US 20240215040A1

a9y United States

12y Patent Application Publication o) Pub. No.: US 2024/0215040 A1

PARK et al. 43) Pub. Date: Jun. 27, 2024
(54) METHOD AND APPARATUS FOR (52) US. CL
CONFIGURING DEFAULT BEAM IN CPC ... HO4W 72/23 (2023.01); HO4W 72/0453
WIRELESS COMMUNICATION SYSTEMS (2013.01); HO4W 72/1273 (2013.01)
(71) Applicant: Samsung Electronics Co., Ltd., (57) . ABSTRACT ..
Suwon-si (KR) The disclosure relates to a communication method and
system for converging a Sth-Generation (5G) communica-
T > . tion system for supporting higher data rates beyond a
(72)  Inventors: ‘{};l;l};,l;zI};AIlzgj[Sggsgilsia?ﬁf){). 4th-Generati0n 4G) system with a technolpgy fqr Intf:rnet
Hoondong NOH, Suwon-si (KR)', of Thmgs (IoT). The disclosure may b.e applied to intelligent
; . g services based on the 5G communication technology and the
Youngro.k JANG, Suwpn-51 (KR): IoT-related technology, such as smart home, smart building,
Hyoungju JI, Suwon-si (KR) smart city, smart car, connected car, health care, digital
education, smart retail, security and safety services. A
(21) Appl. No.: 18/587,154 method of a terminal in a wireless communication system is
provided. The method includes receiving, from a first cell of
Tad- a base station, cross carrier scheduling configuration includ-
(22)  Filed: Feb. 26, 2024 ing information indicating that a carri%:r indiégator field (CIF)
L. is included in downlink control information (DCI); receiv-
Related U.S. Application Data ing, from the first cell of the base station, the DCI for
(63) Continuation of application No. 17/171,298, filed on scheduling a physical downlink shared channel (PDSCH),
Feb. 9, 2021, now Pat. No. 11,924,842. the DCI including the CIF; if the CIF indicates that a
resource assignment of the PDSCH is for the first cell,
(30) Foreign Application Priority Data identifying whether a first offset value between a reception
of the DCI and the PDSCH is less than a threshold; and in
Feb. 13,2020 (KR) .coocvvevercrcncnne 10-2020-0017923 case that the first offset value is less than the threshold and
the terminal supports default beam selection for the PDSCH,
Publication Classification receiving, from the first cell of the base station, data on the
PDSCH based on quasi co-located (QCL) parameters for a
(51) Int. CL control resource set (CORESET) associated with a search
HO04W 72/23 (2006.01) space with a lowest CORESET identifier (ID) within an
HO04W 72/0453 (2006.01) active bandwidth part (BWP) of the first cell in a latest slot
HO4W 72/1273 (2006.01) monitored by the terminal.

One subframe (1-10)

/

/
/
/

7N Spane. OEOM symbols

{1 FDM symbols (1-02)

aiﬂef
-]

KNRRENE -1

1 subg:
(10

Resource element (k, 1)

1-01

N N subcarriers

Resource block N X subcarriers [1-04)

Frequency

—y
"
=

Time



Patent Application Publication

Frequency

]

/
/

-
.

N

Jun. 27,2024 Sheet 1 of 17

FIG.

Onegubframe (1-10)

Soame. OFDM symbols

.

T 0FDM symbols (1-02)

subcarriers

RB
sC

NggNE

Resource block N B subcarriers (1-04)

1 subca:;lrier
(1-0

oo
-

—
. }

/

k=0

Time

T=14-2"1

US 2024/0215040 A1

_A7max,u arRB _
k_NRB,x ]\sc 1

Resource element (k, 1)
(1-01)



Patent Application Publication  Jun. 27,2024 Sheet 2 of 17 US 2024/0215040 A1

AT 71
o™
e
=7
©
o
©
1=}
s
[ ]
=t
=
o
o
w©
o
o
—
-
N Lo
®© | — e
. =]
o | S
O s |d
— N
— — |7 (=)
= =t
(o=
™~
o
<
Te}
o~
=t
o
-—
oy
b}
E — —
S = o~
51T |=|ET
= |y L] — D
723
v~y LV &
o=t — 0
T R
Ty Ty



Patent Application Publication  Jun. 27,2024 Sheet 3 of 17 US 2024/0215040 A1

FIG. 3

Y

-

UE bandwidth Frequency
(3-00)

A

Y



Patent Application Publication  Jun. 27,2024 Sheet 4 of 17 US 2024/0215040 A1

FIG. 4

Duration
(4-04)
J

| C

»
>

Frequency
resources [4-03)

UE bandwidth part (4-10)

v

Frequency ) Slot [4-20]
351 control resource set#1 (4-01)

Time control resource set#2 (4-02)

\4




Patent Application Publication

1 PRB (502)

1 symbol
(601)

REG
(603)

Jun. 27,2024 Sheet 5 of 17

US 2024/0215040 A1

FIG. b
DMRS
(5051
/
/
/
/
/
/
/
/ CCE
/ > 500)
/
/
/
/
/
/
/
/
/
/
/
/
/
/




US 2024/0215040 A1

Jun. 27,2024 Sheet 6 of 17

Patent Application Publication

{1 a0A1 vy Jo} peojded ‘0 adA} yY 10} peojfed}xey

uonealpul
901 wH Joj 1ig |

\l\

Ge-9

\l\

0€-9

LABU31

gHA Bunels

\\l\

GZ-9

\\l\

0¢-9

dewnig

\\l\

GI-9

9 DId

(01-91
| B 0 90A) Y Liog

(G0-9)
| 9041 v

[00-9)
0 3df) vy



Patent Application Publication  Jun. 27,2024 Sheet 7 of 17 US 2024/0215040 A1

FIG. 7

(7-00) - L (7-00]

i
Y

OFDM symbol

— |

Y

Slot

2 HrpscH



US 2024/0215040 A1

Jun. 27,2024 Sheet 8 of 17

Patent Application Publication

0 ;v,;EQN ) mBEQN )
A +— stz & " ”_.O_m — HIS0d7y G "
|
HoS0d !
~__ [ +U)08
_
Oy +U10|8
Hosad
[ +U)08 U 10[g

8 DId

1018

HOOdd 7y

HOOd 7y

HOOd 7y

HOOAd 7y

(G0-8)

(00-8)



Patent Application Publication  Jun. 27,2024 Sheet 9 of 17 US 2024/0215040 A1

FIG. 9

RRC configured TCI states per CORESET

9-00 TCI #0 TCl #1 TCI #2 TCI #3 oo | TCL#M-1

l

Activated TCI state by MAC-CE

9-20 TCI #2

MAC-CE structure

Serving Cell ID CORESET ID Oct 1

9-50

CORESET

D TCl state ID Oct 2




Patent Application Publication  Jun. 27, 2024 Sheet 10 of 17  US 2024/0215040 A1

FIG. 10
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METHOD AND APPARATUS FOR
CONFIGURING DEFAULT BEAM IN
WIRELESS COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation application of
prior application Ser. No. 17/171,298 filed on Feb. 9, 2021,
which will be issued as U.S. Pat. No. 11,924,842 on Mar. 5,
2024 and is based on and claims priority under 35 U.S.C.
119(a) of a Korean patent application number 10-2020-
0017923, filed on Feb. 13, 2020, in the Korean Intellectual
Property Office, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a wireless communication
system. More particularly, the disclosure relates to a method
and an apparatus for configuring a beam for receiving data
in a wireless communication system.

2. Description of Related Art

[0003] To meet the demand for wireless data traffic having
increased since deployment of 4” generation (4G) commu-
nication systems, efforts have been made to develop an
improved 5” generation (5G) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system
is also called a ‘Beyond 4G Network’ or a ‘Post LTE
System’. The 5G communication system is considered to be
implemented in higher frequency (mm Wave) bands, e.g., 60
GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase
the transmission distance, the beamforming, massive mul-
tiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam form-
ing, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communication
systems, development for system network improvement is
under way based on advanced small cells, cloud Radio
Access Networks (RANSs), ultra-dense networks, device-to-
device (D2D) communication, wireless backhaul, moving
network, cooperative communication, Coordinated Multi-
Points (COMP), reception-end interference cancellation and
the like. In the 5G system, Hybrid FSK and QAM Modu-
lation (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier (FBMC), non-orthogonal multiple
access (NOMA), and sparse code multiple access (SCMA)
as an advanced access technology have been developed.

[0004] The Internet, which is a human centered connec-
tivity network where humans generate and consume infor-
mation, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and
process information without human intervention. The Inter-
net of Everything (IoE), which is a combination of the IoT
technology and the Big Data processing technology through
connection with a cloud server, has emerged. As technology
elements, such as “sensing technology,” “wired/wireless
communication and network infrastructure,” “service inter-
face technology,” and “Security technology” have been
demanded for IoT implementation, a sensor network, a
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Machine-to-Machine (M2M) communication, Machine
Type Communication (MTC), and so forth have been
recently researched. Such an IoT environment may provide
intelligent Internet technology services that create a new
value to human life by collecting and analyzing data gen-
erated among connected things. IoT may be applied to a
variety of fields including smart home, smart building, smart
city, smart car or connected cars, smart grid, health care,
smart appliances and advanced medical services through
convergence and combination between existing Information
Technology (IT) and various industrial applications.
[0005] In line with this, various attempts have been made
to apply 5G communication systems to IoT networks. For
example, technologies such as a sensor network, Machine
Type Communication (MTC), and Machine-to-Machine
(M2M) communication may be implemented by beamform-
ing, MIMO, and array antennas. Application of a cloud
Radio Access Network (RAN) as the above-described Big
Data processing technology may also be considered to be as
an example of convergence between the 5G technology and
the IoT technology.

[0006] The above information is presented as background
information only to assist with an understanding of the
disclosure. No determination has been made, and no asser-
tion is made, as to whether any of the above might be
applicable as prior art with regard to the disclosure.

SUMMARY

[0007] Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure is to provide a method for
determining a default beam that is assumed in the case where
beam information for data reception is not indicated to a user
equipment in a wireless communication system.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0009] In accordance with an aspect of the disclosure, a
method performed by a terminal in a wireless communica-
tion system is provided. The method performed by terminal
in a wireless communication system includes receiving from
a first cell of a base station, cross carrier scheduling con-
figuration including information indicating that a carrier
indicator field (CIF) is included in downlink control infor-
mation (DCI), receiving, from the first cell of the base
station, the DCI for scheduling a physical downlink shared
channel (PDSCH), the DCI including the CIF, in case that
the CIF indicates that a resource assignment of the PDSCH
is for the first cell, identifying whether a first offset value
between a reception of the DCI and the PDSCH is less than
a threshold, in case that the first offset value is less than the
threshold and the terminal supports default beam selection
for the PDSCH, receiving, from the first cell of the base
station, data on the PDSCH based on quasi co-located
(QCL) parameters for a control resource set (CORESET)
associated with a search space with a lowest CORESET
identifier (ID) within an active bandwidth part (BWP) of the
first cell in a latest slot monitored by the terminal.

[0010] In accordance with another aspect of the disclo-
sure, a method performed by a base station in a wireless
communication system is provided. The method performed
by a base station in a wireless communication system
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includes transmitting from a first cell of the base station to
a terminal, cross carrier scheduling configuration including
information indicating that a CIF is included in DCI, trans-
mitting, from the first cell of the base station to the terminal,
the DCI for scheduling a PDSCH, the DCI including the
CIF, and in case that the CIF indicates that a resource
assignment of the PDSCH is for the first cell, transmitting,
from the first cell of the base station to the terminal, first data
on the PDSCH, wherein in case that a first offset value
between a reception of the DCI and the PDSCH is less than
a threshold and the terminal supports default beam selection
for the PDSCH, the first data is received based on QCL
parameters for a CORESET associated with a search space
with a lowest CORESET ID within an active BWP of the
first cell in a latest slot monitored by the terminal.

[0011] In accordance with another aspect of the disclosure,
a terminal in a wireless communication system is provided.
The terminal in a wireless communication system includes
a transceiver, and a controller coupled with the transceiver
and configured to receive, from a first cell of a base station,
cross carrier scheduling configuration including information
indicating that a CIF is included in DCI, receive, from the
first cell of the base station, the DCI for scheduling a
PDSCH, the DCI including the CIF, in case that the CIF
indicates that a resource assignment of the PDSCH is for the
first cell, identify whether a first offset value between a
reception of the DCI and the PDSCH is less than a threshold,
in case that the first offset value is less than the threshold and
the terminal supports default beam selection for the PDSCH,
receive, from the first cell of the base station, data on the
PDSCH based on QCL parameters for a CORESET associ-
ated with a search space with a lowest CORESET ID within
an active BWP of the first cell in a latest slot monitored by
the terminal.

[0012] In accordance with another aspect of the disclo-
sure, a base station in a wireless communication system is
provided. The base station in a wireless communication
system provides a transceiver, and a controller coupled with
the transceiver and configured to transmit, from a first cell
of the base station to a terminal, cross carrier scheduling
configuration including information indicating that a CIF is
included in DCI, transmit, from the first cell of the base
station to the terminal, the DCI for scheduling a PDSCH, the
DCl including the CIF, and in case that the CIF indicates that
a resource assignment of the PDSCH is for the first cell,
transmit, from the first cell of the base station to the terminal,
first data on the PDSCH, wherein in case that a first offset
value between a reception of the DCI and the PDSCH is less
than a threshold and the terminal supports default beam
selection for the PDSCH, the first data is received based
QCL parameters for a CORESET associated with a search
space with a lowest CORESET ID within an active BWP of
the first cell in a latest slot monitored by the terminal.

[0013] According to the disclosure, it is possible to reduce
overhead for beam configuration by agreeing to a default
value of a beam in advance in order for a user equipment to
receive data from a base station in a wireless communication
system.

[0014] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

[0016] FIG. 1 is a diagram illustrating a time-frequency
domain transmission structure of LTE {long-term evolution
or evolved universal terrestrial radio access (E-UTRA)},
LTE-Advanced (LTE-A), NR, or a wireless communication
system similar thereto according to an embodiment of the
disclosure;

[0017] FIG. 2 is a diagram illustrating structures of a
frame, a subframe, and a slot in 5th generation (5G) accord-
ing to an embodiment of the disclosure;

[0018] FIG. 3 illustrates an example of a configuration of
a bandwidth part (BWP) in a wireless communication sys-
tem according to an embodiment of the disclosure;

[0019] FIG. 4 is a diagram illustrating an example of
configuring control resource sets of a downlink control
channel in a wireless communication system according to an
embodiment of the disclosure;

[0020] FIG. 5 is a diagram illustrating the structure of a
downlink control channel in a wireless communication
system according to an embodiment of the disclosure;
[0021] FIG. 6 is a diagram illustrating an example of
allocating frequency domain resources of a physical down-
link shared channel (PDSCH) in a wireless communication
system according to an embodiment of the disclosure;
[0022] FIG. 7 is a diagram illustrating an example of
allocating time domain resources of a PDSCH in a wireless
communication system according to an embodiment of the
disclosure;

[0023] FIG. 8 is a diagram illustrating an example of
allocating time domain resources depending on subcarrier
spacings of a data channel and a control channel in a
wireless communication system according to an embodi-
ment of the disclosure;

[0024] FIG. 9 is a diagram illustrating an example of a
configuration of an antenna port for cooperative communi-
cation according to an embodiment of the disclosure;
[0025] FIG. 10 is a diagram illustrating a process of
configuring and activating a beam of a PDSCH according to
an embodiment of the disclosure;

[0026] FIG. 11 is a diagram illustrating a radio protocol
structure of a base station and a UE in cases of a single cell,
carrier aggregation, and dual connectivity, respectively
according to an embodiment of the disclosure;

[0027] FIG. 12 is a diagram illustrating an example of a
PDSCH default beam operation according to an embodiment
of the disclosure;

[0028] FIG. 13 is a diagram illustrating an operation of a
base station and a user equipment according to an embodi-
ment of the disclosure;

[0029] FIG. 14 is a diagram illustrating an operation of a
base station and a user equipment according to an embodi-
ment of the disclosure;

[0030] FIG. 15 is a diagram illustrating an operation of a
base station and a user equipment depending on conditions
according to an embodiment of the disclosure;

[0031] FIG. 16 illustrates the structure of a user equipment
in a wireless communication system according to an
embodiment of the disclosure; and
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[0032] FIG. 17 illustrates the structure of a base station in
a wireless communication system according to an embodi-
ment of the disclosure.

[0033] Throughout the drawings, like reference numerals
will be understood to refer to like parts, components, and
structures.

DETAILED DESCRIPTION

[0034] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of various embodiments of the dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist in that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the various
embodiments described herein can be made without depart-
ing from the scope and spirit of the disclosure. In addition,
descriptions of well-known functions and constructions may
be omitted for clarity and conciseness.

[0035] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear
and consistent understanding of the disclosure. Accordingly,
it should be apparent to those skilled in the art that the
following description of various embodiments of the disclo-
sure is provided for illustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

[0036] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces.

[0037] It will be understood that each block of the flow-
chart illustrations, and combinations of blocks in the flow-
chart illustrations, can be implemented by computer pro-
gram instructions. These computer program instructions can
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions specified in the
flowchart block or blocks. These computer program instruc-
tions may also be stored in a computer usable or computer-
readable memory that can direct a computer or other pro-
grammable data processing apparatus to function in a
particular manner, such that the instructions stored in the
computer usable or computer-readable memory produce an
article of manufacture including instruction means that
implement the function specified in the flowchart block or
blocks. The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series of operational operations
to be performed on the computer or other programmable
apparatus to produce a computer implemented process such
that the instructions that execute on the computer or other
programmable apparatus provide operations for implement-
ing the functions specified in the flowchart block or blocks.
[0038] Further, each block of the flowchart illustrations
may represent a module, segment, or portion of code, which
includes one or more executable instructions for implement-
ing the specified logical function(s). It should also be noted
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that in some alternative implementations, the functions
noted in the blocks may occur out of the order. For example,
two blocks shown in succession may in fact be executed
substantially concurrently or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved.

[0039] As used herein, the “unit” refers to a software
element or a hardware element, such as a Field Program-
mable Gate Array (FPGA) or an Application Specific Inte-
grated Circuit (ASIC), which performs a predetermined
function. However, the “unit” does not always have a
meaning limited to software or hardware. The “unit” may be
constructed either to be stored in an addressable storage
medium or to execute one or more processors. Therefore, the
“unit” includes, for example, software elements, object-
oriented software elements, class elements or task elements,
processes, functions, properties, procedures, sub-routines,
segments of a program code, drivers, firmware, micro-codes,
circuits, data, database, data structures, tables, arrays, and
parameters. The elements and functions provided by the
“unit” may be either combined into a smaller number of
elements, or a “unit,” or divided into a larger number of
elements, or a “unit.” Moreover, the elements and “units” or
may be implemented to reproduce one or more CPUs within
a device or a security multimedia card. Further, according to
some embodiments, the “unit” may include one or more
processors.

[0040] Hereinafter, the operation principle of the disclo-
sure will be described in detail in conjunction with the
accompanying drawings. In the following description of the
disclosure, a detailed description of known functions or
configurations incorporated herein will be omitted when it
may make the subject matter of the disclosure unnecessarily
unclear. The terms which will be described below are terms
defined in consideration of the functions in the disclosure,
and may be different according to users, intentions of the
users, or customs. Therefore, the definitions of the terms
should be made based on the contents throughout the
specification. In the following description, a base station is
an entity that allocates resources to terminals, and may be at
least one of a next generation Node B (gNodeB), an evolved
Node B (eNodeB or eNB), a Node B, a base station (BS), a
wireless access unit, a base station controller, and a node on
a network. A terminal may include a user equipment (UE),
a mobile station (MS), a cellular phone, a smartphone, a
computer, or a multimedia system capable of performing
communication functions. Of course, examples of the base
station and the terminal are not limited thereto. Hereinafter,
a description will be given of a technology for receiving
broadcast information from a base station by a terminal in a
wireless communication system. The disclosure relates to a
communication technique for converging IoT technologies
with a 5 generation (5G) communication system designed
to support a higher data transfer rate beyond the 4% genera-
tion (4G) system, and a system therefor. The disclosure may
be applied to intelligent services (e.g., smart homes, smart
buildings, smart cities, smart cars or connected cars, health-
care, digital education, retail business, security and safety-
related services, etc.) on the basis of 5G communication
technologies and loT-related technologies.

[0041] In the following description, terms referring broad-
cast information, terms referring to control information,
terms related to communication coverage, terms referring to
state changes (e.g., event), terms referring to network enti-
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ties, terms referring to messages, terms referring to device
elements, and the like are illustratively used for the sake of
convenience. Therefore, the disclosure is not limited by the
terms as used below, and other terms referring to subjects
having equivalent technical meanings may be used.

[0042] In the following description, the disclosure will be
described using terms and names defined in the 3rd genera-
tion partnership project (3GPP) long term evolution (LTE)
standards for the convenience of description. However, the
disclosure is not limited by these terms and names, and may
be applied in the same way to systems that conform other
standards.

[0043] A wireless communication system is advancing to
a broadband wireless communication system for providing
high-speed and high-quality packet data services using com-
munication standards, such as high-speed packet access
(HSPA) of 3GPP, LTE {long-term evolution or evolved
universal terrestrial radio access (E-UTRA)}, LTE-Ad-
vanced (LTE-A), LTE-Pro, high-rate packet data (HRPD) of
3GPP2, ultra-mobile broadband (UMB), IEEE 802.16e, and
the like, as well as typical voice-based services.

[0044] As a typical example of the broadband wireless
communication system, an LTE system employs an orthogo-
nal frequency division multiplexing (OFDM) scheme in a
downlink (DL) and employs a single carrier frequency
division multiple access (SC-FDMA) scheme in an uplink
(UL). The uplink refers to a radio link through which a UE
or an MS transmits data or control signals to a BS (e.g., an
eNodeB), and the downlink refers to a radio link through
which the base station transmits data or control signals to the
UE. The above multiple access scheme separates data or
control information of respective users by assigning and
operating time-frequency resources for transmitting the data
or control information for each user so as to avoid overlap-
ping each other, that is, so as to establish orthogonality.
[0045] Since a 5G communication system, which is a
communication system subsequent to LTE, must freely
reflect various requirements of users, service providers, and
the like, services satisfying various requirements must be
supported. The services considered in the 5G communica-
tion system include enhanced mobile broadband (eMBB)
communication, massive machine-type communication
(mMTC), ultra-reliability low-latency communication
(URLLC), and the like.

[0046] According to some embodiments, eMBB aims at
providing a data rate higher than that supported by existing
LTE, LTE-A, or LTE-Pro. For example, in the 5G commu-
nication system, eMBB must provide a peak data rate of 20
Gbps in the downlink and a peak data rate of 10 Gbps in the
uplink for a single base station. Furthermore, eMBB must
provide an increased user-perceived data rate to the UE. In
order to satisfy such requirements, transmission/reception
technologies including a further enhanced multi-input multi-
output (MIMO) transmission technique are required to be
improved. In addition, the data rate required for the 5G
communication system may be obtained using a frequency
bandwidth more than 20 MHz in a frequency band of 3 to 6
GHz or 6 GHz or more, instead of the band of 2 GHz used
in the current LTE.

[0047] In addition, mMTC is being considered to support
application services such as the Internet of Things (I0T) in
the 5G communication system. mMTC has requirements,
such as support of connection of a large number of UEs in
the cell, enhancement of UE coverage, improved battery
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time, a reduction in the cost of a UE, and the like, in order
to effectively provide the Internet of Things. Since the
Internet of Things provides communication functions while
being provided to various sensors and various devices, it
must support a large number of UEs (e.g., 1,000,000 UEs/
km?) in the cell. In addition, the UEs supporting mMTC may
require wider coverage than those of other services provided
by the 5G communication system because the UEs are likely
to be located in a shadow area, such as a basement of a
building, which is not covered by the cell due to the nature
of the service. The UE supporting mMTC must be config-
ured to be inexpensive, and may require a very long battery
life-time because it is difficult to frequently replace the
battery of the UE.

[0048] Lastly, URLLC, which is a cellular-based mission-
critical wireless communication service, is used for remote
control for robots or machines, industrial automation,
unmanned aerial vehicles, remote health care, emergency
alert, and the like, and must provide communication with
ultra-low latency and ultra-high reliability. For example, a
service supporting URLLC must satisfy an air interface
latency of less than 0.5 ms, and also requires a packet error
rate of 10 to 5 or less. Therefore, for the services supporting
URLLC, the 5G system must provide a transmit time
interval (TTI) shorter than those of other services, and also
requires a design for assigning a large amount of resources
in the frequency band. However, the above-mentioned
mMTC, URLLC, and eMBB are only examples of different
types of services, and the disclosure is not limited to the
types of services described above.

[0049] The above-mentioned services considered in the
5G communication system must converge to a single frame-
work to then be provided. That is, the respective services are
preferably integrated into a single system to then be con-
trolled and transmitted, instead of operating the services
independently, for efficient resource management and con-
trol.

[0050] In addition, although the embodiments will be
described below by way of example as LTE, LTE-A, LTE-
Pro, or NR systems, the embodiments are able to be applied
to other communication systems having similar technical
backgrounds or channel forms. Further, the embodiments
are able to be applied to other communication systems
through some modifications thereof without departing from
the scope of the disclosure according to judgment by those
skilled in the art.

[0051] Hereinafter, a frame structure of the 5G system will
be described in more detail with reference to the drawings.

[0052] FIG. 1 is a diagram illustrating a fundamental
structure of time-frequency resources in a wireless commu-
nication system according to an embodiment of the disclo-
sure.

[0053] Referring to FIG. 1, the horizontal axis represents
a time domain, and the vertical axis represents a frequency
domain in FIG. 1. The basic unit of a resource in the
time-frequency domain is a resource element (RE) 1-01,
which may be defined as one orthogonal frequency division
multiplexing (OFDM) symbol 1-02 on the time domain and
one subcarrier 1-03 on the frequency domain. Consecutive
N, *Z (e.g., 12) REs may constitute one resource block (RB)
1-04 in the frequency domain. In an embodiment, a plurality
of OFDM symbols may constitute one subframe 1-10.
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[0054] FIG. 2 is a diagram illustrating structures of a
frame, a subframe, and a slot according to an embodiment of
the disclosure.

[0055] Referring to FIG. 2, one frame 2-00 may include
one or more subframes 2-01, and one subframe 2-01 may
include one or more slots 2-02. For example, one frame 2-00
may be defined as 10 ms. One subframe 2-01 may be defined
as 1 ms, and in this case, one frame 2-00 may include a total
of 10 subframes 2-01. One slot 2-02 or 2-03 may be defined
as 14 OFDM symbols {that is, the number of symbols per
slot (N,,,,,,”*)=14}. One subframe 2-01 may include one or
more slots 2-02 and 2-03, and the number of slots 2-02 and
2-03 for each subframe 2-01 may vary depending on a
configuration value p of subcarrier spacing 2-04 or 2-05. The
example in FIG. 2 shows the case of u=0 (2-04) and the case
of u=1 (2-05) as a configuration value of subcarrier spacing.
In the case of u=0 (2-04), one subframe 2-01 may include
one slot 2-02, and in the case of u=1 (2-05), one subframe
2-01 may include two slots 2-03. That is, the number of slots
for each subframe (N, %" ") may vary depending on

slot
the configuration value p of subcarrier spacing, and the
number of slots for each frame (N, /"“"* ") may vary
according thereto. N, “##4me 1 glot and (N, /7" * slot
depending on each configuration value p of subcarrier

spacing may be defined as shown in Table 1 below.

TABLE 1
b Ny NG ST N e
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
5 14 320 32

[0056] In NR, one component carrier (CC) or serving cell
may include up to 250 RBs. Therefore, in the case where a
UE always receives the overall serving cell bandwidth, such
as LTE, power consumption by the UE may be severe, and
in order to solve this problem, the base station may configure
one or more bandwidth parts (BWPs) for the UE such that
the UE is able to change a reception area in the cell. In NR,
the base station may configure an “initial BWP,” which is the
bandwidth of CORESET #0 {or common search space
(CSS)}, for the UE through a master information block
(MIB). Thereafter, the base station may configure an initial
BWP (first BWP) of the UE through RRC signaling, and
may transmit a notification of one or more pieces of BWP
configuration information that may be indicated through
downlink control information (DCI) later. Afterwards, the
base station may transmit a notification of a BWP ID
through DCI, thereby indicating the band to be used by the
UE. If the UE fails to receive DCI in the currently assigned
BWP for a specific period of time or more, the UE returns
to a “default BWP” and attempts to receive DCI.

[0057] FIG. 3 is a diagram illustrating an example of the
configuration of a bandwidth part (BWP) in a wireless
communication system according to an embodiment of the
disclosure.

[0058] Referring to FIG. 3, FIG. 3 illustrates an example
in which a UE bandwidth 3-00 is configured to have two
bandwidth parts, that is, bandwidth part #1 (3-05) and
bandwidth part #2 (3-10). The base station may configure
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one or more bandwidth parts for the UE, and may configure
information on each bandwidth part as shown in Table 2
below.

TABLE 2
BWP ::= SEQUENCE {
bwp-ID BWP-Id,

locationAndBandwidth
subcarrierSpacing

INTEGER (1..65536),
ENUMERATED
{n0, n1, n2, n3, n4, n5 }

cyclicPrefix ENUMERATED { extended }

[0059] In addition to the configuration information
described in Table 2, various parameters related to the
bandwidth part may be configured for the UE. The base
station may transmit the above information to the UE
through higher layer signaling, for example, RRC signaling.
At least one of the one or more configured bandwidth parts
may be activated. Information on whether or not to activate
the configured bandwidth part may be transmitted from the
base station to the UE semi-statically through RRC signaling
or dynamically through a MAC control element (CE) or
DCIL.

[0060] According to an embodiment, an initial bandwidth
part (BWP) for initial access may be configured for the UE
prior to a radio resource control (RRC) connection by the
base station through a master information block (MIB).
More specifically, the UE may receive configuration infor-
mation on a control resource set (CORESET) through which
a PDCCH is able to be transmitted and a search space in
order to receive system information {that may correspond to
remaining system information (RMSI) or system informa-
tion block 1 (SIB1)} required for initial access through the
MIB in the initial access stage. The control resource set and
the search space configured using an MIB may be regarded
as an identity (ID) “0,” respectively.

[0061] The base station may notify the UE of configura-
tion information, such as frequency assignment information,
time assignment information, numerology, and the like, for
control resource set #0 through an MIB. In addition, the base
station may notify the UE of configuration information on
monitoring periodicity and an occasion for control resource
set #0 (i.e., configuration information on search space #0)
through an MIB. The UE may regard the frequency domain
configured with control resource set #0 obtained from the
MIB as an initial bandwidth part for initial access. In this
case, the identity (ID) of the initial bandwidth part may be
regarded as 0.

[0062] Configuration of the bandwidth part supported by
the next-generation mobile communication system (the 5G
or NR system) may be used for various purposes.

[0063] For example, in the case where the bandwidth
supported by the UE is smaller than the system bandwidth,
the bandwidth supported by the UE may be supported by
configuration of the bandwidth part. For example, a fre-
quency location of the bandwidth part (configuration infor-
mation 2) may be configured for the UE in Table 2 so that
the UE may transmit and receive data at a specific frequency
location within the system bandwidth.

[0064] As another example, the base station may configure
a plurality of bandwidth parts with respect to the UE for the
purpose of supporting different numerologies. For example,
in order to support transmission and reception of data using
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a subcarrier spacing of 15 kHz and a subcarrier spacing of
30 kHz for any UE, two bandwidth parts may be configured
to use a subcarrier spacing of 15 kHz and a subcarrier
spacing of 30 kHz, respectively. Frequency division multi-
plexing may be performed on different bandwidth parts, and
in the case of transmitting and receiving data with a specific
subcarrier spacing, a bandwidth part configured with the
corresponding subcarrier spacing may be activated.

[0065] As another example, the base station may configure
bandwidth parts having different bandwidths with respect to
the UE for the purpose of reducing power consumption of
the UE. For example, if the UE supports a very large
bandwidth (e.g., a 100 MHz bandwidth) and always trans-
mits and receives data through the corresponding band-
width, very high power consumption may be caused. In
particular, it is very inefficient in terms of power consump-
tion for the UE to monitor unnecessary downlink control
channels with respect to a large bandwidth of 100 MHz in
the absence of traffic. Therefore, the base station may
configure a bandwidth part having a relatively small band-
width (e.g., a 20 MHz bandwidth part) for the UE for the
purpose of reducing power consumption by the UE. In the
absence of traffic, the UE may perform a monitoring opera-
tion in a 20 MHz bandwidth part, and, if data is produced,
the UE may transmit and receive data using a 100 MHz
bandwidth part according to the indication of the base
station.

[0066] In a method of configuring the bandwidth part, the
UEs that have not yet been RRC-connected may receive
configuration information about an initial bandwidth part
through a master information block (MIB) in the initial
access stage. More specifically, the UE may receive, from
the MIB of a physical broadcast channel (PBCH), a con-
figuration of a control resource set (CORESET) for a
downlink control channel through which downlink control
information (DCI) for scheduling a system information
block (SIB) is able to be transmitted. The bandwidth of the
control resource set configured through the MIB may be
regarded as an initial bandwidth part, and the UE may
receive a PDSCH through which an SIB is transmitted
through the configured initial bandwidth part. The initial
bandwidth part may be used for other system information
(OSI]), paging, and random access, as well as the reception
of an SIB.

[0067] Hereinafter, a synchronization signal (SS)/PBCH
block (SSB) of a next-generation mobile communication
system (the 5G or NR system) will be described.

[0068] The SS/PBCH block may indicate a physical layer
channel block including a primary SS (PSS), a secondary SS
(SSS), and a PBCH. More specifically, the SS/PBCH block
may be defined as follows.

[0069] PSS: This is a reference signal for downlink
time/frequency synchronization, and may provide
some information of a cell ID.

[0070] SSS: This is a reference for downlink time/
frequency synchronization, and may provide the
remaining information of the cell ID, which is not
provided by the PSS. Additionally, this may serve as a
reference signal for demodulation of a PBCH.

[0071] PBCH: This may provide essential system infor-
mation necessary for transmission and reception of a
data channel and a control channel of the UE. The
essential system information may include search space-
related control information indicating radio resource
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mapping information of the control channel, scheduling
control information for a separate data channel trans-
mitting system information, and the like.

[0072] SS/PBCH block: The SS/PBCH block may be
configured as a combination of the PSS, the SSS, and
the PBCH. One or more SS/PBCH blocks may be
transmitted within a time period of 5 ms, and each
transmitted SS/PBCH block may be distinguished by
an index.

[0073] The UE may detect the PSS and the SSS in the
initial access stage, and may decode the PBCH. The UE may
acquire an MIB from the PBCH, and may receive a con-
figuration of control resource set #0 through the MIB. The
UE may assume that a selected SS/PBCH block and a
demodulation reference signal (DMRS) transmitted in con-
trol resource set #0 have a relationship of quasi co-location
(QCL), thereby monitoring control resource set #0. The UE
may receive system information through downlink control
information transmitted from control resource set #0. The
UE may obtain configuration information related to a ran-
dom access channel (RACH), which is necessary for initial
access, from the received system information. The UE may
transmit a physical RACH (PRACH) to the base station in
consideration of the selected SS/PBCH index, and the base
station receiving the PRACH may obtain information on the
SS/PBCH block index selected by the UE. The base station
may recognize which block has been selected by the UE
from among the respective SS/PBCH blocks and monitoring
of control resource set #0 corresponding to (or associated
with) the SS/PBCH block selected by the UE.

[0074] Hereinafter, downlink control information (herein-
after referred to as “DCI”) in a next-generation mobile
communication system (the 5G or NR system) will be
described in detail.

[0075] In the next-generation mobile communication sys-
tem (the 5G or NR system), scheduling information on
uplink data {or a physical uplink shared channel (PUSCH)}
or downlink data {or a physical downlink data channel
(PDSCH)} may be transmitted from the base station to the
UE through DCI. The UE may monitor a DCI format for
fallback and a DCI format for non-fallback with respect to
a PUSCH or PDSCH. The DCI format for fallback may be
configured as a fixed field that is predefined between the
base station and the UE, and the DCI format for non-fallback
may include a configurable field.

[0076] The DCI may be transmitted through a physical
downlink control channel (PDCCH) after a channel coding
and modulation process. A cyclic redundancy check (CRC)
may be attached to the payload of a DCI message, and the
CRC may be scrambled with a radio network temporary
identifier (RNTT) corresponding to the identity of the UE.
Different RNTIs may be used for scrambling the CRC
attached to the payload of the DCI message according to the
purpose of the DCI message, for example, transmission of
UE-specific data, power control command, random access
response, or the like. That is, the RNTI may be included in
the CRC calculation process, and may then be transmitted,
instead of being explicitly transmitted. If the DCI message
transmitted through the PDCCH is received, the UE may
check the CRC using the assigned RNTI. If the CRC check
result is correct, the UE may recognize that the message is
intended for the UE.

[0077] For example, the DCI for scheduling a PDSCH for
system information (SI) may be scrambled with an SI-RNTT.
The DCI for scheduling a PDSCH for a random access
response (RAR) message may be scrambled with an RA-
RNTI. The DCI for scheduling a PDSCH for a paging
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message may be scrambled with a P-RNTI. The DCI for
transmitting a notification of a slot format indicator (SFI)
may be scrambled with an SFI-RNTI. DCI for transmitting
a notification of transmit power control (TPC) may be
scrambled with a TPC-RNTI. The DCI for scheduling
UE-specific PDSCH or PUSCH may be scrambled with a
cell-RNTI (C-RNTI).

[0078] DCI format 0_0 may be used as fallback DCI for
scheduling a PUSCH, and in this case, the CRC may be
scrambled with a C-RNTL. In an embodiment, DCI format
0_0 in which the CRC is scrambled with a C-RNTI may
include information as shown in Table 3 below.

TABLE 3
Identifier for DCI formats - [1] bit

Frequency domain resource assignment -
T log,(N UL BWP(NzUE BWP + 1)/2)71 bits
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TABLE 3-continued

Time domain resource assignment - X bits
Frequency hopping flag - 1 bit

Modulation and coding scheme - 5 bits

New data indicator - 1 bit

Redundancy version - 2 bits

HARQ process number - 4 bits

TPC command for scheduled PUSCH - [2] bits
UL/SUL indicator - 0 or 1 bit

[0079] DCI format 0_1 may be used as non-fallback DCI
for scheduling a PUSCH, and in this case, the CRC may be
scrambled with a C-RNTL. In an embodiment, DCI format
0_1 in which the CRC is scrambled with a C-RNTI may
include information as shown in Table 4 below.

TABLE 4

Carrier indicator - 0 or 3 bits
UL/SUL indicator - 0 or 1bit
Identifier for DCI formats - [1] bits
Bandwidth part indicator - 0, 1, or 2 bits
Frequency domain resource assignment
For resource allocation type 0, [N R EVE P bits
For resource allocation type 1, [log,(Ngg"®"P(Ngg""5"F + 1)/2)] bits

Time domain resource assignment - 1, 2, 3, or 4 bits

VRB-to-PRB mapping - 0 or 1 bit, only for resource allocation type 1.

0 bit if only resource allocation type O is configured;

1 bit otherwise.

Frequency hopping flag - 0 or 1 bit, only for resource allocation type 1.

0 bit if only resource allocation type O is configured;

1 bit otherwise.

Modulation and coding scheme - 5 bits

New data indicator - 1bit

Redundancy version - 2 bits
HARQ process number - 4 bits
1st downlink assignment index - 1 or 2 bits
1 bit for semi-static HARQ-ACK codebook;
2 bit for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
2nd downlink assignment index - 0 or 2 bits
2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
0 bit otherwise.
TPC command for scheduled PUSCH — 2 bits

Lmax

N,
SRS resource indicator — [logz[ Z ( ;{RS )H or [log,(Nsgs Ibits

N

k=1

4 (N,
Z ( ;RS )]“ bits for non—codebook based PUSCH transmission

11og,(Nggs)! bits for codebook based PUSCH transmission

Precoding information and number of layers - up to 6 bits

Antenna ports - up to 5 bits

SRS request - 2bits

CSI request - 0, 1, 2, 3, 4, 5, or 6 bits

CBG transmission information - 0 2, 4, 6, or 8 bits
PTRS-DMRS association - 0 or 2 bits

beta offset indicator - 0 or 2 bits

DMRS sequence initialization - 0 or 1 bit
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[0080] DCI format 1_0 may be used as fallback DCI for
scheduling a PDSCH, and in this case, the CRC may be
scrambled with a C-RNTI. In an embodiment, DCI format
1_0 in which the CRC is scrambled with a C-RNTI may
include information as shown in Table 5 below.

TABLE 5

Identifier for DCI formats - [1] bit

Frequency domain resource assignment -
[[loga(NsP" 277 (NpsP% 277 1 1)/2)] ] bits
Time domain resource assignment - X bits
VRB-to-PRB mapping - 1 bit.

Modulation and coding scheme - 5 bits

New data indicator - 1 bit

Redundancy version - 2 bits

HARQ process number - 4 bits

Downlink assignment index - 2 bits

TPC command for scheduled PUCCH - [2] bits
PUCCH resource indicator - 3 bits
PDSCH-to-HARQ feedback timing indicator - [3] bits

[0081] Alternatively, DCI format 1_0 may be used as DCI
for scheduling a PDSCH for an RAR message, and in this
case, the CRC may be scrambled with an RA-RNTI. DCI
format 1_0 in which the CRC is scrambled with an RA-
RNTI may include information as shown in Table 6 below.

TABLE 6

Frequency domain resource

assignment -[log,(Ngg"% 7P (NgzP5 BWF 4 1)/2)] bits
Time domain resource assignment - 4 bits
VRB-to-PRB mapping - 1 bit

Modulation and coding scheme - 5 bits

TB scaling - 2 bits

Reserved bits - 16 bits

[0082] DCI format 1_1 may be used as non-fallback DCI
for scheduling a PDSCH, and in this case, the CRC may be
scrambled with a C-RNTI. In an embodiment, DCI format
1_1 in which the CRC is scrambled with a C-RNTI may
include information as shown in Table 7 below.

TABLE 7

Carrier indicator - O or 3 bits

Identifier for DCI formats - [1] bits

Bandwidth part indicator - 0, 1 or 2 bits

Frequency domain resource assignment

For resource allocation type 0, [Ngz2% 27%/P] bits
For resource allocation type 1,

[logo(NgzPl BWP (N zPL BPF 4 1)/2)] bits

Time domain resource assignment - 0, 1, 2, 3, or 4 bits
VRB-to-PRB mapping - 0 or 1 bit:

0 bit if only resource allocation type O is configured;
1 bit otherwise

PRB bundling size indicator - 0 or 1 bit

Rate matching indicator - 0, 1, or 2 bits

ZP CSI-RS trigger - 0, 1, or 2 bits

For transport block 1:
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TABLE 7-continued

Modulation and coding scheme - 5 bits

New data indicator - 1 bit

Redundancy version - 2 bits

For transport block 2:

Modulation and coding scheme - 5 bits

New data indicator - 1 bit

Redundancy version - 2 bits

HARQ process number - 4 bits

Downlink assignment index - O or 2 or 4 bits

TPC command for scheduled PUCCH - 2 bits
PUCCH resource indicator - 3 bits
PDSCH-to-HARQ_feedback timing indicator - 3 bits
Antenna ports - 4, 5 or 6 bits

Transmission configuration indication (TCI) - 0 or 3 bits
SRS request - 2 bits

CBG transmission information - 0, 2, 4, 6, or 8 bits
CBG flushing out information - 0 or 1 bit

DMRS sequence initialization - 1 bit

[0083] FIG. 4 is a diagram illustrating an example of
configuring control resource sets of a downlink control
channel in a wireless communication system according to an
embodiment of the disclosure. FIG. 4 is a diagram illustrat-
ing an embodiment of a control resource set (CORESET) in
which a downlink control channel is transmitted in a 5G
wireless communication system according to an embodi-
ment.

[0084] Referring to FIG. 4, FIG. 4 illustrates an embodi-
ment in which two control resource sets (i.e., control
resource set #1 (4-01) and control resource set #2 (4-02)) are
configured within a UE bandwidth part 4-10 in the fre-
quency domain and one slot 4-20 in the time domain. The
control resource set 4-01 or 4-02 may be configured in a
specific frequency resource 4-03 within the entire UE band-
width part 4-10 in the frequency domain. The control
resource set 4-01 or 4-02 may be configured using one or
more OFDM symbols in the time domain, and this may be
defined as control resource set duration 4-04. Referring to
FIG. 4, control resource set #1 (4-01) may be configured to
have a control resource set duration of two symbols, and
control resource set #2 (4-02) may be configured to have a
control resource set duration of one symbol.

[0085] The above-described control resource sets in the
next-generation mobile communication system (the 5G or
NR system) may be configured through higher layer signal-
ing {e.g., system information, a master information block
(MIB), and radio resource control (RRC) signaling} trans-
mitted from the base station to the UE. Configuring the
control resource set for the UE denotes providing the UE
with information such as a control resource set identity, the
frequency location of the control resource set, the symbol
duration of the control resource set, and the like. For
example, the configuration of the control resource set may
include information shown in Table 8 below.

TABLE 8
ControlResourceSet ::= SEQUENCE {
controlResourceSetId ControlResourceSetld,

frequencyDomainResources

duration

BIT STRING (SIZE (45)),
INTEGER (1..maxCoReSetDuration),
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TABLE 8-continued
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cce-REG-Mapping Type
interleaved
reg-BundleSize
precoderGranularity
allContiguousRBs},
interleaverSize
shiftIndex

CHOICE {
SEQUENCE {

nonlInterleaved NULL
b
tei-StatesPDCCH
StatesPDCCH)) OF TCI-Stateld
tei-PresentInDCI
}

ENUMERATED {n2, n3, n6},
ENUMERATED {sameAsREG-bundle,

ENUMERATED {n2, n3, n6},
INTEGER (0..maxNrofPhysicalResourceBlocks—1)

SEQUENCE (SIZE (1..maxNrofICI-
OPTIONAL,
ENUMERATED {enabled}

[0086] In Table 8, “tci-StatesPDCCH” (hereinafter
referred to as “TCI state”) configuration information may
include information on one or more synchronization signal
(SS)/physical broadcast channel (PBCH) block indexes or
channel state information reference signal (CSI-RS) indexes
having a quasi co-located (QCL) relationship with a
demodulation reference signal (DMRS) transmitted in the
corresponding control resource set.

[0087] One or more different antenna ports (these may be
replaced with one or more channels, signals, and a combi-
nation thereof, but will be collectively referred to as “dif-
ferent antenna ports” in the description of the disclosure
below for convenience) may be associated with each other
by the QCL configuration as shown in Table 9 below in the
wireless communication system.

TABLE 9

[0089] Specifically, the statistical characteristics of the
channel defined by the QCL configuration (indicated by the
parameter “qcl-Type” in the QCL configuration) may be
classified as follows according to the QCL type.

[0090] * “QCL-TypeA”: {Doppler shift, Doppler spread,
average delay, delay spread }

[0091] * “QCL-TypeB”: {Doppler shift, Doppler spread}
[0092] * “QCL-TypeC”: {Doppler shift, average delay}
[0093] * “QCL-TypeD”: {Spatial Rx parameter}

[0094] Although the QCL types are not limited to the four

types described above, all possible combinations will not be
provided so as to not obscure the subject matter of descrip-
tion. QCL-TypeA is a QCL type used in the case where the
bandwidth and the transmission interval of the target
antenna port are sufficient compared to the reference antenna

QCL-Info ::= SEQUENCE {

cell ServCellIndex (Index of serving cell in which QCL reference RS

is transmitted)
bwp-Id

transmitted)
referenceSignal

block using QCL reference RS)

BWP-Id (Index of bandwidth part in which QCL reference RS is

CHOICE (Indicator indicating one of CSIORS or SS/PBCH

csi-rs NZP-CSI-RS-Resourceld,
ssb SSB-Index
I
qel-Type ENUMERATED {typeA, typeB, typeC, type D}, (QCL type
indicator)
¥
[0088] Specifically, QCL configuration may connect two

different antenna ports as a relationship of a (QCL) target
antenna port and a (QCL) reference antenna port, and the UE
may apply (or assume) all or some of the statistical charac-
teristics of the channel measured at the reference antenna
port {e.g., large scale parameters of the channel, such as
Doppler shift, Doppler spread, average delay, delay spread,
average gain, spatial Rx (or Tx) parameters, and the like, or
a reception spatial filter coefficient or transmission spatial
filter coeflicient of the UE} in reception through the target
antenna port. The target antenna port indicates an antenna
port for transmitting the channel or the signal configured
through higher layer configuration including the QCL con-
figuration, or an antenna port for transmitting the channel or
the signal to which a TCI state indicating the QCL configu-
ration is applied. The reference antenna port indicates an
antenna port for transmitting the channel or the signal
indicated (specified) by the parameter “referenceSignal” in
the QCL configuration.

port (i.e., in the case where the number of samples and the
transmission band/time of the target antenna port are greater
than the number of samples and the transmission band/time
of the reference antenna port both in the frequency domain
and in the time domain) so that all statistical characteristics,
which are measurable in the frequency and time domains,
are referenceable. QCL-TypeB is a QCL type used in the
case where the bandwidth of the target antenna port is
sufficient to measure the statistical characteristics, which are
measurable in the frequency domain, that is, Doppler shift
and Doppler spread. QCL-TypeC is a QCL type used in the
case where only the first-order statistics, that is, Doppler
shift and average delay, are referenceable because the band-
width and the transmission interval of the target antenna port
are insufficient to measure the second-order statistics, that is,
Doppler spread and delay spread. QCL-TypeD is a QCL type
configured in the case where spatial reception filter values
used when receiving the reference antenna port are able to
be used when receiving the target antenna port.
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[0095] Meanwhile, the base station is able to configure or
indicate up to two QCL configurations with respect to one
target antenna port through TCI state configuration as shown
in Table 10 below.
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TABLE 10
TCI-State ::= SEQUENCE {
tei-Stateld TCI-StatelD,
qel-Typel QCL-Info, (Configuration of first QCL for target antenna port to
which corresponding TCI state is applied)
qel-Type2 QCL-Info (Configuration of second QCL for target antenna port

to which corresponding TCI state is applied) OPTIONAL, --Need R

-

[0096] The first QCL configuration among the two QCL
configurations included in one TCI state configuration may
be configured as one of QCL-TypeA, QCL-TypeB, and
QCL-TypeC. In this case, the configurable QCL type is
specified depending on the types of the target antenna port
and the reference antenna port, and will be described in
detail below. In addition, the second QCL configuration
among the two QCL configurations included in the one TCI
state configuration may be configured as QCL-TypeD, and
may be omitted in some cases.

[0097] Tables 11 to 15 show effective TCI state configu-
rations depending on the type of target antenna port.

[0098] Table 11 shows an effective TCI state configuration
in the case where the target antenna port is an CSI-RS for
tracking (TRS). The TRS includes an NZP CSI-RS in which
a repetition parameter is not configured and in which “trs-
Info” is configured to be true, among the CSI-RSs. Con-
figuration 3 in Table 9BA may be used for aperiodic TRS.

TABLE 11

TABLE 12-continued

Effective TCI state configurations when
target antenna port is CSI-RS for CSI

Valid qel-
TCI state DL RS2 (if Type2 (if

Configuration DL RS1 qel-Typel configured) configured)

3 TRS QCL-TypeA TRS (same as QCL-TypeD
DL RS1)
4 TRS  QCL-TypeB
[0100] Table 13 indicates TCI state configurations in the

case where the target antenna port is a CSI-RS for beam
management (BM) (the same meaning as a CSI-RS for L1
RSRP reporting). The CSI-RS for BM indicates an NZP
CSI-RS, among the CSI-RSs, in which a repetition param-
eter is configured to have a value of On or Off and in which
“trs-Info” is not configured to be true.

TABLE 13

Effective TCI state configurations when target antenna
port is CSI-RS for BM (for L1 RSRP reporting)

Effective TCI state configurations when target
antenna port is CSI-RS for tracking (TRS)

Valid qel-
TCI state DL RS2 (if Type2 (if
Configuration DL RS1 qel-Typel configured) configured)
1 SSB QCL-TypeC SSB QCL-TypeD
2 SSB QCL-TypeC CSI-RS (BM) QCL-TypeD
3 TRS QCL-TypeA TRS (same as QCL-TypeD
(periodic) DL RS1)

[0099] Table 12 indicates TCI state configurations in the
case where the target antenna port is a CSI-RS for CSI. The
CSI-RS for CSI indicates an NZP CSI-RS, among the
CSI-RSs, in which a repetition parameter is not configured
and in which “trs-Info” is not configured to be true.

Valid qel-
TCI state DL RS2 (if Type2 (if
Configuration DL RS1 qel-Typel configured) configured)
1 TRS QCL-TypeA TRS (same as QCL-TypeD
DL RS1)
2 TRS QCL-TypeA CSI-RS (BM) QCL-TypeD
3 SS/PBCH  QCL-TypeC SS/PBCH QCL-TypeD
Block Block

[0101] Table 14 indicates TCI state configurations in the
case where the target antenna port is a PDCCH DMRS.

TABLE 14

Effective TCI state configurations when
target antenna port is PDCCH DMRS

Valid qel-
TABLE 12 TCI state DL RS2 (if Type2 (if
Configuration DL RS1 qel-Typel configured) configured)
Effective TCI state configurations when
target antenna port is CSI-RS for CSI 1 TRS QCL-TypeA TRS (same as QCL-TypeD
DL RS1)
Valid qel- 2 TRS QCL-TypeA  CSI-RS (BM) QCL-TypeD
TCI state DL RS2 (if Type2 (if 3 CSIFRS  QCL-TypeA  CSI-RS (same  QCL-TypeD
Configuration DL RS1 qel-Typel configured) configured) (9] as DL RS1)
1 TRS QCL-TypeA SSB QCL-TypeD
2 TRS  QCL-TypeA CSI-RS (BM) QCL-TypeD [0102] Table 15 indicates TCI state configurations in the

case where the target antenna port is a PDSCH DMRS.
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TABLE 15

Effective TCI state configurations when
target antenna port is PDSCH DMRS

Valid qel-
TCI state DL RS2 (if Type2 (if
Configuration DL RS1 qel-Typel configured) configured)
1 TRS  QCL-TypeA TRS QCL-TypeD
2 TRS  QCL-TypeA CSI-RS (BM) QCL-TypeD
3 CSI-RS  QCL-TypeA CSI-RS (CSI) QCL-TypeD
(CST)
[0103] A typical QCL configuration method by Tables

9BA to 9BE is configuring the target antenna port and
reference antenna port for respective operations as
“SSB”—“TRS”—“CSI-RS for CSI, CSI-RS for BM,
PDCCH DMRS, or PDSCH DMRS” and operating the
same. Through this, the statistical characteristics, which are
measurable from the SSB and the TRS, may be associated
with the respective antenna ports, thereby assisting the UE
with the reception operation.

[0104] FIG. 5 is a diagram illustrating the structure of a
downlink control channel in a wireless communication
system according to an embodiment of the disclosure. That
is, FIG. 5 is a diagram illustrating an example of a basic unit
of time and frequency resources constituting a downlink
control channel to be used in 5G according to an embodi-
ment.

[0105] Referring to FIG. 5, the basic unit of time and
frequency resources constituting a control channel may be
defined as a resource element group (REG) 503. The REG
503 may be defined as 1 OFDM symbol 501 in the time
domain and 1 physical resource block (PRB) 502 in the
frequency domain, that is, 12 subcarriers. The base station
may configure a downlink control channel allocation unit by
concatenating the REGs 503.

[0106] As shown in FIG. 5, assuming that the basic unit in
which the downlink control channel is allocated in 5G is a
control channel element (CCE) 504, 1 CCE 504 may include
a plurality of REGs 503. For example, the REG 503 shown
in FIG. 5 may include 12 REs, and if 1 CCE 504 includes
6 REGs 503, 1 CCE 504 may include 72 REs. If the
downlink control resource set is configured, the correspond-
ing area may include a plurality of CCEs 504, and a specific
downlink control channel may be mapped to one or more
CCEs 504 according to the aggregation level (AL) in the
control resource set, and may then be transmitted. The CCEs
504 in the control resource set are identified by numbers, and
the numbers of the CCEs 504 may be assigned according to
a logical mapping method.

[0107] The basic unit of the downlink control channel
shown in FIG. 5, that is, the REG 503, may include both the
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REs to which the DCI is mapped and an area to which the
DMRS 505, which is a reference signal for decoding the
same, is mapped. As shown in FIG. 5, three DMRSs 505
may be transmitted in 1 REG 503. The number of CCEs
required for transmitting the PDCCH may be 1, 2, 4, 8, or
16 depending on the aggregation level (AL), and the differ-
ent numbers of CCEs may be used to implement link
adaptation of the downlink control channel. For example, if
AL~L, one downlink control channel may be transmitted
through L CCEs.

[0108] The UE needs to detect a signal without being
aware of information about the downlink control channel,
and a search space indicating a set of CCEs may be defined
for blind decoding. The search space is a set of downlink
control channel candidates including CCFEs that the UE must
attempt to decode in a given aggregation level. Since there
are various aggregation levels making one bundle of 1, 2, 4,
8, or 16 CCEs, the UE may have a plurality of search spaces.
The search space set may be defined as a set of search spaces
in all configured aggregation levels.

[0109] The search spaces may be classified into a common
search space and a UE-specific search space. According to
an embodiment, a specific group of UEs or all UEs may
check a common search space of the PDCCH in order to
receive cell-common control information such as dynamic
scheduling for system information or a paging message.

[0110] For example, the UE may receive PDSCH sched-
uling allocation information for transmission of an SIB
including cell operator information and the like by checking
the common search space of the PDCCH. In the case of the
common search space, since a specific group of UEs or all
UEs must receive the PDCCH, the common search space
may be defined as a set of predetermined CCEs. Meanwhile,
the UE may receive scheduling allocation information for a
UE-specific PDSCH or PUSCH by checking the UE-specific
search space of the PDCCH. The UE-specific search space
may be UE-specifically defined as a function of the UE
identity and various system parameters.

[0111] In 5G, the parameters of the search space for the
PDCCH may be configured for the UE by the base station
using higher layer signaling (e.g., SIB, MIB, or RRC sig-
naling). For example, the base station may configure the
number of PDCCH candidates in each aggregation level L,
monitoring periodicity for the search space, a monitoring
occasion in units of symbols within the slot for the search
space, the search space type (the common search space or
the UE-specific search space), a combination of the DCI
format and the RNTI to be monitored in the search space, the
control resource set index for monitoring the search space,
and the like for the UE. For example, the above-described
configuration may include information as shown in Table 16
below.

TABLE 16

SearchSpace ::=

SEQUENCE {

-- Identity of the search space. SearchSpaceld = 0 identifies the SearchSpace
configured via PBCH (MIB) or ServingCellConfigCommon.

searchSpaceld

controlResourceSetld

SearchSpaceld,
ControlResourceSetld,

monitoringSlotPeriodicity AndOffset CHOICE {

sil NULL,
s12 INTEGER (0..1),
s14 INTEGER (0..3),

s15 INTEGER (0..4),
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TABLE 16-continued

12
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s18 INTEGER (0..7),
s110 INTEGER (0..9)
s116 INTEGER (0..15),
s120 INTEGER (0..19)

duration (monitoring duration) INTEGER (2..2559)

monitoringSymbolsWithinSlot BIT STRING (SIZE (14))

nrofCandidates SEQUENCE {
aggregationLevell
aggregationLevel2
aggregationLevel4
aggregationLevel8
aggregationLevell6

searchSpaceType CHOICE {

ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},
ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8},

ENUMERATED {n0, nl, n2, n3, n4, n5, n6, n8}

-- Configures this search space as common search space (CSS) and DCI formats

to monitor.

common SEQUENCE {

ue-specific SEQUENCE {

-- Indicates whether the UE monitors in this USS for DCI formats 0-0 and 1-0 or

for formats 0-1 and 1-1.
formats

ENUMERATED {formats 0-0-And-1-0, formats 0-1-And-1-1},

[0112] The base station may configure one or more search
space sets for the UE, based on configuration information.
According to an embodiment, the base station may configure
search space set 1 and search space set 2 for the UE, may
configure DCI format A scrambled with an X-RNTI in
search space set 1 so as to be monitored in the common
search space, and may configure DCI format B scrambled
with a Y-RNTT in the search space set 2 so as to be monitored
in the UE-specific search space.

[0113] According to configuration information, the com-
mon search space or the UE-specific search space may
include one or a plurality of search space sets. For example,
search space set #1 and search space set #2 may be config-
ured as the common search space, and search space set #3
and search space set #4 may be configured as the UE-
specific search space.

[0114] The common search space may be classified into a
specific type of search space set according to the purpose
thereof. The RNTI to be monitored may differ between the
determined types of search space sets. For example, the
common search space types, the purposes, and the RNTIs to
be monitored may be classified as shown in Table 17 below.

TABLE 17
Search space type Purposes RNTI
Type0O CSS PDCCH transmission for SI-RNTI
scheduling of SIB
TypeOA CSS PDCCH transmission for SI-RNTI
scheduling of SI other
than SIB1 (SIB2 or the
like)
Typel CSS PDCCH transmission for ~ RA-RNTI,
scheduling of RAR TC-RNTI

(random access
response), scheduling of
Msg3 retransmission, and
scheduling of Msg4

TABLE 17-continued

Search space type Purposes RNTI
Type2 CSS Paging P-RNTI
Type3 CSS Transmission of group INT-RNTI,
control information SFI-RNTI,
TPC-PUSCH-RNTI,
TPC-PUCCH-RNTI,
TPC-SRS-RNTI
PDCCH transmission for C-RNTI,
scheduling of data for MCS-C-RNTI,
PCell CS-RNTI
[0115] Meanwhile, the following combinations of DCI

formats and RNTIs may be monitored in the common search
space. The disclosure is not limited to the following
examples.

[0116] DCI format 0_0/1_with CRC scrambled by
C-RNTI, CS-RNTI, SP-CSI-RNTI, RA-RNTI,
TC-RNTI, P-RNTI, and SI-RNTI

[0117] DCI format 2_0 with CRC scrambled by SFI-
RNTI

[0118]
RNTI

[0119] DCI format 2_2 with CRC scrambled by TPC-
PUSCH-RNTI and TPC-PUCCH-RNTI

[0120] DCI format 2_3 with CRC scrambled by TPC-
SRS-RNTI

[0121] In the UE-specific search space, the following
combinations of DCI formats and RNTIs may be monitored.
The disclosure is not limited to the following examples.

[0122] DCI format 0_0/1_0 with CRC scrambled by
C-RNTI, CS-RNTI, and TC-RNTI

[0123] DCI format 1_0/1_1 with CRC scrambled by
C-RNTI, CS-RNTI, and TC-RNTI

[0124] The specified RNTIs may follow the definitions
and usages as follows. Cell RNTI (C-RNTI) for scheduling
of UE-specific PDSCH

[0125] Temporary cell RNTI (TC-RNTTI) for scheduling of
UE-specific PDSCH

DCI format 2_1 with CRC scrambled by INT-
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[0126] Configured scheduling RNTI (CS-RNTI) for
scheduling of semi-statically configured UE-specific
PDSCH

[0127] Random access RNTI (RA-RNTI) for scheduling
of PDSCH in random access stage

[0128] Paging RNTI (P-RNTI) for scheduling of PDSCH
in which paging is transmitted

[0129] System information RNTI (SI-RNTT) for schedul-
ing of PDSCH in which system information is transmitted

[0130] Interruption RNTI (INT-RNTI) for informing of
puncturing on PDSCH

[0131] Transmit power control for PUSCH RNTI (TPC-
PUSCH-RNTTI) for indicating power control command for
PUSCH

[0132] Transmit power control for PUCCH RNTI (TPC-
PUCCH-RNTI) for indicating power control command for
PUCCH

[0133] Transmit power control for SRS RNTI (TPC-SRS-
RNTTI) for indicating power control command for SRS

[0134] In an embodiment, the above-described DCI for-
mats may be defined as shown in Table 18 below.

TABLE 18

DCI format Usage

0 Scheduling of PUSCH in one cell

1 Scheduling of PUSCH in one cell

0 Scheduling of PDSCH in one cell

1 Scheduling of PDSCH in one cell

0 Notifying a group of UEs of the
slot format

21 Notifying a group of UEs of the

PRB(s) and OFDM symbol(s) where

UE may assume no transmission is

intended for the UE

2.2 Transmission of TPC commands for
PUCCH and PUSCH
2.3 Transmission of a group of TPC

commands for SRS transmission by
one or more UEs

[0135] According to an embodiment, a plurality of search
space sets may be configured using different parameters
(e.g., the parameters in Table 10) in 5G. Therefore, a set of
search space sets monitored by the UE may differ at each
time. For example, if search space set#1 is configured as the
X-slot periodicity, if search space set#2 is configured as the
Y-slot periodicity, and if X and Y are different, the UE may
monitor both search space set#1 and search space set#2 in a
specific slot, and may monitor one of search space set#1 and
search space set#2 in a specific slot.

[0136] If a plurality of search space sets is configured for
the UE, the following conditions may be considered in order
to determine the search space set to be monitored by the UE.

[Condition 1: Limit Maximum Number of PDCCH

Candidates]

[0137] The number of PDCCH candidates capable of
being monitored per slot may not exceed M". M" may be
defined as the maximum number of PDCCH candidates per
slot in the cell in which the subcarrier spacing is set to 15-2*
kHz, and may be defined as shown in Table 19 below.
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TABLE 19

Maximum
number
of PDCCH
candidates
per slot and
per serving
cell (M")

W = O =
w
=N

[Condition 2: Limit Maximum Number of CCEs]

[0138] The number of CCEs constituting the entire search
space per slot (the entire search space may indicate a set of
all CCEs corresponding to the union area of a plurality of
search space sets) may not exceed C". C" may be defined as
the maximum number of CCEs per slot in the cell in which
the subcarrier spacing is set to 152" kHz, and may be
defined as shown in Table 20 below.

TABLE 20

Maximum
number
of CCEs

per slot and
per serving
cell (CY)

W= O =
v
=N

[0139] For convenience of explanation, the situation in
which both condition 1 and condition 2 are satisfied at a
specific time may be defined as “condition A.” Therefore,
the case in which condition A is not satisfied may indicate
the case in which at least one of condition 1 and condition
2 described above is not satisfied.

[0140] Condition A may not be satisfied at a specific time
depending on the configurations of the search space sets of
the base station. If condition A is not satisfied at a specific
time, the UE may select and monitor only some of the search
space sets configured to satisty condition A at that time, and
the base station may transmit a PDCCH to the selected
search space set.

[0141] According to an embodiment, selection of some
search spaces from among the overall configured search
space sets may be performed according to the following
methods.

[Method 1]

[0142] If condition A for the PDCCH is not satisfied at a
specific time (slot), the UE (or the base station) may
preferentially select the search space set in which the search
space type is configured as a common search space from
among the search space sets existing at the corresponding
time, instead of the search space set in which the search
space type is configured as a UE-specific search space.

[0143] If all search space sets configured as the common
search space are selected (i.e., if condition A is satisfied even
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after selecting all search spaces configured as the common
search space), the UE (or the base station) may select the
search space sets configured as the UE-specific search space.
In this case, if there are a plurality of search space sets
configured as the UE-specific search space, the search space
set having a lower search space set index may have a higher
priority. The UE or the base station may select the UE-
specific search space sets within a range in which condition
A is satisfied in consideration of priority.

[0144] Hereinafter, methods for allocating time and fre-
quency resources for transmission of data in NR will be
described.

[0145] NR may provide detailed frequency domain
resource allocation (FD-RA) methods as follows, in addition
to frequency domain resource candidate allocation through
BWP indication.

[0146] FIG. 6 is a diagram illustrating an example of
frequency domain resource allocation of a physical down-
link shared channel (PDSCH) in a wireless communication
system according to an embodiment of the disclosure.

[0147] FIG. 6 is a diagram illustrating three frequency
domain resource allocation methods of type 0 (6-00), type 1
(6-05), and dynamic switch 6-10, which may be configured
through a higher layer in NR.

[0148] Referring to FIG. 6, in the case where a UE is
configured to use only resource type 0 through higher layer
signaling (6-00), some downlink control information (DCI)
for allocating a PDSCH to the UE has a bitmap of NRBG
bits. The conditions for this will be described later. In this
case, NRBG indicates the number of resource block groups
(RBGs) determined, as shown in Table 21 below, according
to the size of a BWP allocated by a BWP indicator and the
higher layer parameter “rbg-Size,” and data is transmitted in
the RBG represented as “1” using a bitmap.

TABLE 21

Bandwidth Part Size Configuration 1 Configuration 2

1-36 2 4
37-72 4 8
73-144 8 16

145-275 16 16

[0149] In the case where the UE is configured to use only
resource type 1 through higher layer signaling (6-05), some
DCI for allocating PDSCHs to the UE has frequency domain
resource allocation information including [log,(Ny ;=277
(Ngz""""F41)/2] bits. The conditions for this will be
described again DI, BWP later. The base station may
configure starting VRB 6-20 and the length 6-24 of the
frequency domain resource subsequent thereto.

[0150] Ifthe UE is configured to use both resource type 0
and resource type 1 through higher layer signaling (6-10),
some DCI for allocating the PDSCHs to the corresponding
UE has frequency domain resource allocation information
including bits of a large value 6-35 among the payload 6-15
for configuring resource type 0 and the payloads 6-20 and
6-25 for configuring resource type 1. The conditions for this
will be described again later. In this case, one bit 6-30 may
be added to the foremost part (MSB) of the frequency
domain resource allocation information in the DCI, and bit
0 indicates that resource type 0 is to be used, and bit 1
indicates that resource type 1 is to be used.
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[0151] Hereinafter, a time domain resource allocation
method for a data channel in the next-generation mobile
communication system (the 5G or NR system) will be
described.

[0152] The base station may configure a table about time
domain resource allocation information for a downlink data
channel {physical downlink shared channel (PDSCH)} and
an uplink data channel {physical uplink shared channel
(PUSCH)} for the UE through higher layer signaling (e.g.,
RRC signaling). A table including up to maxNrofDL-Allo-
cations=16 entries may be configured for the PDSCH, and a
table including up to maxNrofUL-Allocations=16 entries
may be configured for the PUSCH. In an embodiment, the
time domain resource allocation information may include
PDCCH-to-PDSCH slot timing (corresponding to the time
interval in units of slots between the time at which the
PDCCH is received and the time at which the PDSCH
scheduled by the received PDCCH is transmitted, which is
denoted as KO0), PDCCH-to-PUSCH slot timing (corre-
sponding to the time interval in units of slots between the
time at which the PDCCH is received and the time at which
the PUSCH scheduled by the received PDCCH is transmit-
ted, which is denoted as K2), information on the location and
length of a start symbol in which the PDSCH or PUSCH is
scheduled in the slot, a mapping type of the PDSCH or
PUSCH, and the like. For example, the information shown
in Table 22 or Table 23 below may be notified of to the UE
from the base station.

TABLE 22

PDSCH-TimeDomainResourceAllocationList information element

PDSCH-TimeDomainResourceAllocationList ::= SEQUENCE
(SIZE(1..maxNrofDL-Allocations)) OF PDSCH-
TimeDomainResourceAllocation
PDSCH-TimeDomainResourceAllocation ::= SEQUENCE {
k0 INTEGER(0.32) OPTIONAL, -- Need S
(PDCCH-to-PDSCH timing, per slot)
mappingType ENUMERATED {typeA, typeB},
(PDSCH mapping type)
startSymbolAndLength INTEGER (0..127)
(start symbol and length of the PDSCH)

TABLE 23

PUSCH-TimeDomainResourceAllocation information element

PUSCH-TimeDomainResourceAllocationList ::= SEQUENCE
(SIZE(1..maxNrofUL-Allocations)) OF PUSCH-
TimeDomainResourceAllocation
PUSCH-TimeDomainResourceAllocation ::= SEQUENCE {

k2 INTEGER(0.32) OPTIONAL, -- Need S

(PDCCH-to-PUSCH timing, per slot)

mappingType ENUMERATED {typeA, typeB},
(PUSCH mapping type)

startSymbolAndLength INTEGER (0..127)

(start symbol and length of the PUSCH)

[0153] The base station may notify the UE of one of the
entries in the table for the time domain resource allocation
information described above through L1 signaling (e.g.,
DCI) (for example, it may be indicated by a field “time
domain resource allocation” in DCI). The UE may obtain
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time domain resource allocation information for the PDSCH
or the PUSCH, based on the DCI received from the base
station.

[0154] FIG. 7 is a diagram illustrating an example of
allocating time domain resources of a PDSCH in a wireless
communication system according to an embodiment of the
disclosure.

[0155] Referring to FIG. 7, the base station may indicate
the time domain location of a PDSCH resource according to
the subcarrier spacing (SCS) (Uppscrr a0d Lppecr) of a data
channel and a control channel configured using a higher
layer, a scheduling offset value (K,), a starting location 7-00
of OFDM symbols within one slot 7-10 dynamically indi-
cated through DCI, and the length 7-05 thereof.

[0156] FIG. 8 is a diagram illustrating an example of
allocating time domain resources according to subcarrier
spacing of a data channel and a control channel in a wireless
communication system according to an embodiment of the
disclosure.

Jun. 27, 2024

PDCCH,” and a process of transmitting data through the
PDSCH may be expressed as “transmitting the PDSCH.”

[0159] FIG. 9 is a diagram illustrating an example of the
configuration of an antenna port for cooperative communi-
cation according to an embodiment of the disclosure.

[0160] Firstly, a beam configuration method for the
PDCCH will be described. Referring to FIG. 9, it shows a
process of configuring and activating a beam of the PDCCH.
Firstly, the list of TCI states for each CORESET may be
indicated through a higher layer list such as RRC or the like
(9-00). The list of TCI states may be indicated by “tci-
StatesPDCCH-ToAddList”  and/or  “tci-StatesPDCCH-
ToReleaselist” in Table 8. Next, one of the TCI states in the
list configured for each CORESET may be activated through
a MAC-CE (9-20). Reference numeral 9-50 shows an
example of a MAC-CE structure for activating the TCI state
of the PDCCH. The definition of each field in the MAC CE
and available values for each field are as follows.

Serving Cell ID: This field indicates the identity of the Serving Cell for which the
MAC CE applies. The length of the field is 5 bits;

CORESET ID: This field indicates a Control Resource Set identified with
ControlResourceSetld as specified in TS 38.331 [5], for which the TCI State is
being indicated. In case the value of the field is 0, the field refers to the Control
Resource Set configured by controlResourceSetZero as specified in TS 38.331

[5]. The length of the field is 4 bits;

TCI State ID: This field indicates the TCI state identified by TCI-Stateld as
specified in TS 38.331 [5] applicable to the Control Resource Set identified by
CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a

TCI-Stateld for a TCI state of the first 64 TCI-states configured by tci-States-
ToAddModList and tci-States-ToReleaseList in the PDSCH-Config in the active
BWP. If the field of CORESET ID is set to the other value than 0, this field
indicates a TCI-Stateld configured by tci-StatesPDCCH-ToAddList and tei-

StatesPDCCH-ToReleaseList in the controlResourceSet identified by the
indicated CORESET ID. The length of the field is 7 bits.

[0157] Referring to FIG. 8, if the subcarrier spacing of the
data channel is the same as the subcarrier spacing of the
control channel (WppscrWrpccy) (8-00), the slot numbers
for the data and the control are the same. Accordingly, the
base station and the UE may recognize the occurrence of a
scheduling offset according to a predetermined slot offset
(K,)- On the other hand, if the subcarrier spacing of the data
channel is different from the subcarrier spacing of the
control channel (Wppserllopecs) (8-05), the slot numbers
for the data and the control are different from each other.
Accordingly, the base station and the UE may recognize the
occurrence of a scheduling offset according to a predeter-
mined slot offset (K,), based on the subcarrier spacing of the
PDCCH.

[0158] Next, a beam configuration method in order for the
base station to transmit control information and data to the
UE will be described. In the disclosure, for the convenience
of explanation, a process of transmitting control information
through the PDCCH may be expressed as “transmitting the

[0161] FIG. 10 is a diagram illustrating a process of
configuring and activating a beam of a PDSCH according to
an embodiment of the disclosure.

[0162] Next, a beam configuration method for the PDSCH
will be described. Referring to FIG. 10, a process of con-
figuring and activating a beam of the PDSCH is illustrated.
The list of TCI states for the PDSCH may be indicated
through a higher layer list such as RRC or the like (10-00).
The list of TCI states may be indicated by, for example,
“tci-StatesToAddModList” and/or “tci-StatesToRe-
leaseList” in PDSCH-Config IE for each BWP. Next, some
of the TCI states in the list may be activated through a
MAC-CE (10-20). The maximum number of activated TCI
states may be determined according to the capability
reported by the UE. Reference numeral 10-50 shows an
example of a MAC-CE structure for activation/deactivation
of the TCI state of the PDSCH based on Rel-15.

[0163] The definition of each field in the MAC CE and
available values for each field are as follows.

Serving Cell ID: This field indicates the identity of the Serving Cell for which the
MAC CE applies. The length of the field is 5 bits;

BWP ID: This field indicates a DL. BWP for which the MAC CE applies as the
codepoint of the DCI bandwidth part indicator fleld as specified in TS 38.212 [9]. The
length of the BWP ID field is 2 bits;
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Ti: i) If there is a transmission configuration indiation (TCI) state with TCI-

Stateld i as specified in TS 38.331 [5], this field indicates the activation/deactivation
status of the TCI state with TCI-Stateld i, otherwise MAC entity shall ignore the Ti field.
The Ti field is set to 1 to indicate that the TCI state with TCI-Stateld i shall be activated
and mapped to the codepoint of the DCI Transmission Configuration Indication field, as
specified in TS 38.214 [7]. The Ti field is set to O to indicate that the TCI state with TCI-
Stateld i shall be deactivated and is not mapped to the codepoint of the DCI Transmission
Configuration Indication field. The codepoint to which the TCI State is mapped is
determined by its ordinal position among all the TCI States with Ti fleld set to 1, i.e. the
first TCI State with Ti field set to 1 shall be mapped to the codepoint value 0, second TCI
State with Ti field set to 1 shall be mapped to the codepoint value 1 and so on. The

maximum number of activated TCI states is §;
R: Reserved bit, set to 0.

[0164] In the case where the UE receives DCI format 1_1
or DCI format 1_2, a PDSCH may be received by one beam
among the TCI states activated through the MAC-CE, based
on information of a transmission configuration indication
(TCI) field in the DCI (10-40). The presence or absence of
the TCI field may be determined by the value “tci-Presentin-
DCI,” which is a higher layer parameter in the CORESET
configured for reception of the DCI. If “tci-PresentinDCI” is
configured as “enabled” in the higher layer, the UE may
identify the TCI field having 3 bits of information, thereby
determining the direction of a beam associated with the TCI
state activated in the DL BWP or the scheduled component
carrier and the DL-RS.

[0165] In LTE and NR, the UE performs a procedure of
reporting capability supported by the UE to a serving base
station while being connected to the base station, which will
be referred to as “UE capability (report)” in the following
description. The base station may transmit a UE capability
enquiry message requesting capability reporting to the UE in
a connected state. The message may include a request for UE
capability for each RAT type by the base station. The request
for each RAT type may include information on a requested
frequency band. In addition, the UE capability enquiry
message may be transmitted while requesting a plurality of
RAT types through a single RRC message container, or a
plurality of UE capability enquiry messages including
requests for respective RAT types may be included to then
be transmitted to the UE. That is, the UE capability enquiry
may be repeated multiple times, and the UE may configure
a UE capability information message corresponding thereto,
and may report the same multiple times. In the next-
generation mobile communication system, the request for
UE capability may be performed for MR-DC, as well as NR,
LTE, and EN-DC. For reference, the UE capability enquiry
message is generally transmitted in the initial stage after the
UE is connected, but the base station is able to request the
UE capability under any condition as necessary.

[0166] In the above operation, the UE receiving the
request for reporting UE capability from the base station
configures UE capability according to the RAT type and the
band information requested by the base station. A method of
configuring the UE capability by the UE in an NR system
will be summarized below.

[0167] 1. Ifthe UE receives a list of LTE and/or NR bands
through a UE capability request from the base station, the
UE configures a band combination (BC) for EN-DC and NR
stand-alone (SA). That is, the UE configures a list of BC
candidates for EN-DC and NR SA, based on the bands

requested by the base station using “FreqBandList.” In
addition, the bands have priority in the order as described in
“FreqBandList.”

[0168] 2. If the base station requests a UE capability report
by setting “eutra-nr-only” flag or “eutra” flag, the UE
completely removes the NR SA BCs from the configured list
of BC candidates. This operation may be performed only
when an LTE base station (eNB) requests “eutra” capability.
[0169] 3. Thereafter, the UE removes fallback BCs from
the list of BC candidates configured in the above operation.
The fallback BC corresponds to the case in which the band
corresponding to at least one SCell is removed from a certain
super set BC, and the fallback BC may be omitted because
the super set BC is capable of covering the fallback BC. This
operation is also applied to MR-DC, i.e., LTE bands. The
remaining BCs after this operation constitute a final “can-
didate BC list.”

[0170] 4. The UE selects the BCs to be reported, which
conform to the requested RAT type, from the final “candi-
date BC list.” In this operation, the UE configures “support-
edBandCombinationlist” in a predetermined order. In other
words, the UE configures the BCs and UE capability to be
reported in the preconfigured order of the RAT types
(nr—eutra-nr—>eutra). In addition, the UE configures “fea-
tureSetCombination” for the configured “supportedBand-
Combinationl.ist” and configures a list of “candidate feature
set combinations” from the candidate BC list from which the
list of the fallback BCs (including capabilities in the equal
or lower level) is removed. The “candidate feature set
combination” may include the feature set combinations for
BCs both of NR and EUTRA-NR, and may be obtained from
the feature set combinations of the “UE-NR-Capabilities”
and “UE-MRDC-Capabilities” containers.

[0171] 5. In addition, if the requested RAT type is “eutra-
nr” and has affects, “featureSetCombinations” is included in
both containers of “UE-MRDC-Capabilities” and “UE-NR-
Capabilities.” However, the feature set of NR is included
only in “UE-NR-Capabilities.”

[0172] After the UE capability is configured, the UE
transmits a UE capability information message including the
UE capability to the base station. Then, the base station
performs appropriate scheduling and transmission/reception
management for the UE, based on the UE capability
received from the UE.

[0173] FIG. 11 is a diagram illustrating the radio protocol
structure of a base station and a UE in the cases of a single
cell, carrier aggregation, and dual connectivity, respectively
according to an embodiment of the disclosure.

[0174] Referring to FIG. 11, the radio protocol of the
next-generation mobile communication system includes NR
service data adaption protocol (SDAP) S25 or S70, NR
packet data convergence protocol (PDCP) S30 or S65, NR
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radio link control (RLC) S35 or S60, and NR medium access
control (MAC) S40 or S55 in a UE and an NR base station,
respectively.
[0175] The primary functions of the NR SDAP S25 or S70
may include some of the following functions.

[0176] Transfer of user plane data

[0177] Mapping between QoS flow and DRB for both

DL and UL

[0178] Marking QoS flow ID in both DL and UL
packets
[0179] Mapping reflective QoS flow to DRB for UL

SDAP PDUs

[0180] With regard to the SDAP layer entity, the UE may
receive a configuration indicating whether or not to use a
header of the SDAP layer entity or whether or not to use
functions of the SDAP layer entity for each PDCP layer
entity, for each bearer, or for each logical channel through an
RRC message. In the case where the SDAP header is
configured, a 1-bit NAS reflective QoS configuration indi-
cator and a 1-bit AS reflective QoS configuration indicator
of the SDAP header may instruct the UE to update or
reconfigure mapping information between the QoS flow and
the data bearers in the uplink and downlink. The SDAP
header may include QoS flow ID information indicating
QoS. The QoS information may be used as data processing
priority, scheduling information, or the like in order to
support effective services.

[0181] The primary functions of the NR PDCP S30 or S65
may include some of the following functions.

[0182] Header compression and decompression (ROHC
only)

[0183] Transfer of user data

[0184] In-sequence delivery of upper layer PDUs

[0185] Out-of-sequence delivery of upper layer PDUs

[0186] Sequence reordering (PDCP PDU reordering for
reception)

[0187] Duplicate detection of lower layer SDUs

[0188] Retransmission of PDCP SDUs

[0189] Ciphering and deciphering

[0190] Timer-based SDU discard in uplink

[0191] The reordering function of the NR PDCP layer

entity denotes a function of reordering PDCP PDUs received
from a lower layer, based on a PDCP sequence number (SN),
which may include a function of transmitting data to a higher
layer in the reordered order, may include a function of
directly transmitting data without consideration of an order,
may include a function of reordering the sequence and
recording lost PDCP PDUs, may include a function of
sending a status report of the lost PDCP PDUs to a trans-
mitting end, and may include a function of making a request
for retransmission of the lost PDCP PDUs.

[0192] The primary functions of the NR RLC S35 or S60
may include some of the following functions.

[0193] Data transfer function (transfer of upper layer
PDUs)

[0194] In-sequence delivery of upper layer PDUs

[0195] Out-of-sequence delivery of upper layer PDUs

[0196] ARQ function (error correction through ARQ)

[0197] Concatenation, segmentation, and reassembly of

RLC SDUs

[0198] Re-segmentation of RL.C data PDUs
[0199] Reordering of RLLC data PDUs
[0200] Duplicate detection

[0201] Protocol error detection
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[0202] RLC SDU discard
[0203] RLC re-establishment
[0204] The in-sequence delivery function of the NR RL.C

layer entity denotes a function of transferring RLC SDUs
received from a lower layer to a higher layer in sequence,
which may include a function of, if one original RLC SDU
is divided into a plurality of RLC SDUs and received,
reassembling and transmitting the same, may include a
function of reordering the received RLC PDUs, based on an
RLC sequence number (SN) or a PDCP sequence number
(SN), may include a function of reordering the sequence and
recording lost RLC PDUs, may include a function of send-
ing a status report of the lost RLC PDUs to a transmitting
end, may include a function of making a request for retrans-
mission of the lost RLC PDUs, may include a function of,
if there is a lost RLC SDU, transmitting only the RLC SDUs
prior to the lost RLC SDU to a higher layer in sequence, may
include a function of, if a predetermined timer expires even
though there is a lost RLC SDU, transmitting all RLC SDUs
received before the timer starts to a higher layer in sequence,
or may include a function of, if a predetermined timer
expires even though there is a lost RLC SDU, transmitting
all RLC SDUs received until the present to a higher layer in
sequence. In addition, the RL.C PDUs may be processed in
the order of reception (in the order of arrival regardless of a
serial number or a sequence number thereof), and may be
transmitted to the PDCP layer entity in an out-of-sequence
delivery manner. In the case of segments, the segments,
which are stored in the buffer or will be received later, may
be received and reconfigured into one complete RLC PDU,
and the RL.C PDU may be processed and transmitted to the
PDCP layer entity. The NR RLC layer may not include a
concatenation function, which may be performed in the NR
MAC layer or may be replaced with a multiplexing function
of the NR MAC layer.

[0205] The out-of-sequence delivery of the NR RLC layer
entity denotes a function of directly transmitting RL.C SDUs
received from a lower layer to a higher layer regardless of
sequence, which may include a function of, if one original
RLC SDU is divided into a plurality of RLC SDUs and is
received, reassembling and transmitting the same, and may
include a function of storing and ordering RLLC SNs or
PDCP SN of the received RLC PDUS, thereby recording the
lost RLC PDUs.

[0206] The NR MAC S40 or S55 may be connected to a
plurality of NR RLC layer entities configured in a single UE,
and the primary functions of the NR MAC may include
some of the following functions.

[0207] Mapping between logical channels and transport
channels

[0208] Multiplexing/demultiplexing of MAC SDUs

[0209] Scheduling information reporting

[0210] HARQ function (error correction through
HARQ)

[0211] Priority handling between logical channels of
one UE

[0212] Priority handling between UEs by means of

dynamic scheduling

[0213] MBMS service identification
[0214] Transport format selection
[0215] Padding
[0216] The NR PHY layers S45 and S50 may perform

operations of channel-coding and modulating the higher
layer data into OFDM symbols and transmitting the same
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through a radio channel, or operations of demodulating and
channel-decoding the OFDM symbols received through the
radio channel and transmitting the same to the higher layer.
[0217] The detailed structures of the radio protocols may
be changed in various ways according to a carrier (or cell)
operating scheme. For example, in the case where the base
station transmits data to the UE, based on a single carrier (or
cell), the base station and the UE use a single protocol
structure for the respective layers as shown in S00. On the
other hand, in the case where the base station transmits data
to the UE, based on carrier aggregation (CA) using multiple
carriers in a single TRP, the base station and the UE use a
protocol structure in which a single structure is provided
until the RLC layer and in which the PHY layer is multi-
plexed through the MAC layer as shown in S10. As another
example, in the case where the base station transmits data to
the UE, based on dual connectivity (DC) using multiple
carriers in multiple TRPs, the base station and the UE use a
protocol structure in which a single structure is provided
until the RLC layer and in which the PHY layer is multi-
plexed through the MAC layer as shown in S20.

[0218] Meanwhile, if the interval between the symbol in
which transmission of the PDCCH ends and the start symbol
of the PDSCH scheduled by the PDCCH is less than a
specific threshold, the UE may not complete decoding of the
PDCCH at the time of receiving the PDSCH. This indicates
that beam information for the reception of the PDSCH,
which is indicated by the DCI of the PDCCH, fails to be
received. In this situation, the base station and the UE may
specify a default beam for the reception of the PDSCH. That
is, in the above situation, the base station transmits the
PDSCH using the specified default beam, and the UE may
perform buffering using the specified default beam. If the
UE determines, after decoding of the PDCCH, that there is
a PDSCH scheduled before decoding of the PDCCH, the
decoding of the PDSCH may be performed from the signal
buffered according to the default beam. In this case, the
aforementioned threshold may be the value “timeDuration-
ForQCL” reported as the UE capability. Meanwhile, the
above default beam operation may be limited to the case in
which one or more TCI states in the TCI state list 10-00
configured for the PDSCH include “QCL-TypeD,” that is,
the case in which the reception beam of the UE is config-
ured. In this case, the default beam may be the beam
configured in the CORESET (e.g., CORESET #0) corre-
sponding to the lowest ID, among the CORESETS corre-
sponding to the monitored search space of the latest slot,
based on the PDSCH reception slot. That is, with the
PDSCH reception slot as a reference point, the default beam
may be the beam configured in the CORESET (e.g., CORE-
SET #0) corresponding to the lowest 1D, among the CORE-
SETs corresponding to the monitored search space of the
latest slot.

[0219] The default beam operation for receiving the
PDSCH may be limited to the case in which a cross-carrier
is not configured for the PDSCH.

[0220] FIG. 12 is a diagram illustrating an example of a
PDSCH default beam operation according to an embodiment
of the disclosure.

[0221] Referring to FIG. 12, illustrates an example of the
PDSCH default beam operation. In the case where the TCI
field for reception of a PDSCH, in the DCI 12-00 transmitted
through the PDCCH, indicates TCI state #n (12-10), if the
interval between the symbol in which the transmission of the

Jun. 27, 2024

PDCCH ends and a start symbol of the PDSCH 12-40
scheduled by the PDCCH is less than “timeDuration-
forQCL” 12-20, and if one or more TCI states in the TCI
state list configured through RRC for the PDSCH include
“QCL-TypeD,” a default beam 12-60 may be applied to the
PDSCH.

[0222] Meanwhile, if the parameter “tci-PresentinDCI” is
not configured in the CORESET, or if the PDSCH is
scheduled as DCI format 1_0, since there is no TCI field in
the DCI, the UE is unable to receive an indication of a beam
for reception of the PDSCH using the DCI. In this case, if
the interval between the symbol in which the transmission of
the PDCCH ends and the start symbol of the PDSCH
scheduled by the PDCCH is greater than or equal to the
value “timeDurationForQCL,” the UE may assume that the
beam for reception of the PDSCH is the same as the beam
configured/activated in the PDCCH transmission CORE-
SET, and the base station may configure a PDSCH trans-
mission beam according to the assumption of the UE. The
default beam operation for reception of the PDSCH may be
limited to the case in which a cross-carrier is not configured
for the PDSCH.

[0223] Next, configuration of cross-carrier scheduling for
the PDSCH will be described. For cross-carrier scheduling,
a configuration parameter for each serving cell configured
through RRC, that is, “crossCarrierSchedulingConfig” hav-
ing the following structure may be configured in “Serving-
CellConfig IE” configured for each serving cell/component
carrier (CC).

CrossCarrierSchedulingConfig ::= SEQUENCE {
schedulingCellInfo CHOICE {
own SEQUENCE { -- Cross carrier scheduling: scheduling cell
cif-Presence BOOLEAN

b
other SEQUENCE { -- Cross carrier scheduling: scheduled cell
schedulingCellld ServCelllndex,
cif-InSchedulingCell INTEGER (1..7)
b

[0224] In the case of performing cross-carrier scheduling
from a specific serving cell to another serving cell, the
specific serving cell may be referred to as a “scheduling cell”
for convenience, and the value “cif-Presence” in the own
value of the parameter “crossCarrierSchedulingConfig” may
be configured to be true. In this case, the carrier indicator
field (CIF), which has been described in Table 4, may exist
in DCI format 0_1 or 1_1 of the scheduling cell. If the CIF
indicates a value of 0, the PDSCH scheduled as the DCI
format is transmitted through the scheduling cell. On the
other hand, if the CIF indicates a non-zero value, the
PDSCH scheduled as the DCI format is transmitted through
a serving cell other than the scheduling cell. The serving cell
corresponding to the value of the CIF may be referred to as
a “scheduled cell” for convenience, and mapping between a
specific scheduled cell and the CIF value may be performed
through the value “cif-InSchedulingCell” in “other” of the
parameter “crossCarrierSchedulingConfig.” That is, if the
value “cif-InSchedulingCell” is configured in “ServingCell-
Config” of a specific scheduled cell, transmission of the
PDSCH through the scheduled cell may be indicated to the
UE by configuring the CIF value in the DCI of the sched-
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uling cell as the value “cif-InSchedulingCell.” There may be
only one scheduling cell for a specific scheduled cell, and
the indication of the scheduling cell for the specific sched-
uled cell may be performed by specifying the value “sched-
ulingCellld” in “other” of the parameter “crossCarrier-
SchedulingConfig” in “ServingCellConfig” for the
scheduled cell as an ID of the scheduling cell.

[0225] In addition, for configuration of cross-carrier
scheduling, a search space set having the same ID may be
required to be configured between the active BWP of the
scheduling cell and the active BWP of the scheduled cell.

[0226] If the cross-carrier scheduling is configured in a
specific serving cell as described above, it is possible to
recognize whether or not the scheduling cell and the sched-
uled cell are of the same serving cell through the CIF value
in the DCI field of the scheduling cell. Meanwhile, if the
scheduled cell is different from the scheduling cell, the
CORESET may not be configured in the scheduled cell. In
this case, a PDSCH default beam may be unclear in the
situation (i) in which the interval between the last symbol of
the PDCCH and the start symbol of the scheduled PDSCH
in the scheduling cell is less than “timeDurationforQCL”
12-20 or in the situation (ii) in which “tci-PresentinDCI” is
not configured in the DCI for scheduling the PDSCH. If the
assumption for the PDSCH default beam differs between the
base station and the UE when the cross-carrier scheduling is
configured, there may be a problem in which the UE is
unable to normally receive the PDSCH. Accordingly, the
disclosure provides a method of configuring a PDSCH
default beam in the case in which cross-carrier scheduling is
configured.

First Embodiment: PDSCH Default Beam is not
Allowed if Cross-carrier Scheduling is Configured

[0227] In the case where cross-carrier scheduling is con-
figured, the UE may not expect the situation in which a
PDSCH default beam is configured, that is, the situation (i)
in which the interval (offset) between the last symbol of a
PDCCH and the start symbol of a scheduled PDSCH in the
scheduling cell is less than “timeDurationforQCL” 12-20 or
the situation (ii) in which “tci-PresentinDCI” is not config-
ured in the DCI for scheduling the PDSCH. In addition, the
base station may schedule the PDSCH so as to avoid the
above situations according to the operation of the UE.
[0228] The operation of the UE and the base station may
be applied to all CIF values in the DCI format for scheduling
the PDSCH. That is, the operation of the UE and the base
station may be applied both to the case in which the
scheduling cell and the scheduled cell are the same and to
the case in which the scheduling cell and the scheduled cell
are different. This may be due to the fact that it is difficult
to differently apply the PDSCH default beam depending on
the CIF value because it is recognized whether the CIF value
in the DCI format is 0 (the scheduling cell and the scheduled
cell are the same) or not (the scheduling cell and the
scheduled cell are different) only after decoding the
PDCCH.

[0229] FIG. 13 illustrates operation of a base station and
a UE according to the first embodiment of the disclosure.
[0230] Referring to FIG. 13, in the case where the cross-
carrier scheduling is not configured as denoted by reference
numeral 13-00, the PDSCH default beam operation is
allowed, but if the cross-carrier scheduling is configured as
denoted by reference numeral 13-50, the PDSCH default
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beam is not allowed, regardless of the condition denoted by
reference numeral 13-60, that is, the CIF value.

[0231] The operation of the UE and the base station may
be limited to specific conditions. For example, the case in
which the situation (ii) is not allowed may be limited to the
PDSCH scheduled as specific DCI formats, for example,
DCI format 1_1 and DCI format 1_2. In the case of the
PDSCH scheduled as DCI format 1_0, since the CIF and the
TCI field are not included in the DCI format, the beam
configured in the CORESET of the PDCCH that scheduled
the PDSCH may be used as a default beam of the PDSCH.

Second embodiment: PDSCH Default Beam is
Allowed for CIF Value=0 if Cross-carrier
Scheduling is Configured>

[0232] In the case where cross-carrier scheduling is con-
figured, a PDSCH default beam may be configured for the
case in which the CIF value=0 in the scheduling DCI, that
is, the case in which the scheduling cell and the scheduled
cell are different. In this case, since a CORESET may not be
configured in the scheduled cell, the UE may expect the
PDSCH default beam for each of the following situations as
follows.

[0233] Situation (i) in which the interval (offset) between
the last symbol of the PDCCH and the start symbol of the
scheduled PDSCH in the scheduling cell is less than “time-
DurationforQCL” (12-20).

[0234] —Assuming that the TCI state, having the lowest
TCI state ID among the PDSCH TCI states activated by a
MAC-CE, is a default beam of the PDSCH. That is, the TCI
state, having the lowest TCI state ID among the activated
TCI states applicable to the PDSCH in the active BWP of the
scheduled cell, is a default beam of the PDSCH. The
meaning that the TCI state is a default beam may mean that
the UE obtains QCL assumption for the PDSCH scheduled
by the DCI from the TCI state, according to described above.
[0235] Situation (ii) in which “tci-PresentinDCI” is not
configured in the DCI for scheduling the PDSCH.

[0236] —Assuming that the TCI state, having the lowest
TCI state ID among the PDSCH TCI states activated by a
MAC-CE, is a default beam of the PDSCH. That is, the TCI
state, having the lowest TCI state ID among the activated
TCI states applicable to the PDSCH in the active BWP of the
scheduled cell, is a default beam of the PDSCH. The
meaning that the TCI state is a default beam may mean that
the UE obtains QCL assumption for the PDSCH scheduled
by the DCI from the TCI state, according to described above.
[0237] Inaddition, the base station may transmit a PDSCH
according to the assumption of the UE for the PDSCH
default beam in the case in which the UE uses the PDSCH
default beam.

[0238] The operation of the UE and the base station may
be applied so as to be limited to a specific CIF value in the
DCI format for scheduling the PDSCH. For example, the
operation of the UE and the base station may be applied only
if the CIF value is not O (if the scheduling cell and the
scheduled cell are different), and may not be applied if the
CIF value is O (if the scheduling cell and the scheduled cell
are the same). This is due to the fact that the above-described
assumption of the UE for the PDSCH default beam may be
appropriate to the case where there is no CORESET in the
scheduled cell. If the CIF value is 0, according to the first
embodiment, the UE may not expect the situation in which
the PDSCH default beam is configured, and the base station
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may schedule the PDSCH so as to avoid the situation in
which the default beam is configured.

[0239] FIG. 14 is a diagram illustrating the operation of a
base station and a user equipment according to an embodi-
ment of the disclosure.

[0240] Referring to FIG. 14, it illustrates operation of a
base station and a UE according to the second embodiment.
In the case where the cross-carrier scheduling is not con-
figured as denoted by reference numeral 14-00, the PDSCH
default beam operation is allowed, but if the cross-carrier
scheduling is configured as denoted by reference numeral
14-50, depending on the condition denoted by reference
numeral 14-60 (i.e., the CIF value), the PDSCH default
beam is allowed if the CIF value is not O (if the scheduling
cell and the scheduled cell are different), and the PDSCH
default beam is not allowed if the CIF value is O (if the
scheduling cell and the scheduled cell are the same).
[0241] <Third embodiment: Different PDSCH default
beams are allowed depending on CIF value if cross-carrier
scheduling is configured>

[0242] In the case in which cross-carrier scheduling is
configured, if the PDSCH default beam is not allowed
according to the first embodiment, the symbol interval
(offset) between the PDCCH and the scheduled PDSCH
must always be greater than or equal to a specific value,
which causes long latency in the PDSCH transmission. In
addition, dynamic beam change for the PDSCH is not
required in some cases such as the case in which the UE is
located indoors and does not move, but if the PDSCH
default beam is not allowed at that time, unnecessary con-
figuration and control information transmission overhead for
indicating the beam for every PDSCH may occur. In addi-
tion, according to the second embodiment, in the case where
the cross-carrier scheduling is configured, if the PDSCH
default beam is allowed only when the CIF value=0, this
may bring about unnecessary restriction in which the
PDSCH default beam is not allowed when the scheduling
cell is the same as the scheduled cell, that is, the CIF
value=0. Accordingly, the PDSCH default beam is required
to be allowed for all CIF values, and it is necessary to
configure different PDSCH default beams for the case in
which the CIF value=0 and the case in which the CIF
value=0.

[0243] First, if the CIF value=0, the PDSCH default beam
may be allowed according to the second embodiment.
[0244] On the other hand, if the CIF value=0, that is, if the
scheduling cell is the same as the scheduled cell, a CORE-
SET may be configured in the scheduled cell. Accordingly,
the UE may expect the PDSCH default beam as one of the
following in each of the following situations.

[0245] Situation (i) in which the interval (offset) between
the last symbol of the PDCCH and the start symbol of the
scheduled PDSCH in the scheduling cell is less than “time-
DurationforQCL” (12-20).

[0246] —Method i-1. Assuming that the TCI state config-
ured in the CORESET corresponding to the lowest ID (e.g.,
CORESET #0) among the CORESETS corresponding to the
monitored search space of the latest slot based on the
PDSCH reception slot is a default beam of the PDSCH.
[0247] With the PDSCH reception slot as a reference
point, assuming that the TCI state configured in the CORE-
SET corresponding to the lowest ID among the CORESETs
corresponding to the monitored search space in the latest slot
in which the CORESETs within the active BWP of the
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scheduling cell are monitored by the UE is a default beam
of the PDSCH. The TCI state may correspond to or be
associated with one of QCL parameters used for PDCCH
QCL indication of the CORESET, according to described
above.

[0248] The above method ensures the consistency in the
operation of the UE both in the case where the cross-carrier
scheduling is configured and in the case where the cross-
carrier scheduling is not configured. In the above situation
(1), if different PDSCH default beams are configured
depending on whether or not the cross-carrier scheduling is
configured, the UE must perform different buffering opera-
tions depending on whether or not the cross-carrier sched-
uling is configured, which may greatly complicate imple-
mentation of the UE.

[0249] Method i-2. Assuming that the TCI state having the
lowest TCI state ID, among the PDSCH TCI states activated
by a MAC-CE, is a default beam of the PDSCH.

[0250] The above method ensures the consistency in the
operation of the UE for all CIF values in the case where the
cross-carrier scheduling is configured. In the above situation
(1), if different PDSCH default beams are configured
depending on whether or not the CIF value is 0, the UE must
perform different buffering operations for the respective
serving cells, which may complicate implementation of the
UE.

[0251] Situation (ii) in which “tci-PresentinDCI” is not
configured in the DCI for scheduling the PDSCH.

[0252] —=Method ii-1. Assuming that the TCI state, acti-
vated in the CORESET in which the PDCCH for scheduling
the PDSCH is transmitted, is a default beam of the PDSCH.
[0253] The above method ensures the consistency in the
operation of the UE both in the case where the cross-carrier
scheduling is configured and in the case where the cross-
carrier scheduling is not configured. In addition, since the
above method relates to the PDSCH default beam applicable
to DCI format 1_0, the method ensures the consistency in
the operation of the UE for different DCI formats such as
DCI format 1_0, DCI format 1_1, and DCI format 1_2.
[0254] —Method ii-2. Assuming that the TCI state having
the lowest TCI state ID, among the PDSCH TCI states
activated by a MAC-CE, is a default beam of the PDSCH.
[0255] The above method ensures the consistency in the
operation of the UE for all CIF values in the case where the
cross-carrier scheduling is configured.

[0256] In addition, the base station may transmit a PDSCH
according to the assumption of the UE for the PDSCH
default beam in the situation in which the UE uses the
PDSCH default beam.

[0257] FIG. 15 is a diagram illustrating the operation of a
base station and a user equipment depending on conditions
according to an embodiment of the disclosure.

[0258] Conditions for the operation of the third embodi-
ment described above may be configured. Referring to FIG.
15, it is an example of conditions for the operation of the
third embodiment. For example, in order to ensure existing
backward compatibility of the UE, the UE operating under
Rel-15 may operate according to the first embodiment,
whereas the UE operating under Rel-16 may operate accord-
ing to the third embodiment (15-00). Alternatively, the UE
operating according to the third embodiment and the UE
operating according to the first and second embodiments
may be distinguished by the UE capability. For example, the
UE operating according to the first embodiment and the UE
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operating according to the second embodiment may be
distinguished by Release of the UE so that, for example, the
Rel-15 UE may operate according to the first embodiment
and the Rel-16 UE may operate according to the second
embodiment. The UE operating according to the second
embodiment and the UE operating according to third
embodiment may be distinguished by the capability that is
further reported by the UE. For example, the UE that
supports specific capability, among Rel-16 UEs, may oper-
ate according to the third embodiment, whereas the UE that
does not support the capability may operate according to the
second embodiment (15-50).

[0259] FIG. 16 is a block diagram illustrating the structure
of'a UE in a wireless communication system according to an
embodiment of the disclosure.

[0260] Referring to FIG. 16, a UE may include a UE
receiver 16-00, a UE transmitter 16-10, and a UE processor
(controller) 16-05.

[0261] The UE receiver 16-00 and the UE transmitter
16-10 may be collectively referred to as a “transceiver.” The
UE receiver 16-00, the UE transmitter 16-10, and the UE
processor 16-05 of the UE may operate according to the
aforementioned communication method of the UE. How-
ever, the elements of the UE are not limited to the above-
described example. For example, the UE may include more
elements (e.g., a memory and the like) or fewer elements
than the above-described elements. In addition, the UE
receiver 16-00, the UE transmitter 16-10, and the UE
processor 16-05 may be implemented in the form of a single
chip.

[0262] The UE receiver 16-00 and the UE transmitter
16-10 (or the transceiver) may transmit and receive signals
to and from a base station. The signal may include control
information and data. To this end, the transceiver may
include an RF transmitter that up-converts and amplifies the
frequency of a signal to be transmitted, and an RF receiver
that low-noise-amplifies a received signal and down-con-
verts the frequency thereof. However, this is only an
embodiment of the transceiver, and elements of the trans-
ceiver are not limited to the RF transmitter and the RF
receiver.

[0263] In addition, the transceiver may receive a signal
through a radio channel, may output the same to the UE
processor 16-05, and may transmit a signal output from the
UE processor 16-05 through a radio channel.

[0264] A memory (not shown) may store programs and
data required for the operation of the UE. In addition, the
memory may store control information or data included in
the signal obtained by the UE. The memory may include a
storage medium such as ROM, RAM, a hard disk, CD-
ROM, and DVD, or a combination thereof.

[0265] The UE processor 16-05 may control a series of
processes such that the UE operates according to the above-
described embodiment. The UE processor 16-05 may be
implemented as a controller or one or more processors.
[0266] FIG. 17 is a block diagram illustrating the structure
of a base station in a wireless communication system
according to an embodiment of the disclosure.

[0267] Referring to FIG. 17, a base station may include a
base station receiver 17-00, a base station transmitter 17-10,
and a base station processor (controller) 17-05.

[0268] The base station receiver 17-00 and the base station
transmitter 17-10 may be collectively referred to as a
“transceiver.” The base station receiver 17-00, the base
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station transmitter 17-10, and the base station processor
17-05 of the base station may operate according to the
aforementioned communication method of the base station.
However, the elements of the base station are not limited to
the above-described example. For example, the base station
may include more elements (e.g., a memory and the like) or
fewer elements than the above-described elements. In addi-
tion, the base station receiver 17-00, the base station trans-
mitter 17-10, and the base station processor 17-05 may be
implemented in the form of a single chip.

[0269] The base station receiver 17-00 and the base station
transmitter 17-10 (or the transceiver) may transmit and
receive signals to and from a UE. The signal may include
control information and data. To this end, the transceiver
may include an RF transmitter that up-converts and ampli-
fies the frequency of a signal to be transmitted, and an RF
receiver that low-noise-amplifies a received signal and
down-converts the frequency thereof. However, this is only
an embodiment of the transceiver, and elements of the
transceiver are not limited to the RF transmitter and the RF
receiver.

[0270] In addition, the transceiver may receive a signal
through a radio channel, may output the same to the base
station processor 17-05, and may transmit a signal output
from the base station processor 17-05 through a radio
channel.

[0271] A memory (not shown) may store programs and
data required for the operation of the base station. In
addition, the memory may store control information or data
included in the signal obtained by the base station. The
memory may include a storage medium such as ROM,
RAM, a hard disk, CD-ROM, and DVD, or a combination
thereof.

[0272] The base station processor 17-05 may control a
series of processes such that the base station operates
according to the above-described embodiment. The base
station processor 17-05 may be implemented as a controller
Or one Ofr More processors.

[0273] Inthe drawings in which methods of the disclosure
are described, the order of the description does not always
correspond to the order in which operations of each method
are performed, and the order relationship between the opera-
tions may be changed or the operations may be performed in
parallel.

[0274] Alternatively, in the drawings in which methods of
the disclosure are described, some elements may be omitted
and only some elements may be included therein without
departing from the essential spirit and scope of the disclo-
sure.

[0275] Further, in methods of the disclosure, some or all of
the contents of each embodiment may be combined without
departing from the essential spirit and scope of the disclo-
sure.

[0276] In addition, although not disclosed in the disclo-
sure, a method can also use a separate table or information
including at least one item included in the table proposed in
the disclosure.

[0277] While the disclosure has been shown described
with reference to various embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the disclosure as defined by the
appended claims and their equivalents.
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What is claimed is:

1. A method performed by a terminal in a communication
system, the method comprising:

identifying whether a default beam for a cross-scheduled

physical downlink shared channel (PDSCH) is allowed
or not;

in case that the default beam for the cross-scheduled

PDSCH is allowed, identifying that a scheduling cell
for a physical downlink control channel (PDCCH) and
a scheduled cell for a PDSCH are different each other;
and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, receiving, from
a base station, the PDSCH based on a transmission
configuration indication (TCI) state of lowest identifier
(ID) among activated TCI states configured for the
PDSCH.

2. The method of claim 1, wherein downlink control
information received on the PDCCH includes a carrier
indicator field (CIF) being not set as 0.

3. The method of claim 1, further comprising:

in case that the default beam for the cross-scheduled

PDSCH is allowed, identifying that a scheduling cell
for a PDCCH and a scheduled cell for a PDSCH are the
same; and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, receiving, from
the base station, the PDSCH based on a quasi co-
location (QCL) parameter of a control resource set
(CORESET) of lowest index among one or more
CORESETs corresponding to a monitored search space
in latest slot.

4. The method of claim 1, wherein, in case that the default
beam for the cross-scheduled PDSCH is not allowed, a
release 15 default beam behavior is applied.

5. The method of claim 1, further comprising:

transmitting, to the base station, capability information

associated with support of the default beam for the
cross-scheduled PDSCH.

6. A method performed by a base station in a communi-
cation system, the method comprising:

identifying whether a default beam for a cross-scheduled

physical downlink shared channel (PDSCH) is allowed
or not;

in case that the default beam for the cross-scheduled

PDSCH is allowed, transmitting, to a terminal, a physi-
cal downlink control channel (PDCCH), on a schedul-
ing cell, for scheduling a physical downlink shared
channel (PDSCH) on a scheduled cell, wherein the
scheduling cell and the scheduled cell are different each
other; and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, transmitting, to
the terminal, the PDSCH based on a quasi co-location
parameter associated with a transmission configuration
indication (TCI) state of lowest identifier (ID) among
activated TCI states configured for the PDSCH.

7. The method of claim 6, wherein downlink control
information transmitted on the PDCCH includes a carrier
indicator field (CIF) being not set as 0.

8. The method of claim 6, further comprising:

in case that the default beam for the cross-scheduled

PDSCH is allowed, transmitting, to the terminal, a
PDCCH, on a scheduling cell, for scheduling a PDSCH
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on a scheduled cell, wherein the scheduling cell and the
scheduled cell are the same; and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, transmitting, to
the terminal, the PDSCH based on a quasi co-location
(QCL) parameter of a control resource set (CORESET)
of lowest index among one or more CORESETs cor-
responding to a search space in latest slot.

9. The method of claim 6, wherein, in case that the default
beam for the cross-scheduled PDSCH is not allowed, a
release 15 default beam behavior is applied.

10. The method of claim 6, further comprising:

receiving, from the terminal, capability information asso-

ciated with support of the default beam for the cross-
scheduled PDSCH.

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

a transceiver; and

a controller coupled with the transceiver and configured

to:

identify whether a default beam for a cross-scheduled
physical downlink shared channel (PDSCH) is
allowed or not,

in case that the default beam for the cross-scheduled
PDSCH is allowed, identify that a scheduling cell for
a physical downlink control channel (PDCCH) and a
scheduled cell for a PDSCH are different each other,
and

in case that a time offset between the PDCCH and the
PDSCH is less than a threshold value, receive, from
a base station, the PDSCH based on a transmission
configuration indication (TCI) state of lowest iden-
tifier (ID) among activated TCI states configured for
the PDSCH.

12. The terminal of claim 11, wherein downlink control
information received on the PDCCH includes a carrier
indicator field (CIF) being not set as 0.

13. The terminal of claim 11, wherein the controller is
further configured to:

in case that the default beam for the cross-scheduled

PDSCH is allowed, identify that a scheduling cell for a
PDCCH and a scheduled cell for a PDSCH are the
same, and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, receive, from the
base station, the PDSCH based on a quasi co-location
(QCL) parameter of a control resource set (CORESET)
of lowest index among one or more CORESETs cor-
responding to a monitored search space in latest slot.

14. The terminal of claim 11, wherein, in case that the
default beam for the cross-scheduled PDSCH is not allowed,
a release 15 default beam behavior is applied.

15. The terminal of claim 11, wherein the controller is
further configured to transmit, to the base station, capability
information associated with support of the default beam for
the cross-scheduled PDSCH.

16. A base station in a communication system, the base
station comprising:

a transceiver; and

a controller coupled with the transceiver and configured

to:

identify whether a default beam for a cross-scheduled
physical downlink shared channel (PDSCH) is
allowed or not,
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in case that the default beam for the cross-scheduled
PDSCH is allowed, transmit, to a terminal, a physi-
cal downlink control channel (PDCCH), on a sched-
uling cell, for scheduling a physical downlink shared
channel (PDSCH) on a scheduled cell, wherein the
scheduling cell and the scheduled cell are different
each other, and

in case that a time offset between the PDCCH and the
PDSCH is less than a threshold value, transmit, to
the terminal, the PDSCH based on a quasi co-
location parameter associated with a transmission
configuration indication (TCI) state of lowest iden-
tifier (ID) among activated TCI states configured for
the PDSCH.

17. The base station of claim 16, wherein downlink
control information transmitted on the PDCCH includes a
carrier indicator field (CIF) being not set as O.

18. The base station of claim 16, wherein the controller is
further configured to:

23
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in case that the default beam for the cross-scheduled
PDSCH is allowed, transmit, to the terminal, a
PDCCH, on a scheduling cell, for scheduling a PDSCH
on a scheduled cell, wherein the scheduling cell and the
scheduled cell are the same, and

in case that a time offset between the PDCCH and the

PDSCH is less than a threshold value, transmit, to the
terminal, the PDSCH based on a quasi co-location
(QCL) parameter of a control resource set (CORESET)
of lowest index among one or more CORESETs cor-
responding to a search space in latest slot.

19. The base station of claim 16, wherein, in case that the
default beam for the cross-scheduled PDSCH is not allowed,
a release 15 default beam behavior is applied.

20. The base station of claim 16, wherein the controller is
further configured to receive, from the terminal, capability
information associated with support of the default beam for
the cross-scheduled PDSCH.
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