling from the base station, and may perform an initial
access procedure based on the received information. Since
the above-mentioned information cannot be obtained before
the initial access procedure, the terminal may obtain the
above-mentioned information in the initial access procedure.
The above-mentioned information may be obtained through
a PBCH payload in the initial access procedure. In this case,
the terminal may obtain the above-mentioned information
most quickly in the initial access procedure.

[0203] Therefore, the band type, the LBT usage state in the
unlicensed band, and/or the DBTW usage state in the
unlicensed band may be jointly coded with N2 indi-
cating a QCL relation between SSB candidate positions. In
order to provide many SSB transmission opportunities in
consideration of an LBT failure in the unlicensed band, a
DBTW may be introduced, and the base station may use 2
bits of the PBCH payload to signal N2 indicating the
QCL relation between SSB candidate positions within the
DBTW. The joint coding operation for N €% and the
additional information may be performed using 3 bits or 4 or
more bits of the PBCH payload.

TABLE 8

Beam Beam Beam
#2 #1 #0 State

(licensed band) + DBTW disabled
(unlicensed band with LBT off state) +
DBTW disabled

(unlicensed band with LBT on state) +
DBTW enabled & Ngg2F = 8
(unlicensed band with LBT on state) +
DBTW enabled & Ngg,¢F = 16
(unlicensed band with LBT on state) +
DBTW enabled & Ngg@F = 32
(unlicensed band with LBT on state) +
DBTW enabled & Ngg,@F = 64
(unlicensed band with LBT on state) +
DBTW disabled

reserved

[0204] In Table 8, Ny;2“" may be jointly coded with
information on the usage state of the unlicensed band,
information on the LBT usage state, and/or information on
the DBTW usage state. In Table 8, some states may be
expressed as one. For example, in Table 8, ‘000’ may
indicate ‘operation in an licensed band’ and ‘operation in an
unlicensed band in which DBTW is disabled’, and ‘001”
may indicate ‘operation in an unlicensed band in which LBT
and DBTW are not used’. The operation according to <000’
may be substantially identical to the operation according to
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‘001°. Accordingly, the state according to ‘000” and the state
according to ‘001’ may be expressed as one state.

[0205] In Table 8, ‘101’ may indicate ‘operation in an
unlicensed band in which LBT and DBTW are used” and
Nz2F set to 64 (e.g., maximum value), and ‘110> may
indicate ‘operation in an unlicensed band in which the LBT
is used and DBTW is disabled’. The operation according to
‘101’ may be substantially identical to the operation accord-
ing to ‘110°. Accordingly, the state according to ‘101° and
the state according to ‘110” may be expressed as one state.
In this case, the number of necessary states may decrease,
and the number of reserved states used for other purposes
may increase. The above-described information may be
expressed by reinterpreting the existing bits of the PBCH
payload. In this case, it may be preferable to utilize unused
bits among the existing bits. At least one bit among the
fourth LSB of the SFN, dmrs-TypeA-Position, LSB(s) of
ssb-SubcarrierOffset, or subCarrierSpacingCommon may be
used to express the above-described information.

[0206] The base station and/or the terminal may determine
the QCL relation between the SSB candidate positions based
on [SSB candidate index mod Q]. Q may be N2, The
QCL relation between SSB candidate positions in the NR-U
system may be indicated by N,€“F within a DBTW. When
the SSBs have the same (N, »s 2<% mod Ng;2), the
base station and/or the terminal may determine that the
corresponding SSBs have the QCL relation. Ny, s ><F
may be a PBCH DMRS index (e.g., PBCH DMRS
sequence) in the SSB. Since the maximum number of SSBs
in the NR-U system operating in FR1 is 8, signaling of the
SSB index may be possible only through the PBCH DMRS
index. In addition, since the maximum value of Ng 2<% is
8, the QCL relation between SSBs may be signaled through
the above-described equation.

[0207] However, when an unlicensed band system (e.g.,
NR-U system) operates in a frequency band of 52.6 GHz or
above, the SSB index may be signaled by a combination of
the PBCH DMRS index and the PBCH payload. In this case,
it may be impossible to signal the QCL relation between
SSBs through the existing equation. When the number of
transmittable SSBs in a frequency band of 52.6 GHz or
above is increased, methods of signaling the QCL relation
using the SSB candidate index instead of the PBCH DMRS
index may be used. Specifically, when the SSBs have the
same (t mod Ngz2%), the base station and/or the terminal
may determine that the corresponding SSBs have a QCL
relation. v may be an SSB candidate index.

[0208] For example, the terminal may receive the SSB
from the base station, and may identify SSB(s) having a
QCL relation with the received SSB. The SSB(s) having the
QCL relation may be determined based on the above-
described method (e.g., Ny, s’ 2<% mod Ng;€H). The
terminal may identify an RO associated with the SSB(s)
having the QCL relation, and may transmit a PRACH
preamble to the base station in the identified RO. The
terminal may calculate an RA-RNTI or MSGB-RNTTI based
on the RO (e.g., time and frequency resource index of the
RO) in which the PRACH preamble is transmitted. In
addition, the base station may calculate the RA-RNTI or
MSGB-RNTI based on the RO (e.g., time and frequency
resource index of the RO) in which the PRACH preamble is
received. Each of the RA-RNTI and MSGB-RNTI may be
calculated based on the above-described equation. The base
station and the terminal may perform a ‘transmission/recep-
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tion operation of a Msg2 based on the RA-RNTI” or a
‘transmission/reception operation of a Msg-B based on the
MSGB-RNTI".

[0209] The base station and/or the terminal may determine
an SSB index between SSB candidate indexes based on
[SSB candidate index mod Q]. Q may be Ngz€~. In the
NR-U system, the SSB index may be determined based on
the PBCH DMRS index or the SSB candidate index. Since
the maximum number of SSBs in the NR-U system oper-
ating in FR1 is 8, the SSB index determined based on the
PBCH DMRS index may be the same as the SSB index
determined based on the SSB candidate index. However,
since the maximum number of SSBs is 64 in a frequency
band of 52.6 GHz or above, an accurate SSB index may not
be calculated based on the PBCH DMRS index. Therefore,
it may be preferable that the calculation of the SSB index in
a frequency band of 52.6 GHz or above is performed using
only the SSB candidate index. A method of determining the
SSB index may vary according to a frequency band.
[0210] The base station and/or the terminal may determine
the SSB index based on the PBCH DMRS index or the SSB
candidate index in FR1, and in a frequency band of 52.6
GHz or above (e.g., a frequency band in which the maxi-
mum number of transmittable SSBs exceeds 8), may deter-
mine the SSB index using only the SSB candidate index.
That is, a method of determining an SSB index in a first
frequency band (e.g., FR1) may be different from a method
of determining an SSB index in a second frequency band
(e.g., frequency band of 52.6 GHz or above, FR2-2).
[0211] Specifically, in a frequency band in which the
maximum number of transmittable SSBs is 8 or less, the
base station and/or the terminal may determine a result of
(Nparrs 27 mod N ,€F) or (L mod N ,2F) as the SSB
index. In a frequency band in which the maximum number
of transmittable SSBs exceeds 8, the base station and/or the
terminal may determine a result of (t mod N;2<%) as the
SSB index.

[0212] For example, the terminal may receive an SSB
from the base station, and may determine an index of the
received SSB. The SSB index may be determined based on
the above-described methods. The terminal may determine
the SSB index based on (N, 27 2 mod Ng;2F) or (L
mod N, €%) in a first frequency band, and may determine
the SSB index based on (1 mod Ng;z“*) in a second
frequency hand higher the first frequency band. The terminal
may identity an RO associated with the SSB index, and may
transmit a PRACH preamble to the base station in the
identified RO. The terminal may calculate an RA-RNTI or
MSGB-RNTI based on the RO (e.g., time and frequency
resource index of the RO) in which the PRACH preamble is
transmitted. In addition, the base station may calculate the
RA-RNTI or MSGB-RNTI based on the RO (e.g., time and
frequency resource index of the RO) in which the PRACH
preamble is received. Each of the RA-RNTI and MSGB-
RNTI may be calculated based on the above-described
equation. The base station and the terminal may perform a
‘transmission/reception operation of a Msg2 based on the
RA-RNTI” or a ‘transmission/reception operation of a
Msg-B based on the MSGB-RNTT".

[0213] Inthe RMSI CORESET mapping pattern #1 shown
in FIG. 9, the terminal may monitor a Type0 PDCCH in two
consecutive slots, and slots for monitoring the TypeO
PDCCH may be configured according to the SSB index. In
the NR-U system, the base station and/or the terminal may
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perform an LBT operation before transmission, and may
perform the transmission when the LBT operation is suc-
cessful. In this case, a transmission latency may occur. When
the LBT operation is performed for each of SSB transmis-
sion and Type0 PDCCH transmission in the NR-U system,
a latency may occur in the initial access procedure due to a
failure of the LBT operation. In order to reduce the latency
in the initial access procedure, the SSB and the TypeO
PDCCH may be configured to be transmitted in one slot, and
the SSB and the Type0O PDCCH located in one slot may be
multiplexed in the frequency domain. In order to support this
operation, the SSB and the Type0 PDCCH may be config-
ured to be located in the same slot. Here, the position of the
TypeO PDCCH may be determined by the SSB index.

[0214] Inthe NR-U system supporting 15 kHz SCS and/or
30 kHz SCS, SSBs may be continuously transmitted as in
the exemplary embodiment shown in FIG. 8. Therefore,
even when the position of the TypeO PDCCH is determined
by the SSB index, the SSB and the TypeO0 PDCCH may be
transmitted in the same slot. However, when the SSBs are
transmitted in radio resources to which a large SCS is
applied, the SSB indexes continuously increase in the time
domain, but a time gap may exist between the slots in which
the actual SSBs are transmitted, and a discontinuous period
due to the time gap may exist. When calculating the position
of the TypeO PDCCH (e.g., the position of the slot to which
the TypeO PDCCH belongs) based on the SSB index, some
TypeO PDCCHs may not be located in the same slot as the
SSB due to a discontinuous period. In this case, system
efficiency may be reduced, and the initial access procedure
may be delayed. In consideration of the above-described
situation, the methods of configuring the position of the
TypeO PDCCH may be required.

[0215] A frequency band of 52.6 GHz or above may
support 480 kHz SCS and/or 960 kHz SCS. A time gap for
UL transmission may be configured after transmission of
consecutive SSBs. The number of slots to which the con-
secutive SSBs belong may be referred to as M,,,,, and the
number of slots for the time gap may be referred to as N, ..
In consideration of the above situation, methods for config-
uring the position of the TypeO PDCCH (e.g. TypeO PDCCH
slot) may be required. The TypeO PDCCH slot may mean a
slot to which the Type0 PDCCH belongs. The base station
and/or the terminal may calculate a start position n, of the
TypeO PDCCH slot based on Equation 13 below.

n=(0-2"+|i-M|)mod N, /Fomet [Equation 13]
[0216] In Equation 13, p may indicate an SCS. p set to 5
may indicate 480 kHz SCS, and p set to 6 may indicate 960
kHz SCS. i may be an SSB index. O and M may be
configurable parameters for calculating the position of the
TypeO PDCCH slot. O may indicate an offset between the
SSB and the TypeO PDCCH slot. M may be used to
determine whether to overlap between slots when the TypeO
PDCCH monitoring is performed in two consecutive slots.

[0217] N_, /7" may indicate the number of SCS slots
corresponding to | within a radio frame. When the position
of the TypeO PDCCH slot is determined based on Equation
13, the above-described problems may occur. In order to
solve these problems, the base station and/or the terminal
may determine the start position n,, of the TypeO0 PDCCH

slot using Equation 14 below.

no=(O-2+|i-M|+|G-M)IM,,,,|'N,,,)mod N 7¥me#  [Equation 14]
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[0218] In Equation 14, M, , may indicate the number of
consecutive slots to which the SSB belongs, and N, , may
indicate the number of slots for the time gap between
consecutive slots. When the start position of the TypeO
PDCCH slot is calculated by Equation 14, the SSB and the
TypeO PDCCH may be configured to be transmitted in the
same slot regardless of the time gap. In the same manner as
for SSB transmission, a time gap for securing a UL trans-
mission period between TypeO PDCCH slots may be con-
figured.

[0219] FIG. 16Ais a conceptual diagram illustrating a first
exemplary embodiment of a TypeO PDCCH SS configura-
tion, and FIG. 16B is a conceptual diagram illustrating a
second exemplary embodiment of a Type0 PDCCH SS
configuration.

[0220] The TypeO PDCCH SS shown in FIG. 16 A may be
configured based on Equation 13. The TypeO PDCCH SS
may mean a search space for the Type0 PDCCH. The TypeO
PDCCH SS may be located in the TypeO PDCCH slot. N,
time gaps may be configured after SSB transmission in
consecutive M_,,, slots. In this case, a TypeO PDCCH SS
associated with an SSB #16 may be configured in a slot
different from that of the SSB #16.

[0221] The TypeO PDCCH SS shown in FIG. 16B may be
configured based on Equation 14. In this case, regardless of
the time gap, the SSB and the Type0 PDCCH SS may be
configured in the same slot. When Equation 14 is used, N;_,
time gaps may be configured after consecutive M, slots. In
N, time gaps, SSB transmission may not be performed,

and a TypeO PDCCH SS may not be configured.

[0222] The exemplary embodiments of the present disclo-
sure may be implemented as program instructions execut-
able by a variety of computers and recorded on a computer
readable medium. The computer readable medium may
include a program instruction, a data file, a data structure, or
a combination thereof. The program instructions recorded
on the computer readable medium may be designed and
configured specifically for the present disclosure or can be
publicly known and available to those who are skilled in the
field of computer software.

[0223] Examples of the computer readable medium may
include a hardware device such as ROM, RAM, and flash
memory, which are specifically configured to store and
execute the program instructions. Examples of the program
instructions include machine codes made by, for example, a
compiler, as well as high-level language codes executable by
a computer, using an interpreter. The above exemplary
hardware device can be configured to operate as at least one
software module in order to perform the embodiments of the
present disclosure, and vice versa.

[0224] While the embodiments of the present disclosure
and their advantages have been described in detail, it should
be understood that various changes, substitutions and altera-
tions may be made herein without departing from the scope
of the present disclosure.

What is claimed is:

1. An operation method of a terminal in a communication
system, the operation method comprising:
receiving, from a base station, a first synchronization
signal block (SSB);

determining a random access channel (RACH) occasion
(RO) associated with the first SSB;
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transmitting, to the base station, a physical random access
channel (PRACH) preamble in the RO within a first
radio resource to which a first subcarrier spacing (SCS)
is applied;

determining a slot to which the RO belongs based on a

reference radio resource to which a reference SCS is
applied instead of the first SCS;

determining a radio network temporary identifier (RNTI)

for a random access (RA) procedure based on a slot
index for the slot; and

performing a reception operation of a response for the

PRACH preamble by using the RNTI in the first radio
resource.

2. The operation method according to claim 1, wherein the
first SCS is a 480 kHz SCS or a 960 kHz SCS, the reference
SCS is a 120 kHz SCS, and the RNTI is a random access
(RA)-RNTT or an MSGB-RNTL

3. The operation method according to claim 1, wherein
one first-type slot in the reference radio resource includes n
second-type slots in the first radio resource, the RO is
located in one or more second-type slots among the n
second-type slots, the slot index used to determine the RNTI
is a slot index of the one first-type slot instead of the one or
more second-type slots, and n is a natural number equal to
or greater than 2.

4. The operation method according to claim 3, wherein a
start slot of the RO is limited to a specific second-type slot
among the n second-type slots.

5. The operation method according to claim 3, wherein the
one or more second-type slots are located last among the n
second-type slots.

6. An operation method of a base station in a communi-
cation system, the operation method comprising:

transmitting a first synchronization signal block (SSB);

receiving, from a terminal, a physical random access
channel (PRACH) preamble in a random access chan-
nel (RACH) occasion (RO) associated with the first
SSB in a first radio resource to which a first subcarrier
spacing (SCS) is applied;

determining a slot to which the RO belongs based on a

reference radio resource to which a reference SCS is
applied instead of the first SCS;

determining a radio network temporary identifier (RNTI)

for a random access (RA) procedure based on a slot
index for the slot; and

performing a transmission operation of a response for the

PRACH preamble by using the RNTI in the first radio
resource.

7. The operation method according to claim 6, wherein the
first SCS is a 480 kHz SCS or a 960 kHz SCS, the reference
SCS is a 120 kHz SCS, and the RNTI is a random access
(RA)-RNTT or an MSGB-RNTL

8. The operation method according to claim 6, wherein
one first-type slot in the reference radio resource includes n
second-type slots in the first radio resource, the RO is
located in one or more second-type slots among the n
second-type slots, the slot index used to determine the RNTI
is a slot index of the one first-type slot instead of the one or
more second-type slots, and n is a natural number equal to
or greater than 2.

9. The operation method according to claim 8, wherein a
start slot of the RO is limited to a specific second-type slot
among the n second-type slots.
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10. The operation method according to claim 8, wherein
the one or more second-type slots are located last among the
n second-type slots.

11. A terminal in a communication system, the terminal
comprising:

a processor;

a memory electronically communicating with the proces-

sor; and

instructions stored in the memory,

wherein when executed by the processor, the instructions

cause the terminal to:

receive, from a base station, a first synchronization signal

block (SSB);

determine an SSB index associated with the first SSB

based on a different scheme according to a frequency
band in which the base station operates;

determine a random access channel (RACH) occasion
(RO) associated with the SSB index; and
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transmit a physical random access channel (PRACH)

preamble to the base station in the RO.

12. The terminal according to claim 11, wherein when the
base station operates in a first frequency band, the SSB index
is determined based on a first equation or a second equation,
and when the base station operates in a second frequency
band higher than the first frequency band, the SSB index is
determined based on the second equation.

13. The terminal according to claim 12, wherein the first
equation is [an index of a physical broadcast channel
(PBCH) demodulation reference signal (DMRS) mod
N2 the second equation is [an SSB candidate index
mod Ngz2“*], the PBCH DMRS is included in the first
SSB, the SSB candidate index is associated with the first
SSB, and N2 indicates a number of SSBs having a
quasi-co-located (QCL) relation.

14. The terminal according to claim 11, wherein the SSB
index associated with the first SSB is an SSB index for a
second SSB having a QCL relation with the first SSB.

#* #* #* #* #*



