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UPLINK TRANSMISSION METHOD AND APPARATUS IN CELLULAR
COMMUNICATION SYSTEM

Technical Field

[1]  The present invention relates to a wireless communication system and, in
particular, to a method and apparatus for transmitting/receiving a signal in a

next generation mobile communication system.

Background Art

[2] To meet the increased demand for wireless data traffic since the
deployment of 4G communication systems, efforts have been made to develop
an improved 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”. Implementation of the 5G communication system in higher frequency
(mmWave) bands, e.g., 60 GHz bands, is being considered in order to
accomplish higher data rates. To decrease propagation loss of radio waves and
increase the transmission distance, beamforming, massive multiple-input
multiple-output (MIMO), Full Dimensional MIMO (FD-MIMO), array antenna,
analog beam forming, and large scale antenna techniques are being discussed
for the 5G communication system. In addition, in the 5G communication
system, there are developments under way for system network improvement
based on advanced small cells, cloud Radio Access Networks (RANs), 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 Modulation (FQAM) and sliding window
superposition coding (SWSC) as advanced coding modulation (ACM) and filter
bank multi carrier (FBMC), non-orthogonal multiple access (NOMA), and
sparse code multiple access (SCMA) as advanced access technology have been

developed.
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[3] The Internet, which is a human centered connectivity network where
humans generate and consume information, is now evolving into the Internet of
Things (IoT) where distributed entities, such as things, exchange and process
information without human intervention. The Internet of Everything (IoE),
which is a combination of IoT technology and 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 interface technology”, and “security technology” have
been demanded for IoT implementation, recently there has been research into a
sensor network, Machine-to-Machine (M2M) communication, Machine Type
Communication (MTC), and so forth. Such an IoT environment may provide
intelligent Internet technology services that create new values for human life by
collecting and analyzing data generated among connected things. The 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.

[4] In line with these developments, various attempts have been made to apply
the 5G communication system to [oT networks. For example, technologies such
as a sensor network, Machine Type Communication (MTC), and Machine-to-
Machine (M2M) communication may be implemented by beamforming,
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 an example of convergence between the 5G technology and
the ToT technology.

[5] Recent researches are devoted to support multiple waveforms for operating
uplink efficiently in a next generation mobile communication system, which
requires a method for efficiently scheduling uplink signal transmissions of
terminals. For efficient data transmission, there is a need of a method for
determining a size of a code block (CB) and transmitting/receiving data based

on the determined CB size.
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Summary of Invention

[6] An embodiment of the present invention provides a method for a terminal
in the state of performing initial attachment or in a connected state to determine
a waveform the use in an uplink transmission autonomously and a method and
apparatus for a base station to configure the waveform for use by the terminal
in the uplink transmission. An embodiment of the present invention provides a
method for segmenting a transport block (TB) by the maximum CB size that is
reported by a terminal or configured by a base station.

[7]  In accordance with an aspect of the present invention, there is provided a
method performed by a terminal in a wireless communication system, the
method comprising:

receiving, from a base station, a system information block (SIB);

transmitting, to the base station, a random access preamble for a random
access procedure;

identifying whether first application information of a transform precoding for
a first physical uplink shared channel (PUSCH) is included in the SIB,
wherein the first PUSCH is scheduled by a random access response (RAR)
received as a response to the random access preamble;

transmitting, to the base station, the first PUSCH according to a result of the
identification;

receiving, from the base station, a radio resource control (RRC) setup
message;

transmitting, to the base station after entering an RRC connected state based
on the RRC setup message, a second PUSCH according to second application
information enabling the transform precoding for the second PUSCH, in case
that the second application information is included in the RRC setup message;
and

transmitting, to the base station after entering the RRC connected state based
on the RRC setup message, the second PUSCH according to the first
application information for the first PUSCH, in case that the second
application information is not included in the RRC setup message.

_3-
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[8] In accordance with another aspect of the present invention, there is
provided a method performed by a base station in a wireless communication
system, the method comprising:

transmitting, to a terminal, a system information block (SIB);

receiving, from the terminal, a random access preamble for a random access
procedure;

identifying whether first application information of a transform precoding for
a first physical uplink shared channel (PUSCH) is included in the SIB,
wherein the PUSCH is scheduled by a random access response (RAR)
transmitted as a response to the random access preamble;

receiving, from the terminal, the first PUSCH according to a result of the
identification;

transmitting, to the terminal, a radio resource control (RRC) setup message;
receiving, from the terminal in an RRC connected state, a second PUSCH
according to second application information enabling the transform precoding
for the second PUSCH, in case that the second application information is
included in the RRC setup message; and

receiving, from the terminal in the RRC connected state, the second PUSCH
according to the first application information for the first PUSCH, in case that
the second application information is not included in the RRC setup message.

[9] In accordance with another aspect of the present invention, there is
provided a terminal in a wireless communication system, the terminal
comprising:

a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the
terminal to:

receive, from a base station, a system information block (SIB),

transmit, to the base station, a random access preamble for a random access
procedure,

identify whether first application information of a transform precoding for

a first physical uplink shared channel (PUSCH) is included in the SIB,

-4 -
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wherein the first PUSCH is scheduled by a random access response (RAR)
received as a response to the random access preamble,

transmit, to the base station, the first PUSCH according to a result of the
identification,

receive, from the base station, a radio resource control (RRC) setup
message,

transmit, to the base station after entering an RRC connected state based on
the RRC setup message, a second PUSCH according to second application
information enabling the transform precoding for the second PUSCH, in case
that the second application information is included in the RRC setup message,
and

transmit, to the base station after entering the RRC connected state based
on the RRC setup message, the second PUSCH according to the first
application information for the first PUSCH, in case that the second

application information is not included in the RRC setup message.

[10] In accordance with still another aspect of the present invention, there is

provided a base station in a wireless communication system, the base station
comprising:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the base
station to:
transmit, to a terminal, a system information block (SIB),
receive, from the terminal, a random access preamble for a random access
procedure,
identify whether first application information of a transform precoding for
a first physical uplink shared channel (PUSCH) is included in the SIB,
wherein the PUSCH is scheduled by a random access response (RAR)
transmitted as a response to the random access preamble,
receive, from the terminal, the first PUSCH according to a result of the
identification,

transmit, to the terminal, a radio resource control (RRC) setup message,

-5-
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receive, from the terminal in an RRC connected state, a second PUSCH
according to second application information enabling the transform precoding
for the second PUSCH, in case that the second application information is
included in the RRC setup message, and

receive, from the terminal in the RRC connected state, the second PUSCH
according to the first application information for the first PUSCH, in case that

the second application information is not included in the RRC setup message.

Advantageous Effects of Invention

[11] An embodiment of the present invention is advantageous in terms that a
terminal and a base station are capable of performing uplink
transmission/reception efficiently in a situation where multiple waveforms are
in use for uplink. Also, an embodiment of the present invention is advantageous
in terms of reducing unnecessary data transmission based on efficiently data

transmission between a terminal and a base station.

Brief Description of Drawings

[12] In order that the invention may be more clearly ascertained, embodiments
will now be described by way of example with reference to the accompanying
drawings in which:

FIG. 1 is a diagram illustrating a configuration of a transmitter of a base station
for transmitting a downlink signal in a legacy LTE system;

[13] FIG. 2 is a block diagram illustrating a configuration of an OFDM signal

generator for transmitting a downlink signal in a legacy LTE system;

[14] FIG. 3 is a diagram illustrating a configuration of a transmitter of a

terminal for transmitting an uplink signal in a legacy LTE system;

[15] FIG. 4 is a block diagram illustrating a configuration of a DFT-S-OFDM

signal generator for generating a DFT-S-OFDM signal being considered as a
waveform for uplink in the legacy LTE system and 5G communication

system;

18557568_1 (GHMatters) P111139.AU
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[16] FIG. 5 is a signal flow diagram illustrating a random access procedure
between a terminal and a base station in a legacy LTE system to help explain a
random access being considered in the present invention;

[17] FIG. 6 is a block diagram illustrating a configuration of the transmitter of
the base station according to an embodiment of the present invention;

[18] FIG. 7 is a block diagram illustrating a configuration of the receiver of the
terminal according to an embodiment of the present invention;

[19] FIG. 8 is a diagram illustrating a basic time-frequency resource structure
for transmitting downlink data or control channels in an LTE system;

[20] FIG. 9 is a diagram illustrating a basic time-frequency resource structure
for transmitting uplink data or control channels in an LTE-A system;

[21] FIG. 10 is a diagram illustrating frequency-time resources allocated for
transmitting data of eMBB, URLLC, and mMTC services in a communication
system;

[22] FIG. 11 is a diagram illustrating frequency-time resources allocated for
transmitting data of eMBB, URLLC, and mMTC services in a communication
system;

[23] FIG. 12 is a diagram illustrating a procedure for segmenting a transport
block into multiple code blocks and attachinga CRC to the code blocks;

[24] FIG. 13 is a diagram illustrating a coding structure to which an outer code
is applied according to an embodiment of the present invention;

[25] FIG. 14 is a block diagram illustrating channel coding processes with and
without applying an outer coder according to an embodiment of the present
invention,;

[26] FIG. 15 is a flowchart illustrating a procedure for data communication
using a maximum CB size configured between a base station and a terminal
according to embodiment 2 of the present invention;

[27] FIG. 16 is a flowchart illustrating an operation of a transmitter according to
embodiment 2-1 of the present invention;

[28] FIG. 17 is a flowchart illustrating an operation of a receiver according to
embodiment 201 of the present invention;

-7 -
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[29] FIG. 18 is a diagram illustrating a structure of a TB that is segmented into
CBs, to which filler bits are added at their beginnings, according to an
embodiment of the present invention;

[30] FIG. 19 is a diagram illustrating a structure of a TB that is segmented into
CBs, to which filler bits are added at their ends, according to an embodiment
of the present invention;

[31] FIG. 20 is a block diagram illustrating a configuration of a terminal
according to an embodiment of the present invention; and

[32] FIG. 21 is a block diagram illustrating a configuration of a base station

according to an embodiment of the present invention.

Detailed Description of Embodiments of the Invention

[33] Exemplary embodiments of the present invention are described in detail
with reference to the accompanying drawings. Detailed description of well-
known functions and structures incorporated herein may be omitted to avoid
obscuring the subject matter of the present invention. Further, the following
terms are defined in consideration of the functionality in the present invention,
and may vary according to the intention of a user or an operator, usage, etc.
Therefore, the definition should be made on the basis of the overall content of
the present specification.

[34] Advantages and features of the present invention and methods of
accomplishing the same may be understood more readily by reference to the
following detailed description of exemplary embodiments and the
accompanying drawings. The present invention may, however, be embodied
in many different forms and should not be construed as being limited to the
exemplary embodiments set forth herein; rather, these exemplary
embodiments are provided so that this invention will be thorough and
complete and will fully convey the concept of the invention to those skilled in
the art, and the present invention will only be defined by the appended claims.

Like reference numerals refer to like elements throughout the specification.

18557568_1 (GHMatters) P111139.AU
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[35] It will be understood that each block of the flowcharts and/or block
diagrams, and combinations of blocks in the flowcharts and/or block
diagrams, can be implemented by computer program instructions. These
computer program instructions may be provided to a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparatus, such that the instructions that are executed via the
processor of the computer or other programmable data processing apparatus
create means for implementing the functions/acts specified in the flowcharts
and/or block diagrams. These computer program instructions may also be
stored in a non-transitory computer-readable memory that can direct a
computer or other programmable data processing apparatus to function in a
particular manner, such that the instructions stored in the non-transitory
computer-readable memory produce articles of manufacture embedding
instruction means that implement the function/act specified in the flowcharts
and/or block diagrams. The computer program instructions may also be loaded
onto a computer or other programmable data processing apparatus to cause a
series of operational steps to be performed on the computer or other
programmable apparatus to produce a computer implemented process such
that the instructions that are executed on the computer or other programmable
apparatus provide steps for implementing the functions/acts specified in the
flowcharts and/or block diagrams.

[36] Furthermore, the respective block diagrams may illustrate parts of modules,
segments, or codes including at least one or more executable instructions for
performing specific logic function(s). Moreover, it should be noted that the
functions of the blocks may be performed in a different order in several
modifications. For example, two successive blocks may be performed
substantially at the same time, or may be performed in reverse order according
to their functions.

[37] According to various embodiments of the present invention, the term
"module", means, but is not limited to, a software or hardware component,
such as a Field Programmable Gate Array (FPGA) or Application Specific

9.

18557568_1 (GHMatters) P111139.AU



14 Mar 2022

2017363752

Integrated Circuit (ASIC), which performs certain tasks. A module may
advantageously be configured to reside on the addressable storage medium
and configured to be executed on one or more processors. Thus, a module may
include, by way of example, components, such as software components,
object-oriented software components, class components and task components,
processes, functions, attributes, procedures, subroutines, segments of program
code, drivers, firmware, microcode, circuitry, data, databases, data structures,
tables, arrays, and variables. The functionalities of the components and
modules may be combined into fewer components and modules or further
separated into more components and modules. In addition, the components
and modules may be implemented such that they execute one or more CPUs in
a device or a secure multimedia card. According to various embodiments of
the present invention, a module may include one or more processors.

[38] <Embodiment 1>

[39] The mobile communication system has evolved to a high-speed, high-
quality packet data communication system (such as High Speed Packet Access
(HSPA), LTE (or evolved universal terrestrial radio access (E-UTRA)), LTE-
Advanced (LTE-A), and LTE-Pro defined in 3™ Generation Partnership
Project (3GPP), High Rate Packet Data (HRPD) defined in 3™ Generation
Partnership Project-2 (3GPP2), Ultra Mobile Broadband (UMB), and 802.16e
defined in IEEE)) capable of providing high-speed high-quality packet data
services beyond the early voice-oriented services.

[40] The LTE system as one of the representative broadband wireless
communication systems uses orthogonal frequency division multiplexing
(OFDM) in the downlink (DL) and discrete Fourier transform-spread-OFDM-
based (DFT-S-OFDM-based) single carrier frequency division multiple access
(SC-FDMA) in the uplink (UL). The term “uplink™ denotes a radio link for
transmitting data or control signals from a terminal that is interchangeably
referred to as user equipment (UE) and mobile station (MS) to a base station
(BS) that is interchangeably referred to as evolved node B (eNB), and the term
“downlink™ denotes a radio link for transmitting data or control signals from a

-10 -
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base station to a terminal. Such multiple access schemes are characterized by
allocating the time-frequency resources for transmitting user-specific data and
control information without being overlapped with each other, ie.,
maintaining orthogonality, so as to distinguish among user-specific data and
control information.

[41] As a next generation communication system after LTE, the 5G
communication system should be designed to meet various requirements of
services demanded by users and service providers. The services supported by
5G systems may be categorized into three categories: enhanced mobile
broadband (eMBB), massive machine type communications (mMTC), and
ultra-reliable and low-latency communications (URLLC).

[42] The eMBB aims to provide exceptionally high data rate in comparison with
those supported by the legacy LTE, LTE-A, and LTE-A Pro. For example, the
eMBB aims to increase the peak data rate up to 20Gbps in DL and 10Gbps in
UL per base station. Simultaneously, it aims to increase the user-perceived
data rate. In order to meet such requirements, it is necessary to improve signal
transmission/reception technologies including multi-input multi-output
(MIMO) technique. The data rate requirements for the 5G communication
systems may be met by use of a frequency bandwidth broader than 20MHz in
the frequency band of 3 to 6GHz or above 6GHz instead of the current LTE
band of 2GHz.

[43] Meanwhile, the mMTC is considered to support application services for
Internet of Things (IoT). In order to provide mMTC-based IoT application
services effectively, it is required to secure massive access resources for
terminals within a cell, improve terminal coverage and battery life span, and
reduce device manufacturing cost. The IoT services should be designed to
support a large amount of terminals (e.g., 1,000,000 terminals/ km?) within a
cell in consideration by the nature of the IoT terminals that are attached to
various sensors and devices for providing a communication function. By the
nature of the IoT services, the mMTC terminals are likely to be located in
coverage holes such as basement of a building, which requires broader

-11 -
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coverage in comparison with other services being supported in the 5G
communication system. The mMTC terminals that are characterized by their
low prices and battery replacement difficulty should be designed to have very
long battery lifetime.

[44] Finally, the URLLC 1is targeted for mission-critical cellular-based
communication services such as remote robot and machinery control,
industrial automation, unmanned aerial vehicle, remote health care, and
emergency alert services that are requiring ultra-low latency and ultra-high
reliability. For example, a URLLC service needs to meet the requirements of
air-interface latency lower than 0.5ms and packet error rate equal to or less
than 107. In this respect, in order to support the URLLC services, the 5G
system has to support transmit time intervals (TTI) shorter than those of other
services and assign broad resources in the frequency band.

[45] As described above, the 5G communication system should be designed to
support the different requirements for various services and schedule uplink
transmissions in consideration of the different requirements. For a terminal
located at the center of a micro cell or a macro cell where the channel
condition or signal-to-interference-plus-noise ratio (SINR) is relatively good,
it is preferred to maximize the data rate of the terminal. Meanwhile, for the
case of a terminal located at an edge of the macro cell where the channel
condition or SINR is bad, it is preferred to secure coverage. The LTE system
employs DFT-S-OFM-based waveforms in uplink. However, in the 5G
communication system, both the OFDM and DFT-S-OFDM are considered
for uplink transmission to optimize the coverage and data rated in adaptation
to the situation of the terminal.

[46] FIG. 1 is a diagram illustrating a configuration of a transmitter of a base
station for transmitting a downlink signal in a legacy LTE system.

[47] As shown in FIG. 1, the transmitter of the base station for transmitting an
LTE downlink signal includes scramblers 100, modulation mappers 110, a
layer mapper 120, a precoder 130, resource element mappers 140, and OFDM
signal generators 150.
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[48] The scramblers 100 receive data encoded with a forward error correction
code from an upper layer. Here, the forward error correction code-based
encoding is performed for detecting and correct potential bit errors in
communication between a terminal and a base station by encoding a bit string
with a convolutional code, a turbo code, or a low density parity check code
(LDPC). The scrambler 100 scrambles an encoded input data stream to
eliminate influence of an inter-cell interference. The transmitter of the base
station may include multiple scramblers 100 for processing multiple
codewords 160 from the upper layer. After being scrambled, the codewords
160 are input to the modulation mappers 110.

[49] The modulation mappers 110 perform modulation for transmitting
baseband codewords efficiently over an RF. The modulation mappers 110
modulate the input codewords 160 into binary phase shift keying (BPSK),
quadrature phase shift keying (QPSK), or quadrature amplitude modulation
(QAM) symbols according to an upper layer configuration.

[50] The layer mapper 120 maps the modulated symbols to layers properly
according to a transmission mode. The precoder 130 performs precoding on
the layer-mapped signals according to the transmission mode. The pre-coded
symbols are transferred to the resource element mappers 140 corresponding to
respective antenna ports according to a number of antenna ports 170.

[51] The resource element mapper 140 map the pre-coded symbol to resource
elements on time and frequency resources as scheduled by a scheduler per
terminal. The signals mapped to the corresponding resource elements by the
resource element mapper 140 are input to the OFDM signal generators 150,
which convert the input signals to OFDM signals, which pass through an
digital-to-analog converter (DAC) and an RF unit and then are transmitted by
the antenna.

[52] FIG. 2 is a block diagram illustrating a configuration of an OFDM signal
generator for transmitting a downlink signal in a legacy LTE system.

[53] In FIG. 2, the OFDM signal generator includes an inverse fast Fourier
transform unit (IFFT) 210 and a cyclic prefix (CP) inserter 220. The IFFT 210
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performs an inverse Fourier transform on an input symbol X(k). The symbol
X(k) 200 is identical with the time and frequency region symbol mapped to
corresponding resources as scheduled by a base station as shown in FIG. 1.
Typically, the IFFT 100 has a size of 2N (N is a natural number greater than 1).
Typically, the size of the IFFT 210 is greater than K (K is the number of X(k)
input to the IFFT 210), and 2N-K inputs of the 2N inputs for the corresponding
carriers are filled with “0” values.

[54] The CP inserter 220 inserts a CP to the IFFT’ed time domain signals to
generate signals robust to a multipath channel. A length of the CP is
determined according to a delay spread of the multipath channel experienced
by a terminal. The CP-inserted signal x(n) may pass through a DAC and an
RF module and then be transmitted to the terminal via an antenna.

[55] The OFDM signal of FIG. 2 is generated by Equation 1.

[56] [Equation 1]

1T & Gnk
x(n)z—,_ZX(k)-eJM”/N,nz—N ,...0,..(N-1)
[57] N = -

[58] Here, X(k) denotes a QAM symbol to be OFDM-modulated, and x(n)
denotes a time domain signal OFDM-modulated as described with reference
to FIG. 1. In Equation 1, N denotes the size of IFFT, and Ncp denotes the
length of a CP being inserted to the transmit signal to generate the OFDM
signal robust to the multipath channel. In Equation 1, K denotes the size of a
frequency domain signal X(k).

[59] Typically, the OFDM signal generated by Equation 1 as described with
reference to FIGs. 1 and 2 has advantages as follows in comparison with the a
single carrier-based transmission system.

[60] The OFDM-based communication system is advantageous in terms of
compensating the influence of multi-path fading effect caused by multi-path
delays between a transmitter and a receiver with a one-tap equalizer by
dividing a broad frequency band for a mobile communication system into a
plurality of narrowband subcarriers and transmitting signals on the respective

subcarriers. It is also advantageous to be able to effectively cancel an inter-
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symbol interference (ISI) caused by multi-path delays by inserting the CP. For
these reasons, it i1s known that the OFDM is superior to the single carrier-
based DFT-S-OFDM in data rate.

[61] Unlike the LTE system in which the OFDM is used only for uplink, it is
considered to use OFDM waveforms for both the uplink and downlink in the
5G communication system. It the OFDM is used in uplink, this may improve
the uplink data rate and make it possible to cancel the interference caused
uplink signals transmitted by terminals located in neighboring cells to the
downlink signal being received by the terminal in a time division duplexing
(TDD) system.

[62] FIG. 3 is a diagram illustrating a configuration of a transmitter of a
terminal for transmitting an uplink signal in a legacy LTE system.

[63] In FIG. 3, the transmitter of the terminal for transmitting an LTE uplink
signal includes scramblers 300, modulation mappers 310, a layer mapper 300,
transform precoders 330, a precoder 340, resource element mappers 350, and
SC-FDMA signal generators (OFDM signal generators) 360.

[64] The scramblers 100 receive data encoded with a forward error correction
code from an upper layer. Here, the forward error correction code-based
encoding is performed for detecting and correct potential bit errors in
communication between a terminal and a base station by encoding a bit string
with a convolutional code, a turbo code, or a LDPC. The scrambler 100
scrambles an encoded input data stream to eliminate influence of an inter-cell
interference. The transmitter of the terminal may include multiple scramblers
300 for processing multiple codewords 370 from the upper layer.

[65] After being scrambled, the codewords 370 are input to the modulation
mappers 310. The modulation mappers 310 perform modulation for
transmitting baseband codewords efficiently over an RF. The modulation
mappers 310 modulate the input codewords 370 into BPSK, QPSK, or QAM
symbols according to an upper layer configuration.

[66] The layer mapper 320 maps the modulated symbols to layers properly
according to a transmission mode. The layer mapped signal is input to a
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transform precoder 330 for applying DFT-S-OFDM.. The signal input to the
transform precoders 330 are converted by Equation 2.

[67] [Equation 2]

Xg(n EX g2 = 0,.(M-1)

[68]

[69] Here, X(i) denotes an output symbol of the layer mapper 320, and xan(n)
denotes an output signal of the transform precoders 330 of FIG. 3. In Equation
2, M denotes a size of the DFT precoder performing DFT precoding.

[70] The output signals of the transform precoders 330 are input to the precoder
340 according to a transmission mode. The pre-coded symbols are input to the
resource element mappers 350 corresponding to respective antenna ports
according to the number of antenna ports 380. The resource element mappers
350 maps the pre-coded symbol to resource elements on time and frequency
resources according to uplink scheduling information from the base station.
The signals mapped to the corresponding resource elements by the resource
element mappers 350 are input to the SC-FDMA signal generators 360, which
convert the input signals to SC-FDMA signals, which pass through a DAC
and an RF unit and then are transmitted by the antenna.

[71] FIG. 4 is a block diagram illustrating a configuration of a DFT-S-OFDM
signal generator for generating a DFT-S-OFDM signal being considered as a
waveform for uplink in the legacy LTE system and 5G communication
system.

[72] As shown in FIG. 4, the DFT-S-OFDM signal generator includes a DFT
precoder 410, an IFFT 420, and a CP inserter 430. The DFT precoder 410
performs a DFT operation on the input symbol X(k) 400. The DFT precoding
may be performed by Equation 2. In FIG. 4, the DFT precoder 410 is a
component identical in function with the transform precoder 330. The output
signal of the DFT precoder 410 is input to the IFFT 420, which performs
inverse Fourier transform on input signal. Typically, the IFFT 420 has a size
of 2N (N is a natural number greater than 1). The size of the IFFT 420 is
greater than M (M is the size of the output signal x4r(n) of the DFT precoder
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410), 2N-M inputs of the 2N inputs to the IFFT 420 are filled with “0” values.
The IFFT operation may be implemented with Equation 1.

[73] The CP inserter 430 inserts a CP to the IFFT’ed time domain signals to
generate signals robust to a multipath channel. A length of the CP is
determined according to a delay spread of the multipath channel experienced
by a terminal. The CP-inserted signal x(n) 440 may pass through a DAC and
an RF module and then be transmitted to the base station via an antenna.

[74] Typically, the DFT-S-OFDM signal generated as described with reference
to FIG. 4 has a drawback of a low data rate in comparison with that of the
OFDM-based signal. However, the DFT-S-OFDM signal generation method
guarantees a low peak-to-average-power-ratio (PAPR) because it uses an
additional DFT precoder unlike the OFDM-based signal generation method.
For this reason, the DFT-S-OFDM signal is advantageous in terms of having
an uplink coverage larger than that of the OFDM signal.

[75] In summary, the OFDM is capable of providing terminals located within a
micro cell or around the cell center of a macro cell with a high uplink data
rate. Meanwhile, the DFT-S-OFDM is capable of providing terminals located
at an edge of the macro cell or having a poor SINR with a relatively large
coverage.

[76] Because the OFDM and the DFT-S-OFDM are complementary to each
other in view of uplink data rate and coverage, it is considered to employ both
the two waveforms in the 5G communication system. In order to accomplish
this goal, the 5G communication system standardization is progressed in a
way of allowing a transmitter of a terminal to support both uplink OFDM and
DFT-S-OFDM signal transmissions and implementing a base station to
support any or both of the OFDM and DFT-S-OFDM signal transmissions
selectively. There is therefore a need of a method for the base station to
configure whether to use the OFDM and/ DFT-S-OFDM to a specific terminal
or all terminals located within a cell for communication and/or a method for a
terminal to autonomously determine a waveform to be used for uplink
transmission.
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[77] The present invention proposes a method for configuring a waveform for
use in communication to a terminal in a 5G communication system supporting
two waveforms in uplink as described above. In detail, the present invention
proposes a method for a base station configure a specific waveform to a
terminal and a method for the terminal to estimate the waveform
autonomously for use in uplink transmission for situations where the terminal
is supposed to transmit an uplink signal in an initial access procedure and as
scheduled in the state of being connected to a base station. The present
invention also proposes an uplink transmission operation of a terminal to
accomplish the above methods.

[78] <Embodiment 1-1>

[79] Embodiment 1-1 of the present invention is directed to a method for
determining a waveform to be used by a terminal in an initial access
procedure.

[80] FIG. 5 is a signal flow diagram illustrating a random access procedure
between a terminal and a base station in a legacy LTE system to help explain a
random access being considered in the present invention.

[81] In FIG. 5, the base station 500 transmits a synchronization signal and
system information, as denoted by reference numbers 520 and 530, in order
for the terminal 510 in the idle or connected state within a cell to achieve
synchronization and obtain system information. The system information 530
may be transmitted via a physical broadcast channel (PBCH) or a physical
downlink shared channel (PDSCH) configured for system information
transmission.

[82] The terminal 510 achieves time and frequency synchronizations with the
base station and ascertain a cell number (cell identity) based on the
synchronization signal 520 transmitted by the base station 500. The
synchronization signal may include a primary synchronization signal (PSS)
and a second synchronization signal (SSS) in use for the LTE system or be a
combination of them with an extra synchronization signal. The system
information 530 may be used to transmit system information necessary for use
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in accessing the base station and its cell. Examples of the system information
may include information necessary for use in random access of the terminal.

[83] After receiving the synchronization signal 520 and the system information,
the terminal 510 may transmit a random access preamble as denoted by
reference number 540. In the legacy LTE system, the terminal 510 may
transmit the random access preamble 540 based on time and frequency
transmission resource information for transmitting the random access
preamble 540 that is acquired from the system information 530. The random
access preamble-transmission time and frequency resources are allocated at a
predetermined interval and, if it is determined to transmit a random access
preamble, the terminal may transmit the preamble on the random access
preamble transmission resources appearing after the determination. The base
station 500 attempts to detect random access preambles transmitted by the
terminals on the random access preamble transmission resources it has
configured. Typically, the random access preamble may be identified by time,
frequency, and code; in the LTE system, it is possible to identify a terminal by
a terminal-specific code sequence.

[84] If the base station 500 detects a random access preamble including a
specific code sequence, it transmits to the corresponding terminal, at step 550,
a random access response in response to the preamble. The terminal 510
which has transmitted the random access preamble attempts to receive the
random access response at step 550 during a predetermined time period after
transmitting the random access preamble. The random access response
received at step 550 may include resource allocation information, uplink
timing control information, and uplink power control information for use by
the terminal that has transmitted the random access preamble to transmit
uplink data.

[85] Upon receipt of the random access response, the terminal 550 may transmit
layer2 and/or layer3 message information to the base station, at step 550,
according to the uplink resource allocation information included in the
random access response. Here, the terminal may transmit the Layer2/Layer3
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message 560 via a physical uplink shared channel (PUSCH). The terminal
may use the information acquired from the random access response 550 for
transmitting the Layer2/Layer3 message information 560 to the base station.

[86] Upon receipt of the Layer2/Layer3 message 560, the base station may
transmit, at step 570, a collision resolution message in reply. The collision
resolution message is transmitted for resolving a collision that may occur in
the random access procedure. That is, in the case where multiple terminals
transmit random access preambles with the same code sequence at step 540,
they transmit the Layer2/Layer3 message on the same uplink resources, which
causes a collision. Accordingly, the collision resolution message being
transmitted at step 570 is scrambled with a unique identifier included in the
properly received Layer2/Layer3 message among the Layer2/Layer3 messages
transmitted by the multiple terminals such that only the terminal selected by
the base station receives the collision resolution message.

[87] The random access procedure depicted in FIG. 5 may be identically used in
the 5G communication system. In the random access procedure depicted in
FIG. 5, the terminal has to transmit the uplink L2/L3 message upon receipt of
the random access response. The waveform for use in uplink signal
transmission of the terminal before the receipt of configuration information on
a new waveform as a consequence of the random access procedure with the
base station after the receipt of the random access response is determined as
follows.

[88] The first method is for the terminal that has received a random access
response in the initial access procedure to always use a DFT-S-OFDM-based
waveform. That is, this may be expressed that the terminal uses DFT
precoding in addition to the OFDM-based waveform. The DFT-S-OFDM or
DFT precoding-based OFDM may be applied to both the physical uplink
control channel (PUCCH) and PUSCH being transmitted from the terminal
the base station.

[89] Because the base station has no channel status information or reference
signal received power (RSRP) or reference signal received quality (RSRQ)
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information reported by the terminal in the initial access procedure, it cannot
determine a waveform suitable for the corresponding terminal. Accordingly, it
may be preferred to use the DFT-S-OFDM (or DFT precoding-based OFDM)
for transmitting PUSCH and PUCCH in consideration of the worst situation of
the terminal in the initial access procedure as in the first method. It may not
inevitable to use OFDM in the initial access procedure during which the
terminal needs not use a high data rate for uplink data transmission to access
to the base station. The terminal has to use the DFT-S-OFDM-based
waveform for PUSCH and PUCCH transmission before receiving new
waveform configuration information via radio resource control (RRC)
connection setup.

[90] The first method is advantageous in that the base station needs not transmit
an additional signal notifying the terminal of a waveform to be used and
disadvantageous in that the base station should have a receiver that is always
capable of receiving DFT-S-OFDM signals. In order to provide a degree of
freedom for base station implementation, it may be possible to consider
following methods.

[91] The second method is for the base station to notify the terminal located
within a cell of the waveform to be used in the initial access procedure via
system information. The base station may also notify the terminal whether to
apply DFT precoding in addition to use of the OFDM-based waveform for
transmitting PUSCH and PUCCH in the initial access procedure. Similar to
the LTE system, the 5G communication system may be designed to configure
multiple system informations according to their importance and acquisition
order. The system information is conveyed in a master information block that
is supposed to be received after the terminal achieves synchronization with the
base station and completes a cell search and in multiple system information
blocks that are supposed to be received subsequently.

[92] The base station may notify the terminal of the waveform for use in
PUSCH and PUCCH transmissions using a 1-bit field included in the master
information block. The base station may also notify the terminals located
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within the cell whether DFT precoding is necessary in addition to the use of
the OFDM-based waveform for transmitting PUSCH and PUCCH using a 1-
bit field included in the master information block. In order to make the above
configuration, the master information block may include a field indicating the
waveforms for the PUCCH and PUSCH in common or two fields indicating
the waveforms for the PUCCH and PUSCH respectively. For example, the
waveform information field of the master information block may be set to 0
for indicating no application of DFT precoding and 1 for indicating
application of DFT precoding to transmit PUSCH.

[93] The base station may notify the terminal located within the cell of the
waveform to be used using a 1-bit field included in a system information
block. The base station may also notify the terminal located within the cell
whether to use the DFT precoding in addition to the OFDM waveform using a
1-bit field. It may be possible to use 1 bit to indicate the waveform to be used
for PUSCH and PUCCH in common or 2 bits to indicate respective
waveforms to be used for PUSCH and PUCCH. The corresponding
information may be included in the system information block associated with
random access among multiple system information blocks. For example, in
the system information block, the waveform information field is set to 0 to
instruct the terminal to transmit PUSCH without application of DFT
precoding and 1 to instruct the terminal to transmit PUSCH with application
of DFT precoding.

[94] If the waveform for use in uplink transmission during the initial access
procedure is configured to the terminal, the terminal has to transmit uplink
signals with the waveform configured by the second method until a new
terminal-specific waveform is configured via an RRC connection setup. If
whether to perform DFT precoding on the uplink signal to be transmitted in
the initial access procedure is configured to the terminal by the second
method, terminal may apply the DFT precoding or not as configured by the
second method until a new terminal-specific waveform is configured via an
RRC connection setup.
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[95] The second method gives a high degree of freedom for the base station to
configure the uplink waveform of the terminal and apply the DFT precoding
in comparison with the first method. However the second method is not proper
for the case where the terminals have different coverages or different
requirements because a common waveform is configured to the terminals
located in the cell. In order to overcome this problem, it may be possible to
consider a third method that allows configuring the waveform for use in
uplink transmission or whether to use DFT precoding in the initial access
procedure per terminal.

[96] The third method is for the base station to notify the terminal located
within a cell of the waveform to be used via a random access response being
transmitted in the case where the terminal transmits PUSCH in uplink to the
base station in the initial access procedure. In the case where the terminal
transmits the PUSCH in uplink to the base station in the initial access
procedure, the base station may configure whether to use the DFT precoding
to the terminal via the random access response. As described above, the
random access response includes resource allocation information (e.g.,
modulation and coding scheme and time and frequency resources size) and a
power control mode for uplink signal transmission from the terminal to the
base station. It may also be possible to indicate the waveform for use by the
terminal in uplink signal transmission using 1 bit. It may also be possible to
indicate whether to use the DFT precoding using 1 bit. The waveform field
may consist of 1 bit and the wave information field may, by way of example,
be set to 0 for indicating use of OFDM and 1 for use of DFT-S-OFDM.

[97] The fourth method is for the terminal to infer the waveform to be used
from the resource allocation information included in the random access
response instead of adding a field indicating the uplink waveform in the
random access response as in the third method.

[98] In the fourth method, the terminal infers the waveform for use in a PUSCH
transmission from the resource allocation information in the case where the
base station notifies all terminals located within the cell that it supports both
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the two waveforms via the system information; as a first approach, it may be
proposed to associate the waveform with the MCS assigned to the terminal. If
the terminal is located at a cell edge where the SINR is too low to secure
coverage, it 1s preferred to use a low MCS. If the terminal is located around
the center of the cell or the cell is small, it is preferred to transmit uplink
signals using a high MCS. The terminal is capable of inferring the waveform
to be used from the MCS as resource allocation information included in the
random access response. The terminal may also infer whether the DFT
precoding is applicable to the OFDM-based waveform from the MCS as the
resource allocation information included in the random access response. Table
1 is an MCS table that is used in the LTE system. In the fourth method of
embodiment 1-1 of the present invention, it is also proposed to preconfigure to
use the DFT-S-OFDM or the OFDM according to the MCS index in the 5G
communication system. It is also proposed to predefine whether to apply the
DFT precoding to the OFDM-based waveform on not according to the MCS
index. For example, it may be possible to preconfigure such that the MCS
indices 0 to 4 are indicative of using the DFT-S-OFDM (or applying the DFT
precoding) and the MCS indices 5 or greater indicative of using OFDM (or
not applying the DFT precoding) in Table 1.

[99] The present invention may also propose a method for the base station to

transmit configuration information indicating MCS index-specific waveforms
to the terminals commonly within the cell using a system information block. It
may also be possible to propose a method to transmit configuration
information indicating whether to applying or not DFT precoding in
association with the MCS index to the terminals commonly within the cell. If
the waveform is associated with the MCS index, the terminal may determine
the waveform according to the MCS assigned via the random access response.
For example, if the base station configures to use different waveforms based
on the index 6 as the reference point (or if the base station configures to
determine whether to use DFT precoding or not based on the index 6 as the

reference point), the terminal may infer the use of the DFT-S-OFDM
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(applying the DFT precoding to OFDM-based waveform) for uplink
transmissions from the MCS indices 0 to 6 and the use of the OFDM (using
the OFDM without applying the DFT precoding) for uplink transmission from

the remaining MCS indices.
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[100] [Table 1]

MCS Index | Modulation Order | TBS Index | Redundancy Version
0 2 0 0
1 2 1 0
2 2 2 0
K] 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
T 2 £ 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
20 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
a1 5

[101] As the second approach for the terminal to infer the waveform for use in
PUSCH transmission from the resource allocation information, it may be
proposed to associate the waveform with the size of allocated frequency
resources. That is, the terminal may determine whether to apply DFT
precoding to uplink PUSCH transmission based on the size of the allocated

frequency resources. If the terminal is located at the cell edge where SINR is

-26 -

18557568_1 (GHMatters) P111139.AU



14 Mar 2022

2017363752

too low to secure coverage for uplink PUSCH transmission, it is preferred for
the terminal to perform the PUSCH transmission with small frequency
resources from the viewpoint of coverage. In this case, it may be possible to
configure to use OFDM for the case of being allocated resource blocks (RBs)
equal to or greater than a specific number (Nrg) and DFT-S-OFDM for the
case of being allocated RBs equal to or less than a specific number. Here, the
resource block allocation size Ngp for use in determining the waveform may
be a value pre-agreed between the terminal and the base station or a value
configured by the base station.

[102] The third and fourth methods according to embodiment 1-1 of the present
invention are considered only for the case of transmitting a PUSCH in the
initial access procedure. However, in the case where a PUCCH transmission is
required in the initial access procedure, it may also be possible for the
terminal to perform the PUCCH transmission with the same waveform as the
PUSCH transmission waveform that is determined according to the random
access response.

[103] The third and fourth methods according to embodiment 1-1 of the present
invention are directed to the methods for the terminal to infer the waveform
for use in PUSCH transmission from the random access response or the
resource allocation information transmitted by the base station. In the case of
determining the waveform based on the random access response, the terminal
may interpret other fields of the random access response differently according
to the determined waveform as follows.

[104] In the legacy LTE system, the random access response includes a hopping
flag field. This field indicates whether PUSCH frequency hopping is enabled.
The DFT-S-OFDM-based LTE uplink transmission is restricted in that
interleaved or comb type subcarrier mapping is not allowed for generating a
low PAPR signal, which means that it is difficult to obtain frequency diversity
gain. Accordingly, in order to achieve the frequency diversity gain without
compromising the low PAPR signal characteristic, the frequency hopping is
used, which is indicated by the random access response being transmitted in
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the initial access procedure. However, considering that the interleaved or
comb type subcarrier mapping scheme is typically more effective than the
frequency hopping scheme for achieving frequency diversity gain and that the
OFDM imposes no requirements for generating a low PAPR signal, it may be
possible to reuse the hopping flag field for indicating whether to use the
continuous or localized resource allocation or interleaved-type resource
allocation.

[105] That is, if it is determined for the terminal to use the DFT-S-OFDM for
uplink transmission according to any of the first to fourth methods, the
terminal regards the hopping flag field as a field indicating whether to enable
DFT-S-OFDM-based PUSCH hopping. The corresponding field may be set to
0 for disabling the PUSCH frequency hopping and 1 for enabling the PUSCH
frequency hopping. If it is determined for the terminal to use the OFDM for
uplink transmission according to any of the first to fourth embodiments, the
terminal may determine whether to perform continuous resource allocation or
interleaved-type resource allocation in the frequency domain based on the
hopping flag field.

[106] According to an embodiment of the present invention, if the terminal
transmits a random access preamble and receives a random access response in
the initial access procedure, the terminal may infer a waveform configuration
method or a waveform to be used for an uplink PUSCH transmission_by the
terminal in accordance with the first to fourth methods. The uplink
transmission waveform configuration method may be maintained until an
RRC connection setup is completed by transmitting an uplink signal after
receipt of the random access response. If an additional waveform is not
configured for uplink transmission of the terminal even after the RRC
connection setup has been completed, the terminal may continue using the
uplink waveform used in the initial access procedure for uplink transmission.
If a separate waveform for PUCCH transmission is configured or whether to

apply DFT precoding is not configured, it may be assumed that the terminal
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can perform the PUCCH transmission using the same waveform as that for
PUSCH transmission.

[107] <Embodiment 1-2>

[108] Embodiment 1-2 of the present invention is directed to a method for a
terminal to determine a waveform for use in PUSCH and PUCCH
transmissions in the stated of being connected to a base station after
completing an RRC connection setup.

[109] The first method is for a base station to configure a waveform for use by
the terminal in uplink transmission during an RRC connection setup
procedure. That is, the base station may configure whether to use an OFDM-
based waveform or a DFT-S-OFDM-based waveform for PUSCH and
PUCCH transmissions afterward via RRC signaling. The base station may
also configure whether to apply DFT precoding to the OFDM-based
waveform for PUSCH and PUCCH transmissions of the terminal via RRC
signaling. Before a specific waveform is newly configured through the above
method, the terminal may transmit uplink signals based on the previously
configured waveform. If whether to apply the DFT precoding is configured,
the terminal may transmit uplink signals based on the previously configured
waveform until a new configuration is received.

[110] The size of the scheduling information for PUSCH resource allocation to
the terminal varies with waveform-specific resource allocation information
and multiantenna transmission scheme. The terminal may perform a blind
detection on downlink control signal channels to detect scheduling
information allocating PUSCH resources to the terminal in consideration of
waveform-specific scheduling information sizes.

[111] The first method has a drawback of not coping promptly with a situation
where the terminal enters a high-mobility state or the channel condition varies
quickly because the PUSCH and PUCCH waveform is configured in a semi-
static manner. Hereinafter, descriptions are made of the second and third
methods for configuring an uplink waveform via a downlink control channel
information for uplink scheduling.
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[112] The second method is for a base station to transmit scheduling information
for scheduling uplink transmission of a terminal via downlink control
information (DCI) conveyed by a physical downlink control channel
(PDCCH). Here, the base station may notify the terminal of the waveform to
be used via the DCI for scheduling PUSCH transmission. It may also be
possible to notify whether to apply DFT precoding for PUSCH transmission
via DCI. For this purpose, a 1-bit field for indicating an uplink waveform may
be included. The waveform field may consist of 1 bit and the waveform
information field may, by way of example, be set to 0 for indicating use of
OFDM and 1 for indicating use of DFT-S-OFDM. A 1-bit field for indicating
whether to apply DFT precoding for uplink transmission may also be
included.

[113] The third method is for a terminal to infer the waveform to be used from
uplink resource allocation information included in downlink control channel
instead of adding a field indicating the uplink waveform to the downlink
control channel for uplink scheduling as in the second method. In this case,
the base station has to notify the terminal of simultaneous use of two
waveforms via system information.

[114] As the first approach for the terminal to infer the waveform for use in
PUSCH transmission from the resource allocation information, it may be
proposed to associate the waveform with the MCS assigned to the terminal. If
the terminal is located at a cell edge where the SINR is too low to secure the
coverage, it 1s preferred to use a low MCS. If the terminal is located around
the center of the cell or the cell is small, it is preferred to transmit uplink
signals using a high MCS. The terminal is capable of inferring the waveform
to be used from the MCS as resource allocation information included in the
random access response.

[115] Table 1 is an MCS table that is used in the LTE system; in the fourth
method of embodiment 1-2 of the present invention, it is also proposed to
preconfigure to use the DFT-S-OFDM or the OFDM according to the MCS
index in the 5G communication system. For example, it may be possible to
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preconfigure such that the MCS indices 0 to 4 are indicative of using the DFT-
S-OFDM and the MCS indices 5 or greater are indicative of using the OFDM.
It may also be possible to propose a method to transmit configuration
information indicating whether to applying or not DFT precoding in
association with the MCS index to the terminals commonly within the cell.
For example, if the base station configures to use different waveforms based
on the index 6 as the reference point, the terminal may infer the use of the
DFT-S-OFDM for uplink transmissions from the MCS indices 0 to 6 and the
use of the OFDM for uplink transmission from the remaining MCS indices.

[116] As the second approach for the terminal to infer the waveform for use in
PUSCH transmission from the resource allocation information, it may be
proposed to associate the waveform with the size of allocated frequency
resources. If the terminal is located at the cell edge where SINR is too low to
secure coverage for uplink PUSCH transmission, it is preferred for the
terminal to perform the PUSCH transmission with small frequency resources
from the viewpoint of coverage. In this case, it may be possible to configure to
use OFDM for the case of being allocated resource blocks (RBs) equal to or
greater than a specific number (Nrg) and DFT-S-OFDM for the case of being
allocated RBs equal to or less than a specific number. Here, the resource block
allocation size Nrp for use in determining the waveform may be a value pre-
agreed between the terminal and the base station or a value configured by the
base station.

[117] In the second and third methods according to embodiment 1-2 of the
present invention in which the waveform to be used is determined based on
the downlink control channel information, although the number of bits
required in the DCI varies with the waveform, it is necessary to fix the number
of bits. In the case where the OFDM-based uplink scheduling information
requires Norpm bits while the DFT-S-OFDM-based uplink scheduling
information requires Nprr.s-orpm bits and Nprr.s-orpm is greater than Nprrs-
orpMm, 1t may be possible to pad the OFDM-based uplink scheduling
information with Norpm -Nprr-s-orpm 0s.
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[118] The second and fourth methods according to embodiment 1-2 of the
present invention are directed to the method for the base station to configure a
waveform for use in uplink signal transmission of the terminal using the
downlink control channel information for PUSCH scheduling or for the
terminal to infer the wave form from the resource allocation information. In
the case of determining the waveform as above, the terminal may interpret
other fields of the downlink control channel information differently according
to the determined waveform as follows.

[119] In the legacy LTE system, the downlink control information for uplink
scheduling includes a hopping flag field. This field indicates whether PUSCH
frequency hopping is enabled. The DFT-S-OFDM-based LTE uplink
transmission is restricted in that interleaved or comb type subcarrier mapping
is not allowed for generating a low PAPR signal, which means that it is
difficult to obtain frequency diversity gain. Accordingly, in order to achieve
the frequency diversity gain without compromising the low PAPR signal
characteristic, the frequency hopping is used, which is indicated by DCI.
However, considering that the interleaved or comb type subcarrier mapping
scheme is typically more effective than the frequency hopping scheme for
achieving frequency diversity gain and that the OFDM imposes no
requirements for generating a low PAPR signal, it may be possible to reuse
the hopping flag field for indicating whether to use the continuous or localized
resource allocation or interleaved-type resource allocation.

[120] That is, if it is determined for the terminal to use the DFT-S-OFDM for
uplink transmission according to any of the first to fourth methods, the
terminal regards the hopping flag field as a field indicating whether to enable
DFT-S-OFDM-based PUSCH hopping. The corresponding field may be set to
0 for disabling the PUSCH frequency hopping and 1 for enabling the PUSCH
frequency hopping. If it is determined for the terminal to use the OFDM for
uplink transmission according to any of the first to fourth embodiments, the

terminal may determine whether to perform continuous resource allocation or
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interleaved-type resource allocation in the frequency domain based on the
hopping flag field.

[121] The base station may also include information on_the waveform for use by
a terminal in transmitting PUCCH carrying acknowledgement/negative-
acknowledgement (ACK/NACK) information corresponding to PDSCH in the
DCIT for PDSCH scheduling. In this case, the DCI for PDSCH scheduling may
include a field indicating a waveform for use in PUCCH transmission. This
field may be set to 1 to instruct the terminal to use OFDM-based waveform
for PUCCH transmission or 0 to instruct the terminal to use SC-FDMA-based
waveform for PUCCH transmission.

[122] FIGs. 6 and 7 depicts a transmitter of a base station and a receiver of a
terminal for implementing the above embodiments. The transmitter of the base
station and the receiver of the terminal should operate according to the initial
access method and apparatus of the 5G communication system proposed in
embodiment 1-1 and 1-2.

[123] FIG. 6 is a block diagram illustrating a configuration of the transmitter of
the base station according to an embodiment of the present invention.

[124] As shown in FIG. 6, the transmitter of the base station of the present
invention includes resource mappers 600, 615, and 630, OFDM modulators
605, 620, and 635, and filters 610, 625, and 640. The resource mappers 600,
615, and 630 perform QPSK or QAM modulation on data to be transmitted
and map the modulated data to time and frequency domain resources. The
OFDM modulators 605, 620, and 635 perform OFDM modulation on the
resource-mapped signal output from the resource mappers 600, 615, and 630.
The OFDM modulation includes performing IFFT and inserting a CP at the
beginning of the OFDM symbols. The filters 610, 625, and 640 filter the
signals output from the OFDM modulators 605, 620, and 635 to meet
frequency band spectrum mask requirements.

[125] The service data are processed by the resource mappers, OFDM
modulators, and filters assigned in an service-specific manner to generate
physical channels and signals. For example, in order to transmit a physical
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channel and signal for an eMBB service, the resource mapper 600, OFDM
modulator 605, and filter 610 assigned for the eMBB transmission operate to
generate the physical channel and signal corresponding to the eMBB service.
Here, the resource mapper 600, OFDM modulator 605, and filter 610 may
generate the physical channel and signal based on a numerology defined for
the eMBB service.

[126] Similarly, common signals including signals for achieving synchronization
and acquiring system information may be processed via the resource mapper
630, OFDM modulator 635, and filter 640 assigned for the common signals to
generate a physical channel and signal corresponding to the common signals.
Here, the common signals may be generated based on a numerology defined
for the common signals. The resource mapper 630 may freely configure
frequency location for transmitting the common signals unlike in the legacy
LTE system.

[127] The transmitter of the base station includes a multiplexer 645 for
multiplexing outputs from the respective filters. The transmitter of the base
station includes a controller 650 for controlling the resource mappers 600,
615, and 630, and the OFDM modulator 605, 620, and 635, the filters 610,
625, and 640, and the multiplexer 645 to operate efficiently. Finally, the
transmitter of the base station includes an RF unit 655 and an antenna for
transmitting the services that are mutually multiplexed by the multiplexer 645
to respective terminals.

[128] FIG. 7 is a block diagram illustrating a configuration of the receiver of the
terminal according to an embodiment of the present invention. The receiver of
the terminal includes an antenna, an RF unit 700, filters 710 and 740, OFDM
demodulators 720 and 750, resource extractors 730 and 760, and a controller
770. In order to support services being provided with two or more different
numerologies, multiple filters 710 and 740, OFDM modulators 720 and 750,
and resource extractors 730 and 760; FIG. 7 depicts an exemplary case of

supporting two different services.
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[129] In detail, the receiver of the terminal converts a received signal from
passband to baseband by means of the RF unit 700. The converted baseband
signal is input to the filter 710 and 740. It may be possible to turn on/off the
filters and change numerologies of the filters depending on the service
subscribed by the terminal. Here, the filters are used to remove interferences
caused by the signals frequency-division-multiplexed (FDM’ed) in adjacent
frequency regions. The OFDM demodulators 720 and 750 are used for
performing OFDM modulation on the filtered signal. The OFDM demodulator
720 and 750 may each include a CP remover and an FFT. The resource
extractors 730 and 760 may extract the physical channels and signals on the
resources occupied by the respective services. The controller 770 may control
a series of processes in order for the terminal to operate according to the
above-described embodiments of the present invention.

[130] Although preferred embodiments of the invention have been described
using specific terms, the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense in order to help understand the
present invention. It is obvious to those skilled in the art that various
modifications and changes can be made thereto without departing from the
broader spirit and scope of the invention. If necessary, the embodiments may
be combined in whole or in part. For example, embodiments 1-1 and 1-2 of
the present invention may be combined in part to form an embodiment for the
operations of a base station and a terminal.

[131] <Embodiment 2 >

[132] Meanwhile, a 5G new radio access technology (NR) is designed to allow
for freely multiplexing various types of services onto time and frequency
resources and assigning waveforms/numerologies and reference signals
dynamically or freely to meet service-specific requirements. For wireless
communications in which great importance is given to the channel quality and
interference measurement for providing terminals with optimal services,
correct channel state measurement is inevitable. Unlike the 4G
communication in which the channel and interference characteristics rarely
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vary with the frequency resources, the 5G communication is characterized in
that the channel and interference characteristics significantly vary with
services, which makes it necessary to support subsets of a frequency resource
group (FRG) for separate measurements thereof. Meanwhile, the services
being supported in the NR system are categorized into three categories:
enhanced mobile broadband (eMBB), massive machine type communications
(mMTC), and ultra-reliable and low-latency communications (URLLC). The
eMBB services are characterized by high capacity and high mobility
communication, the mMTC services by low power consumption and massive
connections, and the URLLC by ultra-high reliability and low latency. The
requirements may vary with the type of services to be provided to the
terminal.

[133] In order for the communication system to provide users with various types
of services, there is a need of a method and apparatus for multiplexing
different services into the same time period to meet the service-specific
requirements.

[134] The mobile communication system has evolved to a high-speed, high-
quality packet data communication system (such as High Speed Packet Access
(HSPA), LTE (or evolved universal terrestrial radio access (E-UTRA)), and
LTE-Advanced (LTE-A) defined in the 3™ Generation Partnership Project
(3GPP), High Rate Packet Data (HRPD) defined in the 3™ Generation
Partnership Project-2 (3GPP2), Ultra Mobile Broadband (UMB), and 802.16e
defined in the IEEE)) capable of providing data and multimedia services
beyond the early voice-oriented services. Meanwhile, 5G or NR
standardization is in progress for 5G wireless communication systems.

[135] The LTE system as one of the representative broadband wireless
communication systems uses orthogonal frequency division multiplexing
(OFDM) in the downlink (DL) and single carrier frequency division multiple
access (SC-FDMA) in the uplink (UL). The term “uplink™ denotes a radio link
for transmitting data or control signals from a terminal that is interchangeably
referred to as user equipment (UE) and mobile station (MS) to a base station
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(BS) that is interchangeably referred to as evolved node B (eNB), and the term
“downlink™ denotes a radio link for transmitting data or control signals from a
base station to a terminal. Such multiple access schemes are characterized by
allocating the time-frequency resources for transmitting user-specific data and
control information without being overlapped with each other, ie.,
maintaining orthogonality, so as to distinguish among user-specific data and
control information.

[136] The LTE system adopts a Hybrid Automatic Repeat Request (HARQ)
scheme for physical layer retransmission when decoding failure occurs in
initial data transmission. An HARQ scheme is designed to operate in such a
way that a receiver, when it fails in decoding data, sends a transmitter a
negative acknowledgement (NACK) indicative of the decoding failure in
order for the transmitter to retransmit the corresponding data on the physical
layer. The receiver combines the retransmitted data with the decoding-failed
data to improve data reception performance. The HARQ scheme may also be
designed to operate in such a way that the receiver, when it succeeds in
decoding data, sends the transmitter an Acknowledgement (ACK) indicative
of successful decoding in order for the transmitter to transmit new data.

[137] FIG. 8 is a diagram illustrating a basic time-frequency resource structure
for transmitting downlink data or control channels in an LTE system.

[138] In FIG. 1, the horizontal axis denotes the time, and the vertical axis denotes
the frequency. The smallest transmission unit in the time domain is an OFDM
symbol, and Ngymb OFDM symbols 802 form a slot 806, and 2 slots form a
subframe 805. Each slot spans 0.5 ms, and each subframe spans 1.0 ms. A
radio frame 814 is a time unit consisting of 10 subframes. In the frequency
domain, the smallest transmission unit is a subcarrier, and the total system
transmission bandwidth consists of Npw subcarriers 804.

[139] In the time-frequency resource structure, the basic resource unit is a
Resource Element (RE) 812 indicated by an OFDM symbol index and a
subcarrier index. A Resource Block (RB) (or Physical Resource Block (PRB)
808 is defined by Nsymb consecutive OFDM symbols 802 in the time domain
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and Nrs consecutive subcarriers 810 in the frequency domain. That is, one RB
808 consists of Nsymb X NrB REs 812. Typically, the RB is the smallest data
transmission unit. In the LTE system, Ngmpy = 7, Nrg=12, and Npw is
proportional to the system transmission bandwidth; a non-LTE system may
use different values. The data rate increases in proportion to the number of
RBs scheduled to the terminal.

[140] For the LTE system, 6 transmission bandwidths are defined. In the case of
an FDD system in which downlink and uplink are separated in frequency, the
downlink transmission bandwidth and uplink transmission bandwidth may
differ from each other. The channel bandwidth denotes an RF bandwidth in
comparison with the system transmission bandwidth. Table 2 shows the
relationship between the system transmission bandwidth and channel
bandwidth defined in the LTE system. For example, an LTE system having a
10 MHz channel bandwidth uses the transmission bandwidth of 50 RBs.

[141] [Table 2]

Channel bandwidth
BV,"'\'Channel [MHZ]
Transmission bandwidth
configuration Nrg

1.4 3 5 10 15 20

6 15 25 50 75 100

[142] The downlink control information is transmitted in N OFDM symbols at
the beginning of the subframe. Typically, N = {1, 2, 3}. Accordingly, N value
varies, at every subframe, with the control information amount to be
transmitted. The control information includes a control channel transmission
period indicator for indicating a number of OFDM symbols for conveying the
control information, scheduling information for downlink or uplink data
transmission, and an HARQ ACK/NACK signal.

[143] In the LTE system, the downlink or uplink data scheduling information is
transmitted from the base station to the terminal using Downlink Control
Information (DCI). The DCI is categorized into different DCI formats
depending on the purpose, e.g., indicating UL grant for UL data scheduling or
DL grant for DL data scheduling, indicating usage for control information that

is small in size, indicating whether multiple antenna-based spatial
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multiplexing is applied, and indicating usage for power control. For example,
the DCI format 1 for DL grant is configured to include at least the following
information.

[144] - Resource allocation type 0/1 flag: Resource allocation type 0/1 flag
indicates whether the resource allocation scheme is Type 0 or Type 1. A
Type-0 is to allocate resources in units of Resource Block Group (RBG) by
applying a bitmap scheme. In the LTE system, the basic unit of scheduling
may be a Resource Block (RB) that is expressed by time-frequency domain
resources, and the RBG may include multiple RBs and may be the basic unit
of scheduling in the Type-0 scheme. A Type-1 is to allocate a particular RB in
an RBG.

[145] - Resource block assignment: Resource block assignment indicates an RB
allocated for data transmission. The resources may be determined depending
on the system bandwidth and the resource allocation scheme.

[146] - Modulation and coding scheme (MCS): MCS indicates a modulation
scheme used for data transmission and a size of a transport block to be
transmitted.

[147] - HARQ process number: HARQ process number indicates a process
number of HARQ.

[148] - New data indicator: New data indicator indicates whether the HARQ
transmission is an initial transmission or a retransmission.

[149] - Redundancy version: Redundancy version indicates a redundancy version
of HARQ.

[150] - TPC command for PUCCH: Transmit Power Control (TPC) command for
Physical Uplink Control Channel (PUCCH) indicates a power control
command for a PUCCH that is an uplink control channel.

[151] The DCI may be transmitted over a Physical Downlink Control Channel
(PDCCH) or Enhanced PDCCH (EPDCCH) after undergoing a channel
coding and modulation process. In the following description, the phrase
PDCCH or EPDCCH transmission/reception may be interchangeably used
with DCI transmission/reception.
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[152] Typically, the DCI may undergo channel coding for each terminal
independently, and then the channel-coded DCI may be configured with its
dependent PDCCH and transmitted. In the time domain, a PDCCH may be
mapped and transmitted during the control channel transmission period. The
frequency-domain mapping location of the PDCCH may be determined by an
ID of each terminal, and it may be spread throughout the entire system
transmission band.

[153] Downlink data may be transmitted over a Physical Downlink Shared
Channel (PDSCH) that is a physical channel for downlink data transmission.
A PDSCH may be transmitted after the control channel transmission period,
and the scheduling information such as the detailed mapping location in the
frequency domain and the modulation scheme may be indicated by the DCI
that is transmitted over the PDCCH.

[154] Using MCS as part of the control information constituting the DCI, the
base station notifies the terminal of the modulation scheme applied to the
PDSCH to be transmitted and the size of data (e.g., Transport Block Size
(TBS)) to be transmitted. In an embodiment, the MCS has a bitwidth of 5 or
less or greater than 5. The TBS corresponds to the size given before channel
coding for error correction is applied to the data (e.g., Transport Block (TB))
to be transmitted by the base station.

[155] The modulation schemes supported by the LTE system may include
Quadrature Phase Shift Keying (QPSK), 16 Quadrature Amplitude
Modulation (QAM), and 64QAM, and they have modulation orders (Qm) 2, 4,
and 6, respectively. That is, the QPSK modulation transmits 2 bits per symbol,
the 16QAM transmits 4 bits per symbol, and the 64QAM transmits 6 bits per
symbol. It may also be possible to use 256QAM or higher order modulation
depending on the system.

[156] FIG. 9 is a diagram illustrating a basic time-frequency resource structure
for transmitting uplink data or control channels in an LTE-A system.

[157] In FIG. 9, the horizontal axis denotes the time, and the vertical axis denotes
the frequency. The smallest transmission unit in the time domain is an SC-
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FDMA symbol, and Nsymb SC-FDMA symbols 902 form a slot 906. Two slots
form a subframe 905. The smallest transmission unit in the frequency domain
is a subcarrier, and the total system transmission bandwidth consists of Npw
subcarriers 904. Npw may be proportional with the system transmission
bandwidth.

[158] In the time-frequency domain, the basic resource unit is RE 912, and each
RE is defined by one SC-FDMA symbol index and one subcarrier index. A
resource block (RB) 908 is defined by Ngymb consecutive SC-FDMA symbols
in the time domain and Nrg consecutive subcarriers in the frequency domain.
Accordingly, one RB consists of Nsymb X Nre REs. Typically, the smallest data
or control information transmission unit is RB. A physical uplink control
channel (PUCCH) is mapped to a frequency region corresponding to one RB
and transmitted during a time period of one subframe.

[159] The LTE standard defines a relationship between the PDSCH or the
PDCCH/ EPDCCH carrying a semi-persistent scheduling (SPS) release and
the PUCCH or physical uplink shared channel (PUSCH) carrying the HARQ
ACK/NACK corresponding to the PDSCH, PDCCH, or EPDCCH. For
example, in an LTE system operating in the FDD mode, the HARQ
ACK/NACK corresponding to the PDSCH or the PDCCH or EPDCCH
carrying the SPS release, the PDSCH or the PDCCH or EPDCCH being
transmitted at the (n-4)® subframe, is carried in the PUCCH or PUSCH being
transmitted at the n'" subframe.

[160] The LTE system employs an asynchronous HARQ scheme for DL HARQ.
That is, if an eNB receives an HARQ NACK for initially transmitted data
from a UE, it may freely determine a retransmission timing through a
scheduling operation. If the UE fails to decode the received data, it stores the
erroneous initial data and combines the buffered data with the retransmitted
data.

[161] If the UE receives a PDSCH carrying the DL data transmitted by the eNB
at the n® subframe, it transmits UL control information including the HARQ

ACK/NACK corresponding to the DL data to the eNB through the PUCCH or
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PUSCH at the (n+k)™® subframe. Here, k is determined differently depending
on the duplex mode (i.e., FDD or time division duplex (TDD)) and subframe
configuration in use by the LTE system. For example, k is fixed to 4 in the
FDD LTE system. Meanwhile, k may vary according to the subframe
configuration and subframe index in the TDD LTE system.

[162] The LTE system employs a synchronous HARQ scheme with a fixed data
transmission timing for UL transmission distinct from the DL HARQ. That is,
the UL-DL timing relationship between the PUSCH and PDCCH that is
followed by the PUSCH and a physical hybrid indicator channel (PHICH)
carrying the DL HARQ ACK/NACK corresponding to the PUSCH is fixed
according to a rule as follows.

[163] If the UE receives a PDCCH carrying UL scheduling control information
or a PHICH carrying a DL HARQ ACK/NACK from the eNB at the n®
subframe, it transmits UL data through a PUSCH at the (n+k)* subframe
based on the control information. Here, k is determined differently depending
on the duplex mode in use, i.e., FDD or TDD, and its configuration. For
example, k is fixed to 4 in the FDD LTE system. Meanwhile, k may vary
according to the subframe configuration and subframe index in the TDD LTE
system.

[164] In the FDD LTE system, the eNB transmits a UL grant or a DL control
signal and data to the UE at the n® subframe, the UE receives the UL grant or
the DL control signal and data at the n™ subframe. If the UE receives a UL
grant at the n'® subframe, it transmits uplink data at the (n+4)® subframe. If the
UE receives a DL control signal and data at the n® subframe, it transmits an
HARQ ACK/NACK corresponding to the DL data at the (n+4)™ subframe. In
this case, a time period given for the UE to prepare UL data transmission
scheduled via the UL grant or transmission of HARQ ACK/NACK
corresponding to the DL data becomes 3 ms, which is equal to the duration of
three subframes.

[165] The UE receives the PHICH carrying the DL HARQ ACK/NACK from the
eNB at the i* subframe and the DL HARQ ACK/NACK corresponding to the
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PUSCH transmitted by the UE at the (i+k)™* subframe. Here, k is determined
differently depending of the duplex mode (i.e., FDD or TDD) and its
configuration in use by the LTE system. For example, k is fixed to 4 in the
FDD LTE system. Meanwhile, k may vary according to the subframe
configuration and subframe index in the TDD LTE system.

[166] FIGs. 10 and 11 are diagrams illustrating frequency-time resources
allocated for transmitting data of eMBB, URLLC, and mMTC services being
considered in the 5G or NR system.

[167] FIGs. 10 and 11 show how the frequency and time resources are allocated
for information transmission in a system. In FIG. 10, the eMBB, URLLC, and
mMTC data are allocated across the entire system frequency band 1000. If the
URLLC data 1030, 1050, and 1070 are generated to be transmitted during the
transmission of the eMBB 1010 and mMTC 1090 in specific frequency bands,
parts of the eMBB 1010 and mMTC 1090 may be punctured such that the
URLLC data 1030, 1050, and 1070 are inserted. Because the URLLC services
are delay-sensitive among the aforementioned services, the URLLC data
1030, 1050, and 1070 may occupy parts of the resources allocated for eMBB
data 1010. In the case of transmitting the URLLC data on the resources
allocated for the eMBB data, the eMBB data may not transmitted on the
overlapping frequency-time resources, which may degrade eMBB data
transmission throughput. That is, in the above case, the resource allocation for
the URLLC data transmission may cause eMBB data transmission failure.

[168] In FIG. 11, the system frequency band 1100 is divided into sub-bands
1110, 1120, and 1130 for data transmissions of different services. The sub-
band configuration information may be preconfigured and transmitted from a
base station to a terminal by higher layer signaling. And the sub-band-related
information provide the services without any arbitrarily separate transmission
of sub-band configuration information to the terminal by base stations or
network nodes. In FIG. 11, the sub-bands 1110, 1120, and 1130 are allocated
for eMBB data transmission, URLLC data transmission, and mMTC data
transmission, respectively.
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[169] Throughout the embodiment, the transmission time interval (TTI) for
URLLC transmission may be shorter that the TTI for eMBB or mMTC
transmission. The acknowledgement corresponding to the URLLC data may
be transmitted more quickly than the acknowledgement corresponding to the
eMBB or mMTC data, resulting in low latency information
transmission/reception.

[170] FIG. 12 is a diagram illustrating a procedure for segmenting a transport
block into multiple code blocks and attaching a CRC to the code blocks.

[171] In reference to FIG. 12, a CRC 1202 may be attached at the beginning or
end of a transport block (TB) 1200 to be transmitted in uplink or downlink.
The CRC may have a fixed length of 16 bits or 24 bits or a variable length
varying with channel condition and may be used for determining whether the
channel coding is successful. A block including the TB 1200 and the CRC
1202 may be segmented into multiple code blocks (CBs) 1220, 1222, 1224,
and 1226 as denoted by reference number 1210. Each CB has a predetermined
maximum size as far as possible and, in this case, the last CB 1226 may be
smaller in size than the other code blocks; it may be possible to add Os,
random values, or 1s to the last CB to make the last CB to be equal in length
to other CBs.

[172] Tt may be possible to add CRCs 1240, 1242, 1244, and 1246 to the
respective CBs. The CRC may have a fixed length of 16 bits, 24 bits, or the
like and may be used for determining whether the channel coding is
successful. However, attaching the CRC 1202 to the TB and attaching the
CRCs 1240, 1242, 1244, and 1246 to the respective CBs may be omitted
depending on the type of the channel code to be applied to the CBs. For
example, in the case of applying an LDPC code rather than a turbo code,
attaching the CRCs 1240, 1242, 1244, and 1246 to the respective CBs may be
omitted. However, even if the LDPC code is applied, the CRCs 1240, 1242,
1244, and 1246 may be attached to the CBs. Even in the case of using a polar
code, it may be possible to omit attaching any CRC.
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[173] FIG. 13 is a diagram illustrating an outer code-based transmission method,
and FIG. 14 i1s a diagram illustrating a structure of an outer code-based
communication system.

[174] A description is made of the method for transmitting a signal with an outer
coded with reference to FIGs. 13 and 14.

[175] In FIG. 13, a TB is segmented into multiple CBs of which bits or symbols
1310 located at identical bit-positions are encoded with a second channel code
to generate parity bits or symbols 1320 as denoted by reference number 1300.
Next, CRCs 1330 and 1340 may be respectively attached to the CBs and
parity CBs generated by encoding with the second channel code. It may be
possible to attach the CRC or not depending on the type of the channel code.
For example, if a turbo code is used as a first channel code, the CRCs 1330
and 1340 are attached and then the CBs and parity CBs may be encoded with
the first channel code.

[176] The TB is delivered from a higher layer to a physical layer. The physical
layer regards the TB as data. A CRC is attached to the TB. The CRC may be
generated with the TB and a cyclic generator polynomial, which may be
defined in various manners. For example, assuming that the cyclic generator
polynomial is gcrc24a(D) = D24 + D23 + D18 + D17 + D14 + D11 + D10 +
D7 + D6 + DS + D4 + D3 + D + 1 for a 24-bit CRC, if L=24, it may be
possible to determine agDA"?3+a; DA™+, +aa 1 D**HpoD?+piD?>+...+p2aD Hp2s
divisible by gcrca4a(D) with the remainder 0 as CRCs CRC po, p1, p2, P35 .
pr-1. Although the description has been made to the case where the CRC
length L is 24, L. may be set to 12, 16, 24, 32, 40, 48, 64, or the like. A CRC is
attached to the CBs and, in this case, the CRC may be generated with a cyclic
generator polynomial different from that used in generating the CRC attached
to the TB.

[177] In the legacy LTE system, if an initial transmission fails, retransmission is
performed in unit of TB. Unlike in the legacy LTE system, it may be
considered to perform the retransmission by CB rather than TB. In order to
accomplish this, it may be necessary for the terminal to transmit multi-bit
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HARQ-ACK feedback per TB. The base station may also provide information
indicating parts to be retransmitted in the control information for scheduling
the retransmission.

[178] In reference to FIG. 14, in the case of using the outer code, the data to be
transmitted passes the second channel coding encoder 1430. Examples of the
channel coded for the second channel coding may include a Reed-Solomon
code, a BCH code, a Raptor code, and a parity bit generation code. The bits or
symbols that pass the second channel coding encoder 1430 pass a first channel
coding encoder 1440. Examples of the channel code for the first channel
coding may include a Convolutional code, an LDPC code, a Turbo code, and a
Polar code. If the channel-coded symbols are received by a receiver over a
channel 1450, the receiver may process the received signals by means of a
first channel coding decoder 1460 and a second channel coding decoder 1470
in serial order. The first and second channel coding decoders 1460 and 1470
may perform opposite operations of the first and second coding encoders 1440
and 1430, respectively.

[179] In the case of not using the outer code, only the first channel coding
encoder 1400 and the first channel coding decoder 1420 are used in the
channel coding block diagram with no second channel coding encoder and
decoder. Even in the case of not using the outer code, the first channel coding
decoder 1420 may have an identical configuration with that of the first
channel coder 1440 for the case of using the outer coder.

[180] In the following description, an eMBB service is referred to as first type
service, and eMBB service data are referred to as first type data. The terms
“first type service” and “first type data” are not limited to eMBB, and they
may include other service types requiring a high speed data transmission or
broadband transmission. Meanwhile, a URLLC service is referred to as
second type service, and URLLC service data are referred to as second type
data. The terms “second type service” and “second type data” are not limited
to URLLC, and they may include other service types requiring low latency,
high reliability transmission, or low latency and high reliability transmission.
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Meanwhile, an mMTC service is referred to as third type service, and mMTC
service data are referred to as third type data. The terms “third type service”
and “third type data” are not limited to mMTC, and they may include other
service types requiring low speed, broad coverage, or low power transmission.
In an embodiment, the first type service may be understood as including or not
including the third type service.

[181] The physical layer channel structures for transmitting the three types of
services or data may differ from each other. For example, they may differ in at
least one of TTI length, frequency resource allocation unit, control channel
structure, and data mapping scheme.

[182] Although three types of services and three types of data are enumerated
above, the principle of the present invention can be applied to the cases were a
larger number of service and data types exist.

[183] In an embodiment, the terms “physical channel” and “signal” in use for
LTE and LTE-A systems are used for explaining the proposed method and
device. However, the principle of the present invention is applicable to other
wireless communication systems as well as the LTE and LTE-A systems.

[184] As described above, the present invention defines communication
operations between a terminal and a base station for transmitting the first,
second, and third type services or data and proposes a method for serving the
terminals in such a way of scheduling the different types of services or data
for the respective terminals in the same system. In the present invention, the
terms “first type terminal”, “second type terminal”, and “third type terminal”
are intended to indicate the terminals for which the first, second, and third
types of services or data, respectively, are scheduled. In an embodiment, the
first type terminal, second type terminal, and third type terminal may be
identical with or different from each other.

[185] Exemplary embodiments of the present invention are described in detail
with reference to the accompanying drawings. Detailed descriptions of well-
known functions and structures incorporated herein may be omitted to avoid
obscuring the subject matter of the present invention. Further, the following
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terms are defined in consideration of the functionality in the present invention,
and they may vary according to the intention of a user or an operator, usage,
etc. Therefore, the definition should be made on the basis of the overall
content of the present specification.

[186] In the following description, the term “base station (BS)” denotes an entity
for allocating resources to terminals and is intended to include at least one of a
Node B, an evolved Node B (eNB), a radio access unit, a base station
controller, and a network node. The term “terminal” is intended to include a
user equipment (UE), a mobile station (MS), a cellular phone, a smartphone, a
computer, and a multimedia system with a communication function. Although
the description is directed to an LTE or LTE-A system by way of example, the
present invention is applicable to other communication systems having a
similar technical background and channel format. For example, the present
invention is applicable to the 5G mobile communication technology (5G new
radio (NR)) under development after LTE-A. It will be understood by those
skilled in the art that the present invention can be applied even to other
communication systems with a slight modification without departing from the
spirit and scope of the present invention.

[187] In the present invention, the TTI denotes a unit of time for transmitting
control and data signals or only the data signal. In the legacy LTE system, by
way of example, the TTI is equal in length to one subframe as a unit of time,
i.e., 1 ms, in downlink. In the present invention, the TTI may denote a unit of
time for transmitting a control and data signal or only the data signal in uplink.
In the legacy LTE system, the TTI is a time unit of 1 ms equal in length to one
subframe in both downlink and uplink

[188] Meanwhile, one of the important criteria determining the throughput of a
wireless cellular communication system is packet data latency. LTE employs a
TTI of 1 ms, which is identical with the length of one subframe. An LTE
system employing a TTI of 1 ms may support a UE operating with a TTI
shorter than 1 ms (short-TTI UE). Meanwhile, the 5G NR may employ a TTI
shorter than 1 ms. The short-TTI UE is suitable for latency-sensitive services
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such as voice over LTE (VoLTE) and remote control services and is expected
to be a means for realizing mission-critical IoT. It may also be expected that
the short-TTI UE can be a means for realizing cellular-based mission-critical
IoT.

[189] In the present invention, the terms “physical channel” and “signal” in use
for the LTE or LTE-A system may be interchangeably used with the terms
“data” or “control signal”. For example, although PDSCH is a physical
channel carrying normal-TTI data, it may be referred to as normal-TTT data in
the present invention.

[190] Unless the TDD system is specified, the description is made under the
assumption of the FDD system. However, the method and apparatus proposed
in the present invention for use in the FDD system is applicable to the TTD
system with slight modifications.

[191] In the present invention, the term ‘“higher layer signaling” denotes a
signaling method for the base station to transmit a signal to the UE on a
downlink data channel of the physical layer or for the UE to transmit a signal
to the base station on an uplink data channel of the physical layer and may be
referred to as RRC signaling or MAC control element (CE) signaling.

[192] In the following description, the term “transmit end” may be used to
indicate a base station in downlink and terminal in uplink. The term “receive
end” may be used to indicate the terminal in downlink and the base station in
uplink.

[193] In the following description, the term “sub-TB” may be understood as a
virtual concept indicating a bundle of one or more CBs.

[194] <Embodiment 2-1>

[195] Embodiment 2-1 is directed to a method for a terminal to report a
maximum CB size to a base station.

[196] After connecting to the base station, the terminal reports to the base station
the maximum CB size that the terminal supports in transmitting data. The
report may mean transmitting UE capability including the maximum CB size
supported by the terminal (UE).
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[197] <Embodiment 2-2>

[198] Embodiment 2-2 is directed to a method for configuring a maximum CB
size for use in uplink or downlink data transmission to a terminal, which is
described with reference to FIG. 15.

[199] The base station transmits to the terminal the information on the maximum
CB size for use in data transmission via higher layer signaling. Before
receiving the maximum CB size information, the terminal may assume a value
pre-agreed between the terminal and the base station as the maximum CB size.
Once the maximum CB size information is received, the terminal may
assumes a value indicated by the maximum CB size information as the
maximum CB size for use in data communication. The maximum CB size
information may include a value for use in segmenting a TB into one or more
CBs.

[200] FIG. 15 is a flowchart illustrating a procedure for data communication
using a maximum CB size between a base station and a terminal. The base
station configure the maximum CB size to the terminal via higher layer
signaling at step 1500. Although the description is made of the case where the
maximum CB size information is transmitted from the base station to the
terminal via higher layer signaling, the maximum CB size information may be
transmitted, at step 1500, via DCI as a downlink control signal, a system
information block (SIB), or a combination of the higher layer signaling and
the DCI. In this embodiment, the maximum CB size may vary between uplink
and downlink data transmissions.

[201] At step 1510, the base station and the terminal may perform data
communication using the configured maximum CB length. If a maximum CB
length is used for data communication, this may mean that the transmitter
segments a TB into one or more CBs based on the maximum CB length and
that the receiver performs channel decoding with the CB length calculated
based on the maximum CB length. The receiver may calculate a number of
CBs and the length of each CB based on the maximum CB length upon receipt
of one TB, perform channel decoding on the CBs with the calculated length,
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and perform, if a CRC exists at a predetermined position, a CRC test to
determine whether the transmission is successful.

[202] <Embodiment 2-2-1>

[203] Embodiment 2-2-1 explains a method for a base station and an terminal to
segmenting a TB into one or more CBs using a configured maximum size and
adding a CRC in embodiment 2-2. Embodiment 2-2-1 is an example of
embodiment 2, which may include various alternative examples.

[204] In this embodiment, Z denotes a maximum CB size possible for one CB,
and B denotes a size of a TB. In this embodiment, Lcg denotes a length of a
CRC being attached to a CB, and Lt denotes a length of a CRC being
attached to a TB. In this embodiment, C denotes the number of CBs.

[205] In this embodiment, the maximum CB size, denoted by Z, may be a value
that the base station configures to the terminal. In this embodiment, Ncg may
be a value greater than 0, which is pre-agreed between the transmitter and the

receiver, and indicate the CRC length of the CB. In the following description,

[ X1 denotes an integer greater than X and LX) denotes the greatest
integer less than X.
[206] The total number of CBs, denoted by C, may be determined as follows.
[207] if B<Z,

[208] Lee=0
[209] Number of code blocks: C=1
[210] B'=B
[211] else
[212] Lc = NeB
B
C=1—7 1
[213] Number of code blocks: .
[214] B'=B+C-Lcs

[215] end if
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[216] In the above description, the CRC length per CB and the number of CBs
are determined based on the configured maxim CB size Z and, as a
consequence, the total number of bits of data to be transmitted is determined.
Hereinafter, how to segment a TB into CBs is described. In the following
description, ¢« denotes the k'™ bit of the r' CB.

[217] The number of bits for each CB is calculated as follows.

[218] First segment size: K- is the smallest value included in a specific set among
K values satisfying B'<C-K (the specific set may be a set including values pre-
agreed between the transmitter and the receiver).

[219] ifC=1

[220] numbe of CBs with size K+ : C+=1, K=0, C=0

[221] elseif C>1

[222] Second segment size: K. is the largest value included in a specific set
among K values satisfying K<K. (the specific set may be a set including

values pre-agreed between the transmitter and the receiver).

[223] Ax=K+-K.

[224] number of CBs with size K.:

[225] number of CBs with size K+: C+=C - C.
[226] end if

[227] number of 0 NULL padding bits: F = C+-K+ + C.-K. - B'
[228] fork =0 to F-1

229] cop=<NULL>
[230] end for

[231] k=F

[232] s=0

[233] forr=0to C-1

[234] ifr<C.

[235] K=K
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[236] else
[237] K: =K+
[238] end if

perform [STEP 1] below

end for

[STEP 1 start]
while k <K; - Lcp

[244] Cric = by
[245] k= k+1

s=s+tl
end while
HG>1
calculate Lcp-bit CRC. Filler bit is regarded as 0.

[250] while k < K;
[251] CrieP rlet Lo K). o denote bits of CRC
[252] k =k+1

[253] end while

[254] end if

[255] k=0

[256] [STEP 1 end]

[257] Although the zero or NULL padding bits are inserted at the beginning by
way of example in the above embodiment, and it may be possible to insert the

padding bits in the middle or at the end. It may also be possible to arrange the
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filler bits at the beginning or end of every CB in a distributed manner as
shown in FIGs. 18 and 19.

[258] FIG. 16 is a flowchart illustrating an operation of a transmitter according to
an embodiment of the present invention. The transmitter may configure a
maximum CB size to a terminal at step 1600, segment a TB into one or more
CBs based on the preconfigured maximum CB size Z and adds an CRC to the
CB at step 1610.

[259] FIG. 17 is a flowchart illustrating an operation of a receiver according to an
embodiment of the present invention. The receiver, e.g., a terminal, may
configure itself, at step 1700, with a maximum CB size received from a base
station, discern one or more CBs based on the preconfigured maximum CB
size Z at step 1710, and perform a CRC test after decoding the CB to
determine whether the decoding is successful at step 1720.

[260] <Embodiment 2-2>

[261] Embodiment 2-2 is directed to a method for segmenting a TB into one or
more CBs based on a maximum CB size configured between a base station
and a terminal and attaching a CRC to the CBs. Embodiment 2-2 is an
example of embodiment 2, which may include various alternative examples.

[262] In this embodiment, a maximum value Knax and a minimum value Kumin of a
CB length may be pre-agreed between the base station and the terminal. In
this embodiment, B denotes a size of a TB. In this embodiment, Lcg denotes a
length of a CRC being attached to a CB, and Lt denotes a length of a CRC
being attached to a TB. In this embodiment, C denotes a number of CBs. In
this embodiment, the base station may configure the maximum CB size Kmax
and the minimum CB size to the terminal. In this embodiment, Ncg may be a

value greater than 0, which is pre-agreed between the transmitter and the
receiver, and indicates the CRC length of the CB. In this embodiment, [ X]

denotes an integer greater than X and LXT denotes the greatest integer less
than X. In this embodiment, K, denotes the length of the r'" CB.
[263] if B<Kmax,
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[264]

[265]

[266]
[267]

[268]

[269]

[270]
[271]
[272]

[273]

[274]
[275]

[276]

[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

Les=0
Number of code blocks: C=1

B'=B

else

Lcs = Ncs

Number of code blocks:

B'=B+C-Lcs
end if
if C=1,

CB Size KO: [B /Kmin ] k Kmin

number of Filler bits 70~ &'~ €5

else

temporary length of CB /'~ [BYC ]

Temporary length of CB K= [ Kin |+ Ko

Number of Filler bits Fo =Ko - B

y=F'modC
forr=0to C-1
ifr<C-y-1
filler bit of r B '~ LF7C ]
[ B/C | +F,

CB length of r'" CB =
else
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[285] filler bit of 2 cB £~ [F7C 1
[286] CB length of r* B K-~ | BYC | +F,
[287] end if

[288] end forr

[289] end if

[290] s=0

[291] forr=0to C-1

[292] for k=0 to K - F; - 1

[293] crkc = bs

[294] s =s+1

[295] end for k

[296] fork=K-Fr-1t0K:- 1

1297] ¢ =<NULL>

[298] s =g+l

[299] end for k

[300] end for

[301] Although the description is directed to the exemplary case where no CRC
is attached to the CB, it may be possible to modify, if a number of CBs is
greater than 1, such that a CRC is attached every CB.

[302] <Embodiment 2-3>

[303] Embodiment 2-3 is directed to a method for a base station to determine a
maximum CB size according to a type of data to be transmitted in order for a

terminal to transmit/receive a signal based on the maximum CB size.
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[304] The type of data may be categorized based on the information contained in
a control signal for scheduling the terminal. The information contained in the
control signal may be delivered with predetermined bits or a specific RNTI
value masked into a CRC attached to a downlink control signal (DCI). The
RNTT value may indicate the type of the data being transmitted by the base
station. For example, the specific RNTI value may be indicative of system
information RNTI (SI-RNTI) or terminal-specific data (C-RNTI). For
example, the maximum CB size may be set to 6144 for data transmission
corresponding to the control signal to which the SI-RNTT is applied and 12288
for data transmission corresponding to the control signal to which the C-RNTI
is applied. Alternatively, the maximum CB size may be set to 6144 for
simultaneous data transmission to more one terminal and 12288 for data
transmission to a specific terminal.

[305] <Embodiment 2-4>

[306] Embodiment 2-4 is directed to a method for determining the maximum CB
size based on a TBS in use for data transmission between a base station and a
terminal.

[307] The base station and the terminal may pre-agree thresholds such as a first
TBS threshold, a second TBS threshold, ..., M® TBS threshold. It may be
possible to determine the maximum CB size by comparing the TBS in use for
actual data transmission with the TBS thresholds. For example, the maximum
CB size may be set to 6144 for the TBS less than the first TBS threshold and
12288 for the TBS greater than the first TBS threshold.

[308] <Embodiment 2-5>

[309] Embodiment 2-5 is directed to a method for determining the maximum CB
size based on an MCS value in use for data transmission between a base
station and a terminal.

[310] The base station and the terminal may pre-agree thresholds such as a first
MCS threshold, a second MCS threshold, ..., M® MCS threshold. It may be
possible to determine the maximum CB size by comparing the MCS in use for
actual data transmission with the MCS thresholds. For example, the maximum
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CB size may be set to 6144 for data transmission with an MCS less than the
first MCS threshold and 12288 for data transmission with an MCS greater
than the first MCS threshold.

[311] The terminal and the base station composed, each, of a transmitter, a
receiver, and a processor for implementing the methods of the above
embodiments are depicted in FIGs. 20 and 21, respectively. In order to
implement the method for determining a maximum CB size for use in data
communication between the base station and the terminal as described in
embodiments 2-1 to 2-5, the transmitter, receiver, and processor of each of the
base station and the UE should operate as described in the respective
embodiments.

[312] FIG. 20 is a block diagram illustrating a configuration of a terminal
according to an embodiment of the present invention. As shown in FIG. 20,
the terminal may include a processor 2010, a receiver 2000, and a transmitter
2020. According to an embodiment of the present invention, the receiver 2000
and the transmitter 2020 may be collectively referred to as a transceiver. The
transceiver may transmit and receive signals to and from a base station. The
signals may include control information and data. The transceiver may include
a radio frequency (RF) transmitter for frequency-up-converting and
amplifying a signal to be transmitted and an RF receiver for low-noise-
amplifying and frequency-down-converting a received signal. The transceiver
may output the signal received over a radio channel to the processor 2010 and
transmit the signal output from the processor 2010 over the radio channel.

[313] According to an embodiment of the present invention, the processor 2010
may control overall operations of the UE. For example, the processor 2010
may control the receiver 2000 to receive a downlink data signal from a base
station and perform CB decoding based on a preconfigured or predetermined
maximum CB size. Afterward, the transmitter 2020 may transmit HARQ-
ACK feedback information containing decoding result.

[314] FIG. 21 is a block diagram illustrating a configuration of a base station
according to an embodiment of the present invention. As shown in FIG. 21,
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the base station may include a processor 2110, a receiver 2100, and a
transmitter 2120. According to an embodiment of the present invention, the
receiver 2100 and the transmitter 2120 may be collectively referred to as a
transceiver. The transceiver may transmit and receive signals to and from a
terminal. The signals may include control information and data. The
transceiver may include an RF transmitter for frequency-up-converting and
amplifying a signal to be transmitted and an RF receiver for low-noise-
amplifying and frequency-down-converting a received signal. The transceiver
may output the signal received over a radio channel to the processor 2110 and
transmit the signal output from the processor 2110 over the radio channel.

[315] According to an embodiment of the present invention, the processor 2110
may control overall operations of the base station. For example, the processor
2110 may determine a maximum CB size and control to generate and transmit
corresponding configuration information. Afterward, the transmitter 2020
generates CBs based on the maximum CB size and transmits CRC- attached
CBs, and the receiver 2100 receives HARQ-ACK information from the
terminal.

[316] According to an embodiment of the present invention, the processor 2110
may control to generate downlink control information (DCI) or a higher layer
signaling signal including the number of maximum CB size. In this case, the
DCI or higher layer signaling signal may include information indicating
whether the maximum CB size information on the scheduled signal is
included therein.

[317] The embodiments disclosed in the specification and drawings are proposed
to help explain and understand the present invention rather than to limit the
scope of the present invention. It is obvious to those skilled in the art that
modifications and changes can be made thereto without departing from the
spirit and scope of the present invention. If necessary, the embodiments may
be combined in whole or in part. For example the base station and the terminal
may operate according to a combination of parts of embodiments 2-1, 2-2-1,
and 2-4 of the present invention. Although the embodiments been directed to
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the FDD LTE system, the present invention can include alternative
embodiments directed to other systems such as TDD LTE and 5G NR systems
without departing from the technical sprit of the present invention.

[318] In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express
language or necessary implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense, i.e. to specify the
presence of the stated features but not to preclude the presence or addition of
further features in various embodiments of the invention.

[319] It is to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a
part of the common general knowledge in the art, in Australia or any other

country.

- 60 -

18557568_1 (GHMatters) P111139.AU



14 Mar 2022

2017363752

CLAIMS

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

receiving, from a base station, a system information block (SIB);

transmitting, to the base station, a random access preamble for a random access
procedure;

identifying whether first application information of a transform precoding for a
first physical uplink shared channel (PUSCH) is included in the SIB, wherein the first
PUSCH is scheduled by a random access response (RAR) received as a response to the
random access preamble;

transmitting, to the base station, the first PUSCH according to a result of the
identification;

receiving, from the base station, a radio resource control (RRC) setup message;

transmitting, to the base station after entering an RRC connected state based on
the RRC setup message, a second PUSCH according to second application information
enabling the transform precoding for the second PUSCH, in case that the second
application information is included in the RRC setup message; and

transmitting, to the base station after entering the RRC connected state based on
the RRC setup message, the second PUSCH according to the first application
information for the first PUSCH, in case that the second application information is not

included in the RRC setup message.

2. The method of claim 1, wherein the SIB is one among a plurality of SIBs

associated with the random access procedure.

3. The method of claim 1, wherein a waveform of the first PUSCH is a discrete
Fourier transform spread orthogonal frequency division multiplexing (DFT-S-OFDM)
waveform with the transform precoding, in case that the first application information of

the transform precoding for the first PUSCH is included in the SIB.

4. The method of claim 1, wherein a waveform of the first PUSCH is a cyclic

prefix orthogonal frequency division multiplexing (CP-OFDM) waveform without the
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transform precoding, in case that the first application information of the transform

precoding for the first PUSCH is not included in the SIB.

5. The method of claim 1, wherein the application information is 1 bit.

6. A method performed by a base station in a wireless communication system, the
method comprising:

transmitting, to a terminal, a system information block (SIB);

receiving, from the terminal, a random access preamble for a random access
procedure;

identifying whether first application information of a transform precoding for a
first physical uplink shared channel (PUSCH) is included in the SIB, wherein the
PUSCH is scheduled by a random access response (RAR) transmitted as a response to
the random access preamble;

receiving, from the terminal, the first PUSCH according to a result of the
identification;

transmitting, to the terminal, a radio resource control (RRC) setup message;

receiving, from the terminal in an RRC connected state, a second PUSCH
according to second application information enabling the transform precoding for the
second PUSCH, in case that the second application information is included in the RRC
setup message; and

receiving, from the terminal in the RRC connected state, the second PUSCH
according to the first application information for the first PUSCH, in case that the second

application information is not included in the RRC setup message.

7. The method of claim 6, wherein the SIB is one among a plurality of SIBs

associated with the random access procedure.

8. The method of claim 6, wherein a waveform of the first PUSCH is a discrete
Fourier transform spread orthogonal frequency division multiplexing (DFT-S-OFDM)
waveform with the transform precoding, in case that the first application information of

the transform precoding for the first PUSCH is included in the SIB.
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9. The method of claim 6, wherein a waveform of the first PUSCH is a cyclic
prefix orthogonal frequency division multiplexing (CP-OFDM) waveform without the
transform precoding, in case that the first application information of the transform

precoding for the first PUSCH is not included in the SIB.

10. The method of claim 6, wherein the application information is 1 bit.

11. A terminal in a wireless communication system, the terminal comprising:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the terminal
to:
receive, from a base station, a system information block (SIB),
transmit, to the base station, a random access preamble for a random
access procedure,
identify whether first application information of a transform precoding for
a first physical uplink shared channel (PUSCH) is included in the SIB, wherein the first
PUSCH is scheduled by a random access response (RAR) received as a response to the
random access preamble,
transmit, to the base station, the first PUSCH according to a result of the
identification,
receive, from the base station, a radio resource control (RRC) setup
message,
transmit, to the base station after entering an RRC connected state based
on the RRC setup message, a second PUSCH according to second application
information enabling the transform precoding for the second PUSCH, in case that the
second application information is included in the RRC setup message, and
transmit, to the base station after entering the RRC connected state based
on the RRC setup message, the second PUSCH according to the first application
information for the first PUSCH, in case that the second application information is not

included in the RRC setup message.

12. The terminal of claim 11, wherein the SIB is one among a plurality of SIBs

associated with the random access procedure.

-63-

18557568_1 (GHMatters) P111139.AU



14 Mar 2022

2017363752

13. The terminal of claim 11, wherein a waveform of the first PUSCH is a
discrete Fourier transform spread orthogonal frequency division multiplexing (DFT-S-
OFDM) waveform with the transform precoding, in case that the first application

information of the transform precoding for the first PUSCH is included in the SIB.

14. The terminal of claim 11, wherein a waveform of the first PUSCH is a cyclic
prefix orthogonal frequency division multiplexing (CP-OFDM) waveform without the
transform precoding, in case that the first application information of the transform

precoding for the first PUSCH is not included in the SIB.

15. The terminal of claim 11, wherein the application information is 1 bit.

16. A base station in a wireless communication system, the base station
comprising:
a transceiver configured to transmit or receive a signal; and
a controller coupled with the transceiver and configured to control the base
station to:
transmit, to a terminal, a system information block (SIB),
receive, from the terminal, a random access preamble for a random access
procedure,
identify whether first application information of a transform precoding for
a first physical uplink shared channel (PUSCH) is included in the SIB, wherein the
PUSCH is scheduled by a random access response (RAR) transmitted as a response to
the random access preamble,
receive, from the terminal, the first PUSCH according to a result of the
identification,
transmit, to the terminal, a radio resource control (RRC) setup message,
receive, from the terminal in an RRC connected state, a second PUSCH
according to second application information enabling the transform precoding for the
second PUSCH, in case that the second application information is included in the RRC
setup message, and
receive, from the terminal in the RRC connected state, the second PUSCH
according to the first application information for the first PUSCH, in case that the second
application information is not included in the RRC setup message.
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17. The base station of claim 16, wherein the SIB is one among a plurality of

SIBs and associated with the random access procedure.

18. The base station of Claim 16, wherein a waveform of the first PUSCH is a
discrete Fourier transform spread orthogonal frequency division multiplexing (DFT-S-
OFDM) waveform with the transform precoding, in case that the first application

information of the transform precoding for the first PUSCH is included in the SIB.

19. The base station of claim 16, wherein a waveform of the first PUSCH is a
cyclic prefix orthogonal frequency division multiplexing (CP-OFDM) waveform without
the transform precoding, in case that the first application information of the transform

precoding for the first PUSCH is not included in the SIB.

20. The base station of claim 16, wherein the application information is 1 bit.
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