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FIG. 1B
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FIG. 1F
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FIG. 1K
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FIG. 1M
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FIG. 10
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FIG. IR
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FIG. 2L
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FIG. 20
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FIG. 2P
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FIG. 2Q
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FIG. 2R
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FIG. 3B
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METHOD AND APPARATUS FOR CELL
INITIAL ACCESS AND PAGING IN
WIRELESS CELLULAR COMMUNICATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to and claims priority to
Korean Patent Application Nos. 10-2016-0106427 filed on
Aug. 22,2016 and 10-2016-0125809 filed on Sep. 29, 2016,
the contents of which are incorporated herein by reference.

TECHNICAL FIELD

Various embodiments of the present disclosure relate to a
wireless communication system, and more particularly, to a
method and apparatus for inserting an index into a code
block as a unit in which a channel code is performed and
transmitting the same.

BACKGROUND

To meet a demand for radio data traffic that is on an
increasing trend since commercialization of a 4G commu-
nication system, efforts to develop an improved 5G com-
munication system or a pre-5G communication system have
been conducted. For this reason, the 5G communication
system or the pre-5G communication system is called a
beyond 4G network communication system or a post LTE
system.

To achieve a high data transmission rate, the 5G commu-
nication system is considered to be implemented in a very
high frequency (mmWave) band (e.g., like 60 GHz band). To
relieve a path loss of a radio wave and increase a transfer
distance of the radio wave in the very high frequency band,
in the 5G communication system, beamforming, massive
MIMO, full dimensional MIMO (FD-MIMO), array
antenna, analog beam-forming, and large scale antenna
technologies have been discussed.

Further, to improve a network of the system, in the 5G
communication system, technologies such as an evolved
small cell, an advanced small cell, a cloud radio access
network (cloud RAN), an ultra-dense network, a device to
device communication (D2D), a wireless backhaul, a mov-
ing network, cooperative communication, coordinated
multi-points (CoMP), and reception interference cancella-
tion have been developed.

In addition to this, in the 5G system, hybrid FSK and
QAM modulation (FQAM) and sliding window superposi-
tion coding (SWSC) that are an advanced coding modulation
(ACM) scheme and a filter bank multi carrier (FBMC), a
non orthogonal multiple access (NOMA), and a sparse code
multiple access (SCMA) that are an advanced access tech-
nology, and so on have been developed.

Meanwhile, the Internet is evolved from a human-cen-
tered connection network through which a human being
generates and consumes information to the Internet of
Things (IoT) network that transmits/receives information
between distributed components such as things and pro-
cesses the information. The Internet of Everything (IoE)
technology in which the big data processing technology, etc.,
is combined with the IoT technology by connection with a
cloud server, etc. has also emerged. To implement the IoT,
technology elements, such as a sensing technology, wired
and wireless communication and network infrastructure, a
service interface technology, and a security technology, have
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been used. Recently, technologies such as a sensor network,
machine to machine (M2M), and machine type communi-
cation (MTC) for connecting between things has been
researched. In the IoT environment, an intelligent Internet
technology (IT) service that creates a new value in human
life by collecting and analyzing data generated in the con-
nected things may be provided. The IoT may be applied to
fields, such as a smart home, a smart building, a smart city,
a smart car or a connected car, a smart grid, health care,
smart appliances, and an advanced healthcare service, by
fusing and combining the existing information technology
(IT) with various industries.

Therefore, various tries to apply the 5G communication
system to the loT network have been conducted. For
example, the 5G communication technologies, such as the
sensor network, the machine to machine (M2M), and the
machine type communication (MTC), have been imple-
mented by techniques such as beamforming, MIMO, and the
array antenna. The application of the cloud radio access
network (cloud RAN) as the big data processing technology
described above may also be considered as an example of
the fusing of the 5G communication technology with the [oT
technology.

Meanwhile, recently, there is a need for a method and
apparatus for inserting an index into a code block as a unit
in which a channel code is executed and transmitting the
same, in accordance with the development of a next gen-
eration mobile communication system.

SUMMARY

To address the above-discussed deficiencies, a primary
object of the present is directed to a method of inserting a
code block (CB) index, a method of operating a system by
applying a CB index to retransmission, and the like. In a
wireless communication system, in particular, the existing
LTE system, a data transmission is performed in a transport
block (TB) unit. The TB is divided into a plurality of code
blocks (CB), and channel coding is performed in a CB unit.
The retransmission after an initial transmission is performed
in a TB unit, and the TBs need to be retransmitted even when
only one CB fails to decode. Therefore, it may be a case in
which the retransmission needs to be made in a CB unit. For
the case, there is a need for a method of inserting and
operating a CB index notifying a CB of the order of CBs.

Another object of the present disclosure is directed to
provision of a transmitting and receiving of a terminal in a
mobile communication system. The 5th generation wireless
cellular communication system (hereinafter, referred to as
5G communication system) should be able to provide vari-
ous services having different transmission/reception tech-
niques and transmission/reception parameters in one system
in order to satisty various requirements and services of users
and aims to be designed so that services to be added in future
in consideration of forward compatibility will not be
restricted by the design of the existing system. As an
example of a method for supporting various services, the 5G
communication system should be able to operate more
efficiently in various frequency bands than the existing
communication system. That is, the 5G communication
system should be able to operate efficiently even in a
frequency band of 70 GHz or more as well as in a frequency
band of 1 GHz or less. In the frequency band of 1 GHz of
less, the 5G communication system has an advantage of
securing a wide coverage but has a disadvantage in that it is
difficult to secure a wide frequency band. On the other hand,
in the high frequency band of 70 GHz or more, the 5G



US 10,491,447 B2

3

communication system is easy to secure a wide frequency
band and therefore is suitable for superhigh speed data
transmission, but has a disadvantage of a narrow coverage.

Another object of the present disclosure is directed to
provision of various services having different transmission/
reception techniques and transmission/reception parameters
in one system in order to satisfy various requirements and
services of users in the 5th generation wireless cellular
communication system (hereinafter, referred to as 5G com-
munication system) and to realize a design so that services
to be added in future in consideration of forward compat-
ibility are not restricted by the current system. As an
example of a method for supporting various services in the
5G communication system, the present disclosure can con-
sider a system for supporting a plurality of numerologies or
subcarrier spacing in one system.

Meanwhile, in the wireless communication system, a
terminal performs the following initial connection step for
the purpose of establishing a radio link with a base station.
First, synchronization with a cell in a network is acquired,
and a master information block (MIB) is acquired by physi-
cal broadcast channel (PBCH) decoding. The MIB contains
the most basic information for connection to the system.
Based on the information, a physical downlink control
channel (PDCCH) and a physical downlink shared channel
(PDSCH) are decoded to obtain a system information block
(SIB). Thereafter, it exchanges identity with the base station
through a random access step and then performs an initial
connection to a network through steps such as registration
and authentication. At this time, since the 5G communica-
tion system supports various numerologies, for example,
various parameters for the subcarrier spacing, the numer-
ologies for the physical layer channel in which each infor-
mation is transmitted in the initial connection step may be
different from each other. However, since the terminal can
not know the subcarrier spacing used by the system during
the initial connection process, the initial connection may not
be efficiently performed.

In addition, a terminal in an RRC_IDLE state undergoes
a paging process to start data transmission/reception. In
order to observe the paging information, the terminal wakes
up for a little while at a predetermined time interval to
observe control signaling. For the terminal in the
RRC_IDLE state, the network knows a location of the
terminal in a tracking area (TA) unit, not in a cell unit, in
which the TA is defined by grouping several neighboring
eNBs. The paging message may be transmitted across a
plurality of cells within the TA. The paging message is
transmitted through the PDSCH, and scheduling information
on the PDSCH can be acquired from the PDCCH configured
as P-RNTIL. In this case, if various numerologies are used in
the 5G communication system, each cell can transmit the
paging message through a physical layer channel set at
different subcarrier spacing’s. In particular, if an initial
connection to a certain cell is performed and then a rese-
lection to another cell is performed, the corresponding cell
does not have any information on the terminal in the
RRC_IDLE state, such that an operation procedure for
efficiently transmitting the paging message is used.

Therefore, the present disclosure proposes an effective
method and operation procedure for cell initial connection
and paging suitable for the 5G communication system. The
cell initial connection and paging method proposed by the
present disclosure can support the efficient services for
various numerologies to more flexibly operate the 5G com-
munication system capable of simultaneously providing
different requirements.
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Objects of the present disclosure are not limited to the
above-mentioned objects. That is, other objects that are not
mentioned may be obviously understood by those skilled in
the art to which the present disclosure pertains from the
following description.

Various embodiments of the present disclosure are
directed to the provision of a method of a terminal com-
prising: receiving a transport block including a plurality of
code blocks from a base station; and receiving information
indicating a code block which the terminal fails to decode
among a plurality of code blocks and a code block whose
decoding fails from the base station.

Various embodiments of the present disclosure are
directed to the provision of a terminal comprising: a trans-
ceiver transmitting and receiving a signal; and a controller
configured to receive a transport block including a plurality
of code blocks from a base station and receive information
indicating a code block which the terminal fails to decode
among a plurality of code blocks and a code block whose
decoding fails from the base station.

Various embodiments of the present disclosure are
directed to the provision of a method of a base station
comprising: transmitting a transport block including a plu-
rality of code blocks to a terminal; and transmitting infor-
mation indicating a code block which the terminal fails to
decode among a plurality of code blocks and a code block
whose decoding fails to the terminal.

Various embodiments of the present disclosure are
directed to the provision of a base station comprising: a
transceiver transmitting and receiving a signal; and a con-
troller configured to transmit a transport block including a
plurality of code blocks to a terminal and receive informa-
tion indicating a code block which the terminal fails to
decode among a plurality of code blocks and a code block
whose decoding fails to the terminal.

Various embodiments of the present disclosure are
directed to the provision of a method of a terminal com-
prising: identifying a partial subframe on which a part of
symbols included in a subframe overlaps with a measure-
ment gap configured for a terminal and communicating with
a base station on the partial subframe.

Various embodiments of the present disclosure are
directed to the provision of a terminal comprising: a trans-
ceiver transmitting and receiving a signal; and a controller
configured to identify a partial subframe on which a part of
symbols included in a subframe overlaps with a measure-
ment gap configured for a terminal and communicate with a
base station on the partial subframe.

Various embodiments of the present disclosure are
directed to the provision of a method of a base station
comprising: identifying a partial subframe on which a part of
symbols included in a subframe overlaps with a measure-
ment gap configured for a terminal and communicating with
a terminal on the partial subframe.

Various embodiments of the present disclosure are
directed to the provision of a base station comprising: a
transceiver transmitting and receiving a signal; and a con-
troller configured to identify a partial subframe on which a
part of symbols included in a subframe overlaps with a
measurement gap configured for a terminal and communi-
cate with a terminal on the partial subframe.

Various embodiments of the present disclosure are
directed to the provision of a method of a terminal, com-
prising: receiving a control channel associated with a trans-
mission of system information from a base station; receiving
a data channel to which the system information is transmit-
ted based on the received control channel; and acquiring the
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system information using numerology associated with the
control channel among a plurality of numerologies that the
terminal supports.

Various embodiments of the present disclosure are
directed to the provision of a terminal, comprising: a trans-
ceiver transmitting and receiving a signal; and a controller
configured to receive a control channel associated with a
transmission of system information from a base station,
receiving a data channel to which the system information is
transmitted based on the received control channel and
acquire the system information using numerology associated
with the control channel among a plurality of numerologies
that the terminal supports.

Various embodiments of the present disclosure are
directed to the provision of a method of a base station,
comprising: transmitting a control channel associated with
system information of the base station to a terminal; and
transmitting a data channel to which the system information
is transmitted to the terminal, in which the data channel to
which the system information is transmitted may be trans-
mitted using numerology associated with the control channel
among a plurality of numerologies that the base station
supports.

Various embodiments of the present disclosure are
directed to the provision of a base station in a wireless
communication system, comprising: a transceiver transmit-
ting and receiving a signal; and a controller configured to
transmit a control channel associated with system informa-
tion of the base station to a terminal and transmit a data
channel to which the system information is transmitted to
the terminal, in which the data channel to which the system
information is transmitted may be transmitted using numer-
ology associated with the control channel among a plurality
of numerologies that the base station supports.

According to an embodiment of the present disclosure,
the operation method of inserting and transmitting a CB
index can be provided to make the transmission of the base
station and the terminal efficient, thereby reducing the
unnecessary data transmission. As a result, the method
capable of saving resources for retransmission using the
scheme of transmitting a part of initial transmission upon
retransmission can be provided.

According to another embodiment of the present disclo-
sure, the transmission/reception method of a terminal is
defined in a mobile communication system, thereby effi-
ciently utilizing the radio resources and reducing the trans-
mission delay.

In addition, according to still another embodiment of the
present disclosure, the efficient cell initial connection and
paging method is provided in the 5G communication system
supporting various numerologies, thereby efficiently oper-
ating the 5G wireless communication system simultaneously
supporting various services having different requirements.

The effects that may be achieved by the embodiments of
the present disclosure are not limited to the above-men-
tioned objects. That is, other effects that are not mentioned
may be obviously understood by those skilled in the art to
which the present disclosure pertains from the following
description.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” is inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
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nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “control-
ler” means any device, system or part thereof that controls
at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at
least two of the same. It should be noted that the function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. Defini-
tions for certain words and phrases are provided throughout
this patent document, those of ordinary skill in the art should
understand that in many, if not most instances, such defini-
tions apply to prior, as well as future uses of such defined
words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1A illustrates a diagram of a transport structure of a
time-frequency domain of the LTE or LTE-A system;

FIG. 1B illustrates a diagram of a transport structure of an
uplink time-frequency domain of the LTE or LTE-A system;

FIG. 1C illustrates a diagram of a state in which data for
eMBB, URLLC, and mMTC are allocated in frequency-time
resources in a communication system;

FIG. 1D illustrates a diagram of a state in which the data
for eMBB, URLLC, and mMTC are allocated in the fre-
quency-time resources in the communication system;

FIG. 1E illustrates a diagram of a structure in which one
transport block according to embodiments of the present
disclosure is divided into several code blocks and a CRC is
added;

FIG. 1F illustrates a diagram of a structure in which an
outer code according to embodiments of the present disclo-
sure is applied and coded;

FIG. 1G illustrates a block diagram depending on whether
to apply the outer code according to embodiments of the
present disclosure;

FIG. 1H illustrates a diagram of an example of a structure
for inserting code block index information according to the
present disclosure;

FIG. 11 illustrates a diagram of an example of the struc-
ture for inserting code block index information according to
the present disclosure;

FIG. 1] illustrates a diagram of an example of the struc-
ture for inserting code block index information according to
the present disclosure;

FIG. 1K illustrates a diagram of a procedure of a base
station and a terminal according to embodiments of the
present disclosure;

FIG. 1L illustrates a diagram of a procedure of a base
station and a terminal according to embodiments of the
present disclosure;

FIG. 1M illustrates a diagram of the procedure of the base
station and the terminal according to embodiments of the
present disclosure;

FIG. 1N illustrates a diagram of the procedure of the base
station and the terminal according to embodiments of the
present disclosure;

FIG. 10 illustrates a diagram of an internal structure of a
terminal according to embodiments of the present disclo-
sure;
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FIG. 1P illustrates a diagram of an internal structure of a
base station according to embodiments of the present dis-
closure;

FIG. 1Q illustrates a diagram of an example of a transport
structure according to embodiments of the present disclo-
sure;

FIG. 1R illustrates a diagram of the procedure of the base
station and the terminal according to embodiments of the
present disclosure;

FIG. 2A illustrates a diagram of a basic structure of a
time-frequency resource area that is a radio resource area to
which a data or a control channel of the existing LTE and
LTE-A systems is transmitted;

FIGS. 2B, 2C, and 2D illustrate an example of an
extended frame structure;

FIG. 2E illustrates a comparison diagram of frame struc-
ture types A, B, and C in a time domain together with an LTE
frame structure;

FIG. 2F illustrates a diagram of an example in which the
frame structure types A, B, and C are multiplexed in one
system,

FIG. 2G illustrates a diagram of'a measurement gap of the
LTE system;

FIG. 2H illustrates a diagram of that a terminal supports
a combination of the LTE and an NR as the frame structure
type B, in which the LTE system and an NR system illustrate
that time synchronization between subframes or radio
frames mismatches by a specific offset;

FIGS. 21, 2], and 2K each illustrate diagrams of Al and
A2 intervals for each frame structure type of the NR system;

FIG. 2L illustrates a diagram of an operation method of a
terminal and a base station according to embodiments of the
present disclosure;

FIG. 2M illustrates a diagram of a procedure of acquiring,
by a terminal, measurement gap control information to
perform measurement;

FIG. 2N illustrates a diagram of flexible scheduling
timing in the NR system;

FIG. 20 illustrates a diagram of flexible HARQ timing in
the NR system;

FIGS. 2P and 2Q illustrate a terminal operation according
to embodiments of the present disclosure;

FIG. 2R illustrates a diagram of a terminal procedure in
a case in which the measurement gap overlaps with uplink
data or control information transmission time according to
the above-mentioned method;

FIG. 28 illustrates a diagram of that a terminal supports
a combination of the LTE and an NR as the frame structure
type C, in which the LTE system and the NR system
illustrate that time synchronization between subframes or
radio frames mismatches by a specific offset;

FIGS. 2T and 2U illustrate diagrams of a method of
measuring, by a terminal, channel status information (CSI)
in a partial subframe;

FIG. 2V illustrates a diagram of a procedure of measuring,
by a terminal, CSI according to the above-mentioned
method;

FIG. 2W illustrates a diagram of a terminal transceiver
according to embodiments of the present disclosure;

FIG. 3A illustrates a diagram of an example in which 5G
services are multiplexed and transmitted in one system;

FIG. 3B illustrates a diagram of a basic structure of a
time-frequency domain in the LTE;

FIG. 3C illustrates a diagram of resource elements having
different subcarrier spacing’s;

FIG. 3D illustrates a diagram of a downlink physical layer
channel used in a cell initial connection in the LTE;
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FIG. 3E illustrates a diagram of a contention-based ran-
dom access procedure in the LTE;

FIG. 3F illustrates a diagram of an uplink physical layer
channel for a random access in the LTE;

FIG. 3G illustrates a diagram of a communication system
to according to embodiments of the present disclosure;

FIGS. 3H and 31 illustrate diagrams of a procedure of a
base station and a terminal according to embodiments of the
present disclosure;

FIG. 3] illustrates a diagram of a paging procedure in the
LTE,

FIG. 3K illustrates a diagram of a communication system
according to embodiments of the present disclosure;

FIGS. 3L and 3M illustrate diagrams of a procedure of a
base station and a terminal according to embodiments of the
present disclosure;

FIGS. 3N, 30, and 3P illustrate diagrams of a procedure
of a base station and a terminal according to embodiments
of the present disclosure;

FIG. 3Q illustrates a block diagram of a structure of a
terminal transceiver according to embodiments of the pres-
ent disclosure; and

FIG. 3R illustrates a block diagram of a structure of a base
station transceiver according to embodiments of the present
disclosure.

DETAILED DESCRIPTION

FIGS. 1A through 3R, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of the present disclosure may be
implemented in any suitably arranged electronic device.

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the accompanying
drawings. When it is decided that a detailed description for
the known function or configuration related to the present
disclosure may obscure the present disclosure, the detailed
description therefor will be omitted. Further, the following
terminologies are defined in consideration of the functions in
the present disclosure and may be construed in different
ways by the intention or practice of users and operators.
Therefore, the definitions thereof should be construed based
on the contents throughout the specification.

Various advantages and features of the present disclosure
and methods accomplishing the same will become apparent
from the following detailed description of embodiments
with reference to the accompanying drawings. However, the
present disclosure is not limited to the embodiments dis-
closed herein but will be implemented in various forms. The
embodiments have made disclosure of the present disclosure
complete and are provided so that those skilled in the art can
easily understand the scope of the present disclosure. There-
fore, the present disclosure will be defined by the scope of
the appended claims. Like reference numerals throughout
the description denote like elements.

To meet a demand for radio data traffic that is on an
increasing trend since commercialization of a 4G commu-
nication system, efforts to develop an improved 5G com-
munication system or a pre-5G communication system have
been conducted. For this reason, the 5G communication
system or the pre-5G communication system is called a
beyond 4G network communication system or a post LTE
system.
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To achieve a high data transmission rate, the 5G commu-
nication system is considered to be implemented in a very
high frequency (mmWave) band (e.g., like 60 GHz band). To
relieve a path loss of a radio wave and increase a transfer
distance of the radio wave in the very high frequency band,
in the 5G communication system, beamforming, massive
MIMO, full dimensional MIMO (FD-MIMO), array
antenna, analog beam-forming, and large scale antenna
technologies have been discussed.

Further, to improve a network of the system, in the 5G
communication system, technologies such as an evolved
small cell, an advanced small cell, a cloud radio access
network (cloud RAN), an ultra-dense network, a device to
device communication (D2D), a wireless backhaul, a mov-
ing network, cooperative communication, coordinated
multi-points (CoMP), and reception interference cancella-
tion have been developed.

In addition to this, in the 5G system, hybrid FSK and
QAM modulation (FQAM) and sliding window superposi-
tion coding (SWSC) that are an advanced coding modulation
(ACM) scheme and a filter bank multi carrier (FBMC), a
non orthogonal multiple access (NOMA), and a sparse code
multiple access (SCMA) that are an advanced access tech-
nology, and so on have been developed.

Meanwhile, the Internet is evolved from a human-cen-
tered connection network through which a human being
generates and consumes information to the Internet of
Things (IoT) network that transmits/receives information
between distributed components such as things and pro-
cesses the information. The Internet of Everything (IoE)
technology in which the big data processing technology, etc.,
is combined with the IoT technology by connection with a
cloud server, etc., has also emerged. To implement the IoT,
technology elements, such as a sensing technology, wired
and wireless communication and network infrastructure, a
service interface technology, and a security technology, have
been used. Recently, technologies such as a sensor network,
machine to machine (M2M), and machine type communi-
cation (MTC) for connecting between things has been
researched. In the IoT environment, an intelligent Internet
technology (IT) service that creates a new value in human
life by collecting and analyzing data generated in the con-
nected things may be provided. The IoT may be applied to
fields, such as a smart home, a smart building, a smart city,
a smart car or a connected car, a smart grid, health care,
smart appliances, and an advanced healthcare service, by
fusing and combining the existing information technology
(IT) with various industries.

Therefore, various tries to apply the 5G communication
system to the loT network have been conducted. For
example, technologies such as the sensor network, the
machine to machine (M2M), and the machine type commu-
nication (MTC), have been implemented by techniques such
as the beamforming, the MIMO, and the array antenna that
are the 5G communication technologies. The application of
the cloud radio access network (cloud RAN) as the big data
processing technology described above may also be consid-
ered as an example of the fusing of the 5G technology with
the IoT technology.

Meanwhile, a new radio access technology (NR) which is
a new 5G communication system is designed to freely
multiplex various services in time and frequency resources.
Accordingly, waveform/numerology, a reference signal and
the like may be dynamically or freely allocated according to
a need of the corresponding services. In order to provide an
optimal service to a terminal in wireless communication, it
is important to transmit optimized data based on a quality of
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channels and a measurement of an interference amount. As
a result, it is essential to accurately measure a channel status.
However, unlike the 4G communication in which channel
and interference characteristics are not greatly changed
depending on frequency resources, the 5G channel has
channel and interference characteristics greatly changed
depending on services, and as a result, there is a need to
support a subset of frequency resource group (FRG) that can
measure the channel and interference characteristics sepa-
rately. Meanwhile, in the NR system, a kind of supported
services may be classified into categories such as enhanced
mobile broadband (eMBB), massive machine type commu-
nications (mMTC), ultra-reliable and low-latency commu-
nications (URLLC) or the like. The eMBB may be consid-
ered as a service aiming at a high speed transmission of
high-capacity data, the mMTC may be considered as a
service aiming at terminal power minimization and an
access of multiple terminals, and the URLLC may be
considered as a service aiming at high reliability and low
latency. Different requirements may be applied depending
on a type of services applied to the terminal

As described above, a plurality of services can be pro-
vided to a user in the communication system, and a method
capable of providing each service within the same time
interval in accordance with characteristics to provide a
plurality of services to users and an apparatus using the same
are used.

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the accompanying
drawings.

In describing the embodiments of the present disclosure,
a description of technical contents which are well known to
the art to which the present disclosure belongs and are not
directly connected with the present disclosure will be omit-
ted.

For the same reason, some components are exaggerated,
omitted, or schematically illustrated in the accompanying
drawings. Further, the size of each component does not
exactly reflect its real size. In each drawing, the same or
corresponding components are denoted by the same refer-
ence numerals.

Various advantages and features of the present disclosure
and methods accomplishing the same will become apparent
from the following detailed description of embodiments
with reference to the accompanying drawings. However, the
present disclosure is not limited to the embodiments dis-
closed herein but will be implemented in various forms. The
embodiments have made disclosure of the present disclosure
complete and are provided so that those skilled in the art can
easily understand the scope of the present disclosure. There-
fore, the present disclosure will be defined by the scope of
the appended claims. Like reference numerals throughout
the description denote like elements.

In this case, it may be understood that each block of
processing flow charts and combinations of the flow charts
may be performed by computer program instructions. Since
these computer program instructions may be mounted in
processors for a general computer, a special computer, or
other programmable data processing apparatuses, these
instructions executed by the processors for the computer or
the other programmable data processing apparatuses create
means performing functions described in block(s) of the
flow charts. Since these computer program instructions may
also be stored in a computer usable or computer readable
memory of a computer or other programmable data process-
ing apparatuses in order to implement the functions in a
specific scheme, the computer program instructions stored in
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the computer usable or computer readable memory may also
produce manufacturing articles including instruction means
performing the functions described in block(s) of the flow
charts. Since the computer program instructions may also be
mounted on the computer or the other programmable data
processing apparatuses, the instructions performing a series
of operation steps on the computer or the other program-
mable data processing apparatuses to create processes
executed by the computer to thereby execute the computer
or the other programmable data processing apparatuses may
also provide steps for performing the functions described in
block(s) of the flow charts.

In addition, each block may indicate some of modules,
segments, or codes including one or more executable
instructions for executing a specific logical function (s).
Further, it is to be noted that functions mentioned in the
blocks occur regardless of a sequence in some alternative
embodiments. For example, two blocks that are consecu-
tively illustrated may be simultaneously performed in fact or
be performed in a reverse sequence depending on corre-
sponding functions sometimes.

Here, the term ‘-unit” used in the present embodiment
means software or hardware components such as FPGA and
ASIC and the ‘~unit’ performs any roles. However, the
meaning of the ‘~unit’ is not limited to software or hardware.
The ‘~unit’ may be configured to be in a storage medium that
may be addressed and may also be configured to reproduce
one or more processor. Accordingly, for example, the ‘~unit’
includes components such as software components, object
oriented software components, class components, and task
components and processors, functions, attributes, proce-
dures, subroutines, segments of program code, drivers, firm-
ware, microcode, circuit, data, database, data structures,
tables, arrays, and variables. The functions provided in the
components and the ‘~units’ may be combined with a
smaller number of components and the ‘~units’ or may be
further separated into additional components and ‘~units’. In
addition, the components and the ‘~units’ may also be
implemented to reproduce one or more CPUs within a
device or a security multimedia card. Further, in some
embodiments, ‘~unit’ may include one or more processors.

A wireless communication system has been developed
from a wireless communication system providing a voice
centered service in the early stage toward broadband wire-
less communication systems providing high-speed, high-
quality packet data services, such as communication stan-
dards of high speed packet access (HSPA) and long term
evolution (LTE) or evolved universal terrestrial radio access
(E-UTRA) of the 3GPP, high rate packet data (HRPD) and
ultra mobile broadband (UMB) of 3GPP2, 802.16¢ of IEEE
or the like. In addition, the 5G or new radio (NR) commu-
nication standards are being produced as the 5G wireless
communication system.

As a representative example of the broadband wireless
communication system, the L'TE system has adopted an
orthogonal frequency division multiplexing (OFDM)
scheme in a downlink (DL) and has adopted a single carrier
frequency division multiple access (SC-FDMA) scheme in
an uplink (UL). The uplink refers to a radio link through
which a user equipment (UE) or a mobile station (MS)
transmits data or a control signal to a base station (eNodeB
or base station (BS)) and the down link refers to a radio link
through which a base station transmits data or a control
signal to a terminal. The multiple access scheme as
described above normally allocates and operates time-fre-
quency resources including data or control information to be
transmitted to each other to prevent the time-frequency
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resources from overlapping with each other, that is, establish
orthogonality, thereby dividing the data or the control infor-
mation of each user.

If a decoding failure occurs upon initial transmission, the
LTE system has adopted a hybrid automatic repeat reQuest
(HARQ) scheme of retransmitting the corresponding data in
a physical layer. If a receiver does not accurately decode
data, the HARQ scheme enables a receiver to transmit
information (negative acknowledgement (NACK)) notify-
ing the decoding failure to a transmitter so that the trans-
mitter can retransmit the corresponding data in the physical
layer. The receiver combines the data retransmitted by the
transmitter with the data that are not decoded previously,
thereby increasing reception performance of the data. Fur-
ther, if the receiver accurately decodes the data, information
(acknowledgement (ACK)) notitying a decoding success is
transmitted to the transmitter so that the transmitter may
transmit new data.

FIG. 1A illustrates a diagram of a basic structure of a
time-frequency domain that is a radio resource region in
which data or a control channel is transmitted in a downlink,
in the LTE system.

In FIG. 1A, a horizontal axis represents a time domain and
a vertical axis represents a frequency domain. A minimum
transmission unit in the time domain is an OFDM symbol,
in which one slot 1a-06 is configured by collecting N, ,,,,
OFDM symbols 1a-02 and one subframe 1a-05 is config-
ured by collecting two slots. A length of the slot is 0.5 ms
and a length of the subframe is 1.0 ms. Further, a radio frame
1a-14 is a time domain unit which includes 10 subframes. A
minimum transmission unit in the frequency domain is a
subcarrier, in which the whole system transmission band-
width includes a total of N;W subcarriers 1a-04.

A basic unit of resources in the time-frequency domain is
aresource element (RE) 1a-12 and may be represented by an
OFDM symbol index and a subcarrier index. A resource
block (RB) (or a physical resource block (PRB)) 1a4-08 is
defined by the N, continued OFDM symbols 1a-02 in the
time domain and Nz continued subcarriers 1a-10 in the
frequency domain. Therefore, one RB 14-08 includes
Ny,sXNg s REs 1a-12. Generally, a minimum transmission
unit of the data is the RB unit. In the LTE system, generally,
Ng,mp=7 and Ngz=12, and Ng;;- and Ny are proportional to
a bandwidth of the system transmission band, but other
values may be used in systems other than the LTE system.
A data rate is increased in proportion to the number of RBs
scheduled for the terminal. The LTE system is operated by
defining six transmission bandwidths. In an FDD system
operated by dividing the downlink and the uplink based on
a frequency, a downlink transmission bandwidth and an
uplink transmission bandwidth may be different from each
other. A channel bandwidth represents an RF bandwidth
corresponding to the system transmission bandwidth. The
following Table 1a-01 shows a correspondence relationship
between the system transmission bandwidth and a channel
bandwidth that are defined in the LTE system. For example,
the LTE system having the channel bandwidth of 10 MHz is
configured of a transmission bandwidth including 50 RBs.

TABLE 1a-01
Channel bandwidth 14 3 5 10 15 20
BW Griapner [MHZ]
Transmission bandwidth 6 15 25 50 75 100

configuration Nz
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The downlink control information may be transmitted
within first N OFDM symbols within the subframe. Gener-
ally, N={1, 2, 3}. Therefore, the N value may variably apply
to each subframe depending on the amount of control
information to be transmitted to the current subframe. The
transmitted control information may include a control chan-
nel transmission section indicator representing over how
many OFDM symbols the control information is transmit-
ted, scheduling information on downlink data or uplink data,
information on HARQ ACK/NACK.

In the LTE system, the scheduling information on the
downlink data or the uplink data is transmitted from a base
station to a terminal through downlink control information
(DCI). The DCI is defined depending on various formats.
Depending on each format, it may be represented whether
the DCI is scheduling information (uplink (UL) grant) on the
uplink data or scheduling information (downlink (DL) grant)
on the downlink data, whether the DCI is compact DCI
having small-sized control information, whether to apply
spatial multiplexing using a multiple antenna, whether the
DCI is DCI for a power control, or the like. For example,
DCI format 1 that is the scheduling control information (DL
grant) on the downlink data may include at least one of the
following control information.

Resource allocation type 0/1 flag: It is indicated whether

a resource allocation scheme is type O or type 1. The
type 0 applies a bitmap scheme to allocate a resource in
a resource block group (RBG) unit. In the LTE system,
a basic unit of the scheduling is the resource block (RB)
represented by a time-frequency domain resource and
the RBG includes a plurality of RBs and thus becomes
a basic unit of the scheduling in the type 0 scheme. The
type 1 allocates a specific RB within the RBG.

Resource block assignment: The RB allocated to the data
transmission is indicated. The represented resource is
determined depending on the system bandwidth and the
resource allocation scheme.

Modulation and coding scheme (MCS): The modulation
scheme used for the data transmission and a size of a
transport block that is data to be transmitted are indicated.

HARQ process number: An HARQ process number is
indicated.

New data indicator: An HARQ initial transmission or
retransmission is indicated.

Redundancy version: An HARQ redundancy version is
indicated.

Transmit power control (TPC) command for physical
uplink control channel (PUCCH): A transmit power
control command for the PUCCH that is an uplink
control channel is indicated.

The DCI is subjected to a channel coding and modulation
process and then may be transmitted on a physical downlink
control channel (PDCCH) (or control information, which is
interchangeably used below) or an enhanced PDCCH (EPD-
CCH) (or enhanced control information, which is inter-
changeably used below).

Generally, the DCI is independently scrambled with a
specific radio network temporary identifier (RNTI) (or a
terminal identifier) for each terminal to be added with a
cyclic redundant check (CRC), subjected to channel coding,
and then configured of independent PDCCH to be transmit-
ted. In the time domain, the PDCCH is transmitted while
being mapped during the control channel transmission sec-
tion. A mapping location in the frequency domain of the
PDCCH may be determined by identifiers (IDs) of each
terminal and transmitted over the entire system transmission
bandwidth.
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The downlink data may be transmitted on a physical
downlink shared channel (PDSCH) that is a physical chan-
nel for downlink data transmission. The PDSCH may be
transmitted after the control channel transmission section,
and the scheduling information on the specific mapping
location in the frequency domain, the modulation scheme, or
the like may be determined based on the DCI transmitted
through the PDCCH.

By the MCS among the control information configuring
the DCI, the base station notifies the modulation scheme
applied to the PDSCH to be transmitted to the terminal and
a data size (transport block size (TBS)) to be transmitted.
The MCS may include 5 bits or bits larger or smaller than
that. The TBS corresponds to a size before channel coding
for error correction is applied to data (transport block (TB))
to be transmitted by a base station.

The modulation scheme supported in the LTE system is
quadrature phase shift keying (QPSK), 16 quadrature ampli-
tude modulation (16 QAM), and 64QAM, in which each
modulation order Q,, corresponds to 2, 4, and 6. That is, in
the case of the QPSK modulation, 2 bits per symbol may be
transmitted, in the case of the 16QAM modulation, 4 bits per
symbol may be transmitted, and in the case of the 64QAM
modulation, 6 bits per symbol may be transmitted. Further,
the modulation scheme above 256 QAM may be used
depending on the system modification.

FIG. 1B illustrates a diagram of a basic structure of a
time-frequency domain that is a radio resource region in
which data or a control channel is transmitted in the uplink,
the LTE system.

Referring to FIG. 1B, a horizontal axis represents a time
domain and a vertical axis represents a frequency domain.
The minimum transmission unit in the time domain is an
SC-FDMA symbol 15-02, and may configure one slot 15-06
by collecting N, ,UL SC-FDMA symbols. One subframe
15-05 is configured by collecting two slots. The minimum
transmission unit in the frequency domain is a subcarrier, in
which the entire system transmission bandwidth 15-04
includes a total of N, subcarriers. The Nz;- may have a
value proportional to the system transmission bandwidth.

A basic unit of resources in the time-frequency domain is
a resource element (RE) 15-12 and may be defined by an
SC-FDMA symbol index and a subcarrier index. A resource
block pair (RB pair) 15-08 may be defined by N, UL
continued SC-FDMA symbols in the time domain and
N,.RB continued subcarriers in the frequency domain.
Accordingly, one RB includes N, ,ULxN, RB REs. In
general, the minimum transmission unit of the data or the
control information is the RB unit. The PUCCH is mapped
to a frequency domain corresponding to 1 RB and transmit-
ted for one subframe.

In the LTE system, a timing relationship between a
PUCCH or a PUSCH is defined, with the PUCCH or the
PUSCH being an uplink physical channel to which an
HARQ ACK/NACK corresponding to a PDSCH as a physi-
cal channel for downlink data transmission or a PDCCH/
EPDDCH including a semi-persistent scheduling release
(SPS release) is transmitted. For example, in an LTE system
operated by frequency division duplex (FDD), the HARQ
ACK/NACK corresponding to the PDSCH transmitted in an
n-4-th subframe or the PDCCH/EPDCCH including the
SPS release is transmitted to the PUCCH or the PUSCH in
an n-th subframe.

In the LTE system, the downlink HARQ has adopted an
asynchronous HARQ scheme in which data retransmission
time is not fixed. That is, if for initial transmission data
transmitted by the base station, the HARQ NACK is fed
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back from the terminal, the base station freely determines
transmission time of retransmission data based on the sched-
uling operation. The terminal performs buffering on data
determined as an error as a result of decoding the received
data for an HARQ operation and then performs combining
with the next retransmission data.

If the terminal receives the PDSCH including the down-
link data transmitted from the base station in subframe n, the
terminal transmits the uplink control information including
the HARQ ACK or the NACK of the downlink data to the
base station through the PUCCH or PUSCH in subframe
n+k. At this time, the k is differently defined depending on
the FDD or time division duplex (TDD) of the LTE system
and the subframe setting thereof. For example, in the case of
the FDD LTE system, the k is fixed as 4. Meanwhile, in the
case of the TDD LTE system, the k may be changed
depending on the subframe setting and the subframe num-
ber.

Inthe LTE system, unlike the downlink HARQ), the uplink
HARQ has adopted a synchronous HARQ scheme in which
the data transmission time is fixed. That is, the uplink/
downlink timing relationship between the physical uplink
shared channel (PUSCH) as the physical channel for the
uplink data transmission and the PDCCH as the downlink
control channel preceding the PUSCH and a physical hybrid
indicator channel (PHICH) as the physical channel to which
a downlink HARQ ACK/NACK corresponding to the
PUSCH is transmitted is fixed by the following rule.

If in the subframe n, the terminal receives the PDCCH
including the uplink scheduling control information trans-
mitted from the base station or the PHICH to which the
downlink HARQ ACK/NACK are transmitted, the terminal
transmits the uplink data corresponding to the control infor-
mation through the PUSCH in subframe n+k. At this time,
the k is differently defined depending on the FDD or the time
division duplex (TDD) of the LTE system and the setting
thereof. For example, in the case of the FDD LTE system,
the k is fixed as 4. Meanwhile, in the case of the TDD LTE
system, the k may be changed depending on the subframe
setting and the subframe number. In the FDD LTE system,
if the base station transmits an uplink scheduling grant or a
downlink control signal and data to the terminal in the
subframe n, the terminal receives the uplink scheduling
grant or the downlink control signal and data in the subframe
n. First, if the uplink scheduling grant is received in the
subframe n, the terminal performs the uplink data transmis-
sion in subframe n+4. If the downlink control signal and data
are received in the subframe n, the terminal transmits HARQ
ACK or NACK for the downlink data in the subframe n+4.
Therefore, the terminal receives the uplink scheduling grant
and performs the uplink data transmission or receives the
downlink data, and the time taken to transmit the HARQ
ACK or the NACK becomes 3 ms corresponding to 3
subframes. Further, if the terminal receives the PHICH
transporting the downlink HARQ ACK/NACK from the
base station in subframe i, the PHICH corresponds to the
PUSCH that the terminal transmits in subframe i-k. At this
time, the k is differently defined depending on the FDD or
the TDD of the LTE system and the setting thereof. For
example, in the case of the FDD LTE system, the k is fixed
as 4. Meanwhile, in the case of the TDD LTE system, the k
may be changed depending on the subframe setting and the
subframe number.

FIGS. 1C and 1D illustrate states in which data for eMBB,
URLLC, and mMTC, which are services to be considered in
a 5G or NR system are allocated in frequency-time
resources.
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Referring to FIGS. 1C and 1D, a method for allocating
frequency and time resources for information transmission
in each system can be seen.

First, FIG. 1C illustrates a state in which the data for the
eMBB, the URLLC, and the mMTC are allocated in the
entire system frequency bandwidth 1¢-00. If URLLC data
1¢-03, 1¢-05, and 1¢-07 is generated while eMBB 1¢-01 and
mMTC 1¢-09 are allocated and transmitted in a specific
frequency band and need to be transmitted, a part where the
eMBB 1¢-01 and the mMTC 1¢-09 are previously allocated
may be emptied or the eMBB 1¢-01 and the mMTC 1¢-09
may not be transmitted, and the URLLC data 1¢-03, 1¢-05,
and 1¢-07 may be transmitted. Among the above services,
since latency of the URLLC needs to reduce, the URLLC
data 1¢-03, 1¢-05, and 1¢-07 may be transmitted by being
allocated to a part of the resource 1¢-01 to which the eMBB
is allocated. Of course, if the URLLC is transmitted by being
additionally allocated to the resource to which the eMBB is
allocated, the eMBB data may not be transmitted in the
redundancy frequency-time resources, such that the trans-
mission performance of the eMBB data may deteriorate.
That is, in such a case, the eMBB data transmission failure
may occur due to the URLLC allocation.

In FIG. 1D, the entire system frequency band 14-00 may
be divided and used to transmit services and data in the
respective subbands 1d4-02, 14-04, 1d-06. Information
related to the subband setting may be determined in advance.
The information may be transmitted from the base station to
the terminal through higher signaling. Alternatively, the
information related to the subbands may be arbitrarily
divided by the base station or a network node to transmit
services without transmitting separate subband configura-
tion information to the terminal. FIG. 1D illustrates a state
in which the subband 14-02 is used for eMBB data trans-
mission, the subband 1d-04 is used for URLLC data trans-
mission, and the subband 14-06 is used for mMTC data
transmission.

A transmission time interval (TTI) length used for the
URLLC transmission may be shorter than that used for the
eMBB or mMTC transmission. In addition, a response to the
information related to the URLLC may be transmitted faster
than the eMBB or mMTC, such that the information may be
transmitted and received with the low latency.

FIG. 1E illustrates a diagram of a process in which one
transport block is divided into a plurality of code blocks and
a CRC is added.

Referring to FIG. 1E, a CRC (1e-03) may be added to the
last or first part of one transport block or a transport block
(TB) 1e-01 to be transmitted in the uplink or the downlink.
The CRC may have 16 bits or 24 bits, the predetermined
number of bits, or the number of bits varying depending on
a channel condition or the like, and may be used to deter-
mine whether channel coding succeeds. The blocks 1e-01
and 1e-03 to which the TB and the CRC are added can be
divided (1e-05) into a plurality of code blocks (CBs) 1e-07,
1e-09, 1e-11, and 1e-13. The maximum size of the code
block is set in advance and the code block may be divided
accordingly. In this case, the last code block 1e-13 may be
smaller than other code blocks, or the last code block 1e-13
may be added with 0, a random value, or 1 so that the length
thereof may be adjusted to be equal to the length of other
code blocks. CRCs 1e-17, 1e-19, 1e-21, and 1e-23 may be
added (1e-15) to each of the divided code blocks. The CRC
may have 16 bits or 24 bits or the predetermined number of
bits, and may be used to determine whether channel coding
succeeds. However, the CRC 1e-03 added to the TB and the
CRCs 1e-17, 1e-19, 1e-21, and 1e-23 added to the code





































































