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METHOD AND DEVICE BY WHICH TERMINAL RECEIVES DATA 

IN WIRELESS COMMUNICATION SYSTEM 

 

BACKGROUND OF THE INVENTION 

Field of the invention 

[1]   The present invention relates to wireless communication and, more particularly, to a 

method in which a UE receives data in a wireless communication system and a device using 

the same.  

Related Art 

[2]   As a growing number of communication devices require higher communication 

capacity, there is a need for advanced mobile broadband communication as compared to 

existing radio access technology (RAT).  Massive machine-type communication (MTC), 

which provides a variety of services anytime and anywhere by connecting a plurality of 

devices and a plurality of objects, is also one major issue to be considered in next-generation 

communication. 

[3]   Designs for communication systems considering services or user equipments (UEs) 

sensitive to reliability and latency are under discussion, and next-generation RAT considering 

advanced mobile broadband communication, massive MTC, and ultra-reliable and low-

latency communication (URLLC) may be referred to as new RAT or new radio (NR). 

[4]   In existing Long-Term Evolution (LTE), when a transport block has a size greater 

than a predetermined size, data to be transmitted is divided into a plurality of code blocks, 

and a channel code and a cyclic redundancy check (CRC) are added per code block to be 

included in the transport block, thereby transmitting the transport block through one data 

channel.  A UE attempts decoding in the data channel.  Here, when the UE fails to decode 

even any one of the plurality of code blocks included in the transport block, the UE transmits 

a NACK of the transport block.  Then, a BS retransmits the entire transmission block 
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including the corresponding code block.  That is, in a hybrid automatic repeat request 

(HARQ) operation of existing LTE, transmission and retransmission are performed by the 

transport block. 

[5]   On the other hand, since NR is considering employing a wider system bandwidth 

than that in existing LTE, one transport block is highly likely to have a relatively large size, 

and thus one transport block may include a greater number of code blocks. 

[6]   When an HARQ operation is performed by the transport block in NR in the same 

manner as in existing LTE, even though only a small number of code blocks fail to be 

decoded, the entire transport block including the corresponding code blocks needs to be 

retransmitted, which is inefficient in resource utilization. 

 

SUMMARY OF THE INVENTION 

[7]   An aspect of the present invention is to provide a method in which a UE receives 

data in a wireless communication system and a device using the same. 

[8]   In one aspect, provided is a method for receiving, by a user equipment (UE), data in 

a wireless communication system. The method includes receiving first data by a transport 

block (TB), the TB comprising at least one code block group (CBG), transmitting 

acknowledgement/negative acknowledgement (ACK/NACK) information relating to each of 

the at least one CBG and receiving second data, which is comprised in a CBG of which an 

NACK is transmitted among the at least one CBG, by a CBG. 

[9]   The method may further include receiving a higher-layer signal. The higher-layer 

signal may set whether CBG-based data retransmission is performed.  

[10]   The second data may be part of the first data. 

[11]   The method may further include receiving first downlink control information (DCI) 

for scheduling the first data. 
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[12]   The method may further include receiving second DCI for scheduling the second 

data. 

[13]   Each of the first DCI and the second DCI may comprise one bit to indicate which of 

TB-based scheduling and CBG-based scheduling is used for scheduling.  

[14]   When a first hybrid automatic repeat request (HARQ) process identifier (ID) field 

comprised in the first DCI has the same value as a second HARQ process ID field comprised 

in the second DCI and a second new data indicator (NDI) field comprised in the second DCI 

has the same value as a first NDI field comprised in the first DCI, remaining fields comprised 

in the second DCI may be interpreted as information for CBG-based scheduling.  

[15]   When a first HARQ process ID field comprised in the first DCI has the same value 

as a second HARQ process ID field comprised in the second DCI and a second NDI field 

comprised in the second DCI has a different value from that of a first NDI field comprised in 

the first DCI, remaining fields comprised in the second DCI may be interpreted as 

information for TB-based scheduling.  

[16]   When a higher-layer signal sets CBG-based data retransmission, each of the first 

DCI and the second DCI may comprise a CBG indication field indicating a CBG. 

[17]   When a first HARQ process ID field comprised in the first DCI has the same value 

as a second HARQ process ID field comprised in the second DCI, a second NDI field 

comprised in the second DCI has a different value from that of a first NDI field comprised in 

the first DCI, and the CBG indication field comprised in the second DCI indicates only some 

of CBGs comprised in the TB, an NACK for all the CBGs comprised in the TB may be 

transmitted.  

[18]   In another aspect, provided is a user equipment (UE). The UE includes a transceiver 

to transmit and receive a radio signal and a processor connected to the transceiver. The 

processor receives first data by a transport block (TB), the TB comprising at least one code 

block group (CBG), transmits acknowledgement/negative acknowledgement (ACK/NACK) 
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information relating to each of the at least one CBG and receives second data, which is 

comprised in a CBG of which an NACK is transmitted among the at least one CBG, by a 

CBG.  

[19]   According to the present invention, an HARQ operation between a BS and a UE 

includes code block or code block group-based retransmission.  Therefore, it is possible to 

reduce inefficiency in resource utilization which occurs in the conventional art.  Further, 

according to the present invention, when the UE receives downlink control information, the 

UE can easily and clearly distinguish whether the information is for transport block-based 

scheduling or code block group-based scheduling.  The present invention also provides a 

specific method for configuring downlink control information related to code block group-

based scheduling. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[20]   FIG. 1 shows the structure of a radio frame. 

[21]   FIG. 2 shows an example of a resource grid for one slot. 

[22]   FIG. 3 shows the structure of an uplink subframe. 

[23]   FIG. 4 shows the structure of a downlink subframe. 

[24]   FIG. 5 illustrates the system architecture of a next-generation radio access network 

(NG-RAN) according to NR. 

[25]   FIG. 6 illustrates a functional division between an NG-RAN and a 5GC. 

[26]   FIG. 7 illustrates a self-contained subframe structure. 

[27]   FIG. 8 illustrates a data reception method of a UE according to an embodiment of 

the present invention. 

[28]   FIG. 9 illustrates a specific example of applying the method of FIG. 8. 

[29]   FIG. 10 illustrates an operation method of a UE receiving DCI on CBG-based 

retransmission. 
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[30]   FIG. 11 illustrates a cross sub-slot frequency-first mapping method by symbol or by 

symbol group (i.e., a plurality of symbols).  A sub-slot may be a resource unit smaller than a 

slot. 

[31]   FIG. 12 illustrates a method for dispersively mapping CBs included in a particular 

CBG to respective sub-slots by alternately allocating each CB included in a CBG to each sub-

slot. 

[32]   FIG. 13 illustrates the structure of UL scheduling DCI according to methods 1, 2, 

and 3 in Table 1. 

[33]   FIG. 14 illustrates another example of indicating a waveform and an RA type by 

interpreting a bit field added to UL scheduling DCI according to methods 4 and 5 in Table 1. 

[34]   FIG. 15 illustrates CBG-based scheduling DCI in a combination of proposed 

methods A-1 and B-1. 

[35]   FIG. 16 is a block diagram illustrating a BS and a UE. 

[36]   FIG. 17 is a block diagram illustrating a UE. 

DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[37]   FIG. 1 shows the structure of a radio frame. 

[38]   Referring to FIG. 1, the radio frame includes 10 subframes, and each of the 

subframes includes 2 slots.  The slots within the radio frame are given slot numbers from #0 

to #19.  The time that is taken for one subframe to be transmitted is called a Transmission 

Time Interval (TTI).  The TTI can be called a scheduling unit for data transmission.  For 

example, the length of one radio frame can be 10 ms, the length of one subframe can be 1 ms, 

and the length of one slot can be 0.5 ms. 

[39]   The structure of the radio frame is only an example.  Accordingly, the number of 

subframes included in the radio frame or the number of slots included in the subframe can be 

changed in various ways. 

[40]   FIG. 2 shows an example of a resource grid for one slot. 
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[41]   The slot includes a downlink slot and an uplink slot.  The downlink slot includes a 

plurality of Orthogonal Frequency Division Multiplexing (OFDM) symbols in a time domain.  

The OFDM symbol indicates a specific time interval, and the OFDM symbol may also be 

called an SC-FDMA symbol depending on a transmission method.  The downlink slot 

includes an NRB number of Resource Blocks (RBs) in a frequency domain.  The RB is a 

resource allocation unit, and the RB includes one slot in the time domain and a plurality of 

contiguous subcarriers in the frequency domain. 

[42]   The number of RBs NRB included in the downlink slot depends on a downlink 

transmission bandwidth configured in a cell.  For example, in an LTE system, the number 

NRB can be any one of 6 to 110.  An uplink slot can have the same structure as the downlink 

slot. 

[43]   Each element on the resource grid is called a Resource Element (RE).  An RE on 

the resource grid can be identified by an index pair (k,l) within a slot.  Here, k(k=0, ..., 

NRBx12-1) is a subcarrier index within the frequency domain, and 1(l=0, …, 6) is an OFDM 

symbol index within the time domain. 

[44]   One RB is illustrated as including 7x12 REs, including 7 OFDM symbols in the time 

domain and 12 subcarriers in the frequency domain, but the number of OFDM symbols and 

the number of subcarriers within one RB are not limited thereto.  The number of OFDM 

symbols and the number of subcarriers can be changed in various ways depending on the 

length of a CP, frequency spacing, etc. For example, in the case of a normal Cyclic Prefix 

(CP), the number of OFDM symbols is 7 and in the case of an extended CP, the number of 

OFDM symbols is 6.  In one OFDM symbol, one of 128, 256, 512, 1024, 1536, and 2048 

can be selected and used as the number of subcarriers. 

[45]   FIG. 3 shows the structure of an uplink subframe. 

[46]   The uplink subframe can be divided into a control region and a data region in a 

frequency domain.  Physical uplink control channels (PUCCHs) on which uplink control 
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information is transmitted are allocated to the control region.  Physical uplink shared 

channels (PUSCHs) through which data is transmitted are allocated to the data region.  A 

terminal (user equipment: UE) may send or may not send a PUCCH and a PUSCH at the 

same time depending on a configuration. 

[47]   A PUCCH for one terminal is allocated as an RB pair in a subframe.  RBs 

belonging to the RB pair occupy different subcarriers in a first slot and a second slot.  A 

frequency occupied by RBs that belong to an RB pair allocated to a PUCCH is changed on 

the basis of a slot boundary.  This is called that the RB pair allocated to the PUCCH has 

been frequency-hopped in the slot boundary.  A terminal can obtain a frequency diversity 

gain by sending uplink control information through different subcarriers over time. 

[48]   Uplink control information transmitted on a PUCCH includes ACK/NACK, Channel 

State Information (CSI) indicative of a downlink channel state, a Scheduling Request (SR), 

that is, an uplink radio resource allocation request, etc.  The CSI includes a Precoding 

Matrix Index (PMI) indicative of a precoding matrix, a Rank Indicator (RI) indicative of a 

rank value that is preferred by UE, a Channel Quality Indicator (CQI) indicative of a channel 

state, etc. 

[49]   A PUSCH is mapped to an uplink shared channel (UL-SCH), that is, a transport 

channel.  Uplink data transmitted on the PUSCH can be a transmission block, that is, a data 

block for an UL-SCH that is transmitted during a TTI.  The transmission block can be user 

information.  Alternatively, the uplink data can be multiplexed data.  The multiplexed data 

can be obtained by multiplexing the transmission block for the UL-SCH and control 

information.  For example, control information multiplexed with data can include a CQI, a 

PMI, ACK/NACK, an RI, etc.  Alternatively, the uplink data may include only control 

information. 

[50]   FIG. 4 shows the structure of a downlink subframe. 
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[51]   The downlink subframe includes two slots in a time domain, and each of the slots 

includes 7 OFDM symbols in a normal CP.  A maximum of former 3 OFDM symbols (i.e., 

a maximum of 4 OFDM symbols for a 1.4 MHz bandwidth) in the first slot within the 

downlink subframe corresponds to a control region to which control channels are allocated, 

and the remaining OFDM symbols correspond to a data region to which Physical Downlink 

Shared Channels (PDSCHs) are allocated. The PDSCH means a channel on which data is 

transmitted from a BS or a node to UE. 

[52]   Control channels transmitted in the control region include a physical control format 

indicator channel (PCFICH), a physical hybrid-ARQ indicator channel (PHICH), and a 

physical downlink control channel (PDCCH). 

[53]   A PCFICH transmitted in the first OFDM symbol of the subframe carries a Control 

Format Indicator (CFI), that is, information about the number of OFDM symbols (i.e., the 

size of the control region) that is used to send control channels within the subframe.  A 

terminal first receives a CFI on a PCFICH and then decodes a PDCCH.  Unlike a PDCCH, a 

PCFICH does not use blind decoding, and the PCFICH is transmitted through the fixed 

PCFICH resource of a subframe. 

[54]   A PHICH carries an acknowledgement (ACK)/not-acknowledgement (NACK) 

signal for an uplink Hybrid Automatic Repeat request (HARQ).  An ACK/NACK signal for 

uplink data transmitted by UE is transmitted through a PHICH.  The PHICH is described in 

detail later. 

[55]   A PDCCH is a control channel on which Downlink Control Information (DCI) is 

transmitted.  The DCI can include the allocation of PDSCH resources (also called downlink 

grant (DL grant)), the allocation of physical uplink shared channel (PUSCH) resources (also 

called an uplink grant (UL grant)), a set of transmit power control commands for individual 

UEs within a specific terminal group and/or the activation of a Voice over Internet Protocol 

(VoIP). 
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[56]   In next-generation communication, a growing number of communication devices 

require higher communication capacity.  Accordingly, there is a need for advanced mobile 

broadband communication as compared to existing radio access technology.  Massive 

machine-type communication (MTC), which provides a variety of services anytime and 

anywhere by connecting a plurality of devices and a plurality of objects, is also one major 

issue to be considered in next-generation communication.  Further, designs for 

communication systems considering services or UEs sensitive to reliability and latency are 

under discussion.  The introduction of next-generation radio access technology considering 

advanced mobile broadband communication, massive MTC, and ultra-reliable and low-

latency communication (URLLC) is under discussion.  In the present invention, for 

convenience, the next-generation radio access technology is referred to as new RAT or new 

radio (NR). 

[57]   FIG. 5 illustrates the system architecture of a next-generation radio access network 

(NG-RAN) according to NR. 

[58]   Referring to FIG. 5, the NG-RAN may include a gNB and/or an eNB that provides a 

termination of user plane and control plane protocols to a UE.  FIG. 5 illustrates a case 

where only a gNB is included.  The gNB and the eNB are connected to each other via an Xn 

interface.  The gNB and the eNB are connected to a 5G core network (5GC) via an NG 

interface.  Specifically, the gNB and the eNB are connected to an access and mobility 

management function (AMF) through an NG-C interface, and are connected to a user plane 

function (UPF) through an NG-U interface. 

[59]   FIG. 6 illustrates a functional division between an NG-RAN and a 5GC. 

[60]   Referring to FIG. 6, a gNB may provide functions of inter-cell radio resource 

management (RRM), radio bearer (RB) control, connection mobility control, radio admission 

control, measurement setup and provision, and dynamic resource allocation.  An AMF may 

provide functions of NAS security and idle state mobility handling.  A UPF may provide 
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functions of mobility anchoring and PDU processing.  A session management function 

(SMF) may provide functions of UE IP address allocation and PDU session control. 

[61]   [Subframe structure in NR] 

[62]   In NR, a self-contained subframe structure is considered in order to minimize a data 

transmission delay. 

[63]   FIG. 7 illustrates a self-contained subframe structure. 

[64]   Referring to FIG. 7, the first symbol of a subframe may be a downlink (DL) control 

region, and the last symbol of the subframe may be an uplink (UL) control region.  A region 

between the first symbol and the last symbol may be used for DL data transmission or for UL 

data transmission. 

[65]   The self-contained subframe structure is characterized in that both DL transmission 

and UL transmission can be performed within one subframe, thus enabling DL data 

transmission and UL ACK/NACK reception within the subframe.  Accordingly, when an 

error occurs in transmitting data, it is possible to reduce the time taken to retransmit the data, 

thereby minimizing a delay in ultimate data transmission. 

[66]   Examples of the self-contained subframe may include the following four types of 

subframes.  That is, the self-contained subframe may be configured as follow in the time 

domain. 

[67]   1) DL control period + DL data period + guard period (GP) + UL control period 

[68]   2) DL control period + DL data period 

[69]   3) DL control period + GP + UL data period + UL control period 

[70]   4) DL control period + GP + UL data period 

[71]   In these self-contained subframe structures, a time gap is required for a process in 

which a BS and a UE switch from a transmission mode to a reception mode or a process in 

which a BS and a UE switch from the reception mode to the transmission mode.  To this end, 
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some OFDM symbols at the time of switching from a DL to a UL in a subframe structure 

may be set as a GP. 

[72]   [Analog beamforming] 

[73]   Millimeter waves (mmW) have a short wavelength, in which a plurality of antennas 

can be installed in the same area.  That is, a 30-GHz band has a wavelength of 1 cm, in 

which a total of 100 antenna elements can be installed in a two-dimensional array at an 

interval of 0.5 λ (wavelength) intervals on a panel of 5 by 5 cm.  Therefore, in mmW, a 

plurality of antenna elements is used to increase a beamforming gain, thereby increasing 

coverage or increasing throughput. 

[74]   In this case, when each antenna element has a transceiver unit (TXRU) in order to 

adjust transmission power and a phase, independent beamforming can be performed for each 

frequency resource.  However, it is cost-ineffective to install a TXRU in each of the 100 

antenna elements.  Therefore, it is considered to map a plurality of antenna elements to one 

TXRU and to adjust the direction of a beam using an analog phase shifter.  This analog 

beamforming method can create a beam in only one direction in the entire band and thus 

cannot achieve frequency-selective beamforming. 

[75]   A hybrid band-pass filter having B TXRUs, where B is smaller than Q as the number 

of antenna elements, is considered as an intermediate form of a digital band-pass filter and an 

analog band-pass filter.  In this case, although changing depending on the method for 

mapping the B TXRUs and the Q antenna elements, the number of directions of beams that 

can be simultaneously transmitted is limited to B or less. 

[76]   Hereinafter, the present invention will be described. 

[77]   In existing LTE, when a DL transport block (TB) has a size greater than a 

predetermined size, data (or bit stream) to be transmitted is divided into a plurality of code 

blocks (CBs), and a channel coding is performed per CB and a cyclic redundancy check 
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(CRC) is added per CB, thereby transmitting the data through one PDSCH/TB.  That is, one 

TB may include a plurality of CBs and is transmitted through a PDSCH. 

[78]   A UE attempts decoding the transmitted PDSCH.  Here, when the UE fails to 

decode even any one of the plurality of CBs included in one TB, the UE transmits a NACK 

for the PDSCH/TB to a BS.  Then, the BS retransmits the entire TB including the 

corresponding CB.  That is, in an HARQ operation of existing LTE, transmission and 

retransmission are performed by the TB. 

[79]   Meanwhile, in NR, a wider system bandwidth (BW) than that in LTE/LTE-A 

(hereinafter, referred to as "LTE") is considered, and accordingly one TB is highly likely to 

have a relatively large size.  Thus, the number of CBs forming one TB (that is, the number 

of CBs included in one TB) may be greater than that in existing LTE. 

[80]   Therefore, when an HARQ operation is performed by the TB in the same manner as 

in the existing LTE system, even though a NACK is reported due to the failure of decoding 

only a small number of CBs, it is required to retransmit the entire TB including the 

corresponding CBs, which is inefficient in resource utilization. 

[81]   Further, in NR, some symbols included in a resource allocated for transmitting data 

type 1 (e.g., for enhanced mobile broadband (eMBB)), which has a relatively long TTI and is 

delay-insensitive, are punctured, after which data type 2 (e.g., for ultra-reliable and low-

latency communication (URLLC)), which has a relatively short TTI and is delay-sensitive, 

can be transmitted therethrough.  In this case, a decoding failure (i.e., NACK transmission) 

may be concentrated on some particular CBs among a plurality of CBs included in one TB 

transmitted for data type 1. 

[82]   The present invention proposes a method for configuring a DCI format with a single 

payload size applied to CB or code block group (CBG)-based (retransmission) scheduling 

considering the operational characteristics of NR. 
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[83]   The proposed method includes a DCI configuration method for notifying a UE 

whether DL data transmission performed by a BS is initial TB transmission or a CBG-based 

retransmission and, if the DL data transmission is retransmission, which CB/CBG in a TB is 

retransmitted. 

[84]   Hereinafter, one CBG may be configured with all CBs forming a single TB or may 

be configured with one or least two CBs of CBs forming a single TB. 

[85]   Hereinafter, TB-based transmission or TB-based retransmission (scheduling) may 

refer to transmission or retransmission (scheduling) for all the CBs/CBGs forming a 

corresponding TB.   CBG-based retransmission (scheduling) may refer to retransmission 

(scheduling) for some CBs among CBs included in a TB. 

[86]   Although the following proposed methods mostly describe a DL data scheduling 

operation, the proposed methods of the present invention can be applied to both DL and UL 

data scheduling operations. 

[87]   FIG. 8 illustrates a data reception method of a UE according to an embodiment of 

the present invention. 

[88]   Referring to FIG. 8, the UE receives first data by the TB including at least one CB or 

CBG (S10).  Here, one CBG may include, for example, one, two, four, six or eight CBs. 

[89]   The UE transmits ACK/NACK information on each of the at least one CBG (S20) 

and receives second data, included in a CBG of which a NACK is transmitted among the at 

least one CBG, by the CBG (S30). 

[90]   FIG. 9 illustrates a specific example of applying the method of FIG. 8. 

[91]   Referring to FIG. 9, a BS may set up CBG-based transmission (or retransmission) to 

a UE through a higher-layer signal, such as a radio resource control (RRC) signal (S100).  

The RRC signal may semi-statically set CBG-based transmission/retransmission. 

[92]   The BS transmits first downlink control information (DCI) to the UE (S110).  The 

first DCI may include at least one of information for scheduling first data, that is, information 
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indicating a resource for receiving the first data, a corresponding HARQ process ID, a new 

data indicator (NDI) for distinguishing initial transmission from retransmission, a CBG 

indication field, and one bit indicating which of TB-based scheduling and CB-based 

scheduling is used.  The first DCI may be DCI associated with TB-based scheduling. 

[93]   The BS performs TB-based initial transmission to the UE (S120). 

[94]   The UE may transmit a NACK of some CBs/CBGs included in the TB (S130). 

[95]   The BS transmits second DCI to the UE (S140).  Here, the second DCI may include 

at least one of information for scheduling first data, that is, information indicating a resource 

for receiving the first data, a corresponding HARQ process ID, an NDI for distinguishing 

initial transmission from retransmission, a CBG indication field, and one bit indicating which 

of TB-based scheduling and CB-based scheduling is used.  For example, the BS may report 

a CBG that is retransmitted via the second DCI.  The second DCI may be DCI associated 

with CBG-based scheduling. 

[96]   Thereafter, the BS performs CB/CBG-based retransmission to the UE (S150).  For 

example, the BS may retransmit the CBG indicated through the second DCI by the CBG. 

[97]   Hereinafter, the present invention will be described in detail. 

[98]   (A) Method for distinguishing TB-based scheduling from CBG-based retransmission 

scheduling 

[99]   1) Method A-1: TB-based scheduling and CBG-based retransmission scheduling can 

be distinguished through a one-bit flag in DCI. 

[100]   In order to decode DL data (i.e., PDSCH) transmitted from a BS, a UE first needs to 

decode a corresponding (downlink grant) PDCCH and to interpret DCI. 

[101]   DCI used for existing TB-based scheduling may include resource allocation (RA) 

information used for DL data transmission, modulation and coding scheme (MCS) 

information, a new data indicator (NDI), a redundancy version (RV), and HARQ process ID 

information. 
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[102]   For example, DCI format 1 is used for one PDSCH codeword scheduling and may 

include the following information: 1) a resource allocation header (indicating resource 

allocation type 0/type 1) - if a DL bandwidth is less than 10 physical resource blocks (PRBs), 

no resource allocation header is included and resource allocation type 0 may be assumed; 2) a 

resource block assignment; 3) a modulation and coding scheme (MCS); 4) an HARQ process 

number (also referred to as an HARQ process ID); 5) a new data indicator (NDI); 6) a 

redundancy version (RV); 7) a transmission power command (TPC) for a PUCCH; and 8) a 

DL assignment index (only in TDD). 

[103]   When a one-bit flag is added to a corresponding DCI with the payload size of DCI 

(format) used for TB-based (re)transmission scheduling matching that of DCI (format) used 

for CBG-based retransmission scheduling, it is possible to distinguish whether the DCI 

received by the UE is for TB-based scheduling or CBG retransmission scheduling. 

[104]   For example, for convenience, a one-bit field indicating whether CBG-based 

retransmission is performed in DCI is defined as a "CBG-ReTx field".  When the CBG-

ReTx field is OFF, the UE may interpret the remaining fields in the DCI as TB-based 

scheduling information and may receive DL data, as in the conventional LTE operation.  

However, when the CBG-ReTx field is ON, the UE may interpret the remaining fields in the 

DCI as CBG-based retransmission scheduling information and may receive DL data 

accordingly. 

[105]   This method can dynamically and adaptively apply TB-based scheduling and CBG-

based retransmission scheduling to the UE through a CBG-ReTx field in DCI at the time of 

receiving the DCI. 

[106]   2) Method A-2: TB-based transmission and CBG-based retransmission scheduling 

can be distinguished depending on the value of an NDI field in DCI. 

[107]   This method is a semi-static method in which a UE receives a field for setting a 

CBG-based retransmission operation from an RRC connection setup message or an RRC 
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reconfiguration message and differently interprets scheduling depending on whether the field 

indicates that a CBG-based retransmission operation is Enable or Disable. 

[108]   Specifically, a BS may semi-statically configure for the UE whether data 

retransmission is performed only by the TB unit or by the CBG unit through a higher-layer 

layer signal (e.g., RRC signal).  When CBG-based retransmission (=retransmission by the 

CBG unit) is configured, it is possible to distinguish whether the data scheduled through data 

scheduling DCI is for TB-based transmission or for CBG-based retransmission according to 

the value of an NDI field in the data scheduling DCI. 

[109]   Specifically, with the CBG-based retransmission operation set to be enabled for the 

UE through the higher-layer signal, when an NDI value in the DCI for scheduling a particular 

HARQ process ID is not toggled compared to an NDI value in previously received DCI, 

which corresponds to the same HARQ process ID, the UE may consider that some CBGs of a 

TB transmitted from the BS fail to be decoded and NACK is reported and may interpret the 

remaining fields in the DCI as CBG-based retransmission scheduling information.  

[110]   For example, it is assumed that the UE receives first DCI for scheduling first data 

and then receives second DCI for scheduling second data.  In this case, when a first HARQ 

process ID field included in the first DCI has the same value as that of a second HARQ 

process ID field included in the second DCI, and a second NDI field included in the second 

DCI has the same value as that of a first NDI field included in the first DCI (i.e., the value of 

the second NDI field is not toggled), the UE may interpret the remaining fields included in 

the second DCI as information for CB-based scheduling. 

[111]   In the same situation as above, when the NDI value is toggled, the UE may interpret 

that a new TB is scheduled and may interpret the remaining fields in the DCI as TB-based 

scheduling information.  That is, in the above example, when the first HARQ process ID 

field included in the first DCI has the same value as that of the second HARQ process ID 

field included in the second DCI, and the second NDI field included in the second DCI has 
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the same value as that of the first NDI field included in the first DCI (i.e., the value of the 

second NDI field is toggled), the UE may interpret the remaining fields included in the 

second DCI as information for TB-based scheduling. 

[112]   On the other hand, when the CBG-based retransmission operation is set to be 

disabled for the UE through the higher-layer signal, the UE may interpret the received DCI as 

scheduling information for TB-based (re)transmission.  This method can dynamically and 

adaptively apply TB-based scheduling and CBG-based retransmission scheduling to the UE 

according to the value of an NDI field in DCI at the time of receiving the DCI. 

[113]   3) Method A-3: TB-based scheduling and CBG-based retransmission scheduling can 

be distinguished through CRC masking of a PDCCH.  That is, depending on whether data 

scheduling DCI is TB-based scheduling information or CBG-based retransmission scheduling 

information, a different CRC masking pattern may be applied to a CRC added to a PDCCH 

carrying the DCI. 

[114]   For example, when the CRC of a received PDCCH is checked and passes a CRC test 

on masking pattern #1, a UE may interpret DCI in the PDCCH as TB-based scheduling 

information.  When the CRC passes a CRC test on masking pattern #2, the UE may interpret 

the DCI in the PDCCH can as CBG-based retransmission scheduling information. 

[115]   4) Method A-4: TB-based scheduling and CBG-based retransmission scheduling can 

be distinguished depending on PDCCH transmission resources.  That is, in this method, it is 

distinguished whether data scheduling DCI is TB-based scheduling information or CBG-

based retransmission scheduling information depending on resources used for transmitting a 

PDCCH carrying the DCI. 

[116]   A resource used for transmitting a PDCCH may be set by the (lowest) index of a 

control channel element (CCE) included in the PDCCH or the index of a PDCCH candidate.  

For example, when the index of a first CCE used for the received PDCCH or the index of a 

PDCCH candidate is an odd number, the UE may interpret DCI in the PDCCH as TB-based 
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scheduling information.  When the index of the first CCE used for the received PDCCH or 

the index of the PDCCH candidate is an even number, the UE may interpret the DCI in the 

PDCCH as CBG-based retransmission scheduling information. 

[117]   5) Method A-5: TB-based scheduling and CBG-based retransmission scheduling can 

be distinguished through a CBG indication field in DCI.  For example, after CBG 

transmission/retransmission is set via a higher-layer signal, a CBG indication field may be 

added to DCI.  That is, the CBG indication field is added to the DCI, thereby distinguishing 

whether the DCI received by a UE is for TB-based scheduling or CBG retransmission 

scheduling. 

[118]   For example, when a CBG indication field in a received DCI indicates scheduling 

for all CBGs included in a TB, the UE may interpret the remaining fields of the DCI as 

information for TB-based scheduling and may receive DL data.  On the other hand, when 

the CBG indication field in the received DCI indicates scheduling for some of the CBGs 

included in the TB, the UE may interpret the remaining fields of the DCI as information for 

CBG-based retransmission scheduling and may receive DL data accordingly. 

[119]   It is assumed that first DCI for TB scheduling is received and then second DCI for 

CBG-based scheduling is received.  In this case, the UE 1) may already know a transport 

block size (TBS) through the first DCI for TB scheduling.  On the assumption of the TBS 

determined by the first DCI, the UE may receive/transmit a scheduled CBG on the basis of a 

modulation order obtained from an MCS field in the second DCI and resource allocation 

(RA) information in the second DCI.  Alternatively, the UE 2) may determine a TBS on the 

basis of MCS and RA information in the second DCI for CBG scheduling, may scale the 

number of resource blocks indicated through the second DCI on the basis of the ratio of 

CBGs needing to be retransmitted, and may determine a resource actually used for CBG 

retransmission. 
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[120]   FIG. 10 illustrates an operation method of a UE receiving DCI on CBG-based 

retransmission. 

[121]   Referring to FIG. 10, the UE may receive DCI for scheduling a particular HARQ 

process ID.  Here, it is determined whether an NDI value in the DCI is toggled (S200). 

[122]   When the NDI value in the DCI is toggled, the UE determines whether a CBG 

indication field in the DCI indicates scheduling for some CBGs (i.e., CBG-based 

retransmission scheduling) (S210).  For example, when only some CBGs among the CBGs 

included in a TB are scheduled to be retransmitted, it may be determined as scheduling for 

some CBGs. 

[123]   When the CBG indication field schedules only some CBGs, the UE may i) transmit a 

NACK for all CBGs or ii) discard the DCI (S220). 

[124]   That is, when the NDI value in the DCI for scheduling the particular HARQ process 

ID is toggled and the CBG indication field in the DCI indicates scheduling for some CBGs, 

the UE may consider that TB-based scheduling DCI is not received and 1) may transmit a 

NACK for the entire TB or all CBGs or 2) may discard the DCI, thereby inducing the BS to 

perform TB-based scheduling (DCI transmission). 

[125]   This method can dynamically and adaptively apply TB-based scheduling and CBG-

based retransmission scheduling to the UE according to a CBG indication field in DCI at the 

time of receiving the DCI. 

[126]   (B) Method for configuring fields in DCI used for CBG-based retransmission 

scheduling 

[127]   In the following proposed methods, it is assumed that a UE already knows a TB size, 

N, through first TB-based scheduling DCI (first DCI).  Scheduling-related parameters may 

be defined as follows for convenience. 

[128]   1) Total TB size (number of bits or CBs): N, 2) Size of CBG scheduled to be 

retransmitted (number of bits or CBs): K, 3) Total number of resource blocks that can be 
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scheduled: Rmax, 4) Number of resource blocks allocated through retransmission scheduling 

DCI: Rsch 

[129]   <Method B-1: Method for configuring CBG-based scheduling DCI by combining 

modulation order and resource allocation field> 

[130]   In this method, second DCI for CBG-based retransmission scheduling may indicate a 

modulation order (e.g., one of QPSK, 16 QAM, 64 QAM, and 256 QAM) and information on 

a resource block allocated for data transmission.  A UE may receive/transmit a scheduled 

CBG on the basis of the indicated modulation order and information on the resource block. 

[131]   In this case, the size of a second MCS field (modulation order field) included in the 

second DCI for CBG-based retransmission scheduling may be set to a smaller number of bits 

(e.g., 2 bits) than the size (e.g., 5 bits) of a first MCS field included in first DCI for TB-based 

scheduling.  On the other hand, for the size of a resource allocation (RA) field, the same 

number of bits may be set in the first DCI for TB-based scheduling and in the second DCI for 

CBG-based retransmission scheduling. 

[132]   Therefore, in this method, bits of the size (number of bits) of the MCS field in the 

first DCI for TB-based scheduling minus the size (number of bits) of the modulation order 

field in the second DCI for CBG-based retransmission scheduling may be used for indicating 

a CBG to be retransmitted within the second DCI for CBG-based scheduling. 

[133]   When a data coding rate according to the combination of a CBG size, the modulation 

order, and the resource allocation field indicated through the retransmission scheduling DCI 

exceeds a specified level, the UE may omit receiving and/or decoding a CBG scheduled for 

retransmission or may discard the DCI. 

[134]   <Method B-2: Method for configuring CBG-based scheduling DCI by combining 

MCS and RA corresponding to TB size> 

[135]   CBG-based retransmission scheduling DCI (hereinafter, "second DCI") may indicate 

a combination of an MCS index (M) and the number of RBs (R) (hereinafter, represented by 
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(M, R)) corresponding to a TB size of N and allocation information on R RBs.  The 

combination of the MCS index (M) and the number of RBs (R) and the allocation 

information on the R RBs may relate to a table for determining a TB size according to a 

combination of an MCS index and the number of RBs defined for TB-based scheduling. 

[136]   In this case, a plurality of (M, R) combinations having different values may 

correspond to one N value (TB size).  Specifically, a field indicating an (M, R) combination 

and RA information (a field indicating a combination of R RBs selected/allocated among a 

total of Rmax RBs) may be configured in the DCI.  In this method, bits of the sum of the 

sizes (number of bits) of an MCS field and an RA field in first DCI for TB-based scheduling 

minus the sum of the sizes (number of bits) of the (M, R) field and an RA field for the R RBs 

in the second DCI for the CBG-based retransmission scheduling may be used for indicating a 

CBG to be retransmitted within the DCI for CBG-based scheduling. 

[137]   In this method, since not the entire TB is actually retransmitted, the number of RBs 

corresponding to the total TB size of N indicated by the DCI may be scaled according to the 

ratio of CBGs required to be retransmitted (e.g., the size of CBGs scheduled for 

retransmission/total TB size), thereby determining resources used for actual CBG 

retransmission.  

[138]   That is, a UE may receive/transmit a CBG actually scheduled using only Rsca RBs, 

Rsca corresponding to an integer value (e.g., R x (K/N)) obtained by rounding down or up R, 

which is the total number of RBs indicated by the DCI, scaled by (K/N).  In this case, Rsca 

RBs may be first or last Rsca RBs among the R RBs. 

[139]   <Method B-3: Method for configuring DCI by combining MCS and RA 

corresponding to retransmission CBG size> 

[140]   In this method, CBG-based retransmission scheduling DCI (second DCI) may 

indicate a combination of an MCS index (M) and the number of RBs (R) corresponding to the 

size of a CBG scheduled for retransmission that is K (or a maximum TB size of K or smaller 
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or a minimum TB size of K or greater), not a TB size of N, in a TB size table according to the 

combination of an MCS index and the number of RBs defined for TB-based scheduling and 

allocation information on R RBs. 

[141]   In this case, a plurality of (M, R) combinations having different values may 

correspond to one K value.  A field indicating an (M, R) combination and RA information, 

that is, a field indicating a combination of R RBs selected/allocated among a total of Rmax 

RBs, may be configured in the DCI. 

[142]   In this method, bits of the sum of the sizes (number of bits) of an MCS field and an 

RA field in TB-based scheduling DCI (first DCI) minus the sum of the sizes (number of bits) 

of the (M, R) field and an RA field for the R RBs in the CBG-based retransmission 

scheduling DCI (second DCI) may be used for indicating a CBG to be retransmitted within 

the DCI for CBG-based scheduling. 

[143]   In this method, an MCS index and the number of RBs may be indicated/allocated 

according to the size of an actually retransmitted CBG.  Accordingly, a UE may 

receive/transmit a scheduled CBG using all of the R RBs indicated by the DCI. 

[144]   <Method B-4: Method for reinterpreting MCS field in DCI for CBG-based 

retransmission scheduling> 

[145]   In this method, when an MCS field (referred to as a TB-MCS field) in TB-based 

scheduling DCI (first DCI) is configured with m bits, an MCS field (referred to as a CBG-

MCS field) in CBG-based retransmission scheduling DCI (second DCI) may be configured to 

have a relatively smaller size of k bits (k < m).  Here, the CBG-MCS field may be set to 

have some specified values among values for the TB-MCS field.  

[146]   For example, the CBG-MCS field value may be set to 1) the lowest 2k indexes or the 

highest 2k indexes (corresponding to a modulation order and/or coding rate), or 2) L indexes 

lower than a TB-MCS index indicated through the TB-based scheduling DCI and (2k - L - 1) 

indexes higher than the TB-MCS index among the values for the TB-MCS field.  
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[147]   In this method, bits of the size of the TB-MCS field in the TB-based scheduling DCI 

(first DCI) minus the size of the CBG-MCS field in the CBG-based retransmission 

scheduling DCI (second DCI) may be used for indicating a CBG to be retransmitted within 

the CBG-based scheduling DCI (second DCI).  According to this method, a UE may 

receive/transmit a scheduled CBG by applying a CBG-MCS index and RB allocation 

information indicated by the second DCI. 

[148]   <Method B-5: Method for reinterpreting RA field in DCI for CBG-based 

retransmission scheduling> 

[149]   In this method, when an RA field (referred to as a TB-RA field) in TB-based 

scheduling DCI (first DCI) is configured with m bits, an RA field (referred to as a CBG-RA 

field) in CBG-based retransmission scheduling DCI (second DCI) may be configured to have 

a relatively smaller size of k bits (k < m). 

[150]   Considering for the TB-RA field that the total number of RBs available for 

scheduling is Rmax and the minimum frequency resource allocation unit is a set of Lmin RBs, it 

may be considered for the CBG-RA field that 1) the total number of RBs available for 

scheduling is a value smaller than Rmax and/or 2) the minimum frequency resource allocation 

unit is a value greater than Lmin. 

[151]   In this method, bits of the size of a TB-RA field in the TB-based scheduling DCI 

(first DCI) minus the size of the CBG-MCS field in the CBG-based retransmission 

scheduling DCI (second DCI) may be used for indicating a CBG to be retransmitted within 

the CBG-based scheduling DCI (second DCI).  According to this method, a UE may also 

receive/transmit a scheduled CBG by applying an MCS index and RB allocation information 

indicated by the second DCI. 

[152]   <Method B-6: Method for reinterpreting particular field in DCI for CBG-based 

retransmission scheduling (uplink)> 
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[153]   In this method, among various fields that can be included in TB-based scheduling 

DCI (first DCI), a particular field, for example, a field for requesting aperiodic CSI feedback 

transmission (referred to as an a-CSI field) and/or a field for triggering aperiodic sounding 

reference signal (SRS) transmission (referred to as an a-SRS field), may be used for 

indicating a CBG to be retransmitted within CBG-based scheduling DCI (second DCI). 

[154]   That is, the a-CSI field and/or the a-SRS field in the TB-based scheduling DCI (first 

DCI) may be used for indicating aperiodic CSI feedback and/or aperiodic SRS transmission 

as originally used, while the a-CSI field and/or the a-SRS field in the CBG-based scheduling 

DCI (second DCI) may be set to indicate that aperiodic CSI feedback and/or aperiodic SRS 

transmission are not performed/allowed and may be used for indicating a CBG to be 

retransmitted.  For example, when CBG transmission is preset through an RRC signal, the a-

CSI field and/or the a-SRS field may be interpreted as in the present invention. 

[155]   (C) CBG indication method in CBG-based retransmission scheduling DCI 

[156]   1) Method C-1: Method for determining number of CBGs scheduled according to 

TB size indicated CBG scheduling DCI 

[157]   In this method, it is assumed that a UE already knows a TB size of N and the total 

number M of CBGs forming a TB, which are indicated through first TB-based scheduling 

DCI (first DCI).  Under this assumption, it is possible to determine the number of CBGs to 

be retransmitted, which is M', scheduled through the CBG retransmission scheduling DCI on 

the basis of a TB size of N' (changed TB size) indicated through the CBG retransmission 

scheduling DCI (second DCI) in (B). 

[158]   For example, M 'may be determined such that the total size (e.g., the number of bits) 

of M' CBGs is a maximum value of N' or less or a minimum value of N' or greater. 

[159]   According to this method, when the number of CBGs to be retransmitted can be 

known, index information on a scheduled CBG may be indicated through CRC masking 

applied to a particular field CB in the DCI or a CB.  Assuming that only contiguous CBGs 
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are retransmitted, only index information on a starting (first) CBG among the contiguous 

CBGs may be indicated through CRC masking applied to a particular field in the DCI or a 

CB. 

[160]   The index of the retransmitted CBG or the index information on the starting CBG 

may also be indicated using a field/bit set for indicating a CBG to be retransmitted within 

CBG-based scheduling DCI, described above in method B-4 or B-5. 

[161]   When an NDI value in the DCI (second DCI) for scheduling a particular HARQ 

process ID is toggled compared to an NDI value in the previously received DCI (first DCI), 

which corresponds to the same HARQ process ID, and the second DCI indicates CBG-based 

retransmission scheduling, the UE may not identify a total TB size.  In this case, the UE 

may either 1) transmit a NACK of the entire TB or all CBGs or 2) discard the second DCI, 

thereby inducing a BS to perform TB-based scheduling (DCI transmission). 

[162]   (D) Method for mapping uplink CB(G) when performing UL transmission by 

hopping between slots 

[163]   1) Method D-1: NR may support an operation in which delay-sensitive URLLC data 

punctures some of relatively delay-insensitive eMBB data.  In this case, since the 

probability of reception (decoding) failure may increase only in a particular symbol (due to 

the impact of a time-selective interference signal), a frequency-first data mapping scheme is 

considered.  The frequency-first mapping scheme may be efficient in combination with a 

CB(G)-based retransmission technique. 

[164]   First, frequency-first data mapping refers to a method of mapping data to subcarriers 

located in a first symbol in a time domain and then mapping data to subcarriers located in a 

second symbol in the time domain. 

[165]   In particular, in UL transmission based on DFT-s-OFDM, a (sub-slot) frequency 

hopping operation may be applied in a slot in order to obtain a frequency diversity gain. 
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[166]   However, when a frequency hopping operation is supported while mapping data by 

the frequency-first scheme, one CB(G) is mapped to only frequency resources at one side in a 

particular sub-slot and thus may not obtain a frequency diversity gain. 

[167]   To solve this problem, the following methods may be applied. 

[168]   I. Cross sub-slot frequency-first mapping method by symbol or by symbol group (i.e., 

a plurality of symbols) 

[169]   FIG. 11 illustrates a cross sub-slot frequency-first mapping method by symbol or by 

symbol group (i.e., a plurality of symbols).  A sub-slot may be a resource unit smaller than a 

slot. 

[170]   Referring to FIG. 11, when data to be transmitted is mapped to sub-slots 31 and 32 

by one symbol using cross frequency-first mapping, the data may be cross-mapped to the 

respective sub-slots in the order of symbol 1, symbol 2, symbol 3, …, symbol 8.  

[171]   That is, transmission data arranged on the basis of a CB or CBG index is subjected 

to frequency-first mapping over first symbols (groups) in a plurality of sub-slots 31 and 32 

and then is subjected to frequency-first mapping over second symbols (groups) in the 

plurality of sub-slots 31 and 32, thereby sequentially mapping the entire transmission data to 

a plurality of symbols (groups) in the plurality of sub-slots 31 and 32. 

[172]   II. Method for dispersively mapping CBs included in particular CBG to respective 

sub-slots by alternately allocating each of a plurality of CBs included in CBG to each sub-slot 

[173]   FIG. 12 illustrates a method for dispersively mapping CBs included in a particular 

CBG to respective sub-slots by alternately allocating each CB included in a CBG to each sub-

slot. 

[174]   Referring to FIG. 12, assuming that one TB includes two CBGs, each of which 

includes four CBs, four CBs in a CBG are alternately mapped to respective sub-slots.  For 

example, a first CBG of the TB includes four CBs 331, 332, 333, and 334.  Here, a first CB 
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331 and a third CB 333 may be mapped to a first sub-slot 33, and a second CB 332 and a 

fourth CB 334 may be mapped to a second sub-slot 34. 

[175]   That is, in general, with all data arranged according to the CBG index in a TB and 

according to the CB index in each CBG, data mapping may be sequentially performed on 

each CBG according to the CBG index by method I. 

[176]   (E) Method for indicating resource allocation type and waveform for PUSCH. 

[177]   Hereinafter, resource allocation (RA) type 0 is a method of allocating a resource 

block group (RBG), which is a set of contiguous PRBs, to a UE through a bitmap.  That is, 

in RA type 0, an RA unit is not one RB but one RBG.  The size of an RBG, that is, the 

number of RBs included in the RBG, is determined depending on the system bandwidth.  

RA type 0 is also referred to as an RBG method. 

[178]   RA type 1 is a method of allocating resources to a UE by the PRB in a subset 

through a bitmap.  A subset includes a plurality of RBGs.  RA type 1 is also referred to as a 

subset method. 

[179]   RA type 2 includes a method of allocating contiguous PRBs (allocating a localized 

virtual resource block (LVRB)) and a method of allocating resources including 

noncontiguous PRBs (allocating a distributed virtual resource block (DVRB)).  RA type 2 is 

also referred to as a compact method. 

[180]   (1) Method E-1: In NR, a UE may support two waveforms, that is, cyclic prefix-

orthogonal frequency division multiplexing (CP-OFDM, also simply referred to as OFDM) 

and discrete Fourier transform spread OFDM (DFT-s-OFDM, also referred to as single 

carrier FDMA (SC-FDMA)).  Different RA types may be used for the respective waveforms.  

Generally, for DFT-s-OFDM, since it is important to obtain a low peak-to-average power 

ratio (PAPR), RA type 0 of allocating only contiguous RB regions is introduced in an LTE 

UL, and RA type 1 of allocating contiguous RB regions in each of clusters which are 

separated from each other is used.  CP-OFDM is used for an LTE DL in which a PAPR is 
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relatively unimportant and employs an RA method of freely allocating the entire system 

bandwidth without any restriction on RAs, such as RA types 0, 1 and 2. 

[181]   Methods for semi-statically or dynamically indicating a waveform to a UE are 

currently considered, and an RA type in DCI may be interpreted differently according to the 

indicated waveform.  For example, when one of the two waveforms, DFT-s-OFDM, is semi-

statically or dynamically indicated to a UE, an RA type field in DCI may be interpreted as 

UL RA type 0 or 1. 

[182]   Alternatively, a DCI payload size can be reduced by joint encoding of a waveform 

indication and an RA type indication.  For example, since DL RA types 0 and 1 are 

distinguished by a header in an RA field, when there are a total of four RA types for a DL 

and a UL and the respective RA types are mapped to four states, it is possible to indicate both 

a waveform and an RA type using a two-bit RA type field. 

[183]   2) Method E-2: In the existing LTE system, a resource for PUSCH transmission is 

allocated through an UL scheduling DCI (DCI format 0) called a UL grant.  An RA field in 

the UL grant includes: i) a header for distinguishing RA types 0 and 1; and ii) a bitmap or 

resource indication value (RIV) for actual resource allocation. 

[184]   In NR, since the two waveforms, that is, DFT-s-OFDM and CP-OFDM, can be 

supported in UL transmission, it is possible to indicate not only an RA type but also a 

waveform to be used to a UE through PUSCH scheduling DCI.  This method proposes 

methods for a BS to indicate both a UL waveform and an RA type to a UE by adding three 

bits to UL uplink scheduling DCI. 

[185]   Before a description, terms used in each method are defined as follows. 

[186]   1) DL RA type 0: A resource is indicated through an RBG bitmap, 2) DL RA type 1 

(DL RA type 1): A resource is indicated through a partial RBG bitmap or an RBG subset 

bitmap; Types 0 and 1 are distinguished by a header, 3) DL RA type 2: Contiguous RBs are 

allocated; localized allocation and distributed allocation are distinguished, 4) UL RA type 0: 
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Contiguous RBs are allocated, 5) UL RA type 1: Two noncontiguous RB clusters are 

allocated, 6) RBG: Resource block group, 7) LVRB: Localized virtual RB, 8) DVRB: 

Distributed virtual RB. 

[187]   The following table illustrates a waveform or RA type indicated by each bit field 

where three one-bit fields are defined as bit indexes 0, 1, and 2, respectively. 

[188]   [Table 1] 

[189]    

 Bit index 0 Bit index 1 Bit index 2 

Method 
1 

Indicates CP-
OFDM 
transmission 

Indicates DL RA type 
0/1 or DL RA type 2  

When DL RA type 0/1 is selected: Indicates RA 
type 0 or RA type 1 

When DL RA type 2 is selected: Indicates LVRB- 
or DVRB-based allocation  

Indicates 
DFT-s-OFDM 
transmission 

Alt 1: Indicates LVRB-
based DL RA type 2 or 
DVRB-based DL RA 
type 2  
Alt 2: Indicates UL RA 
type 0 or UL RA type 1 
Alt 3: Indicates UL RA 
type 0 with frequency 
hopping (F-hopping) or 
UL RA type 0 without F-
hopping  

Not used (or incorporated into another field in DCI, 
e.g., used for RA) 

Method 
2 

Indicates CP-
OFDM 
transmission 

Indicates DL RA type 0 
or DL RA type 1 

Not used (or incorporated into another field in DCI, 
e.g., used for RA) Indicates 

DFT-S-
OFDM 
transmission 

Alt 1: Indicates LVRB-
based DL RA type 2 or 
DVRB-based DL RA 
type 2  
Alt 2: Indicates UL RA 
type 0 or UL RA type 1  
Alt 3: Indicates UL RA 
type 0 with F-hopping or 
UL RA type 0 without F-
hopping 

Method 
3 

Indicates CP-
OFDM 
transmission 

Indicates DL RA type 0 
or DL RA type 2 

When DL RA type 0 is selected: Not used (or 
incorporated into another field in DCI, e.g., used as 
RA) 
When DL RA type 2 is selected: Indicates LVRB- 
or DVRB-based allocation  
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Indicates 
DFT-S-
OFDM 
transmission 

Alt 1: Indicates LVRB-
based DL RA type 2 or 
DVRB-based DL RA 
type 2  
Alt 2: Indicates UL RA 
type 0 or UL RA type 1  
Alt 3: Indicates UL RA 
type 0 with F-hopping or 
UL RA type 0 without F-
hopping  

Not used (or incorporated into another field in DCI, 
e.g., used for RA) 

Method 
4  

Indicates (CP-OFDM + DL RA type 0) 
combination,  
(CP-OFDM + DL RA type 1) 
combination,  
(CP-OFDM + DL RA type 2) 
combination, or  
(DFT-S-OFDM) combination 

(When CP-OFDM is selected) 
When DL RA type 0 or 1 is selected: Not used (or 
incorporated into another field in DCI, e.g., used for 
RA) 
When DL RA type 2 is selected: Indicates LVRB- 
or DVRB-based allocation  

(When DFT-S-OFDM is selected) 
Alt 1: Indicates LVRB-based DL RA type 2 or 
DVRB-based DL RA type 2  
Alt 2: Indicates UL RA type 0 or UL RA type 1  
Alt 3: Indicates UL RA type 0 with F-hopping or 
UL RA type 0 without F-hopping  

Method 
5 

Indicates (CP-OFDM + DL RA type 0) 
combination,  
(CP-OFDM + LVRB based DL RA type 2) 
combination,  
(CP-OFDM + DVRB based DL RA type 
2) combination, or 
(DFT-S-OFDM) combination 

(When CP-OFDM is selected) 
Not used (or incorporated into another field in DCI, 
e.g., used for RA) 

(When DFT-S-OFDM is selected) 
Alt 1: Indicates LVRB-based DL RA type 2 or 
DVRB-based DL RA type 2  
Alt 2: Indicates UL RA type 0 or UL RA type 1  
Alt 3: Indicates UL RA type 0 with F-hopping or 
UL RA type 0 without F-hopping  

[190]    

[191]   FIG. 13 illustrates the structure of UL scheduling DCI according to methods 1, 2, 

and 3 in Table 1. 

[192]   Referring to FIG. 13, a first bit field 220 may indicate CP-OFDM or DFT-s-OFDM, 

and a second bit field 221 indicates an RA type.  Here, the second bit field indicating the RA 

type may be interpreted differently depending on the waveform determined by the first bit 

field.  For example, when the first bit field indicates CP-OFDM, the second bit field is 

interpreted as indicating RA type 0/1 or RA type 2.  When the first bit field indicates DFT-s-

OFDM, the second bit field may be interpreted as indicating RA type 0 or 1. 
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[193]   A third bit field 222 may be interpreted differently depending on the waveform and 

the RA type respectively indicated by the first bit field 220 and the second bit field 221. 

[194]   For example, when the first bit field 220 indicates CP-OFDM as a waveform and the 

second bit field 221 indicates RA type 0/1, the third bit field 222 is interpreted as indicating 

RA type 0 or 1.  When the second bit field 221 indicates RA type 2, the third bit field 222 

may be interpreted as indicating a DVRB or LVRB. 

[195]   In another example, when the first bit field 220 indicates DFT-s-OFDM as a UL 

waveform, if the second bit field 221 indicates only whether the RA type is 0 or 1, the third 

bit field 222 may be incorporated into another field in the DCI.  For example, the third bit 

field 222 may be incorporated into an RA field and may be used for RA. 

[196]   Specifically, when the three bit fields 220, 221, and 222 respectively have values of 

1, 0, and 1, it may be interpreted that CP-OFDM is indicated as the UL waveform, RA type 

0/1 is indicated as the RA type, and RA type 1 is indicated.  Alternatively, when the three 

bit fields 220, 221, and 222 respectively have values of 1, 1, and 1, it may be interpreted that 

CP-OFDM, RA type 2, and a DVRB are indicated.  Alternatively, when the two bit fields 

220 and 221 respectively have values of 0 and 1, it may be interpreted that DFT-s-OFDM and 

RA type 1 are indicated. 

[197]   FIG. 14 illustrates another example of indicating a waveform and an RA type by 

interpreting a bit field added to UL scheduling DCI according to methods 4 and 5 in Table 1. 

[198]   Referring to FIG. 14, when the value of first two bits 230 is 00, the waveform is CP-

OFDM and the RA type is DL RA type 0/1.  When the value of the first two bits 230 is 01, 

the waveform is CP-OFDM and the RA type is DL RA type 2.  When the value of the first 

two bits 230 is 10, the waveform is DFT-s-OFDM and the RA type is UL RA type 0.  When 

the value of the first two bits 230 is 11, the waveform is DFT-s-OFDM and the RA type is 

UL RA type 1.  That is, one of the four RA types may be indicated using the first two bits 

230 in the DCI. 
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[199]   Further, a third bit field 231 can be used to indicate one of DL RA types 0 and 1 or 

to indicate a DVRB or an LVRB in DL RA type 2. 

[200]   When a UL RA type is selected, that is, when DFT-s-OFDM is selected as the 

waveform, the third bit field may also be incorporated into another field in the DCI. 

[201]   (F) Transmission (Tx) buffer flushing of UE 

[202]   1) Method F-1: In NR, UL data transmission may be performed by the CBG, not by 

the TB, as in DL data transmission.  Due to the absence of a PHICH, which carries HARQ-

ACK information for a PUSCH in LTE, retransmission of some CBGs that have failed to be 

decoded may be indicated through a DCI transmitted via a control information channel, such 

as a PDCCH, called a UL grant. 

[203]   Therefore, a CBG of which retransmission is not indicated through a UL grant may 

be flushed out of a Tx buffer of a UE and the buffer is used to store data to be subsequently 

transmitted, thereby increasing the efficiency of the Tx buffer of the UE. 

[204]   For example, it is assumed that a TB transmitted via a PUSCH includes four CBGs, 

among which first and third CBGs have failed to be decoded by a BS (gNB).  In this case, 

the BS may indicate retransmission of the first and third CBGs required to be retransmitted 

among the CBGs in the TB to the UE through a UL grant.  Therefore, second and fourth 

CBGs, which are considered to be successfully decoded, may be flushed out of the Tx buffer 

of the UE, and the buffer may be used to store next transmission data. 

[205]   This UE operation may be valid only under the condition that it is indicated through 

a UL grant that at least a CBG having failed to be decoded among a plurality of CBGs 

included in a TB initially transmitted by a BS is always retransmitted. 

[206]   Methods A-1/2/3/4/5 proposed above may be applied independently, and proposed 

methods B-1/2/3/4/5 may be applied independently or in combination.  For example, it is 

possible to apply methods B-1 and B-5 in combination.  Further, particular one of methods 

A-1/2/3/4/5 may be applied in combination with particular one or a plurality of methods B-
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1/2/3/4/5/6.  For example, it is possible to apply methods A-1 and B-1 (or B-1 and B-5) in 

combination. 

[207]   FIG. 15 illustrates CBG-based scheduling DCI in a combination of proposed 

methods A-1 and B-1. 

[208]   Referring to FIG. 15, each of TB-based scheduling DCI and CBG-based scheduling 

DCI may indicate whether the DCI is DCI for TB-based scheduling or DCI for CBG-based 

retransmission scheduling through a one-bit flag 241 and 242. 

[209]   The TB-based scheduling DCI has a five-bit MCS field, while the CBG-based 

scheduling DCI has a two-bit MCS field.  That is, the size of the MCS field included in the 

CBG-based retransmission scheduling DCI may be set to a smaller number of bits (2 bits) 

than that of the MCS field (5 bits) included in the TB-based scheduling DCI.  On the other 

hand, the size of an RA field is set to the same number of bits in the TB-based scheduling 

DCI and the CBG-based retransmission scheduling DCI.  Here, bits (3 bits) of the size (5 

bits) of the MCS field in the TB-based scheduling DCI minus the size (2 bits) of the MCS 

field in the CBG-based retransmission scheduling DCI may be used to indicate a CBG to be 

retransmitted in the CBG-based scheduling DCI. 

[210]   FIG. 16 is a block diagram illustrating a BS and a UE. 

[211]   The BS 1000 includes a processor 1100, a memory 1200, and a transceiver 1300.  

The processor 1100 implements proposed functions, processes, and/or methods.  The 

memory 1200 is connected to the processor 1100 and stores various pieces of information for 

driving the processor 1100.  The transceiver 1300 is connected to the processor 1100 and 

transmits and/or receives radio signals. 

[212]   The UE 2000 includes a processor 2100, a memory 2200, and a transceiver 2300.  

The processor 2100 implements proposed functions, processes, and/or methods.  The 

memory 2200 is connected to the processor 2100 and stores various pieces of information for 
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driving the processor 2100.  The transceiver 2300 is connected to the processor 2100 and 

transmits and/or receives radio signals. 

[213]   FIG. 17 is a block diagram illustrating a UE. 

[214]   Referring to FIG. 17, a processor 2100 included in the UE 2000 may include a TB-

based processing module and a CBG-based processing module.  The TB-based processing 

module may generate/process/transmit/receive data by the TB and may generate an 

ACK/NACK by the TB.  The CBG-based processing module may 

generate/process/transmit/receive data by the CBG and may generate an ACK/NACK by the 

CBG. 

[215]   Although FIG. 17 illustrates a UE device, a BS may also include a 

processor/transceiver.  

[216]   The processors 1100 and 2100 may include an application-specific integrated circuit 

(ASIC), a separate chipset, a logic circuit, a data processing device, and/or a converter to 

convert a baseband signal and a radio signal to and from one another.  The memories 1200 

and 2200 may include a read-only memory (ROM), a random access memory (RAM), a flash 

memory, a memory card, a storage medium, and/or other storage devices.  The transceivers 

1300 and 2300 may include one or more antennas to transmit and/or receive radio signals. 

[217]   When an embodiment is implemented in software, the aforementioned methods may 

be implemented with a module (process, function, or the like) to perform the aforementioned 

functions.  The module may be stored in the memories 1200 and 2200 and may be 

performed by the processors 1100 and 2100.  The memories 1200 and 2200 may be 

disposed inside or outside the processors 1100 and 2100 and may be connected to the 

processors 1100 and 2100 via various well-known means. 
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What is claimed is: 

 

1. A method for receiving, by a user equipment (UE), data in a wireless 

communication system, the method comprising: 

receiving first data by a transport block (TB), the TB comprising at least one code 

block group (CBG); 

transmitting acknowledgement/negative acknowledgement (ACK/NACK) information 

relating to each of the at least one CBG; and 

receiving second data, which is comprised in a CBG of which an NACK is 

transmitted among the at least one CBG, by a CBG. 

 

2. The method of claim 1, further comprising: 

receiving a higher-layer signal, wherein the higher-layer signal sets whether CBG-

based data retransmission is performed.  

 

3. The method of claim 1, wherein the second data is part of the first data. 

 

4. The method of claim 1, further comprising: 

receiving first downlink control information (DCI) for scheduling the first data. 

 

5. The method of claim 4, further comprising receiving second DCI for 

scheduling the second data. 

 

6. The method of claim 5, wherein each of the first DCI and the second DCI 

comprises one bit to indicate which of TB-based scheduling and CBG-based scheduling is 

used for scheduling.  
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7. The method of claim 5, wherein when a first hybrid automatic repeat 

request (HARQ) process identifier (ID) field comprised in the first DCI has the same value as 

a second HARQ process ID field comprised in the second DCI and a second new data 

indicator (NDI) field comprised in the second DCI has the same value as a first NDI field 

comprised in the first DCI, remaining fields comprised in the second DCI are interpreted as 

information for CBG-based scheduling.  

 

8. The method of claim 5, wherein when a first HARQ process ID field 

comprised in the first DCI has the same value as a second HARQ process ID field comprised 

in the second DCI and a second NDI field comprised in the second DCI has a different value 

from that of a first NDI field comprised in the first DCI, remaining fields comprised in the 

second DCI are interpreted as information for TB-based scheduling.  

 

9. The method of claim 5, wherein when a higher-layer signal sets CBG-based 

data retransmission, each of the first DCI and the second DCI comprises a CBG indication 

field indicating a CBG. 

 

10. The method of claim 9, wherein when a first HARQ process ID field 

comprised in the first DCI has the same value as a second HARQ process ID field comprised 

in the second DCI, a second NDI field comprised in the second DCI has a different value 

from that of a first NDI field comprised in the first DCI, and the CBG indication field 

comprised in the second DCI indicates only some of CBGs comprised in the TB, an NACK 

of all the CBGs comprised in the TB is transmitted.  

 

11. A user equipment (UE) comprising: 
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a transceiver to transmit and receive a radio signal; and 

a processor connected to the transceiver, 

wherein the processor:  

receives first data by a transport block (TB), the TB comprising at least one code 

block group (CBG); 

transmits acknowledgement/negative acknowledgement (ACK/NACK) information 

relating to each of the at least one CBG; and 

receives second data, which is comprised in a CBG of which an NACK is transmitted 

among the at least one CBG, by a CBG. 


